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PR EFACE 

Th i s  envi ro nmental impac t statement ( E I S )  was prepared i n  compl i a nce wi th  t he National  Envi ron
mental  Pol i cy Act of 1 969 ( NEPA )  (42 U . S . C .  42 31 ) by t he De partment of Energy (DOE ) to determi ne the 
env i ronmental impacts of cont i n u i ng i t s  acti v i t i es at t he Los Al amos Sc i enti f ic  Laboratory ( LASL ) . 

A not i c e  wa s pub l i shed i n  the F ederal Regi ster on Ju l y 1 5 ,  1 976 , ( 4 1  FR 29208 ) , annnounc i ng that 
a statement woul d be prepared to assess the cumul at ive  impact on the env i ronment of the cont i n ued 
o pe rat i on of LASL . The not i c e  so l i c i ted comments and suggesti ons for cons i d erat i o n  i n  the prepa rat i on 
of the statement.  Fi fteen res po nses were rece i v ed from federal and state agenc i es and pr i vate c i ti ze ns ; 
t he se comments were taken i n to account i n  the preparat i on of the draft envi ronmental impact statement 
( DE IS ) wh i ch wa s i s sued on J une  2 7 ,  1 9 78. 

The DE I S  d esc r ibed the ong oi ng act i v i t i es at the LASL s i te ,  d i scussed the actual and potent i al 
i mpacts of these act i v i t i es on the surround i ng envi ronment , and prov i d ed backg round and anal yses to 
assess LASL ' s  envi ronmental impact of the current and cont i n u i ng acti v i t i es at the s i te .  The ex i st i n g  

envi ronmental factors and the overal l cumul ati ve env i ro nmental impacts o f  the var ious  m i ss i ons and 
acti v i t i es at the s i te and those anti c i pated impacts of cont i nui ng and pl anned act i v i t i es were eval uated . 

Comments on the D E I S  were rece i ved from 1 5  i nd i v i dual s and organ i zati ons . The areas of substant i ve 
c oncerns rai sed i n  the comment l etters and cons i dered i n  the preparat ion  of th i s fi nal  document i nc l ud e :  
( l )  the m i s s i o n  and l ocati on o f  t h e  Laboratory ,  ( 2 )  the b i o l og i c al behav i o r  o f  rad i onuc l i d es , ( 3 )  water 
suppl y for Los Al amos , ( 4 )  wa ste management , (5) accident anal ys i s ,  ( 6 )  rad i ol og i cal  dose and dose 
i nterpretat i on ,  ( 7 ) rad i oact i ve mate r i al s i n  the envi ronment , ( 8 )  trans portat i o n  of rad i oact i ve 
materi al s ,  a nd ( 9 )  addi ti o nal  deta i l s desi red . Sect i o n  l l  of th i s  fi nal E IS s ummari zes the areas of 
conc ern , prov i d es a generi c res po nse to the comments , a nd i nd i c ates where maj or mod i fi cati ons have been 
mad e .  Co pi es o f  t h e  comment l etters and DOE s taff res ponses are i nc l uded a s  append i x  I of the 
statement . 

Th i s  E IS addres ses t he LASL s i te  as a whol e .  The l evel of deta i l  i s  general , wi th  s peci al 
emphas i s  i n  those areas that have , or m i ght  be cons i dered to have , potenti al for s i g n i fi cant env i ron
mental impacts . The c umul ati ve en v i  ronmenta l res ul ts of Laboratory act i v i t i es to date are covered 
i nsofar as i nformat ion  pe rm i ts . Ge neral l y ,  data i nc l uded are those accumul ated throug h  cal endar year 
1 978 .  Many l ong-term env i ronmental stud i e s  are  under way as  part of ongoi ng researc h and mon i tori ng 
programs . These are des i gned to cont i n uous l y d ocument i nteracti ons of Laboratory acti v i t i es wi th the 
env i ronment and perm i t  reeval uati o ns of s i g n i fi cance as knowl edge i nc reases . 

The Laboratory ' s offs i te i nvo l vement wi th  nuc l ear weapons test act i v i t i es conducted at the Nevada 
Te st S i te and geothe rmal acti v i ti es at the Fenton H i l l  Geothermal Si te are not covered i n  th i s state
ment bec ause these act i v i t i es have been assessed sepa ratel y .  Env i ronmental impact statements have 
been prepared prev i ous l y for s pe c i fi c new Laboratory proj ects , such  as the New P l uton i um Process i ng 
Fac i l i ty and the Rad i oact i ve Sol i d  Waste Vol ume Reduc t i on Faci l i ty and are noted here at appropri ate 
po i nts and are al s o  i nc l uded in the l i st  of references . 

On e add i t i o n  to th i s f i na l  document i s  t he i ncorporati o n  of the annual moni tori ng report ,  
" En v i ronnmental Surve i l l ance at Los Al amos Dur i ng 1 9 78 , "  a s  Append i x  H .  References to th i s a ppend i x  
were noted i n  the text at  numerous loc ati ons where i t  coul d b e  consul ted for add i t i ona l  o r  updated 
detai l s .  Th i s  Appe nd i x  H d oc umemts the envi ronmental s urve i l l ance program conducted by the Los Al amos 
Sc ienti fi c Laboratory ( LASL )  in 1 9 78 .  
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Another ad di t i o n  i s  Sect ion  3.3.5 Transportati on of Radi oact i ve Materi a l s .  Th i s  sect i o n  descr i bes 

a vari ety of rad i oact i v e  materi al s h i pments to and from LASL  a nd i d ent i fi e s  the packages and veh i c l es 
used . An est imate of the  overa l l ri sk from these transportat i on act i v i t i es i s  presented i n  Sect i o n  4 . 2 . 1 4 .  

Br ief  s ummari es of the s i g n i fi c ant changes made i n  affected sect i o ns are noted a t  the beg i nn i ng  of 
t hese sec t i o n s .  Deta i l s  have been i ncorporated by d i rect i nc l u s i o n  in  the st atement, reference to other 
sources , a nd the addi t i on of the surve i l l ance repo rt as Append i x  H.  

To perm i t  a better understand i ng of th i s  st atement, the use of sc i ent i fi c  terms have been mi n im i zed , 
a nd a glossary ha s been att ached wh i ch d efi nes or expl ai ns those terms that, t hough  essent i a l to the text, 
are not i n  cu stomary usage . Becaus e many DOE order s ,  manual s, and d i rect i ves are st i l l  bei ng  promul gated , 
and were not cons i d ered fi nal as of the t ime th i s E I S  was be i ng wri tten, numerou s references have been 
made here i n to ERDA Ma nual  Ch a pters ( ERDAM ) wh i ch cont i nue to serve as g u i d el i nes unt i l  superseded by the 
fi nal  DOE orders and manua l s .  



i i i  

TABLE OF CONTENTS 

l. SUMMARY 
2 .  BACKGROUND 

2 . 1  H I STORY 
2 . 2  CURRENT M I SS I ONS  AND ACT I V I TI E S  

2 . 2 . 1  Nati o na l  Secur i ty Programs 
2 . 2 . 2  Energy Programs 
2 . 2 . 3  B i001edi cal a nd Env i ronmental  P rograms 
2 . 2 . 4  Phys i c al Re search Programs 
2 . 2 . 5  Ge neral Su pport Programs 

2 . 3  FUTURE D IR ECTI ONS 
3 .  CHARACTERI ZAT I ON OF THE EXI STING ENV I RONMENT L I KELY  TO BE AFFECTED 

BY TH E PROPOSED ACTION  
3 . 1  PHYS ICAL ENVI RONMENT 

3 . 1 . 1  Geol ogy 
3 . 1 . 2  Hydrol ogy 
3 . 1 . 3  Meteorol ogy 
3 . 1 . 4  Ecol ogy 
3 . 1 . 5  Ambi ent Env i ronmental Qual i ty 

3 . 2  SOC I OECONOM I C  ENV I RONMENT 
3 . 2 . 1  Land Use  
3 . 2 . 2  Ec onomy 

3 . 2 . 3  Demography 
3 . 2 . 4  I nsti t ut i onal 
3 . 2 . 5  Commun i ty Serv i c es 
3 . 2 . 6  Trans port at i on  
3 . 2 . 7  Arch aeol ogy 
3 .  2 . 8  H i stori c  
3 . 2 . 9 Cul tural and Aesthet i c  Factors 

3 . 3  ROUT INE  OPE RATI ONS 

3 . 3 . 1  S uppl y  and Consumpt i on of Resources 
3 . 3 . 2  Rout i ne  Ma i ntenance 
3 . 3 . 3  Waste D i spo sal 
3 . 3 .4 Precaut i o na ry Procedures 

3 . 3 . 5  Trans port at i on of R ad i oac t i ve Materi al s 
4 .  POTENT IAL I MPACTS OF THE PROPOSED ACTI ON 

4 . 1  PR IMARY IMPACTS 
4 . 1 . 1  Water Quant i ty and Qual i ty 
4 . 1 . 2  Ai r Qual i ty 
4 . 1 . 3 Chemi cal Measurements and As sessment 

Page 
1 - 1  
2-1  
2-1 
2-3 
2-3 
2-5 
2-8 
2-9 
2-1 1 
2-1 1 

3-1  
3-2 
3-2 
3-1 7 
3-25 
3-35 
3-50 
3-60 
3-60 
3-78 

3-86 
3-91 
3-94 
3-94 
3-98 
3- 1 00 
3- 1 0 3  
3-1 0 7  

3- 1 08 
3-1 14  
3-1 1 7  
3- 1 50 
3- 1 6 1 
4-1 
4-3 
4-4 
4-32 
4-46 



4.1 .4 
4. l .5 

4. l .6 
4. 1 . 7 

Land Use 
Ecol ogy 

Ot her Resource Ut i l i za t i o n  
Ae st het i c s  

i v  

4. 1 . 8 Env i ronmental Impacts of New Faci l i t i e s  to be Constructed 
4. 2 POTENTIAL H1PACTS OF ACCI DE NTS 

4. 2. l Acc i dent Meteorol ogy 
4.2.2 Expl o s i on  
4 . 2.3 Cr i t i c al i ty 
4. 2.4 Tran s portat i o n  at LASL 
4. 2. 5 Accidental  Sp i l l 
4 . 2.6 F i re 
4. 2.7 M ixed F i ss i o n Produc t  Rel ease 
4. 2.8 Tr it i um Rel ease 
4 .  2. 9 Rel eases of Potent i al l y  Haza rdous B i ol og i cal  
4.2. 1 0  Rel ease of No nrad i oact i ve  Tox i c  Chem i c al s 
4 .  2 . 1 1  Ai rcraft Acc i dent 
4.2.1 2 Accel erator Acc i dent 
4. 2.1 3 Acc i dent Summary 
4. 2 . 14  Tr an s po rtat i on of Radi oact i ve Mater i al s 

4 . 3 SE CONDARY IMPACTS 
4 . 3.1 Water Qual i ty and Consumpt i o n  
4.3.2 Ai r Qual i ty 
4.3.3 Land Us e 
4 . 3. 4  Ecol ogy 
4.3.5 Econom i c  
4 . 3.6 Dem og raphy 
4 . 3.7 I n st i tut i o na l  
4.3.8 Commun ity Serv i ces 

5 .  UNAVO I DABLE ADVERSE ENV IRONMENTAL EFFECTS 
6. IRREVERS IBLE AND IRRETR I EVABLE COMM ITMENT OF RESOURCES 

Materi al 

7 .  RELATIONSH I P  OF PROPOSED ACT ION TO LA ND-USE PLANS , POL I C I E S ,  AND CONTROLS 
8 .  RELATIONSH I P  B ETWEEN  SHORT-TERM USES AND LO NG-TERM PRODUCT I V I TY 

4-63 
4-71 
4-80 
4-86 
4-89 
4-93 
4-96 
4-98 
4-99 
4- 1 0 0  
4- 1 0 0  
4-1 0 3  
4- 1 0 3  
4-1 0 6  
4-108 
4-1 08  
4-1 1 0  
4- 1 1 2  
4-1 1 3  
4-1 1 7  
4-1 2 0  
4- 1 2 0  
4-1 2 2  
4- 1 2 6  
4- 134  
4- 1 34 
4-1 3 7  
4- 142  
4-144 
5-l  
6- l  
7- l  
8-l  

9 .  ALTER NATIVES 9- l 
1 0 .  ENV I RONMENTAL TRADE-OFF ANALYS IS  1 0 - l  
1 1 . COMMENTS l l - 1  

AP PE NDI X A -- VEGETAT ION  SPE C I ES A- 1 
APPE NDI X B - - PR E L I M I NARY L I ST OF I NVERTEBRATE TAXONOM IC  GROUPS I N  THE LOS ALAMOS ENVI RONS B- 1  
APPE ND I X  C -- MAMMALS , AMPH IB IAN S ,  REPT I LES ,  AND F I SH  C- 1 



v 

APPENDI X D -- B I RDS KNOWN OR EXPE CTED TO OCCUR I N  THE ENV I RONS OF THE LOS ALAMOS SCI ENTIF I C  
LABORATORY D-1 

APPEND I X  E -- SUMMARY OF ANNUAL ATMOSPHER I C  RAD I OACT I V I TY MON I TOR ING E-1 
APPE ND I X  F -- G LOSSARY OF TERMS F- 1  
APPE ND I X  G -- U N I TS OF MEASUREMENT W I TH SYMBOLS AND SELECTED METR IC-ENGL I S H  CONVERS I ONS G-1 
APPEND I X  H -- ENV I RONMMENTAL SURVE I LLANCE REPORT FOR 1 9 78 H-1 
APPEND I X  I -- COMMENT LETTERS ON DE I S  AND DOE STAFF RESPONSES I - 1 
APPENDI X  J -- L I ST OF PREPARERS J - 1  



1 - 1 
1 -2 

3 . 1 . 1 - 1  
3 . 1 . 1 -2 

3 . 1 . 1 -3 
3 . 1 . 1 -4 

3 . 1 . 1 - 5  
3 . 1 . 1 -6 
3 . 1 . 1 - 7  
3 . 1 . 2-1 
3 . 1 . 2-2 
3 . 1 . 2-3 
3. 1 .  2-4 
3 . 1 . 3-1 
3 . 1  . 3-2 
3 . 1 . 3-3 
3 . 1 . 3-4 
3 . 1 . 3-5 
3 . 1  . 3-6 
3 . 1 . 3-7 
3 . 1 . 4-1 
3 . 1 .4-2 
3 . 1 . 4-3 
3 . 1 .4-4 
3 . 1 . 4-5 
3 . 1 . 4-6 

3 . 1 . 4-7 
3 . 1 . 5-1  
3 . 2- 1  
3 . 2 . 1 - 1  
3 . 2 . 1 - 2 
3 . 2 . 1 -3 
3 . 2 . 1 -4 
3 . 2 . 2- 1  
3 . 2 . 2-2 
3 . 2 . 6-1 
3.  2 .6-2 
3 . 2 . 7-1 

v i  

F I GUR ES 

Los Al amos Locati on  
Reg i onal Sett i n g  of LASL 
Arti st ' s Re ndi t i o n  of LASL and Env i rons 
Phys iographi c Feat ures of the Los Al amos Area 

Geol ogy of Los Al amos County 
Geol ogi c  Strati g raphi c Rel ati onshi ps 

Topography of Los Al amos County 
Natural Resources of Los Al amos County 
P i nnacl e Formation  i n  Rend i j a  Canyon 
Reg i onal Surface Waters 
Surface Drai nage Areas Cros s i ng or Or i g i nati ng on LASL S i te 
Hydrol ogi cal Cross  Sect i o n  
General i zed Co ntour s o n  Top of Ma i n  Aqui fer 
Average An nual Var i at i on  i n  Prec i pi tat i on  
Average Annual V ari ati o n  i n  Temperature and Hum i d i ty 
Ra i n-Gauge Network Data for 1 9 73 
Total Prec i pi tat i o n  I sohyets 
W i nd Roses Showi ng D i run al Cyc l e  
W i nd Roses at Three S i tes Showi ng Spat i al Var i at i on 
Maj or Rol l Eddy Between Canyon Bottom and Mesa Top 
Aer i al V i ew of  Paj ar i to P l ateau Look i ng East 
Oversto ry Vegetati on at LASL 
Vegetat i o n  Transect 
Smal l Mammal D i stri b ut i on  in Lo s Al amos County 
Areas of Deer Us e i n  Los Al amos County 
Areas of E l k Us e i n  Los Al amos County 
Vegetati on  and Smal l Mammal B iomass  Vari ati o n  wi th El evati o n  
Reg i onal Sampl i ng Stat i o ns 
No rthern New Mexi c o  Reg i o n  
LASL Local Context Map 
Sequence of LASL Devel opment 
LASL Techn i c al Areas 
Land Owner sh i p  in Los Al amos Vi c i n i ty 
D i str ibut i o n  of No n-Ag r i c ul t ur al Empl oyment i n  Northe rn New Mex i co Reg i o n  
Unempl oyment Rates for Nort he rn New Mex i c o  
Tran s po rtat i on Network i n  Los Al amos Co unty 
Reg i onal Transportat ion  Network 
Archaeo l ogi cal Si tes i n  LASL Vi c i n i ty 

Page 
1 -2 
1-3  

3-3 
3-4 

3-5 
3-8 

3- 1 2  
3- 1 4  
3-16 
3-18 
3-20 
3-22 
3-24 
3-26 
3-26 
3-2 7 
3-29 
3-3 1 
3-32 
3-34 
3-37 
3-38 
3-40 
3-43 
3-44 
3-45 
3-51 
3-62 
3-64 
3-66 
3-67 
3-70 
3-72 
3-79 
3-83 
3-95 
3-96 
3-99 



3 .  2 . 8-1  

3 . 2 . 9- 1  
3 .  3 . 1 - 1  
3 . 3 . 1 -2 
3 . 3 . 1 - 3  
3 . 3 . 1 -4 
3 . 3 . 3 - 1  
3 . 3 . 3 -2 

v i i 

H i stori c S i tes i n  Northern New Mex i co  

Present-Day R i o  Grande Va l l ey I ndjan Pueb l o s  
Los Al amos Ut i l i t i es S uppl i e s  Systems 

Los Al amos County Water Consumpti on 
Los Al amo s County El ect r ical Energy Consumpt i on 
Los Al amos Cou nty Nat ural Gas  Use 
Central Waste Treatment Pl ant at LASL 
Schemat i c  D i agram of the Waste Col l ect i o n  System Serv i ng the Centra l  Waste 
Treatment P l ant 

3 . 3 . 3-3  Sc hemat ic  Fl ow D i ag ram of the Norma l Method of O perat ion  at the Central 

3 . 3 . 3-4 
3 . 3 . 3-5 
3 . 3 . 3-6 
3 . 3 . 3-7  

3 . 3 . 4-1  
3 . 3 . 4-2 

4 . 1 . 1 - 1  

Wa ste Treatment P l ant 
Annual Average P l uton i um Concentrati ons , 1 9 66- 1 9 78 
Vol umes of Waste Treated per Year ,  1 966-1 9 78 
LASL Sa ni tary and I n du str ia l  Waste D i s posal Systems 
Locat i on of Wa ste Management Areas in Los Al amos County 

Ai r Sampl er and Thermo l umi nescent Dosimeter ( TLD )  Stati ons fo r 1 9 7 7  
Water and So i l  Sampl i ng Stat ions  for 1 9 7 7  

L o s  Al amos Wel l F i e l ds 
4 . 1 . 1 -2 Canyon Water and Sed iment Sampl i ng Locati ons wi t h  Current and Former Maj or 

Effl uent Di scharge P o i nts  
4 . 1  . 2- 1  Average Month ly  Long-Li ved Gro ss-Beta Radi oact i v i ty Over the  Past  6 Years for 

Onsi te ,  Per imeter , and Offs i te Sampl i n g  Locati ons 
4 . 1 . 3- 1  Potent i al Exposure Pathways for Contarn i nants 
4 . 1 . 4-1 Compa rat ive  Aeri al  Ph otographs of the Los Al amos Area 
4 . 1 . 4-2 Sequence of Devel opment of LASL Techni cal  Areas 
4 . 1 . 6 - 1  Total Laboratory Energy Consumpti on as Source Energy fo r FY 1 97 6  
4 . 1 . 6 -2 An nual Consumpti on of E l ec tr i c i ty at LASL 
4 . 1 . 6 -3 An nual  Consumpti on of Fos s i l  Fuel s at LASL 
4 . 1 . 6 -4 An nual Total En ergy Consumpti on at LASL i n  Source Energy Terms 
4 . 2 . 1 - 1  Atmos pheric  D i spers i o n  from General i zed Mesa Top Rel ease 
4 . 3 . 6- 1  Empl oyment and Popul at ion  for  Los  Al amos County , 1 943-1 977  

3-1 0 1  

3-1 04 
3- 109  

3-1 1 1  
3-1 1 1  
3-1 1 3  
3-1 1 9  

3-1 20 

3- 1 2 1  
3-1 24 
3- 1 2 6  
3- 1 28 
3-1 3 1  

3-1 52 
3- 1 54 
4-5 

4-1 4 

4-3 7  
4-::i7 
4-65 
4-68 
4-81 
4-82 
4-83 
4-84 
4-97 
4- 1 38 



1 - 1 
1 -2 

v i i i  

TABLES 

EFFLUENT FROM CENTRAL WASTE TREATMENT PLANT IN 1 9 78 
PR I NC I PAL ROUTINE  ATMOSPHERIC  EMI SS IONS IN 1 9 78 

1 -3 ESTIMATED CUMULATIVE RAD IONUCL I DE CONTENT OF PR I NC I PAL MATER IALS PLACED I N  
SUBSURFACE DI SPOSAL AND RETR I EVABLE STORAGE 

1 - 5  
1 - 7 

1 -8 
1 -4 CALCULATED BOUNDARY AND MAX I MUM I ND I V I DUAL DOSES FROM AI RBORNE RAD I OACT I V I TY 1 - 1 0  
1 - 5 SUMMARY OF RAD IOLOG ICAL CONS EQUENCES OF POSTULATED ACC I DE NTS AT LOS ALAMOS 1 - 1 1 
2 - 1  MANPOWER REQU IREMENTS AND EXPENSES 2- 1 2  
3 . 1 . 1 - 1  GEOLOG IC  TIME SCALE 3-6 
3 . 1 . 1 -2 ESTI MATED PERCE NTAGE OF LOS ALAMOS COUNTY LAND AREA IN G I V E N  ELEVATI ON CLASSES 3- 1 1 
3 . 1 . 3- 1  TORNADO DES IGN CR ITER IA FOR LOS ALAMOS 3-36 
3 . 1 . 4-1 FLORA D ISTR IBUTION BY COMMUN ITY TYPE ALONG AN ELEVATI ONAL GRAD I E NT 3-41 

3 . 1 . 4-2 STATE L ISTED ENDANGERED SPE C I ES FOR NORTH CENTRAL NEW MEX I CO 3-47 
3 . 1 . 4-3 FOOD WEB RELATI ONSHIPS IN LASL ENVI RONS 3-49 

3 . 1 . 5 - 1  CHEMICAL QUAL ITY OF RE G I ONAL SURFACE WATER IN 1 9 76  3-55 
3 . 1 . 5 -2 SUMMARY OF TOTAL SUSPENDED ATMOSPHER IC  PART ICULATES I N  LOS ALAMOS AND WH ITE ROCK 

FOR 1 9 76 
3 . 1 . 5 -3 SUMMARY OF ATMOSPH ERIC  SULFUR D I OX I DE ,  N I TROGEN D I OX I DE , AND CARBON 

MONOX I DE HOURLY CONCENTRATIONS IN SANTA FE FOR 1 9 76  
3 . 1 . 5-4 REG I ONAL AVERAGE BACKGROUND ATMOSPHER I C  RAD IOACT I V I TY CONCENTRAT ION 
3 . 1 . 5-5 RAD IOACT I V I TY I N  SOILS  AND SED IMENTS 
3 . 1 . 5-6 RAD I OACT I V I TY IN REG IONAL SURFACE WATERS IN 1 9 76  
3 . 2 . 1 - 1  SUMMARY OF LAND OWNERSH I P  AND U S E  I N  LOS ALAMOS COUNTY 
3 . 2 . 1 - 2  RES I DE NT IAL LAND U S E  I N  1 9 74 I N  LOS ALAMOS COUNTY 
3 . 2 . 1 -3 SUMMARY OF LAND OWNERSH I P  AND USE I N  THE LOS ALAMOS REG ION I N  1 9 75  
3 . 2 . 2- 1  EMPLOYMENT , I NCOME AND POVERTY STATUS I N  LOS ALAMOS REG ION 
3 . 2 . 2-2 COUNTY OF RE S I DE NCE  FOR LOS ALAMOS WORKERS AND SALARY IMPACT 
3 . 2 . 2-3 EMPLOYMENT STRUCTUR E OF THE LOS ALAMOS COUNTY 
3 . 2 . 3- 1 M I NOR I TY D I STR IBUT I ON I N  NORTHERN NEW MEX I CO 
3 . 2 . 3-2 SELECTED STATISTICS  FOR LOS ALAMOS AND SURROUND I NG COUNTI ES 
3 . 2 . 3-3 COMPONENTS OF POPULATION CHANGE IN NORTHERN NEW MEX ICO 
3 . 2 .4- 1  SCHOOL EX PE NDI TUR ES I N  NORTH ERN NEW MEX I CO 

3 . 2 . 9-1 RECREATIONAL FAC I L I T I E S  I N  LOS ALAMOS COUNTY AS OF 1 9 76 
3 . 3 . 1 - 1  MATER IALS FOR OPERAT I ON AND MAI NTENANCE OF LASL DUR I NG F Y  1 9 76  
3 . 3 . 1 - 2  PR EC I OUS METALS AT LASL AS OF J UNE  3 0 ,  1 9 76 
3 . 3 . 2- 1  P E ST I C I DE S  US ED AT LASL 
3 . 3 . 3- 1  RAD IOACT I VE SLUDGE AND CEMENT PASTE WASTES PLACED AT  THE PLUTON I UM PROCESS I NG  

FAC I L ITY TREATMENT PLANT I N  1 9 78 

3-56 

3-57 
3-59 
3-61  
3-63 
3-73 
3-74 
3-76 
3-81  
3-84 
3-85 
3-87 
3-88 
3-90 
3-93 
3- 1 06 
3-1 1 5  
3-1 1 5 
3- 1 1 6  

3- 1 2 3  



ix 

3.3 . 3-2 ESTIMATED RAD IONUCL I DE CONTENT OF MATER IAL PLACED IN D I SPOSAL P I TS 
AND SORPT ION BEDS , AS OF DECEMBER 3 1 , 1 9 76 

3 . 3 . 3-3 ESTIMATED TOTAL RAD I ONUC L I DE CONTENT OF MATER IALS PLACED IN SUBSURFACE 
D I SPOSAL AND STORAGE AS OF DECEMBER 3 1 , 1 976 

3 . 3 . 3-3A RAD I ONUCL I DE CONTENT OF MATER IAL PLACED IN SUBSURFACE D I S POSAL AND STORAGE FOR 

1 97 7  AND 1 9 78 
3.3 . 3-4 NUCL I DE S  D ISPOSED OF IN AREA G SHAFTS 

3.3.3-5 ATMOSPH ER I C  RELEASES OF RAD I OACT I V I TY FROM STACKS FROM 1 9 74 THROUGH 1 97 7  
3.3.5- 1  SH I PMENT PARAMETERS FOR  STANDARD SH I PMENTS 

4.1 . 1 - 1  PROJ ECTED PUMPAGE I N  EXCESS OF 6 . 9  x 1 06 m3/YEAR AND COMPUTED NET EFFECT 
ON R I O  GRANDE 

4. 1 . 1 - 2  CHEMI CAL QUAL I TY O F  TH E LOS ALAMOS WATER SUPPLY WELLS AND GALLERY 
4 . 1 . 1-3  CHEMICAL AND RAD I OCHEMI CAL QUAL I TY OF  TREATED EFFLUENTS I N  1 976 
4 . 1 . 1 -4 LASL TECH N I CAL AREA SEWAGE TREATMENT PLANT EFFLUENT L I M I TATI ONS 

( NPDES)  AND 1 9 76 DATA 
4 . 1 . 1 - 5  RANGE OF SELE CTED CHEMI CAL CONSTI TUENTS I N  SURFACE AND SHALLOW GROUND WATER 

I N  ALLUV I UM IN PUEBLO CANYON 
4 . 1 . 1 - 6  RANGE O F  RAD I OACT I V I TY CONCENTRATI ONS I N  SURFACE AND SHALLOW GROUND WATER 

I N  ALLUV I UM OF PUEBLO  CANYON 
4.1 . 1 - 7  RAD I ONUCL I DE CONCENTRAT IONS ON SED I MENTS I N  AC I D-PUEBLO CANYON I N  1 9 73  
4.1 . 1 -8 AC I D-PUEBLO CANYON PLUTON I UM I NVE NTORY AND D I STR IBUT ION 
4. 1 . 1 - 9  RANGE O F  SELECTED CHEM I CAL CONSTI TUENTS I N  SHALLOW GROUND WATER I N  THE 

ALLUV I UM OF UPPER LOS ALAMOS CANYON 

4 . 1 .1 - 1 0  I NVENTORY OF RAD I ONUCL I DES RELEASED I NTO DP-LOS ALAMOS CANYON 1 9 5 1 - 1 9 7 7  
4 . 1 . 1 - 1 1 RANGE OF RAD I OACT I V I TY CONCENTRAT I ONS I N  SHALLOW GROUND WATER I N  ALLUV I UM 

3 - 1 38  

3- 1 39 

3-1 40 
3- 1 43 

3- 1 49 
3-1 63  

4-8 
4-9 
4- 1 0  

4-1 2 

4- 1 7  

4-1 7 
4- 1 8  
4- 1 8  

4-2 1 

4-21 

OF DP-LOS ALAMOS CANYON 4-22 
4 . 1 . 1 - 1 2  RAD IONUC L I DE CONCENTRATI ONS ON SEDIMENTS IN DP-LOS ALAMOS CANYON IN 1 9 73  4-22  

4 . 1 . 1 - 1 3  LOS ALAMOS CANYON PLUTON I UM I NVENTORY AND D I STR IBUT ION 4-23  
4. 1 . 1 - 1 4  LOWER LOS ALAMOS CANYON PLUTON IUM I NVE NTORY AND D I STR IBUTION 4-25 
4 . 1 . 1 - 1 5  MORTANDAD CANYON RATES OF ALLUV I AL WATER MOVEMENT AND HYDROLOG IC  CONDUCTI V I TY 4-2 7  
4 . 1 .1 - 1 6  RANGE OF SE LECTED CHEM I CAL CONCENTRAT IONS I N  SURFACE AND SHALLOW GROUND WATER 

IN ALLUV I UM OF MORTANDAD CANYON 
4. 1 . 1 - 1 7  MASS I NVE NTORY OF CHEM ICALS RELEASED AND IN STORAGE 
4 . 1 . 1 - 1 8  MERCURY CONCENTRATI ONS I N  MORTANDAD CANYON SO I LS 
4.1 . 1 - 1 9  I NVE NTORY OF RAD I ONUC L I DES  RELEASED I NTO MORTANDAD CANYON 1 9 63-1 977  
4 . 1 . 1 -20  RANGE OF  RAD IOACT I V I TY CONCENTRATI ONS I N  SURFACE AND SHALLOW GROUND WATER I N  

ALLUV I UM O F  MORTANDAD CANYON 
4.1 .1 -2 1  RAD I ONUCL I DE CONCENTRATIONS I N  SED IMENTS I N  MORTANDAD CANYON I N  1 97 3  
4 . 1 . 1 -2 2  MORTANDAD CANYON Pu I NVENTORY AND D ISTR IBUTI ON 
4 . 1 .2- 1  ANNUAL SUMMARY OF 1 9 76 ATMOSPHER I C  RAD I OACT I V I TY MON I TOR I NG 

4-27 
4-28 
4-28 
4-30 

4-30 
4-3 1 
4-3 1 
4-34 



X 

4 . 1 . 2-2 DOE RAD I OACT I V I TY CONCENTRAT I ON GU I DES 4-35 

4 . 1 . 2-3 ATMOSPH ER I C  RELEASES OF RAD I OACT I V I TY 4-38 
4 . 1 . 2 -4 MAX IMUM POTENT IAL RELEASES OF NONRAD I OACT IVE  SUBSTANCES TO THE ATMOSPHERE AT LASL 4-39 

4 . 1 . 2-5 EST IMATED ANNUAL EMI SS IONS  OF LASi POWER AND STEAM PLANTS 4-41  
4 . 1 . 2-6 ESTIMATED ANNUAL EXHAUST EMI SSI ONS OF  LASL VEH ICLES  4-42 

4 . 1 .2-7  EST IMATES OF ANNUAL GASOL I N E  EVAPORAT IVE  LOSSES AT LASL 4-44 
4 . 1 . 2-8 CALCULATED ATMOSPH ER I C  CONC ENTRATIONS OF EL EMENTS USED I N  DYNAM IC  EXPER IMENTS 4-45 
4 . 1 . 3- 1 PLUTON I UM I SOTOPES 4-50 
4 . 1 . 3-2 CALCULATED BOUNDARY AND MAX I MUM I ND IV I DUAL DOSES FROM AIRBORNE RAD IOACTIV I TY 4-58 
4 . 1 . 3-3 1 978 WHOLE BODY POPULATION DOSES TO LOS ALAMOS COUNTY RES I DENTS 4-60 
4 . 1 . 3-4 RAD IATION EX POSURES FOR LOS ALAMOS WORKERS 4-64 
4 . 1 . 4-1  LASL TECHN ICAL AR EAS 4-66 
4 . 1 .5- 1  R ELAT IVE ABUNDANCE AND D I STR IBUTION OF SMALL MAMMALS IN TH E LASL ENV I RONS 4-74 
4 . 1 . 5-2 RELATI VE DI STRIBUTION OF PLUTON I UM I N  MORTANDAD AND DP- LOS ALAMOS CANYON 

ECOSYSTEM COMPONENTS NEAR THE EFFLUENT OUTFALLS 4-78 
4 . 2 . 3-1  RAD IOACT IVE F I SS I ON GASES FORMED IN A CRI TI CAL ITY EV ENT 4- 1 0 1  
4 . 2 . 7- 1 TOTAL CORE-F I S S I ON-PRODUCT I NVE NTORY 4- 1 0 7 

4 . 2 . 7 -2 DOSES EX PE CTED FROM POSTULATED RE LEASE OF M IXED  F I SS I ON PRODUCTS AT OMEGA S I TE 4-1 0 7  
4 . 2 . 1 3- 1  SUMMARY OF  RAD I OLOG I CAL CONSEQUE NCES OF  POSTULATED ACCI DENTS AT LOS ALAMOS 
4 . 2 . 1 3-2 CURRENT NCRP DOSE L I MI TS 
4 . 2 . 1 3-3 CURRENT I CRP DOSE L I M I TS 
4 . 2 . 1 4- 1  SUMMARY OF RAD IOLOG I CAL CONSEQUENCES FROM POTENTIAL ACCI DE NTS I NVOLV I NG 

TRANSPORTAT I ON OF RAD IOACT IVE MATER IALS 
4 . 3 . 1 - 1  WATER CONSUMPT I ON FOR LOS ALAMOS COUNTY 
4 . 3 . 2- 1 ESTI MATE OF TOTAL COMMUT I NG KI LOMETERS DR IVEN  PER DAY BY LASL , DOE , AND Z IA  

COMPANY EMPLOYEES  
4 . 3 . 2-2 ESTIMATED ANNUAL EMI SS IONS  FROM NATURAL GAS COMBUSTION I N  THE LOS ALAMOS 

COMMUN ITY TOWNS I TE 
4 . 3 . 2-3 ESTIMATED ANNUAL EM I SS I ONS ATTR IBUTABLE TO WH ITE ROCK AND PAJAR I TO ACRES 

4- 1 1 4 
4- 1 1 5 
4- 1 1 6  

4- 1 1 9 
4- 1 2 1  

4- 1 23 

4- 1 2 4  

FROM THE SAN J UAN POWER PLANT 4- 1 2 5  
4 . 3 . 2-4 E STI MATED ANNUAL EM I SS I ONS ATTR IBUTABLE TO LASL FROM THE SAN J UAN POWER PLANT 4- 1 25 
4 . 3 . 3 - 1  PROJ ECTED LAND USE REQU IR EME NTS I N  LOS ALAMOS COUNTY 4- 1 29  
4 . 3 . 3-2 RES I DE NT IAL BU I LD I NG PERM I TS , LOS ALAMOS COUNTY 4-1 30  
4 . 3 . 3-3 D I STR I BUT ION I N  NORTH ERN NEW MEX I CO OF PROJECTED POPULATION GROWTH DUE TO 

LOS ALAMOS 
4 . 3 .5- 1  TOTAL EXPE ND ITURES FOR LOS ALAMOS OPERAT IONS 
4 . 3 . 6 - 1  POPULATION , H ISTOR IC  AND PROJ E CTED , FOR LOS ALAMOS AND SURROUND I NG COUNTI ES I N  

NEW MEX ICO  

4- 1 3 2  
4- 1 36 

4- 1 40 
4.3 . 6-2 LOS ALAMOS SCI ENT I F I C  LABORATORY EEO STATISTICS FOR JANUARY 1 9 79 4- 1 4 1 

1 0- 1  SUMMARY OF  PLANNED AND POTENTIAL M IT IGATI NG MEASURES TO REDUCE ENV I RONMENTAL 
I MPACTS OF THE PR ESENT LASL OPERAT I ONS  F I SCAL YEAR 1 978 1 0-4 



1-1 

1 .  SUMMARY 

Th i s  Env i ronmental Impact Statement ( E IS ) a ssesses the envi ronmenta l impacts of the Department of 
Energy ' s* act i v i t i e s  at the Los Al amos Sc ienti f i c  Laboratory ( LASL )  s i te in  Los Al amos and Santa Fe  
Counties at  Los  Al amos , New Mex i co , and a sses ses actua l  and potenti a l  impacts on the surroundi ng 
envi ronment .  The E I S  prov i des envi ronmenta l i nput i nto dec i s i ons  regard i ng the cont i n u i ng act i v i t i e s  
a t  the Los A l amos Sci enti f i c  Laboratory wi th coverage o f  some further g rowth and evo l u t i on of  researc h 
programs i n  new a rea s .  

In  Ja nuary 1 943 a wartime l aboratory was esta b l i shed at  Los Al amos , New Mex i co .  I ts so l e m i s s i on 
was the devel opment of a f i s s i on bomb .  T h i s  proj ect cu l m i na ted i n  the detonat i on of the f i rst a tom i c  
bombs i n  1 945 .  S i nce then , the pr imary m i s s i on of LASL ha s conti nued t o  b e  nucl ear wea pons research 
a nd devel op1uent , i nc l ud i ng the f i rst thermonu c l ear  bomb . However , expans i on of  Labora tory efforts has 
i ncorporated numerou s programs to deve l op peaceful uses o f  nucl ea r energy i n  such a reas a s  f i s s i on 
reactors , space tec hnol ogy , contro l l ed thermonuc l ear  react i ons , and med i ca l  and  b i o l og i ca l  a p p l i c at i ons . 
I n  recent years there has  been i ncrea s i ng d i v ersi f icat i on i nto nonnuc l ea r  research areas , nota b ly  
g eothermal a n d  so l a r  energy resources and use  of superconductor techno l ogy for energy storage a n d  
transm i sson . The four  maj or research program a reas a re nat i ona l secur i ty ,  energy , b i omed i ca l  a n d  
envi ronmenta l , and  phys i c a l  research . 

To i l l u strate the magn i tude of the efforts a t  LASL , dur i ng 1 978 ,  emp l oyment a t  the Laboratory a nd 
i n  conjunc ti on wi th the Laboratory ' s  operat i ons tota l l ed about 8 , 000.  Th i s  i nc l uded empl oyees of 
DOE's Los A l amos Area Off i ce , the U n i vers i ty of Ca l i forn i a , and other DOE contractors l ocated i n  Los 
Al amo s .  The comb i ned F i sca l Year ( F Y )  1 97 8 payro l l  wa s approx imately  $ 190 m i l l i on , and project 
expend i tu res  total l ed a bout $325 m i l l i on .  

Los Al amos i s  a sma l l i ncorporated county , l ocated i n  north -centra l New Mex i co a bout 1 00 km ( 60 m i)  
north- northeast  of Al buquerque a nd 40  km ( 25 m i )  northwest  of  Santa F e  by a i r  ( see F i g ures 1 - l a n d  1 - 2) . 
W i th i n  the County there a re l l l -km2 ( 27 , 500-acre ) LASL s i te ( a  sma l l porti on i s  i n  Santa Fe County) 
a nd two adjacent commun i ti es ,  i nforma l l y i dent i f i ed as Los Al amos town s i te and W h i te Roc k .  They a re 
s i tuated on the Pajar i to P l ateau between the Jemez Mounta i ns to the west and the R i o  Grande Va l l ey to 
the ea st .  The p l ateau cons i sts of a ser i es of rel a t i ve ly  na rrow mes as  separated by deep , steeps i ded 
canyons that trend east-southea st from the Jemez Mounta i ns down to the R i o  Grande, 

Most of the Laboratory a nd commun i ty devel opment i s  confi ned to the mesa top s .  The Laboratory 
s i te i nc l udes 30 act ive  techn i c a l  areas , where the 1 24 pri n c i pa l  bu i l d i ngs  a re l ocated . Tang i b l e  use  
of the  Laboratory l and a rea i nc l udes bu i l d i ng s i te s ,  test area s ,  was te d i s posal  l ocat i on s , 

* The "Department of Energy ( DO E ) "  des i gnat i on i s  u sed throug hout th i s  document .  However , i t  s hou l d  
b e  noted that LASL wa s operated for the Corps o f  Eng i neers from 1 943 unt i l  1 947 ; for the Atom i c  Energy 
Conrni s s i on ( AEC ) from 1 947  unt i l January 1 9 , 1 97 5 ;  for the Energy Research a nd Devel opment Adm i n i strat i on  
( ERDA ) from January 20 , 1 975 , unti l September 30 , 1 97 7 ;  and for t he  Department of Energy s i nce 
October 1 978 . 
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roads , a nd  uti l i ty ri ghts -of-way . Howeve r ,  these uses acco unt for on ly  a sma l l fracti on of the total 
l a nd area; most  l and i s  used i n  a l ess  tan g i b l e  way to pro v i de a buffer zone for i so l at i on for 
secur i ty and safety purposes and  as  re serves for future structure l o cat i ons . Th i s  l a rge , undeve l o ped 
port i on a l so provi des refuge for s i gn i fi cant wi l dl i fe popu l a t i ons . The l and  around the Laboratory 
and i mmedi ate ly  adj acent commun i t i es i s  un devel oped; nearly a l l of  i t  i s  unde r control of the Fore s t  
Servi ce , the Nati ona l  P a r k  Servi ce , or  I n d i an P ueb l os .  

Water i s  s uppl i ed to the Laboratory and the a dj acent commun i ty a reas  from federa l -owned wel l 
f ie l ds .  About 35% of  the an nua l  water usage i s  fo r the Laboratory; the rest  i s  so l d  to Los A l amos 
County for d i stri buti on to commerci a l and re s i dent i a l  u sers . Water w i thdrawa l s  a re i n  con formance 
w i th State water r i g hts l i mi tat i ons . Some wate r req u i rements a re sat i s fi ed  by recyc l i ng of treated 
effl uents . Con servati on of water by the commun i ty and LASL reduced total wa ter use by about 30% 
between 1 9 76  and 1 9 78 . 

P r i n c i pa l  energy sources a re natura l  gas  and e l ectr i c i ty .  Pr i vate gas and  e l ectri c ut i l i t i es 
serve Wh i te Roc k .  Natu ra l gas  i s  p urchased from pr i vate ut i l i t i es and tran sported to the Los Al amos 
Towns i te area through federal ly  owned  p i pe l i n es . I n  recent years , about 63% of the gas  cons umed by 
LASL and the Towns i te has been used to operate a DOE-owned e l ectri c genera t i n g  p l ant  and  several s team 
p l ants . About 1 9% of  the gas i s  d i str i buted in the commun i ty by Los Al amos County , and the rest  i s  
used d i rectly by the Laboratory .  Tota l  gas  u sage by LASL and  the commun i ty has decl i ned i n  both 
1 9 7 7  and 1 9 78 .  E l ectr i c i ty is supp l i ed by on s i te fede ra l generat i on ( about 30% ) and  purchases from 
offs i te supp l i ers ( about 70% ) . Tota l energy consumpt ion  i s  expected to i n crease about 1 5% by 1 985 , 
a s s um i n g  p l anned programmat i c  changes and  some con servati on measures are i mp l emented . I ntens i ve 
energy conservat i on measures  i n c l u d i n g  some req u i r i n g  substant i a l  cap i ta l  expend i tures mi ght  be ab l e  
to reduce con s umpt i on about 6% from present use by 1 985 . Con servati on measures i mp l emented by the 
Laboratory have res u l ted in an overa l l dec rease i n  usage of about 2 . 5% between 1 9 76  and 1 978 in sp i te 
of program expans i on .  The pr i mary resources used for the opera t i on and ma i n tenance o f  the Laboratory 
inc l ude l an d ,  water , and energy; othe r re so urces i n c l ude the materi a l s  for structures and exper imenta l 
fac i l i t i es and the supp l i es for conduc t i n g  research p rograms . 

L i q u i d ,  gaseous , and  sol i d  wastes a re generated as byproducts of the Laboratory operat i on .  
L i qu i d  wastes i nc l ude rad i oact i vely contami nated so l u t i ons , chem i ca l l y  contami nated wastes , s an i ta ry 
sewage , coo l i ng water d i scharges , and storm dra i nage .  Nonrad i oacti ve l i q u i d  effl uents from 1 04 
i ndu str i a l  d i scharge po i nts and  1 0  san i tary sewage treatment fac i l i t i es came under the reg u l at i on 
of  a s i n g l e  NP DES permi t i n  1 9 78 .  r1os t  of the d i s charges met the permi t req u i rements , and i mprovements 
are unde r way or proposed for fund i n g  to ach i e ve better comp l i ance . The ord i nary san i tary l i q u i d 
wastes a re p rocessed by con vent i onal  s ewage treatment p l ants , l agoons , and sept i c  tanks . I ndustr i a l  
l i q u i d was tes a re p rocessed by spec i a l  treatmen t p l ants t o  remove radi oacti ve components a n d  to 
detox i fy or neutra l i ze other  chem i ca l  a gent s .  Tab l e  1 - 1 summa ri zes the resu l ts of ana lyses of treated 
effl uents re l eased from the Central Wa ste Treatment P l ant in 1 9 78 wh i ch const i tute about 90% of the 
rad i oacti vi ty rel eased in l i q u i d .  The treated effl uents conta i n  radi oacti ve pol l utants at l evel s of 
only a few percent of g u i de l i nes app l i cab l e  to exposure to the pub l i c  from i n gest i on of water and 
food . Behav i or  of  those effl uents i n  the natu ra l env i ronment i s  the s ubject of cont i n u i n g  stud i es . 
Three canyon a reas of part i cu l ar i n terest a re Pueb l o ,  Los A l amos , and  Mortandad Canyons .  The d i s 
charges i nto these canyon s conta i ned trace quant i t i e s  of tr i t i um ( 3H ) , ces i um-1 37  ( l 37cs ) ,  
p l uton i um-238 ( 2 38P u ) , ameri c i um-241  ( 241 Am ) ,  stronti um-89 and  -90 ( 89-90sr ) , uran i um-235 ( 235u ) , and 
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TABLE  1 - 1  

EFFLUENT FROM C ENTRAL WASTE TREATMENT PLANT I N  1978 

Radi oacti ve 
I s otopes 

239p u 23apu 
z41Am 
a9Sr  
9osr 
3H 
1 3 7Cs  
U -Total  

Non  rad i oacti ve 
Con s t i tuents 

Cda 
Ca 
C l  
era 
Cua 
F 
Hga 
Mg 
Na  
Pba 
Zna 
CN 
CODa 
N03 ( N )  
P04 
TDS 
pH a 
Tota l 
Effl uent 
Vol ume 

Act i v i ty 
Re l eased 

(mC i )  

4 . 05 
1 .83 
l .  73  
2 . 64 

1 0 . 4  
1 2 , 300 

3 1 7 
1 76 g rams 

Average 
Concentrat i on 

(].lC i /m£) 

0 . 099 X 10-6 
0 . 045 X 10-6 
0 . 043 X 10-6 
0 . 065  X 10 -6 
2 . 5 7 X 10- 7 
0 .  30 X 10-3 
0 .  78 X 10-5 
4 . 34 X 10-3mg/£ 

Average 
Concentra t i on 

(mg/£ )  

0 . 00 3  
26 . 0  
48 . 4  
0 . 04 
0 . 2 7  
3 . 8  
0 . 009 
1 . 4  

354 
0 . 044 
0 . 46 
0 . 04 

5 1  
90 
0 . 44 

1 345 
6 . 8- 12 . 3  

aconst i tuents reg u l a  ted by NPDES perm i t .  
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some stabl e el ements . T reated wastes have been di scharged i nto Los A l amos canyon s i n ce 1 952 and wi l l  
conti nue a t  l east  unti l decontam i nat i on of the o l d  p l uton i um proces s i ng fac i l i ty i s  comp l eted . Puebl o 
Canyon i s  a tr i butary of Los Al amos Canyo n .  · U ntreated was tes were d i scha rged i n to i t  between 1 944 
and 1 95 1 , then treated wastes were d i s charged unt i l  1 964 .  Mortandad Canyon has rece i ved  treated 
wastes s i nce 1 964 , an d th i s  wi l l  p robab ly  conti n ue for several years . 

The effl uents a re re l eased to normal ly dry stream beds wi thi n  the Labo ratory boundar ies  and 
i nf i l trate i n to the a l l uv i um ,  recha rg i ng the perched water bod i es as shown by stud i es menti oned l ater 
in th i s  statement . The maj o r i ty of  the rad i onuc l i des are absorbed i n to the sediments i n  vary i n g  
quant i t i es . T h e  absorpt i on ,  coupl ed w i t h  di l u t i on by natural runoff ,  resu l ts i n  very l ow concentra
t i ons  of rad i oact i v i ty i n  the water conta i ned w i th i n  the a l l uv i um ,  only fracti ons of a percent of 
dri n k i n g  water concentrat ion  gu i des . There i s  no i nd i ca t i on that the l i q u i d  effl uents enter waters 
used for human consumpt ion . The l iqu i d  effl uents a re i sol ated from the deep g round water aqu i fer  by 
thi ck l ayers of dry rock . There has  been no change i n  the chem i ca l  o r  radi ochem ica l  qual i ty of water 
i n  the ma i n  aq u i fer .  

The  transport of the  sed i ment down stream by  i ntermi ttent runoff i s  respons i b l e  for some o ffs i te 
tran sport of  rad i oacti v i ty .  Al though heavy p rec i p i tat i on may resu l t i n  fl ow a l l  the way to the 
R i o  Grande ri ver about fou r  t i mes a yea r ,  the effl uent genera l ly i nf i l trates i nto the channel a l l u v i um 
before reach i n g  the ri ver .  The port i on of  Los Al amos Canyon between the R i o  Grande and the confl uence 
wi th Pueb l o  Canyon has rece i ved about 2 . 5  m i l l i cur i es  (mC i ) of  p l uton i um per year both from res i dua l s  
o f  former di s charges i n to Pueb l o  Canyon an d from treated effl uents rel eased i n to upper Los A l amos 
Canyon .  The pl uton i um concentrati ons on so i l s  and sedimen ts in Mortandad Canyon a re at background 
l evel s at the LASL boundary .  Concentrat i ons  of  p l uton i um i n  sediment samp l es from the R i o  Grande 
are not abo ve the m i n i mum detectab l e  l i m i t s  of  0 . 0 1 p i cocur ies per g ram ( pC i / g) .  Th us , no adverse 
envi ronmental  effects a re be l i e ved to res u l t  from these l i qu i d  d i sposal  p racti ces . Some of the 
treated effl uents p ro v i de i n c reased water s upp ly res u l t i n g  i n  add i t i ona l vegetat i on and g reater 
carry i n g  for w i l d l i fe ,  an d s ome a re recycl ed to meet i n dustri a l  water requ i rements . 

Gaseous wastes i nc l ude comb ust i on p roducts from power and steam p l ants and vehi cl es , as we l l  as 
sma l l amounts of  rad i oacti ve and non rad i oacti ve materi al s. The amounts of waste rad i oacti ve materi a l s  
re l eased to the atmosphere a re l ow ,  and based on atmospher i c s ampl i n g  and other meas urements duri ng  
1 9 78 , the l argest ca l cu l ated rad i a t i on dose  to  be  recei ved by  any i nd i v i dual beyond the LASL boundary 
was l ess  than 1 percent of  the an n ua l  i n d i v i dua l  dose l i m i t recommended by th e Nat i onal Commi ttee on 
Rad i at i on P rotect ion ( NCRP) . Some atmospher i c  re l eases of  natural  an d depl eted uran i um res u l t  from 

exper iments i n  con trol l ed test areas w i th h i gh expl os i ves . Tab l e  1 -2 s ummari zes the p ri n c i p a l  ra d io
act i ve and non rad i oacti ve atmospher i c  rel eases dur i n g  1 978 .  

Sol i d  wastes i nc l ude domes t i c  sol i d  was tes , exp l o s i ves and hazardous chem ica l  wa stes , and rad i o 
act i vely con tami n ated wastes . O rd i n a ry sol i d  wastes a re d i s posed of i n  a County san i tary l andfi l l  
operated i n  acco rdance wi th U . S .  E nv i ronmenta l P rotect i on Agency g u i del i nes . Exp l os i ves wa stes a re 
burned i n  accordance w i th estab l i shed sa fety practi ces .  Rad i oact i ve ly  or  chemi ca l l y contami nated 
so l i d  materi a l s a re b ur i ed in spec i a l ly des i gnated p i ts in control l ed a reas . Materi a l s  contami n ated 
w i th tran s uran i c  ra d i oact i v i ty above spec i fi e d  l evel s are p l aced i n  s pec i a l  stora ge to ens ure 
retr i e vab i l i ty .  Tabl e l -3 s ummari zes the es t i mated total rad i onuc l i de content of  materi a l s  p l aced i n  
s ubsurface d i sposal  an d retr i evab l e  storage through December 1 9 76 and the pri nc i pal add i t i ons i n  1 9 77  
an d 1 9 78 . 
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TABLE 1 -2 

PRINCI PAL ROUTINE ATMOSPHER I C  EMI SS I ONS I N  1 978* 

Rad i oacti ve 

Radi onuc l i des  Curi es 
3H 1 8 , 6 3 1 .  

P l uton i um a n d  Ameri c i um 0 . 000l l 2  

U ra n i um ( stacks ) 0 . 000526 

U ran i um ( dynami c  tests ) 0 . 5 1 

M i xed F i s s i on Products 0 . 00 1 6  
32p 0 . 000085 

2 34Th 0 . 00 1 9  

1 3 1 I 0 . 000081 

4 1 Ar 589 . 

1 1  c, 1 3N , 1 50 l l 6 , 449 . 

7Be 0 . 0000002 

*The re were no a cc i denta l re l eases  in 1 9 78. 

Nonrad i oacti ve 
Veh i cl e  Operat i on and Ma i n tenance 

E st imated 

Po l l utant 
Gaso l i ne E vapora t i ve Losses 

Carbon Monoxi de 
Hydroca rbon s 
N i trogen Ox i de s  
Su l fur Oxi des 
Part i c u l a tes , Exhaus t 
Parti c u l ates , T i res 

E l ectr ic  Power P l ant 

Po l l utant 
S u l fur  Ox i des  
Hydrocarbons 
Ca rbon Monoxi de 
Part i c u l ates 
N i trogen Ox i des  

Amount (metri c tons ) 
28 . 3 

2 1 3 .  
2 1 . 
2 9 .  

1 . 1 
0 . 6  
1 . 2 

Est imated 
Amount (metri c tons ) 

0 . 6  
1 . 1 

1 7 . 9  
1 0 . 5  

739 . 

Chem ica l  Vapors and Gases  

Chem i ca 1 
Acetone 
Carbon �1onoxi de 
Ethyl Acetate 
Freons 
He l i um 
Methyl Ethyl Ketone 
Methyl ene Ch l o ri de 
S u l fur Hexaf l uori de 
Tri ch l oroethane 
Tri c h l oroethy l ene 

Est imated 
Amount 

( kg ) 
2 700 
4 1 00 
1 600 
3300 
6800 - 1 3 , 600 
3500 
800 

8200 
1 3 , 700 

2000 



1 -8 

TABLE 1 -3 
EST IMATED CU�1ULAT I VE RAD I ONUCL I DE CONTENT OF P R I NC I PAL t1ATERIALS PLACED 

I N  SUBSURFACE D I SPOSAL AND RETR I EVABLE STORAGE 

D i sposa l  and D i s posa l  Retr i evab ly  
Storage Through Duri ng Stored Duri ng  
Dec .  1 9 7ga 1 977 and 1 9 78 1 9 77 and 1 978 

Rad i onuc l i des (Curies ) (Cur i es }c (Curi es )c 
3H 1 63 , 044 99 , 350 
2 2Na 29 1 x 1 o-6 
60co 1 46 0 . 0 1 
90s r  - 90y 2 , 987 0 . 00 1  
1 37cs  5 0 . 005 
Uran i umd 1 40 3 . 4  0 . 03 
P l uton i umd 57 ' 728 49 . 3  2 3 , 740 
241 Am 6 , 733 23 . 6  9 , 669 
Mi xed F i s s i on 

Products 990 2 , 6 1 5 0 . 34 
M i xed Acti vati on 

Products 443 84 . 1  

a )H i stori c data are known to be i ncompl ete due to lack  of  deta i l ed 
records on quant i ti es of  act i vi ty p l aced i n  known d i s posa l  a reas 
duri ng  earl i er years of  Laboratory operati on .  

b )Acti v i ty i n  curi es ,  decay corrected through  1 9 76 . 
c )Acti v i ty i n  cur i es  a t  t i me o f  d i s posa l . 
d ) combi ned acti v i ty of  a l l i sotopes recorded . 
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A cont i n u i ng ,  comprehen s i ve mon i tor i ng prog ram , i nc l u d i ng procedures rang i ng from conti nuous 
mon i tor i n g  of some effl uents to reg u l a r  per i od i c  sampl i ng of a i r ,  water , so i l , and b i o l og i c a l  materi a l s 
a t  ons i te and offs i te l ocat i ons , has shown that no s i gn i f i cant env i ronmenta l impacts have res u l ted from 
La boratory effl uent or was te d i s posa l . Some rad i oact i v i ty i s  measurab l e a bove normal backg round near 
the Laboratory ; however , the l evels are very l ow and do not present hea l th or sa fety hazards . Tab l e 1 -4 
summa r i zes the maximum i nd i v i d ua l  and popu l at i on offs i te dose that may be attri bu ted to rout i ne rel eases 
of Laboratory effl uents . 

Some sma l l  r i s k  of en v i ronmental  impact res u l ts from the pos s i b l e occurrence of a maj or acci den t .  
A l l Laboratory act i v i t i es were ana lyzed t o  determ i ne a l l acc i dents o f  operat i ona l a n d  natural  or i g i n .  
The worst pos s i b l e acc i dents of vari ous types and the envi ronmenta l conseq uences of the potenti a l l y  
most s i g n i f i cant postu l a ted acc i dents were eval uated . The types of  acc i den ts or natura l  d i sasters 
eva l ua ted i n c l ude exp l os i on ;  c r i t i ca l i ty ;  fi re in a p l uton i um process i ng fac i l i ty ;  rad i oact i ve mater i a l  
s p i l l ; acc i denta l re l eases  o f  f i s s i on products , tri t i um ,  b i o l og i ca l  mater i a l s ,  o r  tox i c  chemi ca l s ;  an 
aircraft cras h i n to a faci l i ty ;  a transportat i on acc i dent ; a nd an accel erator acc i dent . Each s i tuat i on 
i s  stat i s t i ca l ly poss i b l e ,  bu t m i t i gat i ng factors ma ke the l i ke l i hood of any of the worst pos s i b l e 
acci dents extremely  smal l .  

Tab l e  l -5 summari zes the majo r  consequences to the genera l popu l ati on that cou l d  res u l t  from the 
potent i a l  acc i dents in LASL fac i l i ti es i nvo l v i n g  radi oacti ve materi a l s that were eva l uated for th i s  
document .  O f  these acc i dents , the max imum dos e to a member o f  the genera l  pub l i c  wou l d  res u l t  from a 
re l ease of f i ss i on products from the research reactor.  The acc i dent i s  pos tu l ated to occu r as the 
res u l t  of b l ockage of coo l ant f l ow l ead i ng to parti a l  mel t i n g  of some fuel e l ements and re l ease  o f  
radi oacti ve I od ine  and nob l e  gases . The max imum cumu l at i ve popu l ati on dose wou l d  res u l t from the 
re l ease of t r i t i ated water vapor caused by an a i rcraft cras h i ng i nto a tri t i um research fa c i l i ty .  
The greatest con seq uence to members o f  the general pub l i c  res u l t i n g  from an  acc i dent i n vol v i n g  
non rad i oact i ve materi a l s wou l d  b e  exposure t o  re l ati ve ly  h i gh l e ve l s of  aeroso l i zed beryl l i um for a 
sh ort peri od of  t ime .  Potent i a l  acc i dents i n vol v i n g  transportat i on o f  rad i oacti ve materi a l s re l ated 
to LASL operat i ons were a l so eval uated and are d i scussed in Chapter 4 ,  Secti on 4 . 2 . 1 4 .  

Secondary impacts o f  the operat i on o f  LAS L l a rge ly  rel ate to l and use , econom i c ,  and popu l a t i on 
factors . The or i g i na l  Los A l amos town s i te was federa l l y  constructed to house Laboratory emp l oyees and 
the i r  fam i l i e s .  Many commun i ty fac i l i t i es were turned over to , or bu i l t  for , Los A l amos County wi thout 
cost to the commun i ty when Federal con trol over the commun i ty wa s rel i nq u i shed in the 1 960's . The 
maj or i ty of County res i dents a re sti l l  Laboratory emp l oyees and the i r  fam i l i es .  Any s i g n i f i cant  g rowth 
i n  Labora tory emp l oyment wi l l  have a proporti ona l effect on popu l a t i on g rowth i n  the County and surround i ng 
reg ion  w i th concomi ta nt req u i rements for hous i ng , ut i l i t i es ,  and commun i ty servi ces . 

Unavo i dab l e env i ronmental effects resu l t i ng from the conti nued opera t i on of LASL i nc l ude l and use , 
resource consumpti on ,  and effl uent re l ea se .  Conti nued operat i on of LASL req u i res ded i cat i on of  the 
present l aboratory l a nds for the foreseeabl e future , ex c l u d i ng the pos s i b i l i ty of  a l ternat i ve l and 
uses . Recently the LASL reservat i on has been decl ared a Nat i ona l  Envi ronmenta l Research Park to enhance 
potent i a l s  for mul t i p l e  use . 

Some re l ease  of rad i oact i ve  ma ter i a l s and chem i ca l  substances wi l l  con ti nue . Present re l eases a re 
a l l a t  concentra t i ons l ower than l im i ts set by app l i ca b l e sta ndards . Some rel ea ses are expected to be 
further reduced by new research fac i l i t i e s  or pol l u t i on control equ i pment a l ready under cons truct i on or 
p l anned . The cont i nu i ng comprehens i ve env i ronmenta l mon i tor i ng prog ram ens ures that any adverse trends , 
shou l d  they devel op , wi l l  be q u i c k ly  detected so that a ppropr i ate mi t i g ati ng acti ons can be taken 
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TABLE l - 4 
CALCULATED BOUNDARY AND MAX IMUM I N D I V I DUAL DOSES 

FRm1 A I RBORNE RAD I OACT I V ITY 

Max i mum �1ax i mum 
Boundary_ Dose I nd i v i dua l Dose 

Cr i t ica l  Dose Dose 
I soto�e Organ Locat i on {mrem/y_r )  Locat i on (mrem/y_r ) %RPSc 

3H ( HTO ) Who l e  Body TA-54 0 . 07 1  A i rport 0 . 029 0 . 0058 

l l c , l 3N , 1 50 Who l e  Body Re stau rant l 4a Restaurant 3 . 8  0 .  76 
N .  uf TA-53  N. of TA-5 3  

4 1 Ar \�ho l e  Body Boundary N. 1 . 2 Apts . N .  of 0 . 7  0 . 1 4  
of TA-2 Stack TA-2  Stack 

239pu Lung TA-54 0 . 024 Bande l i e r  0 . 0079b 0.00053 

�Est imated from TLD measurements  J une-De c .  1 9 78 .  
For a 50 yr dose comm i tment , bone be comes the cr i t i ca l  organ . A max imum i n d i v i dua l wou l d 

rece i ve a 50 yr dose comm i tment to bone of 0 . 53 mrem . 
cRPS =Rad i at i on Protecti on Standards ( See Append i x  H-59 ) .  

1 9 78 WHOLE BODY POPULAT I ON DOSES 
TO LOS ALAMOS COUNTY RES IDENTS 

Exposure Mechan i sm 
Atmospher ic  Tri t i um ( a s  HTO ) 
Atmospheric 1 1 c ,  l 3N ,  l 5o 
Atmospher i c  4 1 Ar 
Total Due to LASL Atmosphe r i c  Re l eases 
Cosmic an d Te rrestr i a l  Gamma Rad i a t i ona 

Cosm i c  Neutron Radi at i on 
(� 1 7 mrem/yr/pe rson ) 

Se l f  I rrad i a t i on from Natural I sotopes i n  the Body 
(�24 mrem/yr/pers on ) 

Average Due to Ai r l i ne Trave l 
( 0 . 22 mrem/hr at  9 km ) 

Tota l Due to Natural Sources of Radi at i on 

Medi cal Expos ure 
(� 1 03  mrem/yr/person ) 

\�ho l e -Body Popu l a t i on Dose 
{man- rem) 

0 . 2 3 
8 . 4  
1 . 9 

l 0 .  5 
1 5 70 

330 

470 

1 3  
2383 

2020 

aca l cu l a t i ons  are based on measured (TL D )  data . They i nc l ude a 1 0% reduct i on i n  
cosm i c  radi at i on due to s h i e l di ng by structures  and a 40% reducti on i n  terrestr i a l  
rad i a t i on due t o  s h i e l d i n g  by structures  and  sel f-s h i e l d i n g  by the body .  
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TABLE l -5 

SUMMARY OF RAD I OLOGI CAL CONSEQUENCES OF  POSTULATED ACC I DENTS AT LOS ALAMOS 

Worst Case Popu l a t i on Doseb 95 Percent i l e  Popu l at ion  DoseC 
Max imum Dose Commi tmenta Corrun i tment in  County �an-rem ) Commi tment in Reg i on Outsi de 
to I nd i v i dua l  Members of  L os  Al amos County to 80 km Rad i um P l us 

Acci dent T,l�e the Genera l  P ub l i c  (rem} Townsi te or  Whi te Rock Metro�o l i tan Al buguergue fuan-re� 
Expl osi on 26 ( bone ) 2 . 6  X 1 03 l . 4 X 1 03 3 . 6  X 1 0 1 

Cri t i ca l i ty # l  0 . 5  ( thyro i d )  3 X 1 02 l X 1 02 2 X 1 0  l 

Cri t i ca l i ty #2 0.001  ( thyro i d )  3 X 1 0-2 l x 1 o-2 2 X 1 0-3 

F i ssi on Product 57 ( thyro i d )  6 X l o3 2 X 1 03 3 X 1 02 
Re l ease 22 (who l e  body ) 5 X 1 03 2 X 1 03 3 X 1 02 

Ai r Crash 4 . 8  (who l e  body ) 7 X 1 03 2 X 1 03 5 X 1 02 

Natura l  Back -
ground 0 . 1 5  l . 8 x 1 0 3 7 . 7  X 1 02 7 . 3  X 1 04 

aTime i n tegrated total dose commi tments , except for bone -seek ing nuc l i des ( e . g . , p l uton i um )  whe re 
i ntegrat i on was for 50 years .  

bDoses ( rem) i n  Los  A l amos Townsi te and  White Rock  a re not  addi t i v e .  On l y  one wou l d  actual l y  occur 
depend i ng  on pre va i l i ng w i nd d i rect i on .  

cva l ues ( rem)  are expe cted to be exceeded on ly  5% o f  the t i me; 5 0  percenti l e  val ues a re approx imate l y  
l / 1 0  of  th ose shown . 
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before s i �ni fi cant adverse effects occu r .  An i nterna l  qua l i ty ass urance program rev i ews a l l new 
proposa l s  d ur i n g  the des i g n  process to perm i t  con s i derat ion of pos s i b l e  safety and envi ronmental  
consequences before construc t i on or program i n i t i a t i o n . 

Another unavoi dabl e adverse effect i s  the potent i a l  for acc i dents . Safety Ana lys i s  Reports a re 
prepared , and Sta ndard Opera t i n g  Procedures a re prescr i bed to mi n i m i ze r i s k  potent i a l  for acc idents . 
These procedures are manda tory for any operat i on tha t has a s i gn i f i cant potent i a l  for acci dents or 
env i ronmental impact .  

The use  of  nonrenewab l e natura l resources such  as fuel s ,  construct i o n  mater i a l s , and  consumab l e 

s upp l i es const i tu tes the pr i nc i pa l  i rrevers i b l e  and i rretri evab l e commi tment requ i red by the opera t i on 

of LAS L .  I n  a l ess  tang i b l e  b u t  equa l l y rea l  way , the human resources i nves ted i n  estab l i sh i ng the 

Laboratory and i ts many research programs a l s o  repre sent an i r revers i b l e  and i rretri evab l e  commi tment .  

I1o st  l ana u s e d  f or  s tructure s i tes and  some sol i d  wa s te d i sposa l  areas must  b e  con s i dered i rre vers i b ly 

commi tted un l ess , and  unti l , better a l terna t i ve uses  are found . Land a reas that have l ow l evel s of 

rad i oact i ve or chem i ca l  contam i nat i on  wou l d  probab ly  have to be decontami nated before unrestr icted 

access  cou l d be permi tted .  Some m i nor  i rrevers i b l e  commi tments have occurred and wi l l  probab ly  occur 

i n  the future . For  examp l e ,  some sma l l a rchaeo l og i ca l  s i tes have been des troyed by cons truct i on . 

However ,  s a l vage a rchaeo l og i ca l  studi es  have been conducted a t  importa nt  s i tes i n  keep i ng wi th Federal 

reg u l at ions . 

The re l at i o ns h i p of LASL ' s  prev i o u s  and  conti nued operat i on to l a nd-use  p l ans , po l i c i e s , a nd 
contro l s i s  d i scussed i n  regard to both unavoi dab l e  adverse envi ronmenta l effects and  i rrevers i b l e  a nd 
i rretri evab l e  commi tment of resources . The LASL reservat i on i s  a l ong-term commi tment of l and and  must 
s u ffi ce for the forseea b l e future s i nce the s i te i s  cons tra i ned by co nt i g uous  l and uses and  character i s t i c s .  
The ma s ter p l ann i ng efforts a t  LASL a ddress the management o f  l and , other phys i ca l  resources , and 
ut i l i t i es to a s s u re the i r  most prudent use  in support of the Laboratory ' s  m i s s i o ns . The Sta te of New 
Mex i co has no app l i cab l e l a nd-use regu l at i ons . The Los Al amos County P l a nn i ng Commi s s i on dea l s  
exc l us i ve ly  wi th County and pri vate l ands . The Laboratory adheres to Federa l l aws regardi ng archaeo
l og i ca l  and other h i s tor i c  s i tes . I t  ha s been determ i ned tha t there are no prime or un i que farml ands 
in  the LASL s i te .  Hence , s u sta i ned operat i on o f  LASL i s  not i n  d i rect confl i ct  wi th any known Federa l , 
State , or l oca l l a nd-use p l ans . 

A seconda ry impact i s  the need for hous i n g  and  res i denti a l  l ands i n  commun i t i e s  adjacent to the 
Labora tory to accommodate poss i b l e  g rowth in LASL emp l oyment .  A Comprehens i ve P l an for Los Al amos 
County , adopted i n  1 963 and upda ted i n  1 976 , i s  the bas i c  County p l a nn i ng document .  I t  prov i des the 
fu ndamental d i rect i on to accommodate a popu l a t i on of up to 3 1 , 000 , a l most  tw i ce the present  l eve l . The 
h i g h  percentage of Federa l l y owned l ands in northern New Mex i co a nd the po l i cy of reta i n i ng l and i n  
Federa l ownersh i p ,  such  a s  the LASL reservati on , has a n  impact on reg i ona l  l and use . The effects of  
a popu l ati on i nc rease resu l t i ng from LASL's g rowth wi l l  be concentrated in  res i dent i a l  deve l opment .  
LASL's operat i o n  wi l l  resu l t  i n  a sma l l contri but i on to the pres ent trends i n  northern New Mex i c o  of 
s u bd i v i s i on deve l opment ,  i nc reas i ng u rban i zati on , changes in l and-use patterns , and r i s i ng l and pr i ces . 

Short- term use  of the l oca l envi ronment and  resources must be con s i dered i n  v i ew of l ong-term 
nat iona l  goa l s .  The short-term uses o f  the l oca l  envi ronment do not genera l l y  prec l ude a l terna t i ve 
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future uses . Land a reas that have l ow l evel s of rad i oact i ve or chemi cal  contami nat ion  m i ght  have to 
be decontami na ted to perm i t  unres tr icted use ; i n  other cases , i t  m i g ht  not be economi ca l l y  pract i cab l e 
to perform s uff i c i ent decontam i nat i on to permi t the i r  re l ease  to unrestri cted u s e .  Some short-term 
uses of non- renewab l e fuel  and mi nera l resources are i nvol ved i n  the cons tructi on and operat i o n  of 
resea rch  faci l i t i es .  Cont i nued opera t i on of the Laboratory , i n c l ud i n g  proposed expans i ons , wi l l  not 
c hange  the qua l i ta t i ve  natu re of short-term u ses of the en v i ronment and natural resources . No 
contempl ated or prospec t i ve act i v i t i es a re expected to resu l t i n  any major  ad verse env i ronmental 
impacts . Some future ob l i ga t i ons  for decomm i s s i on i ng are cons i dered as part of the economi c  l i fe-cyc l e  
cos ts . 

Al ternati ves to the cont i n ued operat i on of the Los A l amos Sc i en t i f i c  Laboratory that have been 
con s i dered a re no act ion , ces sat ion  or re l ocat ion of  prog rams , mod i f i ed future trends , l i mi ta t i on o f  
adverse i mpacts , a nd i ns t i tut i onal  a l ternat i ves . 

The " no-act i on" a l ternat i ve for the exi s t i ng Laboratory i s  no change from present faci l i t i e s  and 
operat i ons w i th the consequence of  no change in cont i nu i ng envi ronmental i mpacts . 

Cessati on  or  rel ocat ion  o f  Laboratory programs wou l d  present a number of prob l ems . Comp l ete 
rebu i l d i ng at o ther l ocat i ons wou l d  reduce l oca l l y some i mpacts , s uch as the rel ease  of rad i oact i ve 
mater i a l s  and o ther po l l utants , so l i d  waste generat i o n ,  water and energy cons ump t i o n ,  l and use , and 
acci dent potenti a l , but  i t  wou l d  only transfer such envi ronmenta l costs to another l ocati on . The same 
expend i tu re on i mprov i ng the ex i s ti ng faci l i t i es wou l d  be more producti ve .  Compl ete cessa t i on of  a l l  
programs wou l d  res u l t i n  a l os s  of benefi t s  o f  resea rch and deve l o pment i n  areas s i gn i f i cant to 
na t i ona l  needs such as nat i ona l  defense , energy , b i omed i ca l , and envi ronmental  programs . E i ther 
act ion  wou l d res u l t  in g reat cost by wa s t i ng produc t i ve fac i l i t i es and human resources wi thout any 
s i g n i f icant env i ro nmenta l benefi ts . Removal  of the Laboratory wou l d  de l ete at  l ea s t  $ 285  mi l l i on 
annua l l y  in personal i ncomes and other Laboratory-re l a ted expendi tures from the New Mex i co economy .  

A maj or i ncrea se i n  the rate of  future g rowth a s  an  a l ternat i ve wou l d  ref l ect  substant i a l  changes 
i n  na ti ona l pol i cy at  the Congres s i ona l  or  Execut i ve l eve l s  of  Federal Government .  Such g rowth wou l d  
i nduce both primary and secondary i mpacts of new cons truct i on , i ncremental l and us e ,  i ncreased 
consumpt i on of  water and energy resources , and add i t i ona l waste d i sposa l  requi rements . Secondary 
impacts wou l d  i nc l ude added economi c i nput  to the reg i on .  

Modi f i cat i on  o f  procedures or faci l i t i es a re econom i c  and producti ve a l ternat i ves . The adverse 
i mpacts of  LASL's opera t i on cou l d  be l i mi ted by rep l acement or i mprovement of ex i s t i ng fac i l i t i es , 
a l terat i on of procedures , conservat i on , and add i t i ona l l ong-range s i te p l ann i ng . Precedents for such  
a l ternati ves exi s t  thro ug hout the  h i story of LASL operati ons . The new P l utoni um Proces s i ng Fac i l i ty 
i s  a recent examp l e  o f  faci l i ty rep l acement wi th i ncrea sed producti v i ty a s  we l l  as improved env i ronmental 
protect i on and operat i ona l safety .  Improved safety mea s ures a n d  was te treatment techno l og i es have 
been i nst i tu ted when ava i l ab l e , and further improvements a re expected . Conservat i on measures and a 
q ua l i ty ass urance prog ram i denti fy , and wi l l  cont i nu e  to mi n i mi ze , env i ronmental  consequences of new 
projec ts i n  early p l an n i ng stages . 

Some i n s t i t u t i ona l a l ternati ves con s i dered to mi n i m i ze certa i n  adverse i mpacts a re l i mi t i ng 
pub l i c  acces s  to on s i te roads , i mp l ementat i on of mass  trans i t , encourag i ng water conservat i on i n  the 
commun i ty ,  a nd the re l ease  of  add i t i onal  l ands for hous i ng .  
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The essence of the envi ronmenta l trade-off ana lys i s  l i es i n  nat i onal  po l i cy deci s i ons  that the 
work done at  LASL i s  essent i a l . I f  the goa l s of research are rea l i zed , the benefi ts wou l d  encompa s s  
ma i n tenance of  t h e  na t i ona l defense , i ncreased nati onal  sel f-suff i c i ency of  energy resources , improved 
qua l i ty of l i fe , and reducti ons of env i ronmenta l impact throug hout the nati on . 

On a l oca l sca l e , benefi ts are econom i ca l ly , phys i ca l l y ,  and soc i a l ly s i g n i f i cant . Emp l oyment 
and educa t i ona l  opportu n i ti es  have been prov i ded by the La boratory . Tota l federal ex pendi tures re l a ted 
to LASL have s i g n i fi cant ly  benefi tted the depres sed economy of northern New Mex i co ,  a nd the LASL 
reservat ion ha s served as  a preserve for both wi l d l i fe and archaeo l og i ca l s i tes. 

P r i n c i pa l  comm i tments of natural resources i nc l ude l and , water , natura l  gas , a nd e l ectr i c i ty .  
Env i ronmenta l costs a re i ncurred a s  a res u l t o f  wa ste d i s posa l . The res i dent commun i ty resu l ts i n  
s econdary env i ronmenta l costs i n  terms of l and use , resource consumpti on , and waste g enerati on . 
Conti n u i n g  rev i ew ,  cou p l ed wi th the demonstrated efforts to improve env i ronmental awa reness and 
m i n i m i ze env i ronmental impacts , wi l l  assure that Laboratory m i s s i ons a re conducted i n  the most eff i c i ent 
manner . 

An envi ronmenta l trade-off a na l ys i s  of the a l ternati ves s ug gests that retent ion  of the ex i st i ng 
research  program wi th m i n im i z at i on of spec i f i c  envi ronmental costs throug h s u i tab l e improvements i n  
procedures a nd faci l i t i es wou l d  b e  a product i ve  course o f  act i o n . The l arge l y  s hort-term comm i tments 
and u ses of  natural resources and the l oca l environment are m i nor  compared to the demonstrated and 
expected l ong -term benefi ts . 

, .. ·· 



2-1 

2 .  BACKGROUND 

Th i s  env i ronmental impact statement has b een prepared to prov i d e  the env i ronmental imput i nto 

DO E d ec i s i ons rel ated to the cont i n ued act i v i ti es of the Los Al amos Sc ient i fi c  Laboratory s i te wi th 
some further g rowt h and ev ol ut i on of research programs i n  new areas .  The Laboratory ' s general m i ss i on 

and act i v i t i es ,  a s  desc r i b ed i n  deta i l i n  Sect i on 2 . 3. , P rograms , a re ant i c i pa ted to rema i n  essent i al l y  
the s ame . Fut ure d i rec t i ons , a s  deta i l ed i n  Sect i on 2 . 4 ,  a re b ased o n  current proj ect i o ns s howi ng 
roug hl y a 3% annua l i ncrease i n  perso nne l  from about 7 , 685 empl oyees i n  FY 7 7  to about 8 , 600  empl oyees 
i n  FY 8 1 . Because of the uncerta i nty of  fut ure fund i ng ,  s �c i fi c  proj ect ions of fund i ng , pe rsonnel 
l evel s ,  a nd prog rammat i c  El'Tl phas i s  woul d not be mea n i ngful beyond FY 82 . 

2 . 1 .  H IS TORY  

The Lo s Al amos Sc i e nt i fi c  Laboratory was  estab l i shed i n  January 1 943 a s  Proj ect Y of  the Wa r 
De pa rtment ' s Worl d Wa r I I  Manhattan Eng i neer Di stri ct--the code name for the effort to devel op the 

atom i c  bomb.  Th e m i s s i on of Proj ect Y wa s the des i gn and assemb l y  of the fi rs t  nuc l ear fi s s i on bomb.  
The wa rt ime prog rams under the Manhattan D i str i c t  we re assoc i ated wi th  centers of re search i n  

nuc l ear sc i ence that con t i nue to b e  act i ve at Los Al amos , New Mex i co ; the  Rad i at i on Laboratory i n  
Berkel ey , Cal i forni a ;  t h e  Cl i nto n Laboratory i n  Oak R i d g e ,  Te nnesee ;  t h e  Hanford Works i n  R i ch l and ,  
Wa shi ngton ; and the Metal l ur g i cal Laboratory i n  Ch ic ago , I l l i no i s .  

Th e Proj ect Y l ocat i o n--a  remote mountai n pl atea u 40 k m  ( 2 5  mi ) by a i r  northwe st o f  Santa Fe , 

New Mex i c o ,  was chosen pr i mari l y  i n  t he i nterests of sec recy a nd safety because of i t s  i sol at i o n .  
Th e l and fo r the Proj ect Y Laboratory c ame under the j ur i sd i c t i o n  o f  t h e  W a r  De partment i n  1 943 wi th  
the acqui si t i o n  of Ranch Sc hool prope rty , homestead a nd grazi ng l and , a nd Forest Serv i c e  p ub l i c 
doma i n .  The Los Al amos Ra nch Sc hool prov i d ed  av a i l ab l e  fac i l i t i es to beg i n  the proj ect .  The town of 
Los Al amos wa s estab l i s hed as part of Proj ect Y and operated by the fed eral government to prov i d e  
ho us i ng and commun i ty nec es s i t i es for proj ect personnel . Th e Los Al amos wa rtime effort cul m i n ated i n  
J u l y ,  1 94 5  wi th the s ucces sful  tes t o f  the fi rst bomb near Al amogord o ,  New Mex i co .  

In Ja nuary 1 947 , the  Atom i c  Energy Comm i s s i o n  ( AEC ) repl aced the  Ma nhattan D i str ict  wi th  the 
res po ns i b i l i ty for nuc l ear research a nd devel opment .  The Laboratory o f  that t ime focused on devel opi ng 
new n uc l ear wea po n  model s and pur s ui ng po ss i b i l i t i es for more effect i ve and rel i ab l e  1ve a pons . 

W i th  the start of the Korean  War i n  1 9 50 , LASL ,  a s  the AEC ' s n uc l ear wea pons l aboratory , wa s 
d i rected to accel erate devel opment of a t hermonuc l ear ( fu s i o n )  weapon .  I n  the ear ly  1 9 50 ' s ,  i n  
add i t i o n  to devel opi ng f i ss i o n  bombs , LASL tested the f i rs t  thermonuc l ear bomb at En iwetok i n  the 
So uth Pac i fi c .  Earl y in i ts h i story ,  LASL started in nuc l ear reactor  devel opment by b u i l d i ng the 

fi rst aq ueous homgeneous reactor ( water b o i l er) and the fi rst mercury c ool ed , pl uto n i um fuel ed 
fas t reactor ( C l ement ine ) . LASL had extended i ts wa rt ime work i n  nuc l ear reactor  devel opment , a nd  

the O'neg a West Reactor 1va s bu i l t  i n  1 9 56 wh ich  i s  st i l l ac t i v el y  used fo r research .  LASL ' s  reactor 
technol ogy i nvol vement res ul ted in the Los Al amos Powe r Re actor Ex per iments ( LAPRE I and I I )  and 
the Los Al amos Mo l ten Pl utoni um Reactor Experiment ( LAMPR E )  of the 1 960 ' s ,  wh i c h  contr i b uted to 
present b reed er-reactor tec hn ol ogy. Al so , the hel i um coo l ed Ul tra Hi g h  Temperature Reactor 
Ex per iment , UHTREX , wa s b u i l t  and del i v ered heat at l 3 00°C. The effort to create a thermonuc l ear 
bomb st i rred an i nterest i n  Co ntrol l ed Thermonuc l ear React io ns ( CTR )  as a source of powe r ,  a nd 
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i n  1 9 5 1  LASL began  a seri es of  experiments i n  pl asma conf i nement technol ogy , l eadi ng to the  current 
CTR t het a- a nd Z-p i nc h  res earch program. 

LASL cont i nued expand i ng i t s  effort s toward deve l op i ng peaceful u ses of nuc l ear  energy; by the 
1 960 ' s ,  i t  i nc l uded s pace app l i cat i on s ,  power reactor programs , control l ed thermonuc l ear research ,  and 

rad i obi ol ogy and med i c i ne .  A maj or effort was i n  h i gh temperature fuel and materi a l s technol ogy for 
the  j o i nt Nati onal Aeronaut ics  and Space Admi n i strat i on-AEC nucl ear rocket program . S i g n i fi cant 

cont r ibut ions  were a l s o  made i n  t he rmi on i c ,  fast-breeder ,  and ul tra-h i g h-temperature reactor technol ogy , 
as wel l as i n  the a reas of nuc l ear phys i c s , sol a r  astronomy , chemi stry ,  met al l urgy , materi al s sci ence , 
mathemat i c s  and computer s ,  a nd heal t h  research .  

I n  1 9 7 1  the L aboratory underwent a reorgan i zat i o n  and reori ent at i o n ,  resu l t i ng i n  expans i on i nto 
astrophys i c s ,  e arth sc i ences , e nergy resources , nucl ear fue l safeguards , a nd l aser research .  In 1 9 72 
t he L aboratory compl eted t he 800-Mev p roton accel erator of t he Cl i nton P .  Anderson Los Al amos Meson 
P hys i c s  Fac i l i ty ,  t he f i rst  nat i onal fac i l i ty for re search i n  med i um-energy phys i c s .  Scyl l ac ,  an 
8-m- ( 26-ft ) d i ameter cont ro l l ed thermonucl ear react i on dev i c e ,  became operat i onal i n  the spri ng of 
1 9 74 . 

I n  J anu ary 1 9 7 5  the AEC was abol i shed under the E nergy Reorgan i zat i on Act of 1 9 74  and the research 

and devel opment res pons i b i l i t i e s for al l sources of energy , i nc l ud i ng the nucl ear weapons prog ram , were 
as sumed by the Energy Research and Devel opment Admi ni strat i on ( ERDA ) . 

Under ERDA , t he Laboratory cont i nued i ts nuc l ear research and devel opment p rograms , i nc l ud i ng 
weapons work , a nd expanded l aser fus i on and l a ser i sotope separat i on proj ect s .  I t  has , i n  addi t i on , 
g reat l y  expanded i t s  nonnuc l ear energy programs--en l argi ng exi st i ng act i v i t i es or i n i t i at i ng new ones 
i n  so l a r and geot he rmal energy , su perconducti ng el ectr i cal energy storage and transmi s s i on ,  hydrogen 

fuel technol ogy , ad vanced heat t ransfer  technol ogy , fos s i l -fuel u se ,  energy systems anal ys i s ,  a nd 
b i omed i cal and envi ronmental research . On October l ,  1 9 77 , the Department of Energy ( DOE ) was estab
l i shed and that organ i zat i on assumed ERDA ' s res pons i b i l i t i es ,  at wh i ch  t i me E RDA was abol i shed .  

Most of  the Worl d War I I  faci l i t i es have now been demol i shed and  the l and returned to publ i c  u se .  

Maj or fac i l i ty expans i o n  occurred i n  1 9 5 1 -53 w ith  the cons truct i on of  1 4  new tech n i cal  areas , and 
t h i s  number has  i ncreased stead i l y  to a current total of 30 . The federal  government present l y  control s 
l l l  km2 ( 2 7 , 500 acre s )  of l and for use by DOE .  Most of t h i s  l and i s  l ocated i n  Los Al amos County , but 
a smal l port i on is l ocated i n  Santa Fe  County. Because of a severe short age of off i c e  and l aboratory 
s pace , LASL i s  present l y  l eas i ng an unused school bu i l di ng and port i ons of several commerc i al off i c e  
b u i l d i ngs  i n  t he C i ty of L o s  Al amos . T h e  tech n i ca l  areas have devel oped i n  wi del y sc attered l ocati ons , 
refl ect i n g  s pec i fi c  s i t i ng needs or topographi c restrai nts .  Al l of the permanent Laboratory techn i c a l  
areas are l ocated on D OE l and . 

As the L aboratory was rebu i l t  fo l l owi ng Worl d War I I ,  the AEC u pg raded and expanded the hou s i ng 
and commerci al estab l i shment s .  I n  1 949 the Cou nty of Los Al amos was created by the New Mex i co State  
Leg i s l atu re ,  carved ou t of  Sant a Fe  and  Sandoval count i es .  However ,  unt i l  1 9 57 the  ent i re commun i ty 
rema i n ed cl osed to the pub l i c ,  wi t h  passes requ i red for al l resi dent s ,  i nc l ud i ng ch i l dren .  Los Al amos 
County rema i ned gove rnment property unt i l  1 965  whe n ,  as  a re sul t of Federal t ransfer  l eg i sl at i on 
passed i n  1 9 62 , the  AEC began the proce ss of transferri ng l and . Resi dences and commerci al property 
were sol d f i r s t ,  a nd on J u l y  l ,  1 9 6 7 ,  the  AEC t ransfe rred t i t l e to more than $20 m i l l i on worth of 
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pub l i c- u se l and , road s ,  b u i l di ngs , a nd some of  t he  uti l i ty systems to Los  Al amos Cou nty . T he  fi nal  

stages of th i s  transfer are bei ng  compl et�d . The di s posal ag reement al so ca l l ed for d i rect fi nanci al  
s up port to  the Los  Al amos County Government and to the Los Al amos School System , to be pa id  yearl y.  
Th i s  su pport i s  renegot i ated annual l y .  I n  FY  78 this  a ss i sta nce , i ntended to  compens ate for Los  
Al amos ' s  smal l i ndustr i a l  and  commerci a l tax base , amounted to  $ 1 , 268 , 000 for county operati o ns and  
$2 , 8 50 , 000 for the sc hool s .  

2 . 2  CURRENT M ISS I ONS AND ACT I V I T I E S  

S i nce  i t  i s  impos s i b l e  t o  set quant i t at i ve val ues o n  the benef its  o f  b a s i c  research , qual i tat ive  
and ph i l osoph i c al terms are  neces sary to  defi ne the  purpose of LASL ' s  act i v i t i es .  Weapons research i s  
dedi cated to meet i n g  the needs of our nat i onal secur i ty programs that i nvol ve nuc l ear weapon s .  Current 
mi ss i ons and act i v i tes at LASL i nc l ude research and devel opment programs rel ated to  the i ntermed i ate 
and l ong-term energy needs . Env i ronmental research at LASL i s  provi d i ng i nformat i on on the behav i or 
of waste materi al s i n  natural systems .  Such data are important i n  maki ng fut ure energy resource 
deve l opment dec i s i ons to  mi n i mi ze ad verse effect s .  

The Laboratory ha s a wi d e  range of research and deve l opment programs , funded pri nci pal l y  by DOE .  
The  Laboratory al so  does work for  othe r Federal agenc i es ;  dur i ng FY 78 th i s  cons t i t uted about 
8 . 3% of i t s effort . Al l of these act i vi tes are cond ucted i n  DOE-owned fac i l i t i e s  a nd do not contri bute 
any un i q ue envi ronmental effect s ,  a l t hough they do  contr i b ute to  the cumul ati ve impact such as  resource 
c on s umpt i on and waste generat i o n .  The fol l owi ng i s  a br i ef rev i ew of maj or Laboratory programs and 
refl ects the Laboratory ' s  i nterdi sc i p l i nary approach to re search . 

2 . 2 . 1 . Nat i onal  Secur i ty Programs 
A pr imary mi s s i o n  of the L aboratory i s  research and devel opment work on fi s s i on and thermonuc l ear 

weapons , i nc l ud i ng the bas i c  sc i ent i f i c  and eng i neer i ng s up port act i v i t i es .  LASL was or i g i nal ly  
founded for the  pu rpo ses of  nat i ona l  secur i ty and  has  cont i n ued as  one  of  the  three des i g nated nati onal  
nuc l ear weapons l aboratori es . Rather than quant i fy i ng the cumul at i ve benefi ts  of th i s  effort , they 
a re best assess ed i n  terms of nat i onal defense po l i cy .  A strong nuc l ear capab i l i ty i s  a matter of 
nati ona l po l i cy , a nd LASL pl ays an essent i a l rol e i n  carryi ng out that po l i cy .  The current LASL 
program for nat i onal secur i ty c ompr i ses three part s :  weapons devel opment acti v i t i es , l aser fus i on 
studi es , a nd f i ss i l e  mater i al s secur ity and recovery work . 

Weapons devel opment act i v i t i es i nc l ude the research , devel opment , and test i ng act i v i t i es that 
l ead to  the product i on of nuc l ear weapons . S i nce the earl y 1 9 50 ' s , the Laboratory has concentrated on 
the des i gn and devel opment of nuc l ear assembly  systems , and the product i on of weapons  has been taken 
over by othe r DOE fac i l i t i e s .  The maj or effort at LASL i s  devoted to the devel opment of new weapon  
concept s , the i r eval u at i o n  through  cal cul at i o n ,  l ocal experimentati on  wi th compo nents and mock u ps ,  
devel opment of ha rdware , and underground test i ng  of prom i s i ng systems at the Nevada Te st S i te at 
Mercury , Nevada .  

Underground test i ng  i s  very expens i ve . 2- l  Henc e ,  effort s are  made to el uc i d ate the  compl ex 
processes i nvol ved i n  a nuc l ear expl os i o n  by use of theoret i cal  cal cul at i ons and experimentat i o n .  A 
pr imary funct i on of the LASL Cent ra l Comput i ng Fac i l i ty i s  to cal cul ate the effects of de s i g n  changes 
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o n  weapo n perfonnance and to anal yze and red uce ex per imental data . Rad i ochen i c al anal yse s of the 
sampl es of fi ss i o n  pr od ucts , av erag i ng about 1 . 5 cur ies , fran underground tests in Nevada are 
performed at LASL t o  prov i d e  add i t i o nal detai l s  o n  the performance of test dev i ces . They are 
s h i pped i n  accordance wi th  current  De partment of Trans portat i on regul at i o n s .  The deto nat i o n  
mot i o n  o f  non- nuc l ear mockups can b e  stud i ed by mean s o f  PH ERME X ,  a h i g h- i ntens i ty fl as h x- ray 
mach i ne , and othe r d i agnost i c  dev i ces .  Th i s  l ocal mockup  test i ng i s  l es s  ex pe ns i ve than ful l scal e 
experime nts at the Nevada test s i t e .  

Bas i c  and appl i ed  research  requi red t o  su pport the weapo ns effort i nc l ud es prog rams i n  n uc l ear 
phys i c s , t heoret i cal and ex pe r ime ntal work o n  t he propert ies  of mate r i al s  under extremel y  h i g h  tempera
tures and pressures , t he devel opme nt of mathemat ical and computer tec h n i q ues , t he c hem i stry and 
metal l urgy of t he materi al s  i n  a nuc l ear sys tem , t he c hemi stry and phys i c s  of expl os i ve s ,  and the 
devel opme nt of spec i al i zed  el ectron i c  and photograp h i c  i nstr ume ntat i o n .  

The l ase r fus i on stud i es are concerned wi t h  the use o f  l ase r e nergy t o  i n i t i ate fus i o n  reac t i o ns 
i n  deuter i um and the appl i cat i o n  of the ene rgy rel eased by t he se reac t i o ns .  To1�ard th i s  e nd , e ffort 
i s  be i n g  dev oted to the study of the i nterac t i o n  of h i g h- i ntens ity  l ase r l i g h t  wi th  matter and to the 
phys i c s  of l aser- pr od uc ed pl asmas . Dev el opme nt is under way of s hort- pul s e ,  h i g h-energy l asers and 
l aser systems , s uc h  as carb on- d i ox i de gas l asers , to i n i t i ate thermonucl ear burn of fus i o n-fue l  pel l ets 
contai n i ng tr i t i um and deuter i um .  

The pr i nc i pal ex pe rime ntal dev i c e  assoc i ated wi th  the prog ram i s  a n  e i g ht- beam C02 l ase r ,  wi t h  a 
1 0 1 3  watt peak pul se p011e r ,  des i g ned to produce basi c phys i c s  and eng i neer i ng data. Systems and 
eng i nee r i ng stud i es are be i n g  carr i ed out on po tent i al appl i cat i o ns of l ase r- i n i t i ated fus i o n  i n  s uc h  
areas as el ectr ical powe r prod uc t i o n ,  n uc l ear-weapo n d i ag nost ics , and nuc l ear-l'feapo ns effects s imul at i o n .  

Fi ss i l e  materi al s sec ur ity and recovery work i s  the t h i rd part o f  the current LASL Weapo ns Prog ram . 
To ns of l oH-e nric hme nt uran i um are used throug hout t he worl d to fuel nuc l ear powe r reactors , wh i c h ,  i n  
turn , prod uc e l arge quant i t i es of fi ssi l e  mater ial s .  Materi al s  s uc h  as 23 5u and 2 39P u  are careful l y  
cantral l ed and guarded agai nst m i s use because of the i r  h i g h  prod uc t i o n  cost , t he i r strateg i c  importance 
as i ng red i ents of n uc l ear Heapo ns , and the potent ial heal t h  hazard fran the i r  rad i oac t i v i ty .  LASL 
research i s  d i rec ted to l'fards red uc i ng the chances of l os s  or d i vers i o n  of nuc l ear materi al s .  

The devel opme nt and appl i cat i o n  of c hem i cal and s pectroc hem i cal as say tec hn i q ue s  has bee n an 
i mpo rtant part of LASL ' s  ope rat i o n  s i nce the Laboratory Has fo unded . An anal yt ical chem i stry g rou p i s  
part i c i pat i ng i n  a nat i o nwi d e  c ross- c � i b rat i o n  of measureme nt tech n i q ues  and i n  the preparat i o n  of 
standard s pec imens fo r d i str i but i o n  to nucl ear process i ng pl ants . 

The mai n obj ect i ve of LASL ' s  fi ss i l e mate r i al s  as say proj ect i s  to devel op methods of assayi ng 
the fi ss i l e mate r ial content  of proces s streams , reactor fuel s ,  and sc rap and waste fran fabricat i o n  
pl ants by means other  than conve nt i o nal chem i cal anal ys i s .  The methods are adaptab l e  t o  both cont i nuous  
or  batch processe s .  Th i s  pr oj ect has resul ted i n  the devel opment of i n strume ntat i o n  and cal i b rat i o n 
tec hn i q ues  appl i cab l e  to a wi d e  var i ety of mater ial s  and s hapes , rang i ng fran nuc l ear expl os i v e  systems 
and reactor fuel el eme nts to res i due s and sc rap mater ial s  i n  barrel s fran proces s i ng pl ants . A Mob i l e 
No nd estruct i ve As say Laboratory ( MONAL ) , desi g ned and operated by LASL , has been i n  use s i nce 1 9 7 1 . 
The MONAL has v i s i ted a number of nuc l ear mater ial fabricat i o n  pl ants , both  to demonstrate the assayi ng 
techn i que and to perform as says as a serv i ce to the pl ant . 
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LASL a l so has a cont i nu i ng program to convert fi s s i l e  scrap materi al  b ack to usabl e s peci al 
nuc l ear materi al s .  The bul k o f  t he materi al processed t o  date i s  from the now termi nated nucl ear 
rocket ( Rover)  prog ram . 

2 . 2 . 2 .  Energy Prog rams 
Al ong wi t h  weapons devel opment , research and devel opment work i n  energy resources and appl i ed 

energy technol ogy have become recog n i zed as i mportant to the nat i o nal  i nterest .  LASL ' s  energy technol 
ogy research has  been concentrated on four energy resources : fu s i o n ,  geothermal , so l ar ,  a nd fi s s i o n ,  
w i t h  some work i n  coal and o i l  s hal e . 2-l  Al ternat i v e  energy resources ho l d  t h e  potent i a l o f  mai nta i n
i ng or improv i ng q ua l i ty of l i fe a nd ach i ev i ng nat i o na l  energy i ndependence . LASL h a s  been commi tted to 
research in fusi on power for many years. In the ea rly 1 9 70 ' s ,  several non-nuc l ear energy and energy
rel ated programs were added to the LASL f i ss i on and fu s i on reactor programs . Consequentl y ,  the  
Laboratory now c arri es out  a broad spect rum of  energy prog rams rang i ng from computer stud i es to 
hardware devel opment . I nc l uded are reactor programs , advanced i sotope separat i on stud i es ,  s pace 
nuc l ear systems devel opment , control l ed thermonuc l ear research , and a ppl i ed energy tech nol ogy . 

Reactor programs are important s i nce  asse ssments of the  nat i on ' s  potent i a l  future energy sou rces 
cons ider  fi ss i o n  reactors to be  an import ant factor i n  the nati o n ' s energy program through  the end 
of th i s  cent ury .  Cont i nued work on fuel s ,  reactor safety , and rad i oact i ve waste 1nanagement are al l 
d i rected toward improv i ng the effi c i ency and safety of the fi ss i on power cyc l e a s  we l l as mi n i m i z i ng 
cert ai n potent i al l y adverse envi ronmental impact s .  I f  nuc l ear power wi l l  be  part o f  t h i s nat i on ' s  
e nergy resources , i t  i s  es sent i a l  to fol l ow through o n  fi s s i on researc h .  

Muc h of  LASL ' s  recent work has  been rel ated t o  reactor safety , s pec i fi c a l l y  reg ard i ng gas-cool ed 
and water-cool ed reactors . Th i s  reactor safety work i nc l udes devel opment of cal cu l at i onal  methods for 
des i g n  and anal ys i s ,  study of the decay power produced by fi s s i o n  product s ,  a nd a s sessment of the 
rel i ab i l i ty of reactor compo nent s .  The obj ect i ve is  to devel op b road-based programs appl i cabl e to a 
wi de ra nge of reactors .  The ab i l i ty to  defi ne  potent i a l  acci dent sequences l eads t o  des i g n  cri teri a 
t hat can  m i n i mi ze or el im i nate safety prob l ems .  

For  a number of  years ,  LASL h a s  b een i nvol ved i n  the  nat i onal effort to devel op a Li qu id-Metal 
Cool ed Fast-B reeder Reactor ( LMFBR ) , i n  wh ich  fi s s i ons of the fi ss i l e  2 3 5u or 239P u  fuel rel ease h i gh 
energy neutrons that breed new fi s s i l e  materi al . Emphas i s at LASL i s  on eval uat ion  of i rrad i ated fuel s ,  

i mprovement i n  the des i g n  of fue l  el ements , a nd performance of safety c al cu l at i on s .  Current i nvol ve
ment i ncl udes stud i es of ad va nced fue l s for the LMFBR ,  devel opment of cal cu l at i onal  methods of assessi ng 
reactor perfo rmance and safety , and performance of certa i n general ana lyt i ca l  chemi stry work support i ng 

2-3 2-4 t he overal l reactor program . ' 

LASL a l so  has an adva nced reactor program i nvol v i ng h i gh-temperature ,  gas-coo l ed reactors . It  
i nc l udes devel opment of improved coated- part i c l e  graph i t e-matr ix  fuel s ,  sys tems stud i es ai med at the 
techn i c a l a nd econom i c  eva l u at i on  of d evel oped reactor des i gns  for the a ppl i c at i on  of nuc l ear heat i n  
h i gh-temperature i nd ustr i al proces se s ,  a nd stud i es on materi al  behav i or under h i gh-temperature reactor 
condi t i o n s .  

Advanced i sotope separat i o n  stud i es al so may be i mportant i n  devel opment of t h e  nat i on ' s future 
energy sources . The obj ect i ve of th i s  research acti v i ty i s  to devel op methods other than the trad i t i ona l  
gaseou s d i ffus i on ,  e l ect romagneti c ,  or  centri fuge methods now used to separate i sotopes .  Each  chemi cal  
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el 611ent , s uc h  a s  ur ani um , has several i sotop�s that , tho ugh  i d ent i c al ch611 i c al l y ,  d i ffer  from one 
another i n  mass and nuc l ear prope rt i e s .  There are currentl y two LASL i sotope separat i on proj ects 
under way . The fi rst  i s  b a sed on the fact that l asers c an sel ect i vel y  i n i t i ate photochem i c al react ions 
i n  a chem i c al compound contai n i ng two or more i sotopes--mol ecul es contai ni ng one i sotope wo ul d react 
and mol ecul es conta i ning othe r i soto pes wo ul d not . The second is based on the fact that mol ec ul es 
conta i n i ng l i g hter i sotopes ev a porate more q u i c kl y than tho se conta i n i ng heav i er i sotope s .  

The ma i n  effort o f  t h e  l aser i soto pe separat ion prog ram has been d i rected a t  the separat i on of 
urani um i sotopes , wh i ch  i f  s ucces sf ul coul d hav e maj or impac ts on the nuc l ear power i ndustry . The 
l aser method i s  al so appl i c ab l e  to the separat ion of d euteri um from ord i nary hydrogen.  Deuteri um i s  a 
pr imary fuel for the control l ed the rmonuc l ear fus i on program .  Add i t i o nal l y ,  there a re many other rare 
and use ful i sotopes  that can potent i al l y be i so l ated by th i s  techn i q ue .  

LASL has several pl ants fo r separat i on-by-evaporat i on  of the stab l e  ( i . e . , nonrad i o ac t i v e )  i sotopes 
of c arbon, oxygen,  and nitrog en ( the I CON program ) . Th ese i sotopes are used a s  extr611el y sens i t i v e  

trac ers i n  chem i c al struc t ure research and fi el d stud i es o f  suc h  processes a s  fert i l i ze r  uptake by 
c rop pl ants . Th e Laboratory prod uc es several tons of 1 3c ,  1 4N ,  1 5 N ,  1 6o ,  1 7o ,  and 1 8o per 

year  for appl i c ati on in ag r icul t ur al , env i ronmental , and b i omed i cal  research .  
The Lo s Al amos Me son Phys i c s  Faci l i ty ( LAMPF ) al so i s  i nvol ved i n  i sotope se parat ion.  At the 

term i nus  of the ma i n  LAMPF proton beam , protons not d i verted to nuc l ear- part ic l e experiments are be ing 
used to prod uc e l arge quant i t i es of a new seri es of proton- rich  rad i o i soto pes that are freq uentl y more 
useful for research and med i c al appl i c at i ons t han the neutron- r ich  i sotopes prod uced in  nuc l ear 
reactors . A fac i l i ty at LAMPF i s  be ing used spec i fi c al l y  to separate the se i soto pes and st udy the i r  
propert i e s .  

LASL ' s  space nuc l ear sys tems d evel opment incl ud ed the l�rge R&D effort tenn inated i n  FY 73  on  the 
d es i gn and testi ng of nuc l ear rocket reactors . Al so , b as i c  c hem i c al and metal l urg i c al stud i e s  are 
cont i nu i ng on rad i o i soto p i c  power sources for satel l i tes and other s pac ec raft . Present act i v i t i es 
i ncl ude stud i es and systems anal ys es of po tent i al des i gns for nuc l ear reactor power pl ants to prov i d e  
el ectr ic  power for ad vanced s pace  m i s s i o ns ,  and further devel opment o f  238P u  for u s e  a s  a n  ad vanced 

rad i o i sotop i c  heat source .  In the l atter area , var ious 2 38Pu compounds are prepared and ev al uated , 
c eram i c  and cermet fuel forms are devel oped and character i zed , and the safety aspects of the use of 
238P u  power sources are stud i ed . 

Fu s i o n  i s  be ing purs ued fran two maj or d i rect i ons : by the use of magnetic fi el ds suc h  as wi th 

ZT-40 and by the us e of h i g h- powered l a se rs . The goal of the Control l ed Thermonuc l ear Research ( CTR ) ,  
or Mag net i c  Fu s i on Prog ram , i s  the devel opment of a new energy source ( see F i g ure 2 . 2 )  based on the 

f us i on of 1 i g ht el 611ents , as contrasted wi th the fi ss i on of very heavy el ements a s  i n  present nuc l ear 
reactors . Both processes rel ease enormous amounts of energy , but  fus i on has sev eral ad vantages over 
the fi s s i on proces s .  Fo r exam pl e ,  fus i on uses i sotopes of hyd rogen as i t s  fuel and prod uces rad io
act i ve wastes that are rel at i vel y easy to manag e .  These i sotope s ,  s uc h  as  deuteri um and tr i t i um ,  
c an b e  m i ned o r  bred i n  essent i al l y  l im i tl ess q uant i t i e s .  Fus i on react i ons have been prod uc ed 
i n  the l ab oratory , but ach i evement of an econom i c al net g a i n  i n  energy i s  expected to req ui re rnany 
more years of effort . LASL has bu i l t  fo ur prev i ous  h i g h-dens i ty ,  pul sed rnach i  nes for the CTR 
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program ; t he se \te re al l l i near dev i c es .  The fi fth generat i o n  dev i c e ,  Scyl l ac ,  wa s the fi rst to use a 
toro idal shape .  A l aser fus i o n  exper iment , Ke l i os ,  i s  presentl y o perat i ng .  Th e next generat i o n  l a ser 

f us i o n experimental fac i l i ty ,  An tares , i s  under construc t i o n .  
Ot her prog ram d i rec t i ons i nc l ud e dev el o p i n g  energy storage sys tems and i n sul ators fo r CTR 

a p pl i c at i o n s .  The CTR prog ram al so i nc l ud es st ud i es and ex periments needed to carrel ate the work wi th 
l a ser-fus i o n act i v i t ies . 

The appl i ed energy technol ogy prog ram i nc l udes proj ects i n  geothe rmal and so l ar energy , s u percon
duc t i ng powe r  tran sm i ss i o n ,  mag net ic  energy storage dev i c es , a nd thermochem i c al produc t i on of hyd rog en .  

The Los Al amos Dry Geothe rmal  So urce Demonstrat i o n  Proj ect i s  devel op i ng methods of econom i c al l y  
extrac t i ng energy fr om hot ,  d ry rock i n  the earth ' s  c rust , a s  compared to systems that depend on 
n atural und erg round resources of hot water or steam . The hot rock i s  fract ured by hydraul i c  pressure 
and then water i s  c i rcul ated to extract the heat . Re search and devel opment for thi s proj ect wi l l  
i n c l ude st ud i es  i n  geochem i stry ,  g eo phys i c s , heat fl ow , fl u i d  fl ow ,  rock mec han i c s , s e i smol ogy , e nv i ron
mental effects , a nd rel ated s ubj ects to ensure an econom i c al and env i ronmental l y  acceptab l e  system . 
Ho t ,  d ry rock g eothe rmal energy a p pears to have m i n i mal ad verse env i ronmental im pacts and i s  esse nt i al l y 
a l im i t l ess source.  The env i ronmental impact of th i s proj ect i s  b e i ng mon itored and wi l l  not be 
i ncl uded i n  th i s  Env i ronmental  Im pact Statement . An e nv i ronmental assessment fo r the Fento n Hi l l  
proj ect has been compl eted and append ed to the Memorandum of Ag reement between DOE and the Forest 
Serv i c e . 2-5 

LASL h as several prog rams i n vol v i ng research and devel opment on the use of sol ar energy for 
heat i ng and cool i ng bu i l d i ng s .  These i nc l ud e  systems and co ntrol s anal ys i s  of sol ar- heated and -cool ed 
bu i l d i ngs , devel opment of a prototype sol ar- heated- and-cool ed-mob i l e home , and ev al u at i o ns of sun
tempered and other so l ar-heated st ruct ures . The Lab oratory has devel oped i nteg rated sol ar col l ector 
roof struct ures . The sol ar  energy prog ram i nc l udes obj ect i v es fo r prod uc i ng compo nents easi l y  i ncorpora
ted i nto convent i o nal  b u i l d i n g  techn i q ue s .  The Na t i o nal  Secur ity and Reso urces St udy Center at Lo s Al mnos , 
compl eted ea rl y i n  1 9 77 , uses these advanced fl at- pl ate so l ar col l ectors d evel oped by LASL ,  a nd wi l l  
prov i d e  a ut i l i za t i o n  demonstrat i o n  of an energy-sav i ng 1 00-ton sol ar Rank i ne-cycl e cool i ng un i t .  Th e 
b u i l d i ng wi l l  serve an  impo rt an t  ro l e  i n  a nat i o nal ser ies  of proof- of-concept sol ar  energy experiments . 

LASL has two appl i ed energy technol ogy proj ects i nv ol v i ng cryogen ics  and s u perconduc t i v i ty .  
Superco nduc t i v i ty i s  a ph enomenon i n  wh ich  certai n metal s and al l oys wi l l , a t  very l ow temperat ures , 
conduct el ec tr i c i ty wi th no l os s  of power .  LASL i s  a ppl yi ng thi s effect to  the  devel opment of s u per
conduct i ng , d i rect-current , power  tran smi s s i o n  l i nes , to conduct l arge quant i t i e s  of el ectr i cal power 
g reat d i stances i n  rel ati vel y smal l underg round cond u i t s  wi thout the l arge power l os ses i ncurred i n  
convent i o nal  tran sm i ss i o n l i nes . 

A s upercond uc t i ve mag net ic  energy storag e system now under st udy cou l d prov i d e  a power generat i o n  
l oad- l eve l i ng method that woul d re sul t in  s i g n i fi c ant sav i ngs  i n  fue l and i n  c a pi ta l  and operat i ng 
costs . Such  a system wou l d  be c a pab l e  of stori ng l arg e amounts of energy i n  a rel at i vel y smal l vol ume . 
Some smal l l oss  i s  to be  ex pected i n  the transfe r  of energy i nto and out of the sys tem , b ut the overal l 
effi c i ency of a s u perconduc ti ng mag net i c  energy storag e dev i c e ,  i nc l ud i ng the energy req u i red for 
refr i g erat i o n ,  i s  ex pected to be 9 5% ,  c om pared wi th the 70% ex per i enc ed i n  pumped hyd rostorage .  The 
system co ul d be ad vantageousl y c o u pl ed wi th a s uperco nduc t i ng d i rect current transm i s s i o n  l i ne 
descr i bed ab ov e .  
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2.2. 3 .  Bi omed i c al and Env i ronmental  Prog rams 
The LASL b i omed i c al and env i ronmental programs were i n i t i ated i n  1 947  to devel op methods to 

determ i ne worker ex po s ure to rad i oac t i ve materi al s ,  part i c ul arl y pl uto n i um. They were l ater extended 
to stud i es o n  rad i oact i v e  fal l out fran atmos pheri c we apo ns test i ng. Ex ampl es of appl i c at i o ns of 
n uc l ear tec hno l ogy i n  heal th and med i c al research i nc l ude  use of rad i o i so topes and meso ns , part i c ul arl y 
i n  cancer trea tment , and dev el opment of pl utoni um-fue l ed thermoel ectr i c  generators for poweri ng heart 

pacemakers and an art i f i c i al heart. Ot her ong o i ng research rel ates to the detec t i o n  and treatment of 
v ar ious human and an i mal d i seases. For ex ampl e ,  b i omed i c al research contr ib utes to the d i ag nos i s ,  

a l l ev i at i o n ,  a nd better treatment of d i seases s uch  as cancer. LASL deve l oped l i q uid sc i n t i l l at i o n  
coun t i ng tec h n i ques and the use o f  1 4c a s  a tracer i n  b i ol ogy and med i c al researc h. 

Today the scope of LASL b i omed i cal and env i ronmental research prog rams has b roadened. Th e three 
maj or prog ram areas are b i omed i cal and env i ronmental rese arch ,  1�aste management , a nd operat i o nal 
hea l th and safety .  

The b i omed i cal and env i ronmental  research a t  the Laboratory i nc l ude o ng oi ng , l ong-term prog rams 
o n  the effects of rad i at i o n  and pol l ut i o n  on man and h i s  env i ronment. St ud i es on the effects of 
non- un i form di st r i b ut i o n  of the dose fran rad i oact i ve i sotopes depo s i ted i n  the body , the so- c al l ed 
hot- part i c l e proj ect , i s  part i cu l arl y s i g n i fi c ant for understand i ng the tox i c i ty of i nhal ed al pha 
emi tters. The broad base of researc h  technol ogy i n  cel l ul ar and mol ec ul ar b i o l ogy i s  prov i d i ng the 
tool s fo r a b ette r  understand i ng of rad i at i o n  damag e and carc i nogens of al l types , rad i oact i v e  and 
nonrad i oact i v e .  St ab l e  i sotopes are synthes i zed i nto compo unds of b i o l og i c al i nterest for stud i es of 
normal metabol i sm and d i sease states i n  pl ants and an imal s ,  i nc l ud i ng man. 

The B i omed i c al and Rad i at i o n  Therapy Re search Fac i l i ty associ ated wi t h  LAMPF wa s or i g i nal l y  used 
for precl i n i c al rad i o b i ol og i c al st ud i es need ed to eval ua te the advantages of negat i v e  pi meso ns for 
rad i at i o n  trea tment of canc er. Th ese stud i es hav e l ed to c l i n i c al tr i al s  wi th h uman cancers that 

began  in  1 9 7 6  i n  cooperat i o n  wi th the Un i vers i ty of New Mex ico  Cancer Treatment Research Ce nter. The 
LAMPF accel erator is  al so used to produc e rad i o i sotopes for use in  nuc l ear med i cal d i ag nos i s and 
treatment. The fac i l i ty wa s al so  i n v ol ved i n  sol v i ng the probl ems associ ated wi th pr od uc i ng a 
sat i sfactory 238Pu pov1e r source fo r the art i f i c i a l  heart prog ram. 

Present env i ronmental researc h empha s i ze s  determi n i ng the behav i or of sel ected rad i oac t i ve and 
non-rad i oac t i ve mater i al s  i n  the var i ous ecosystem compo ne nts.  These stud i es , assoc i ated wi th  n uc l ear , 
geothermal , a nd coal energy o perat i o n s , a re supported by cont i n u i ng 1�ork o n  an env i ronmental resources 
i nventory that i nv ol v es co l l ect i ng  q ua nt it a t i v e  i n format i o n  o n  pl ants , an imal s ,  a nd s o i l s i n  the Lo s 
Al amos area. The LASL reservat io n has been des i g nated a Nat i o nal Env i ronmental Researc h Park. 

The wa ste management prog ram i s  dev ot i n g  i ncrea s i n g  efforts to  the overal l technol ogy of the 
trea tment , handl i ng , a nd d i spos i t i o n  of t ransuran i c- contam i n ated sol i d  rad i oact i ve  wastes. Th i s  
i nc l udes mon itori ng past and present wa ste bur i al s i tes and ev al uat i ng the r i s k  potent i a l for movement 

of these materi al s.  Re search areas i ncl ude asses sment of accept ab l e  wa ste manag ement pract ices fo r 
tran s uran i c  � ements , methods to ach i eve s uc h  pract i ces , c ri ter i a for safe packag i ng of sol i d  rad i o

act i ve waste s ,  r i sk anal ys i s  of past bur i al pract i ces , a nd i nc i nerat i o n  stud i es. 
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Rad i oacti ve l i q u i d  was te management research i s  cen tered on the two i ndustr i a l  l i qu i d  was te 
treatment pl ants  that serve the Laboratory comp l ex .  The vari ety of was tes tha t must  be treated 
necess i ta tes a conti n u i ng program of researc h and deve l opment ,  wh i ch add i ti ona l l y  contr i butes to 
so l v i ng worl d-wide  probl ems of safe l y  han&l i ng rad i oact i ve wa stes . Present work i s  d i rected toward 
the goal  of devel o p i ng sys tems that wi l l  reduce rad i oacti ve d i scharge . Ion exchange , reverse osmos i s ,  
evaporat i o n , a nd recyc l i ng processes are under i nves t i ga t i o n .  

Occupat i ona l hea l th and safety proj ects at  LASL cons t i tute three major areas of research-
i nd u s tri a l  hyg i ene , i ndustr i a l  safety ,  and hea l th  phys i c s . Genera l l y ,  research i n  these areas i s  
determ i ned by spec i fi c  needs genera ted by the La boratory ' s  programs ; however ,  the resul ts often ha ve 
app l i cat ions  for the protecti on for i ndustry and pub l i c  protect i on .  The compl ementary rou t i ne i n specti on 
and moni tori ng of Laboratory acti v i t i es i s  descri bed i n  more deta i l  i n  Sect i on  3 . 3 . 4 .  

I ndu str i a l  hyg i ene acti v i t i es i n c l ude maj or res earch efforts i n  aerosol s ,  f i l ter and  venti l a t i on 
system eva l uat ion , characteri zat i on of hazardous  aerosol s i n  the work p l a ce or under s imu l a ted cond i t i ons , 
and res p i rator eva l uati on and tra i n i ng programs . Other concerns i nc l ude mon i tori ng a nd ana l ys i s for 
rad i oact i ve a nd nonrad i oact i ve  materi a l s i n  b i o l og i ca l  fl u i ds and t i ssues  a nd a new program for devel o p i ng 
ana l yt i ca l  techn i ques  for mea s ur i ng organ i c  carci nogens used throug hout U . S .  i ndustri es . 

I ndu stri a l  safety stud i es contr i bute to a broad range of research on probl ems of nati onal i nteres t  
s u c h  a s  l a ser safety standards , g u i des for e l ectri ca l  safety i n  research , l ow-temperature eng i neeri ng , 
computer protect i on ,  hazardous-materi a l  hand l i ng ,  and ana l ys i s  of l a rge s ca l e  events . Hea l th phys i cs 
research i nvo l ves a wi de range of probl ems concerned wi th improved rad i a t i on safety . 

2 . 2 . 4 .  P hys i c a l  Research Programs 
Mo s t  of the phys i ca l  research prog ram· at  LASL i s  rel ated to the opera t i on of the C l i nton P .  

Anderson Los A l amos Meson Phys i cs Faci l i ty ( LAMP F )  and the a s soc i ated acce l erator research stud i es .  
The ba l a nce i s  d i s tri buted among a l a rge number o f  sma l l er ,  bas i c  research type , s upport program s .  

The LAMPF fac i l i ty con s i sts  o f  a l i near proton accel erator approxima tel y 800 m ( 0 . 5  mi ) l ong , 
des i g ned to produce an 800-m i l l i on-el ectron-vol t proton beam wi th an a verage i nten s i ty of one mi l l i ampere . 
Energet i c  protons s tri ki ng a target produce subnuc l ear  parti c l e s , ca l l ed p i  mesons , wh i ch  a re of 
parti c u l a r  i nterest  i n  nuc l ea r phys i c s  s i nce they are bel i eved to be the " g l ue "  that hol ds atom i c  
nuc l e i  to gether. The p i  meson i s  not ord i nar i l y  found a s  a free part i c l e  s i nce  i ts l i fetime i s  on ly  
a sma l l fract i on of a m i crosecond . However , th i s  t ime  i s  l ong enough for  a beam of mesons to  be 
foc used a nd conducted a l ong a channel to experimenta l a pparatus .  There , the i n teract i on s  of mesons 
w i th other materi a l s  hel p revea l  the fundamental s tructure of nuc l e i . 

The LAMPF capa b i l i ty for meson product ion i s  un i que i n  the worl d .  LAMPF i s  used by over a thou sand 
s c i enti s ts from a l l  over the worl d for experiments i n  med i um-energy nuc l ear  phys i cs ,  bi ophys i cs , 
radi ochemi s try , cancer therapy , and other fi e l d s .  

The support programs i n  nuc l ear sc i ence i nc l ude a l a rge number o f  research p ro jects . There a re 
s evera l s tud i e s  i n  nuc l ear theory a nd nucl ear chemi s try rel ated to med i um-energy phys i cs a s  we l l  a s  
resea rc h re l e vant to  the  f i s s i on and  fus i on reactor prog rams . Other LASL resea rch i s  focused on  
mo l ec u l a r and  mathemat i cal sc i ences , materi a l s research , thermochem i ca l  hydrogen studi es , and geosc i ence 
i nves t i gat i ons . 



2- 1 0 

I n  addi t i on to the work at LAMPF , the  Laboratory al so conducts co n s i derab l e  nucl ear research 
u s i ng ot her fac i l i t i e s .  A ve rt i cal 8-mi l l i on-el ectron- vo l t (MeV ) Van de Graaff and a 1 5-MeV tandem 
Van de Graaff are arranged so they can be operated separately  o r  i n  seri es to produce beams of 23-MeV 
protons or accel erated i ons  of 2H , 

3H ,  3H e ,  and 4He and heav i er i sotopes . These part i c l e  
beams are used i n  stud i es ,  somet imes i nvo l v i ng po l ari zed beams and targets , o f  l i ght  nuc l e i and thei r 
stab i l i ty ,  neutron and charged part i c l e  scatteri ng  and react i o n  cross  sect i o ns , nuc l ear model s and 
react i on mechan i sms , and nuc l ear f i s s i on and neutron source react i o ns . Another  fac i l i ty ,  the 

8-megawatt Omega West Research Reactor ,  i s  used for external neutron beam experiment s ,  rad i at i o n  damage 
stud i e s ,  i n-core i rrad i at i on of i n strumented sampl es , f i s s i o nabl e materi al assay ,  and neutron rad i ography . 
A maj or phys ical research program i nvo l ves stud i es of the energy- l evel  structure of nuc l e i  us i ng h i gh
reso l ut i on  measurements of gamma rays emi tted fo l l owi ng neutron capture or beta-ray emi s s i on .  I t  i s  
present ly  be i ng u sed i n  programs for neutron act i vat i on anal ys i s  o f  water sampl es take n throughout the 
nat i on .  Omega West i s  under the j ur i sd i ct i on  of DOE and meets DOE standards for research reactors 
t hat are equi val ent to NRC standards fo r research reactors . 

Mo l ecul ar and mathemat i cal sc i ences prov i de bas i c  research support to DOE ' s  programmat i c  work i n  
energy cons ervat i o n ,  mag net i c  fusi o n ,  fo ss i l -fue l  energy , and geothermal energy .  LASL proj ects 
i nvo l ve heat- p i pe research , a study of the rad i at i on produced i n  h i g h-temperature pl asmas when seeded 

w ith  h i gh-atom i c-number i mpuri t i es ( expected to ar i se from wal l material s i n  fu s i on reactors ) ,  bas i c  
i nvest i gat i o ns i n  pl asma phys i cs , a study t o  determ i ne the potent i al of us i ng act i v e  organometal l i c  
compl exes to  remove so2 from fo ss i l  power pl ant fl ue gases ,  and two proj ects des i gned to  fac i l i tate 
t he use of improved mathemat i cal tech n i q ues and computer tech nol ogy i n  the so l ut i o n  of probl ems .  

The materi al s research act i v i ty supports DOE ' s  programmat i c  work i n  mag net i c  fus i o n  energy , con
servat i o n ,  nuc l ear energy , and many energy- and defense-rel ated R&D act i v i t i es .  The bas i c  understand i ng 
of h i gh-temperature materi al propert i es  i s  be i ng i mproved . Material s potent i al l y  useful as el ectrodes 
i n  thermodynami c h i gh-temperature top pi ng cyc l es are recei v i ng spec ial attent i o n .  A l i brary of equat i on
of- state computer codes for a l arge number of material s of i nterest to energy researchers i s  be i n g  
deve l oped . Th ese codes cover w ide  ranges of temperature and dens i ty fo r use i n  hydrodynami c computer 

cal cu l at i ons . H i gh tem perat ure i rrad i at i on damage effect s ( creep and phys i cal property changes )  on 
materi al s i nterest to  the magnet ic  fus i o n  program are bei ng i nvesti gated , and tech n i q ues  to  se parate 

t r i t i um gas from the mo lten  l i th i um b l anket i n  fu s i on reactors are be i ng cons i dered . 
The hydroge n thermochemi cal cyc l es are be i n g  stud i ed to d i scover and eng i neer a method for 

produc i ng hydrogen from water,  u s i n g  heat generated by nuc l ear , s o lar ,  o r  other sources of energy . 
The  usual constrai nt of envi ronmental acceptab i l i ty appl i es ,  and the effi c i ency must be h i gher than 

that for the product i on of hydroge n by el ectrol ysi s .  Thermodynami c and k i net i c  stud i es of potent ial 
cyc l es are bei n g  carr i ed out to sel ect the more prom i s i ng cyc l es fo r further study .  Eng i neeri ng 

stud i es to prov i d e  pl ant des i gn data , to  i nvesti gate poss i b l e  p i l ot pl ant des i gn s ,  and to  foster 
i nd u stry part i c i pat i on and eve ntual transfer of the technol ogy to i ndustry consti tute the more appl i ed 
aspects of th i s  program . 

The  geos c i en ces program i nvo l ves bas i c  research i n  support of LASL ' s  weapo n program , and the hot , 
d ry rock geothermal energy prog ram and other app l i ed geosc i ences programs . Th e maj or effort i s  i n  
bas i c  geosc i ences research i n  the areas of geol ogy , petrol ogy , and experimental geophys i c s . Part i cu l ar 

emphas i s  i s  be i ng g i ven to deve l op i ng a more bas i c  understand i ng of thermal act i v i ty i n  the earth ' s  
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c rust and of ro ck mechan i cs and rock fractur i ng  phenomena .  Th e sev eral smal l er compo nents of th i s 
program i nc l ude bas i c resea rch o n  rock-water i nteract i o ns at h i g h  temperat ures and press ures , thermo

dyn am i c  and chem i c al k i net i c  model i ng of g eochem i c al systems , and bas ic  g eochem i c al research on m i neral s 
of i nterest to the LASL g eothe rmal energy prog ram . 

An i nc rea s i n g  number of s p i noffs are a ppl i c ab l e  to pract i c al probl ems . For ex ampl e ,  the d evel op
mental work o n  the Los Al amos Meso n Phys i c s  Fac i l ity ( LAMPF ) l ed  to the desi g n  of improved m ed i c al X -ray 
u n i ts , a s i g n i fic ant ad vance of that tec hn ol ogy . Another wa s the rock mel t i ng Subterrene dr i l l that 
evol ved from bas i c  h i g h-temperature materi al st ud i es .  It wa s appl i ed t o  the preservat i o n  o f  Amer i can 
Ind i an ru i ns by mel t i ng dra i n  ho l es wi thout v i b rat i o n  or shock d amag e .  

2 .  2 .  5 .  Ge neral Su pport Programs 
Serv i c es prov i ded i n  general s u ppo rt of the Lab oratory i nc l ude fi nanc i al accoun t i n y ; procurooent 

and property accoun t i ng and control ; pe rso nnel and wage/ sal ary serv i ces ;  i nformat i o n  serv i ces that 
i nc l ude extens i ve techn i c al l i b rar i e s ; pub l i c  rel at ions  i nc l ud i ng i nfonnat ion  and v i s i t ior  serv i c es ;  

med ical serv i c es ;  s a fety and pl ant eng i nee r i ng ; pl ant sec ur i ty ; f i re protec t i o n ;  ut i l i t ies ; mai ntenanc e ;  
l eg al ; general · adm i n i strat i o n ;  p rec i si o n m ac h i ne s ho ps ; fac i l i t i e s  fo r el ectron ics  des i g n ,  fab r i c at i o n ,  
and mai ntenance ;  deve l opmental l ab oratori es for the fab ri c a t i o n  of new or un us ua l  mater i al s req ui red to 
s u pport the research and devel opment program ;  cafeter i as ; l a undry ;  computer serv i c es ;  garage and veh i c l e 

ma i ntenanc e ;  steam generat i ng  pl ants ; water wel l s  and water treatment pl ants ; and  sewage  treatment 
fac i l i t i es .  

2 .  3 .  FUTUR E D IR EC TI ONS 

The propo sed act i o n  contem pl ates  a cont i nu i ng ev ol ut i o n  of LASL prograrns . Si nc e these chang e 
cont i n ual l y ,  a s  proj ect s  are com� eted and as nat i o nal pr ior i t i es are rev i sed , the descr i pt i o n  of 
program goal s i s  i n  essenc e  a desc ri pt i o n  of ant ic i pa ted benef i t s  from LASL ' s  cont i n ued operat i o n .  
The potent i al benefi t s  of we a po ns research ,  a ppl i ed research on  energy technol ogy , o r  bas i c  heal th  and 
env i ronmental research are d i ff i c ul t to q uant i fy.  Th e devel opment of commerc i al fus i o n  po1'1er coul d 
rad i c al l y i ncrease the worl d ' s energy s u p pl y ,  and a better understa nd i ng of the effects of rad i at i o n  
o n  l i v i ng matter i s  l i ke l y t o  i ncrease o u r  understand i ng o f  t h e  causes and cures o f  cancer .  

Ov er the years the trend at LASL h a s  been i ncrea s i n g l y  toward d i vers i fi c at i o n  i n to rel ated area s 
of nuc l ear , a nd more rec entl y ,  non-nuc l ear , e nergy a ppl i c at i o ns . Ov eral l ,  c urrent pl ans proj ect 

mai ntenanc e of a v i g orous pr og ram of b as i c  research rel evant to nat i o nal  sec ur i ty ,  vari ous  areas of 
energy prod uc t i o n ,  and  ex pans i o n  of LASL a s  a center fo r sel ected maj or devel opment prog rams . 

Tab l e 2- l  shows the proj ected ex pe nse s and manpower requ i rements to carryo ut pl anned proy rams for 
FY 7 7  through FY  8 1 .  Si nce programmat ic  fund i ng dec i s i ons  are made  o n  a year- by-year basi s ,  the 

actual  b udgets may c hang e .  These fi g ures represe nt the best e st imates ava i l ab l e  based on i n format i o n  
c urrent to March  1 9 7 9. 
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TABLE 2 - 1  

MANPOHER REQU I REMENTS AND EXPENSES 

Manpower ( FTE s ) *  

DOE/LAAO 
u c 

Other DOE Con tractors 

Tota l 

FY 1 9 77  

359  
6035 

1 1 74 

7568 

Expenses 

Ope rating Cos t 
DOE/LAAO** 6 . 9  
uc 2 1 0 . 3  

Other DOE Contrac tors 30 . 5  
Tota l 247 . 7  

Pl ant and Capi tal Equ i pment 

DOE/LAAO 
uc 

Othe r  DOE Con tracto rs 

Tota l 

*Fu l l -time equ i val ents 

2 6 . 6  

1 6 . 0  

42 . 6  

ACTUAL PROJ ECTED 

1 9 78 1 979 1 980 1 981  

339 343 463 463 
6370 6825 682 5 6825 

1 293 1 3 79 1 301  1 335 

8002 8547 8589 8623 

( i n  m i l l i on s  of dol l a rs } 

7 . 4  

246 . 4 
35 . 0  

288 . 8  

29 . 7  

1 2 . 6  

42 . 3  

8 . 3  

2 73 . 6  
40 . 5  

322 . 4  

44 . 3  

1 8 . 1 

62 . 4  

1 0 .  1 1 0 . 7  

296 . 0*** 322 . 2*** 

45 . 1  
35 1 . 2  

44 . 5  

33 . 2 

7 7 . 7 

49 . 9  

382 . 8  

72 . 0  

62 . 5  

1 34 . 5  

**I ncl udes the fo l l ow i ng  DOE/LAAO costs not refl ected i n  LASL 
operations . 1 . 0 1 . 1 1 . 2 1 . 1  1 . 2 

***P re l i mi nary est imate 
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The tab l e  g i ves  the total for each year and a breakdown between Un i v ersi ty of  Cal i forn ia  and 

other DOE c ontractors at LASL . Approx imatel y hal f of  the effort at LASL i s  dev oted to the 
nat i o nal secur i ty programs  and hal f to  other research proj ects . Nat i o nal sec ur i ty programs 
i nc l ude weapons  d ev el opment , n uc l ear mater i al s safeg uards and sec ur i ty , and l aser fus i o n  
( see Sect i o n  2 . 2. 1 ) .  Ot her researc h  proj ects fal l i nto fo ur bas i c  categor i es : energy prog rams 
( see Sect i o n  2 . 2. 2 ) ,  b i omed i cal , e nv i ronmental and safety prog rams ( see Sect i o n  2 . 2 . 3 ) ,  phys i cal 
research ( see Sect i o n  2 . 2. 4 ) ,  and reg ul at i o n  and reimbursab l es .  Reg ul at i o n  and re imbursab l es 
represent work performed for federal agenc i es other than DOE , s uc h  as the Nuc l ear Reg ul atory 
Commi s s i o n ,  t he Nat i o nal Aeronaut i c s  and Spac e Adm i n i strat i o n ,  the Env i rorrn ental Protect i o n  
Ag ency , t he De partment o f  De fe nse , and the De partment o f  Heal th , Educat i o n  and Wel fare .  The 
env i ronmental effect s  of these act i v i t i es have been i nc l uded wi th the cumul at i v e  impact of the 
Laboratory ; t hey d o  not represent any s i g n i fi cant or un i que env i ronmental impacts . 

Tab l e 2- l  i ncl ud es the est imated manpower requi rements , o perat i ng expe nse s , capi tal equi pment , 
and construct i o n  costs . Manpower req ui rements i nc l ude i nd i rect and s u pport perso nnel such as those 

perso ns d o i ng work c l ass i f i ed as overhead 1�i th i n  researc h prog ram areas . Exam pl es are rout i ne 
env i ronmental , heal th , and safety mon i tori n g ;  general admi n i st rat i v e  and eng i neeri ng funct i o ns ;  and 
sec retari al and c l eri cal as s i stanc e .  Operat i ng ex pe nses and capi tal eq ui pment i nvestments are 
requi red to impl ement cant i nu i  ng and proj ected programs . 

Co nstruc t i o n  proj ect s prese nt l y  und erway i nc l ude general pl ant proj ects represe nt i ng improve
ment and mod i fi cati on  of exi st i ng fac i l i t i e s , m i nor new c onstruc t i o n  to meet c hang i ng and 
ex pand i ng prog ram needs , and road and ut i l i ty system improvements .  A n umber of proj ects were des
cr ibed i n  the DE IS but hav e been del eted herefrom because they are no l ong er b e i ng act i v e ly  con
s i d ered . Env i ronmental rev i ew of  al l construc t i o n  proj ects b eg i ns at the concept ual des i g n  phase 
by the Laboratory Env i ronmental Rev i ew Committee ( LERC ) .  Th i s  i nc l ud es the preparat i on  of 
appropr i ate NEPA documents and recommend i ng the i ncorporat i o n  of m i t i gati ng meas ures i n  the 
desi g n  and operat i o n  wh i c h wi l l  av o id ad verse env i ronmental effects . See Appe nd i x  H, pages H-43 
and H-44 for add i t i o nal deta i l . The fol l owi ng  s pec i fi c  proj ects are al so now under des i g n  or  
c o nstruc t i o n .  

The Hi g h  Energy Gas Laser fac i l i ty ( Antares prog ram) i s  sched ul ed fo r compl et i on i n  1 984 and 
wi l l  prov i d e  a system that i s  sc al ed u p  from the c urrent h i g h- energy gas l asers . Th i s  wi l l  perm it  
an  assessment of the tec h n ical feasi b i l i ty of i n i t i at i n g  themonucl ear reac t i o n  by  l aser i rrad i at i o n .  
Demonstrat i o n  of t hermonuc l ear yi el ds f r om  l aser-target i nteract i o n  i s  a maj or step i n  the devel opment 

of the technol ogy requ i red for commerc i al appl icat i ons  of l ase r fus i o n  power .  The fac i l i ty al so has 
a m i l i tary appl i cat i o n  i n  pr ov i d i ng l aboratory s i m ul at i o n  of weapons effects  as an al ternat i v e  to 
ful l - scal e  thermonuc l ear weapo ns test i ng .  

Upgrad i ng of secur i ty and protec t i o n  meas ures rel ati ng to s pec i al nucl ear mater ial s i s  an 
o ng o i ng proj ect .  Th i s  proj ect wi l l  red uc e the chanc es o f  l os s  o r  d i vers i o n  o f  nucl ear mater i al 
and wi l l  prov i d e  for compl i ance wi th  DOE regul ato ns . 

A new Deto nator Fac i l i ty i s  pl anned to repl ace obsol ete quo nset h ut s ,  c onstructed i n  1 944 , 
i n  wh i c h  ex pl os i v e  assem b l y  and deto nator ex per imentat i o n  work i s  performed . The proj ect 
i nc l ud es a 3 5 , 000 s quare foot bu i l d i ng and u pg rad i ng of the water system at the techn ical area . 
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A new Tr i t i um Fac i l i ty i s  pl anned wh i c h  wi l l  be an addi t i o n  to an  ex i s t i ng bu i l d i ng i n  

Los Al amos Canyo n .  The 3000 s q .  ft . addi t i o n  wi l l  perm i t  re l ocat i o n  and u pg rad i ng o f  tr i t i um 
handl i ng operat i ons now c onducted i n  an  obs o l ete fac i l i ty i n  another,  fa r off , t echn i ca l  area 
at the LASL . 

Al so  a h i gh pr i ori ty proj ect i s  the Target Fabr icat i on Fac i l i ty at the  l aser fus i o n  compl ex . 
T h i s  fac i l i ty wi l l  prov i d e  neces sary ta rget fabr icat i on and off i ce  s pace i n  the energy program ' s  
Laser  Fu s i on  Faci l i ty n ow under cons truct i o n .  

Env i ronment al as sessments were devel oped for eac h o f  t h e  above proj ects and we re cons idered 

i n  the eva l uat i o n  of the Laborato ry ' s cumul at i v e  effect and the  as ses sment of m i t i gat i ng act i ons . 
A new P l uton i um Proces s i ng Fac i l i ty was compl eted i n  1 9 7 9 .  The fac i l i ty i s  constructed t o  

meet recent requ i rements fo r f i re protect i on ,  venti l at i o n ,  f i l t rat i on ,  rad i at i on protec t i o n ,  a nd 
protect i on  from natural d i s asters s uch  as tornado or earthq uake . I t  i ncorpo rates the most 
re l i ab l e des i g ns fo r mi n im i z i ng rout i ne rel eas es and the probab i l i ty of acc idents . The f i nal 
E n v i ronment al Im pact St atement , i s sued i n  J a nuary 1 9 72 , fo und the potent i a l  env i ronmental i m pacts 
woul d be accept ab l e . 2-6 

Des i g n  and construc t i o n  of the I ntense Neutron Source Fac i l i ty ( I NS )  has been cancel l ed .  The 
fac i l i ty wa s one of several to study t he effects of h i gh-l evel neutron rad i at i on on metal s and 
i n sul ators to be  used for the mag net i c  fus i o n  energy program . The f i nal  Env i romental Impact 
St atement i s sued in J u l y 1 9 76  for the fundi ng of the construc t i o n  and operat i on of the I NS found 
that the potent i al env i ronment al impacts wo ul d have been accept ab l e . 2-7  

There are  a number of c onstruct i o n  proj ects i n  the pl ann i ng proces s .  Env i ronmental impact 
assessment s have been prepa red to accompany budget req uests fo r each of these . Of s pec i al impo r
tance i s  the Labo ratory Suppo rt Compl ex to prov i d e  much needed off i ce  s pace .  Th i s  faci l i ty wi l l  be 
a three- story offi c e  bu i l di ng wi th a cafete r i a  and a gross area of approx i matel y 1 2 , 5 00 m2 

( 1 3 5 , 000 ft2 ) 1 ocated i n  the ma i n  techn i c al area . It wi l l  al l o1� c onsol i dat i o n  of many fragmented 
g roups and phas i ng out tempo rary offi c e  s pace be i ng  l eased offs i te .  

A proton sto rage r i ng and othe r addi t i o ns t o  the Los Al amos Meson Phys ics  Faci l i ty ( LAMPF ) , 
i nc l ud i ng an experimental s u pport fac i l i ty ,  a re al so  be i n g  pl anned . The proton  sto rge ri ng 

fac i l i ty wi l l  cons i s t of an underground bu i l di ng and a prefabri cated metal bu i l d i ng w i th  a total 
g ross area fo r the two st ruc tures of 2000 m2 ( 2 2 ,000  ft2 ) .  These fac i l i t i es wi l l  prov i d e  
a means o f  cal i b rat i ng detectors and test i ng data-acq u i s i t i on systems a t  LASL b efo re underg round 
nuc l ear weapons tests at the DOE Nevada Test S i te .  The ex per imental s u ppo rt fac i l i ty wi l l  be a 
stag i ng area fac i l i ty of  approx imatel y 6 50 m2 ( 7 000 ft2 ) .  

Improvements to the i nd ustr i al wa st e col l ect i o n  and t reatment sys tem are i n  des i g n .  The pro
j ect woul d i nc l ude i nsta l l at i o n  of 6 700 m ( 22 , 000 ft )  of an el ectron i cal l y  mon itored doubl e-
encased i nd ustr i al wa st e sewe r system to repl ace the ex i s t i ng sys tem . Th i s  woul d decrease the 
danger of sewer l i ne l eakage and contami nat i o n  of the env i ronment by tox i c  or  rad i oact i v e  materi al s .  
Improvements t o  the l i q u i d  wa ste t reatment fac i l i t i es i nc l ude s uppl ementary proces ses t o  reduce 
the rad i oact i v i ty c ontent of pl ant effl uent . 
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A t ri t i um system test assembl y  to demonstrate the tr i t i um fuel cyc l e  and envi ronmental con
trol system for a Tokamak exper imental fus i o n-power reactor i s  under construct i o n .  An exi st i ng 
b u i l d i ng i s  be i n g  mod i fi ed to house the new faci l i ty . 

Other con struct i o n  proj ect s  be i n g  cons i dered i nc l ude further pl ant upg rad i ng i n  keep i ng wi th 
occupat i onal  heal th  and safety requi rements and improvements to the el ectr i c  and water systems and 
to  ot her ut i l i t i e s .  Two faci l i t i es fo r waste vo l ume reduct i on and contami nated mater i al s recl ama
t i o n  are be i n g  p l anned to reduce the vol ume of contami nated wastes bei n g  generated and to st udy 
the  feas i b i l i ty of recovery and reuse of materi al s and equ i pment . Appropri ate NEPA document s are 
prepared as necessary before fi na l  approva l  for construct i o n .  

The d i scu ss i on i s  i ntended t o  g i v e  onl y the broadest outl i nes o f  possi b i l i t i es for new research 
areas and expans i o n  of faci l i t i es by i dent i fyi ng the max imum range of factors rece i v i ng current 
cons i derat i on .  Ant i c i pated envi ronmental effects of i n di v i dual  proposed proj ects have been i nc l uded 
i n  the eva l uat i o n  of the cumul ati ve i mpact and the assessment of m i t i gat i ng effect s i n  th i s document . 
U n i que or speci a l  aspects may have to be treated i n  document s spec i fi c  to i ndi v i dua l  construct i on 
proj ect s .  
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3. CHARACTER IZATI ON OF THE EXI ST I NG E NV I R ONMENT 

L I KE LY TO BE AFF ECTED BY  THE PR OPOSED ACTION 

In th i s  chapte r the env i ronmental features of Los Al amos , New Mex i c o ,  a re desc ri b ed , wi th emphas i s  
o n  tho se feat ures ,  b enef ic i al as we l l as ad verse , that are rel ated s pec i fi c al l y  to the cont i n u i ng 

operation  of LASL. Env i ronmental impacts wi l l  be d i scussed in the next chapter. The three catagories 
used to charac teri ze the exi sti ng env i ronment at Lo s Al amos , New Mex i co ,  a re the phys i c al env i ronment , 

the soci o-economic  env i ronme nt , a nd the rout i ne ope rat ions .  

Summary of Changes  

The fol l owi ng s ummari ze s  the changes and updat i ng of  materi al wh i c h  hav e  been mad e in  th i s  chapter 

as a resul t of  the rev i ew a nd comme nt on the DE IS.  

P hys i cal E n v i ronment . No maj or changes are noted i n  the geol ogy ,  hydrol ogy , meteqrol ogy , or  

ecol ogy sect ions .  In the geol og i cal hazards sect ion , a new parag raph add res ses the req ui rements of 

DOE regul at ion  10  C FR 1 022 for fl oodpl a i n  rev i ew i n  response to Exec ut i ve Order 1 1988 ,  Fl oodpl ai n 

Ma nag ement . The ecol ogy sect ion  i s  updated to incl ude the Jemez Mountai n  Sal amander on the St ate 

end angered spec i es l i st and notes requi red cl ose coord i nat i on wi th  the F i s h  and W idel i fe Serv i c e  

b efore dete rm i n i ng the impact o f  any s i g n i fi c ant change of Laboratory act i v i ty .  

Soc i a  economic  E nv i ronment . No s i g n i fi c ant changes hav e been made i n  th i s  sect i o n .  Trends  

are gene ral l y  as  prev i ou s ly  pred i cted i n  growth , d emog raph ics , economics , a nd l and use.  Archaeol og i cal 

act i v i t i es of the fut ure are to be governed by new regul ati ons i n  36  CFR 800 , requi r i ng more act ive  
pa rt ic i pat ion  by the  State Hi stori c  Prese rvat ion  Offi cer. An expl anat i on of  the  Lo s Al amos Nat ional 

Hi stor ic  La ndmark i s  i ncl uded , noting that propert ies  affected are on e ithe r coun ty or pr i v ate l and , 

not on l and under DOE j ur i sd i ct io n .  

Rout i ne Operat i ons . Water demand i n  Los Al amos County wa s noted as decreasi ng 30% from the 

proj ected use for the 1977-78 period . Co nserv ation meas ures are showi ng an effect in el ectr ic  

demands as wel l .  Im pacts for the new 1 1 5  kv l i ne proposed by Publ i c  Serv ice  Com pa ny of New Mex i co 

( PSCNM )  to cross LASL property a nd  term i n ate at the Ma i n  Techn ical Area are addres sed i n  a DOE 

Env i ronmental Impact Stateme nt , DOE / E IS-0049-D , concern i ng the ent i re proposed 50 MWe geothe rmal 

demonstrat ion  proj ect on  the Baca Ra nch .  The new NPDE S perm i t  coveri ng 1 04 i ndustri al d i sc harge 

po i nts and 10 s an i ta ry sewage treatment fac i l i t ies  at LASL are noted , a nd refe rence mad e  to more 

deta i l ed informat ion  in Append i x  H .  The d i sc us s i o n  of  rad i oac t i ve waste manag ement at  LASL wa s 

rev i sed i n  res ponse to requests for addi t i onal i nformat io n  and cl ari ty on rad i oact i ve waste d i sposal 

techn i q ue s .  Numerous publ i c ly  ava i l ab l e  reports are c i ted . 

A new section  on Trans portat ion  of Rad i o act i v e  Materi al s descr ibes proced ures , regul at i ons , 

current operat ions and s ummar ize s d ata on sh i pments i n  1978. 
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3 . 1 PH YS ICAL E NVI RONMENT 

The phys i cal env i ronment i s  d esc r i bed by d efi n i ng the earth ,  water ,  a i r ,  p l ants , and an imal s i n  
the context o f  the geol og i c ,  hydrol og i c , meteorol og i c ,  and b i ol og ic  processes that l i nk  them together .  
Al though ap proac hed as sepe rate ent i t i e s  here i n ,  f o r  the sake of organ i zat i o nal c l ar ity ,  each i s  
characteri st ical l y  s i g n i fi cant onl y i n  terms of the whol e .  

3 . 1 . 1  Geol ogy 
The tec hn i cal areas of the Lo s Al amos Sc i e nt i f i c  Laboratory and commun i t i es of Lo s Al amos and 

Wh i te Ro ck are l ocated on the Pajar i to Pl ateau ( see F i g ure  3 . 1 . 1 -1 ) .  The pl ateau i s  16 to 24 km ( 1 0  
t o  1 5  mi ) wi d e  and 40 t o  4 8  k m  ( 2 5  t o  3 0  m i )  l ong , l yi ng on th e eastern fl ank o f  the Jemez Mountai n s .  
The pl ateau s l opes eastward from an al t it ud e  o f  about 2400 m ( 7800 f t )  al ong its  we stern marg i n  to 
about 1 800 m ( 6 200 ft) to the east where it term i nates above the R i o Grande at the Puye Escarpment 

and the r i m  of Wh i te Rock Canyo n .  The surface of the pl ateau i s  cut i n to numerous narrow " f i nger  
mesas" by so utheast trend i ng i nterm i ttent stream s .  The d i s sected eastern marg i n  of the  pl ateau 
s tands  90 to 300  m ( 3 00 t o  1 000 ft ) above the Ri o Grande .  
H i stori cal 

The Pajari to P l ateau forms a topo g raph i cal l y  h i gh area al ong the we stern marg i n  of the 
. d d . 3 -1 3-2 ( . 3 1 ) b 1 1  R 1 o Gran e epres s1 on  ' see F 1 g ure • •  1-2 • The depres si on egan to form about 2 1  mi i o n  

years ag o as t he  res ul t o f  faul t i ng . Th e  structural depr essi on  extends from so uthern Co l orad o ,  
t hroug h  central New Mex i co , i nto  northern Mex i c o .  Sed iments we re eroded from the h i g hl and mass 
to the east and we st and formed the bas i n  fi l l  sed imentary rocks of the Te suque Format i o n  of the 

3-3 3-4 3-5 3-6 Santa Fe Grou p ' ' ' ( see F i g ure 3 . 1 . 1-3 ) .  These sed iments occur d i rec tl y over the 
Precambrian basement rocks wi th no  i nterven i ng l ayers repr ese nt i ng  meso zo i c  or pal eo zo i c  eras . The 
Santa Fe Gr oup  of Mi d dl e M i ocene to P l i ocene epoch ( 1 2  t o  25  m i l l i o n  years ag o) was d epo s i ted by a 
so ut hward fl owi ng r iver  i n  the d epres s i on  ( see Tab l e  3 . 1 . 1-1 ) . 3-7 Vol can i c  act i v i ty that occurred 
dur i ng the format i o n  of the Santa Fe Group  d epos i ted numerous basal t fl ows and pl ugs through the 
sed iments . These basal t erupt i o ns i n  the area l ai d  down a ser i es of basal ts  �� i c h  fl owed northwe st 
i nto the Wh i te Rock area from centers so uthwe st of  Los Al amos . 

The vo l can i c  rocks of the Jemez Mountai ns  began wi th a se r i es of  erupt i o ns dur i ng the Pl i ocene 
e poch ( 1 2  m i l l i o n  years ag o) al ong the western marg i n  of the depress i on  so uthwest of Los Al amos . The 
vo l can i c  rocks ( P o l vad era Group)  bu i l t  a h i g h  mountai n mass northward from the o r i g i nal vents . The 
v ol canoes cov ered an area of over 2 600 km2 ( 1 000 mi 2 ) and attai ned a th i ckness  of at l east 1 500 m 
( 4 50 0  ft ) . Th e  vo l can ic act i v i ty was c l imaxed dur i ng mid-P l e i stocene Epoch ( 1 . 1  t o  1 . 4  m i l l i o n  years 
ag o) by two g i gant i c  pyrocl ast i c  ex pl os i o ns that d epo s i ted 400 km3 ( 1 00 mi 3 ) of rhyol i te tuff and 
pum i c e  ( Bandel i er Tuff) around the fl anks of the vol can i c  mas s .  
was fo l l owed by co l l apse of t h e  center  o f  the h i ghl ands form i ng 

depres s i on ) . Sub seq ue nt v ol can i c  act i v i ty was the i nt rus i o n  of 
The fi nal vo l can ic act i v i ty took pl ace i n  the so uthwest part of 

Th i s  ej ect i o n  of the tuff and pum i ce  
a l arge cal dera (a  l arge bas i n- s haped 

. . 3-8 3-9 rhyol 1 te domes 1 n  the cal dera. ' 

the cal dera about 42 , 000 years ayo wi th 
the eru pt i o n  of a rhyo l i te pum i c e .  On l y  h o t  s pr i ng s  and so l fata.r i c  act iv i ty rooai n i n  the cal dera as a 
r oo i nder of the vo l can i c  act i v i ty .  
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F i g ure 3 . 1 . 1 - 1  Arti st ' s  Rend i t i on of  LASL a n d  Env i rons 
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TABLE 3 . 1 . 1 - l  

G EO LOG I C  T IME  SCALE 

Era Per i od Epoch 

Cenozo i c  Quarternary Hol ocene 

P l e i s tocene 

Terti ary P l i ocene 

M i ocene 

O l i g ocene 

Eocene 

Pa l eocene 

t1esozoi  c 

Pa l eozo i c  

Precambr i a n  

Approx imate Age a t  Start 
of T ime D i v i s i o n  

( Years Before Present )  

l 0 Thousand 

2 M i l l i on 

1 2  M i l l i on 

25 M i l l i on 

40 M i l l i on  

60 M i l l i on 

70  M i l l i on 

225 M i l l  i on 

600 M i l l i on 

> 600 M i l l i on 
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The vol c an ic act i v i ty i s  a cl ass ic  ex ampl e of a re surgent c al dera .  The s ub c i rcul ar  depres si on  
i n  the  h i g hl and of  the Jemez Mounta i ns i s  from 2 0  t o  30  km ( 1 2  t o  2 0  mi ) i n  d i ameter and  from 150  to  
600 m ( 5 00 t o  2 000 ft )  deep .  The cal dera af. one t ime contai ned a l ake 1�h i c h  wa s l ater d rai ned by 
headward eros i o n  of the Jemez R i v er that b reac hed the c al dera wal l s .  On the we st s i d e  of the cal dera 
a struct ural dome ( Redondo Pe ak )  r i se s  to an el ev at i on  of 3 , 430 m ( 1 1 , 2 54 ft ) . A b road apron of 
d i ssected rhyo l i te tuff forms the Paj arito  P l ateau a round the h i g hl ands of the Jemez Mountai n s .  The 
easternmost part of the Jemez mountai ns , formed by the Tsch i coma Format ion  adj acent to the pl atea u , 
i s  the S i erra de l os Va l l es .  
Geol ogy 

The vol c an ic and sed imentary rocks croppi ng out near Los Al amos range i n  age from Te rt i ary to 
Qu aternary .  The geol og i c  format ions i n  the Los Al amos area i nc l ude the Santa Fe , Pol vadera , a nd the 
Tewa Grou ps ( see F i g ure 3 . 1 . 1-3 ) .  

Th e Santa Fe Grou p i nc l udes the sed imentary and vol c an ic  rocks that are rel ated to the R i o Gr ande 
structural troug h .  They range i n  ag e from m idd l e M i ocene to Pl ei stocene . The base of the Santa Fe 
i s  ab ove the l at i t i c  and l im burg i t i c  fl ows and brecc i as ex posed i n  the C i enega area . Th e youngest 
un i ts of the Sa nta Fe are the terrace  depo s i ts and al l uv i a  of present va l l eys . The Santa Fe Group 
format i o ns ex po sed in the Lo s Al amos area , from the ol dest to yo ungest , are the Te suque Format i on , 
t he Puye Cong l omerate , a nd the B a sa l t i c  Rocks of Ch i no Mesa ( see F i g ure 3 . 1 . 1-4 ) .  

The Te suq ue Format i on  i s  m idd l e Mi ocene to earl y Pl i ocene i n  ag e .  The Te suque Format i on i s  
compo sed of s i l tstones and sandsto ne s  wi th  l e nses of c l ay d epos i ted a s  b as i n f i l l  sed iments i n  
the depres si on .  I t  underl i es t he  Paj ar ito Pl ateau a nd  crops o ut  al ong Wh i te Rock  Canyon of the 

3-3 R i o Grande .  
The  Puye Congl omerate , from the l ate Pl i ocene , cons i sts of about 200 m ( 6 50 ft )  of wel l - rounded 

pebb l es , c ob b l es , a nd smal l b ou l ders of quartzi te , q uart z , and g ran i te  wi t h  some vol can i c  deb ri s i n  a 
. f k . d 3- 1 0  matr 1 x  o ar os 1 c  san • I t  i nterfi ng ers wi th the  Ts h i c oma Format i on and the Ba sal t ic Rocks of  

Ch i no Mesa beneath the Paj ar i to P l atea u and  crops out  a l ong the R i o  Grande.  Th e Puye i s  d i v i d ed i n to 
two menbers , the  Totav i  Le nt i l  and the Fang l omerate Member. The Puye Cong l omerate wa s eroded from the 
Tsc h i coma Format i on form i ng a vol c an i c  debr i s over the Te suque Format i on i n  the central and ea stern 
parts of the pl atea u .  The cong l omerates i n terfi nger wi th  b asal t fl ows that 1-.oere empl aced from the 
southeast . The cong l omerate i n terfi ng ers wi th the younger fl ows of the Tsc h i coma  Format i on  to the 
west . Th e Tsc h icoma Format ion  i nterfi ng ers and overl i es the Te suque a l ong the we stern part of the 
pl ate a u  and forms the mountai n m as s  of the S i erra de l os Val l es .  

Those fl ows that form the steep wal l s  of Wh i te Rock Canyon and cap  the h i g h  mesas t o  the east are 
the B a sal t ic Rocks of Ch i no Mesa . Th e se q ue nce  of fl ows that eru pted from vents i n  the Cerros d el R i o  
i s  g reater than 3 90 m ( 1 300  ft )  thi ck  at Ch i no Mesa . The i r  ag e i s  l ate Pl i ocene t o  m idd l e or l ate 

3-1 0  P l e i st ocene . 

The Po l v ad era Group i s  the sequence  of b asal t i c , a ndes i t i c , d ac i t ic , a nd rhyo l i t i c  rocks , 1 5 20  m 
( 5 000 ft )  thi ck , that  form part of the central and most of the northern Jemez Mounta i n s .  The g rou p i s  
l ate P l i ocene to earl y Pl e i stocene i n  ag e .  Of the Pol vad era format i o ns ,  t he  Tsc h i c oma i s  the onl y one 

3-1 1 that c rops out i n  the Los Al amos area . 
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The Ts ch i c oma Format i o n  con s i sts of andes i t es , d ac i te s ,  r hyodac i t es , and quartz l at i tes . 
Rad i ometr i c  dates of 6 . 7 to 3 .  7 mi l l i on years i nd i c ate an ag e of m i dd l e to l ate Pl i o cene .  West of 
Los Al amos i n  the Si erra de l os Val l es ,  the Tsc h i c oma i s  g reater than 7 90 m ( 2 600 ft) th i c k .  

The rhyo l i t i c  tuff and thyol i te and quartz l at i te domes wh i c h  const i t ute the l atest eru pt i v e rocks 
of the Jemez Mounta i ns are i n  the Pl e i st ocene Te1�a Group .  I n  the  Los  Al amos area the Cerro To l ed o  
Rhyol i te and the Band el i er Tuff are the onl y format i o ns of t h e  Tewa group that crop out .  3-1 0 

The Ce rro To l ed o  Rhyo l i te outc rops i n  a smal l area north of Lo s Al amos i n  Re nd i j a  and Guaj e 
Canyons . Wi t h i n  the Val l es Cal dera the rhyol i tes are mai nl y v ol can i c  domes wi th  some assoc i ated 
sed i ments ; however ,  n orth of Lo s Al amos they are reworked tuff and sed iments that overl y the Puye 
Cong l omerate .  They are l ess  t han  30  m ( 9 8 ft ) thi c k .  

The Band el i er Tuff c aps the Paj ar ito Pl atea u .  I t  i s  8 0  t o  3 2 0  m ( 2 60 to  1 050  ft )  t h i c k  and i s  
composed of two rnoobers . Th e l owe r member , the Otowi , i s  a mas s i ve pum i c eo us t uff b recc i a  of ash-fl ow 
o r i g i n  as m uc h  as 80 m ( 2 60 ft )  thi ck , that  erupted from the To l edo  Cal dera . Th e upper member , the 
Tshi reg e ,  i s  a s ucces s i o n  of cl i ff-form i ng wel ded ash fl ows as m uc h  as 100 m ( 330 ft )  thi ck , that  
eru pted from the  Val l es Cal dera . Th e basa l  un its  of  both manbers are ash  fal l s . The basa l  un i t  of the  
Ts h i rege has  a rad i ometr ic  date of 1 . 1  m i l l i o n  years . 3-1 1 

The tuff l aps o nto the fl anks of the S i erra de l os Va l l es and sl opes  gentl y to the east , where it  
term i nates in  c l i ffs or steep  sl ope s al ong Wh i te Ro ck Ca nyo n or as i so l ated outc rops abov e the Puye Es
carpment . The surfac e of the pl atea u formed by the tuff has  been d i ssected by so uthea stwa rd trend i ng 
i n term i tte nt  st reams i nto a n umber of l ong narrow mesa s .  

Th e Bandel i er Tuff i s  the most important geol og i c  un it  of  th i s  
s i n ce al l fac i l i t i es of LASL a re s i t ed on th i s  geol og i c  formati o n .  
a nd i s  covered by a th i n  mantl e of  so i l  o n  the surface o f  the mesas . 

env i ronmental impact statement , 
It i s  expo sed al ong canyon wal l s  

The ashfal l s  and ashfl ows are 
descr i bed as nonwe l ded , moderatel y wel ded , a nd we l ded tuff . No nwel ded tuff has a h i g h  poros i ty of 
40% to 6 0% by vo l ume ,  s l i g h t  co he s i o n  of g l assy fragments , and crumb ly  fr acture . Moderate l y  we l ded 
t uff has a l esser  deg ree of poros i t y ,  rang i ng from 30% to 5 5% by v ol ume .  It has  moderate cohe s i o n  wi th  
s l i g ht  deformat i o n  of g l assy fragments , and somewhat br i tt l e  fracture . We l ded tuff has a l ow poros i ty 
of 1 5% to 40% by v ol ume , good cohe s i o n ,  a h i g h  deg ree of deformat i on  by fl att i ng of g l assy fragments , 

and a b r ittl e fracture .  The tuff has a l arg e range i n  poros i ty i n  each of the c l as s i fi c at i o ns , 
i nd i c at i ng wel d i ng i s  on l y one of sev eral factors determi n i ng poros i ty.  3-12  

The deg ree of wel d i ng i nfl ue nces the phys i c al and hydrol og i c  c harac te r i st ic s  of  the i nd i v i dual  ash 
f l ow t uff un i t s .  Th e dens ity ranges from l ess  than 1 g/cm3 for nonwe l ded t uff ( pum ice )  to 2 . 2  g/cm3 

for we l ded tuff . Th e bear i ng capac i t i es are proport i onal  to the dens i ty of the tuff ; the greater 
bear i ng capac i t i es occur wi th g reater dens ity t uff . The pores i n  the tuff are not al l i nterco nnected ; 
howeve r ,  i n  general th e no nwe l ded tuff has a g reater permeab i l i ty .  Hydra ul i c  conduct i v i t i es range from 

3 3-1 3 3 x 1 0- m/day for a we l ded t uff to as m uc h  as 2 m/day i n  a nonwel ded t uff. The natural moi sture 
co nte nt of the tuff fo rm i ng the mesas between the southeast1�a rd trend i ng canyo ns i s  general l y  l ess  than 
5% by v ol ume .  
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The tu ff i s  rhyo l i t i c  i n  compos i t i o n  and conta i ns smal l rock fragments o f  rhyo l i te ,  l at i te , 
pumi ce , a nd crystal fragments of san i d i ne and quartz , i n  a matrix of g l as s  shard s  and wel ded ash . 
Dark m i neral s are sc arc e ,  a l t hough  trac es of crystal fragments of b i ot i te ,  horneb l end e ,  a nd pyroxene 
h ave  been i dent i f i ed . 3-10  The  rhyo l i te a nd l at i te rock fragments are  dark g ray and hard , a nd may 
be a s  much as 5 to 8 em (2 t o  3 i n ) i n  l e ngth . Pum i ce i s  l i ght  g ray and , i n  no nwel ded u n i t s , may b e  
a s  muc h as 1 5  em  ( 6  i n )  i n  l e ngt h .  

The su rface o f  the exposed tuff b ecomes " case hardened" a s  i t  i s  expo sed t o  the weather .  Th i s  
ri nd fo rms a protect i ve  surface that res i sts  eros i o n by wi nd and water;  h owever ,  expo sed pum i ce  
fragments weather out rapi d l y ,  g i v i ng some of  t he  u n i ts a pi tted su rfac e .  

J o i nt s  are common i n  t h e  tu ff u n i t s , d i v i d i ng the tuff i nto i rregu l ar  bl ock s .  The j o i nts  were 
formed as the ashfl ow cool ed . J o i nt freque ncy d ec reases wi th  a decrea se i n  the deg ree of wel d i ng 
( fewer j o i nts  are fou nd i n  nonwel ded tu ff than i n  wel ded tu ff) . The predomi nant j o i nt sets a re 

vert i c al or near vert i ca l . J o i nts  range from cl osed to open as much a s  5 em ( 2  i n ) a nd may conta i n  
a c l ay pl att i ng o r  f i l l .  

The nonwel ded tuff strat a are fou nd at the base of the Bandel i er Tuff i n  the Otowi Member and 
l ower part of the Ts h i rege Member. The u pper part of the Tshi rege Member is made u p  of moderatel y 
wel ded tuff and a l esser th i ckness  of wel ded tuff.  A test hol e near the center of the  pl ateau 
penetrated 283 m (930 ft ) of Bandel i er Tuff . 3-13  Nonwel ded tuffs i n  t he Otowi Member and l ower 
part of Tsh i rege Member make u p  70% of the th i c knes s ,  wh i l e  i n  the upper part of the  Tsh i rege Member 
moderatel y wel ded tuffs make up 20% and wel d ed tu ffs the rema i n i ng 1 0% .  Al most al l of the Laboratory 
faci l i t i e s  are s i ted on  the moderately wel ded or wel ded ashfl ow . 
Topography and S o i l s  

Topograp hy i nfl u e nces so i l  devel opment and affects  d ra i n age , ru noff , a nd eros i o n .  The d i rec t i o n  
a sl ope faces i s  an  impo rtant ec ol ogi cal i nfl ue nce o f  topography . South-fac i ng sl opes normal ly  are 
warmer and dr ier tha n no rth- faci ng sl opes and thu s can have an  important effect on  the k i nd and amou nt 
of vegetat i o n g rowi ng i n  an  area. 

The Paj ari to Pl ateau occu pi es about 47% of the Los  Al amos  Cou nty l and area ( see Tabl e 3 . 1 . 1-2 
a nd F i gure 3 . 1 . 1-5 ) ,  from an el evat i o n  of 2073 to 2377  m ( 6800 to  7800 ft )  wi th  the J emez Mou nta i ns 
occu py i ng abou t 3 2% of the  l a nd area above 2377  m ( 7800 ft ) .  The topography of Los  Al amos  i s  most 
frequentl y expressed i n  terms of sl ope g rad i ent or  percent of sl ope . Fou r s l ope g rad i ent c l a sses , 
and the percent of the Los  Al amos l and area represe nted by each , a re al so  presented i n  Tab l e 3 . 1 . 1-2 .  
The 20% or g reater sl ope c l ass , c ompr i s i ng abou t 54% of the Cou nty l and area , occu rs extens i ve ly  
in  the mou ntai nou s reg i ons of the Cou nty , i n  areas wi th st eep canyon si d esl opes , a nd al ong the 
R i o  Grande .  Many port i o ns of the b road mesa tops a nd canyo n fl oors have sl ope g rad i ent s  of 0%-5% . 

More frequent l y ,  however ,  two or more sl ope grad i ent c l a sses occur w i t h i n an 14 km2 ( 3400 acres ) 
area . Th i s  i s  rou ghl y the s i ze of Wh i te Rock , wh i ch has mostl y  0%-5% sl opes , but  al so 5%-1 0% and 

1 0%-20% sl ope c l asses , fo r exampl e .  
An i ntens i v e  s o i l  survey o f  about 79% of the  280 km2 of Los  Al amos Cou nty i nc l u d i ng al l of the 

LASL s i t e  wi th i n the cou nty wa s compl eted by a j o i nt LASL-S o i l  Co nservat i o n  Serv i ce proj ect . Ge neral 
and deta i l ed desc ri pt i o ns were devel oped for each of 61 soi l mappi ng u n i t s  i nc l ud i ng i nformat i on on 
so i l  col o r ,  t exture , st ructu r e ,  cons i stency , c l ay fi l ms ,  s i ze d i str i bu t i o ns ,  permeab i l i ty depth , 
hydrol og i c  propert i e s ,  pores , pH ,  a nd so i l  hori zon  boundari es . Detai l ed maps at a scal e of 
1 i nch = 1 320 feet were prepared a nd are i nc l uded in the report . 3- 1 3A 
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TABLE 3 . 1 . 1 -2 

EST IMATED PERC ENTAG E OF LOS ALAMOS COUNTY LAND  AREA 
I N  G I V EN ELEVAT ION  CLASS ES 

E l evati on Percent of 
C l a s s  (m ) Cou nt� l and a rea 

1 6 1 5  - 1 768 1 . 86 

1 768 - 1 920 2 . 89 

1 920 - 2073 1 7 . 38 

2073 - 2225  27 . 88 

2225  - 2377  1 9 . 45 

2377 - 2530  9 . 63 

2530  - 2682 8 . 1 1  

2682 - 283 5 6 . 1 3  

2835 - 2987 5 . 57 

2987 - 3 1 39 1 . 1 0  

ESTIMATED PERCENTAG E OF LOS ALAMOS COUNTY LAND AREA 
I N  G I VEN SLOPE CLASSES 

S l ope C l a s s  Percent of 
(%)  Count� l a nd a rea 

0 - 5 1 9 . 89 

5 - l 0 1 2 . 1 3  

1 0  - 20 1 4 . 40 

over 20 53 . 58 
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LEGEND: 

j 

c=J 

-

-

F igure 3 . 1 . 1-5 . Topography o f  Lo s Alamo s County 
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N atural Resou rces 
The natural resou rces cons i dered are sand and g ravel , c l ay ,  pum i ce ,  a nd tu ff . 
Sand and gravel are u sed for constru c t i on purposes as agg regate for concrete , asphal t pav i ng ,  

a nd road b ase . The maj or  depo s i t  now u s ed occurs al ong the R i o Grande ,  north of Ot owi Br idge , a nd  i s  
recent al l u v i um formed al ong the r iver .  There i s  a smal l sa nd and g ravel operat i o n  at Totav i , i n  the 
l ower member of the Puye Congl omerate ( see F i gure  3 . 1 . 1-6 ) . 3-14 Du ri ng the early years of Proj ect Y ,  
muc h  of the sand and g ravel s u sed were taken from thi s depo s i t .  The l and i s  owned by the San  I l defo nso 

3-1 0 Pu eb l o .  The gravel depo s i t  i s  about 50  ft . t h i ck and i s  overl a i n  by 20 t o  5 0  ft . of overburden .  
Sands and g ravel have al so  been taken from terrace depo s i ts i n  L o s  A l amos Canyon ,  from the  fl oors 

of Paj ar i to and Water Canyo ns ,  a nd from fl u v i al outwa sh near the fl ank s  of the mou ntai ns . The terrace 
a nd ou twash  depos i t s  have now b een exhau sted ; h owever ,  smal l sand and g ravel depo s i ts may ex i st we st of 
the prev i ou s l y  worked areas i n  Paj a r i to and Water Canyo ns . 

Two beds of c l ay of commerc i al qua l i ty occu r on the l and owned by San I l defonso Pu eb l o j u st  east 
of DOE-control l ed property . Th ese c l ays were formed i n  an anc i ent l ake near the top of the  Puye 
Cong l omerate . The c l ays of commerci al qual i ty occu r i n  two beds that are about 20 a nd 2 7 ft t h i c k . 

Pum i ce from the Lower Otowi Member of the Bandel i er Tu ff i s  u sed pr i nc i pal l y  as a natural , l i ght  
we i ght , conc rete ag gregate . Commerc i al depo s i ts of pumi ce are be i ng worked to  the east  and northeast 
of Los Al amos . Pum i ce depo s i t s  of poss i b l e  commerc i al val u e  l i e  adj acent or wi th i n Los Al amos Cou nty .  
Gu aj e F l at s has b een estimated t o  conta i n 5 . 4  x 1 06 m3 ( 7  x 1 06 yd3 ) 3-1 5 o f  extractab l e pum i ce .  
Anothe r depo s i t ,  to  the sou theas t ,  i s  est i mated to conta i n abou t  5 . 8  x 1 06 m3 ( 7 . 5  x 1 06 yd3 ) . 3-1 5 

The moderatel y wel ded and wel d ed u n i ts of the Bandel i er Tu ff a re su i tab l e as fou ndat i o n  rocks , 
1 " l d "  1 . l . . 1 3-1 2 Th " t  " d  d structura bu 1 1 ng stone ,  o rnament a sto ne ,  or  1 nsu at1 ng maten a • ese u m  s a re w1 esprea 

on the pl ateau . Vo l can i c tu ff has been u sed successfu l l y  by Zi a Company as the ag gregate i n  s o i l -cement 
sub-bases fo r roads . 3-1 6 The cost of cement-t reated tu ff as subg rades compares fav orab ly  w i t h  the cost 
of water-stab i l i zed b ase cou rse materi al . 
Se i smol ogy 

The Los Al amos area l i es wi th i n the R i o Grande depressi on wh i c h  wa s formed by a compl ex seri es of 
fau l t s .  Adju stment s that resu l t  i n  se i sm i c  act i v i ty are st i l l taki ng pl ace al ong the fau l ts  wi th i n the 
depress i o n .  

T h e  fau l t s trend nort h-south  i n  the L o s  Al amos area , d i spl ac i ng t h e  Bandel i e r Tuff ( see F i gu re 
3 . 1 . 1-6 ) . 3-14 The fau l t s  const i tute zo nes of weak ness i n  the earth ' s  c ru s t .  Reac t i vat i o n  or 
movement al ong the fau l t s c ou l d  cause surface d i spl acement . Laboratory fac i l i t i e s are not l ocated 
ac ross  any known fau l t  zo nes . I n  the v i c i ni ty of Los Al amos , the Paj ar i to Faul t i s  downthrown to 
the east wi th  a max imum di spl acement of 1 20 m (390 ft ) ;  t he Gu aje  Mou nta i n  Fau l t  is ·downthrown to the 
west wi th  a max imum di spl acement of 16 m ( 5 2 ft) ; a nd the Water Canyo n Faul t i s  downthrown to  the east 
wi th  a max imum di spl acement of 9 m ( 3 0 ft) . 

A study of sei sm i c  ri sk i n  the Los Al amos area wa s made based on se i smol og i c al and h i stori c al 
3-17  record s .  The  data  fo r al l shocks  occu rri ng wi th i n 1 11  km ( 70 mi ) of  Los Al amos i nc l u ded :  ( 1 )  

h i stori c al non- i nstrumented repo rt s of earthquakes befo re 1962 , a nd ( 2 )  records of i nstrumented stud i es 
of shocks from 1962 t o  1 9 72 . Mag n i tu des were i nferred from the h i stori cal reports  that , of neces s i ty , 
rel at ed to effects  ( i ntens i ty) . 
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SOIL TYPES 
Alluvium 

Silt, Sand, Gravel. Yields Small Quantities of Water 

During Wet Season .  

Tshirege Member 

Welded to Nonwelded Rhyolite Tuff Yields Small 

Quantities of Water to a Few Springs Along the Flank of 

the Mountains. 

Otowi and Guaje Members, Undifferentiated 

Otowi Member, Nonwelded Rhyolite Tuff. Guaje 

Member, Latil l i  Tuff of Lump Pumice. 

Tschicoma Formation 

Undifferentiated Thick Flows of La lite and Quartz Latite. 

Yields Small Quantities of Water to Springs. 

Tesuque Formation 

Siltstone and Silty Sandstone, with Some I nterbedded 

Conglomerates and with Interbedded Basalt. Unity 

Yields Moderate Quantities of Water to Wells and is the 

Main Aquifer of the Area. 

Puye Conglomerate, Undifferentiated 

Fanglomerate Member, a Consolidated Conglomerate 

Totavi Lentil, a Unconsolidated Conglomerate. Units 

Yields Small Quantities of Water to Springs and Wells 

Locally. 

Basaltic Rock of Chino Mesa, Undifferentiated 

Basalt Flows with Interbedded Sediments and Breccias. 

Yields Small Quantities of Springs and Wells. 
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See Geologic Cross-section 
(Fig. 3. 1 . 1 -4) 
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F igure 3 . 1 . 1-6 , Natural Resources of Los Alamo s Coun ty 
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The strongest earthqu ake to occur wi thi n the reg i on of study dur i ng the 100-year peri od , 1872 to  

1 972 , h ad a probabl e mag n itude  of 5 . 5  on  the  R i c hter scal e .  Esti mates of the strongest shock to occur 
i n  a 100-year peri od , b ased on ext rapo l at i o n  of the earthqu ake frequency-mag n i tude  rel at i o n ,  range from 
3 . 9  to 5 . 4 .  The study c onc l udes that the Los  Al amos area i s  subj ect to an earthquake of mag n i tude  5 . 5  

o nce every 1 00 years somewhere wi thi n the R i o  Grande Depressi on  from Al buquerque northward abou t  200 km 
( 1 30 m i ) .  

A th  1 t . f . . . k . th L Al d b d 1 · · d 3-18 no er  ev a ua 1 o n  o se 1 sm 1 c  r1 s 1 n  e os  amos area was ma e ase on  geo og 1 c  ev 1 ence .  
The stud i es of  fau l t  characteri st i c s  yi el ded a theoret i cal i nterpretati on  of l i ke l y  magni tude and 
freque ncy of shocks produced from rupture al ong fau l t s  or i n  fau l t zo nes based on  the 1 ength of the 
fau l t ,  offset or throw of the fau l t ,  a nd age of strat i g raphi c u n i ts b roken by the fau l t s .  The maj or 
fau l t s stud i ed were the Paj ar ito , Los  Al amos , Gu aj e Mou nta i n ,  and Water Canyon Faul t s .  Al l are north
south trend i ng fau l t s  break i ng the u pper Tshi rege Member of the Bandel i er Tu ff. 

Cal cul ati ons impl i ed that these fau l ts produced 1 33 sei smi c  events wi th average l ocal  mag n i tude of 
6 . 7  ( range 5 . 9  to 6 . 8-R i c hter) i n  the past 1 . 1 x 1 06 years . I n  terms of sei smi c i ty of the area , th i s 
means that mag ni tude- 6 . 7  eart hquakes occu rred at approx imatel y 8270-year i nterval s ,  or  that magni tude-
4 . 8  earthquakes occu rred at 1 0 0-year i nterval s .  

The sei smi c i ty of the Los  Al amos reg i o n i s  estimated by the second eval u a t i o n  to be  one magni tude-
5 earthquake per 1 00-yr , i n  g ood ag reement wi th the se i smol og i cal study of h i stor i cal record s . 3-1 7 

The se i sm i c i ty of th i s sect i o n  of the R i o  Grande Depress i o n i s  l ess  than that of the Al buquerque
Socorro sect i o n  ( wi th  a n  estimated maximum mag n itude  shock of 6 i n  a 1 00-year  i nterval ) a nd 
substant i a l l y  l ess than that of an equ i v a l ent area i n  Southern Ca l i foni a . 3-19 

Another geol og i c and se i sm i c  study proposed two des i g n  b as i s  earthquakes for the operat i o n  of 
the new P l u to n i um P roces si ng Faci l i t i es .  Th i s  study approac hed the probl em i n  terms of effects i n  
Los  Al amos of earthquakes that m i ght  occu r i n  the reg i o n .  The effects  are ranked on the mod i fi ed
Mercal l i  sc al e of i ntens i t i es .  The effects of an earthquake are dependent on the energy rel eased 
by the eart hquake ( rel ated to R i chter mag n itude )  as wel l as d i stance  and rock materi al  between the 
earthquake center and the l ocati on  where effects are observed . Thus there i s  no s i ngl e rel at i o n  
between R i chter mag n i tude  and Merca l l i  i ntens i ty .  For the new P l uton ium  Process i ng Fac i l i ty ,  the  
earthquakes cons i dered were an  "Operati ng Base Earthquake" of i ntens i ty V I I ,  a nd hori zo ntal g rou nd 
mot i o n  acce l erati on  of 1 . 7 m/s2 ( 5 . 5  ft/ s2 ) ;  a nd a " Safe Shutdown Earthquake" of i ntens i ty V I I I  
and an  hori zo ntal g rou nd mot i o n  acce l erat i on of 3 . 2  m;s2 ( 1 0 . 6  ft/ s2 ) .  The res po nse spectra 
for these two hypotheti cal  ev e nts were based on  analyses of other earthquakes of s im i l ar i ntens i ty ,  
mod i fi ed to fi t the Los Al amos area geol ogy . 3-7 

G raphi c ev i d ence of the real t i ve ly  l ow se i sm i c i ty i s  prov i ded by a number of pi nnac l es 3 to  1 8 m 
( 1 0  to  60 ft)  h i gh , that sta nd i n  Rend i j a  Canyo n ,  j u st nort h  of Los  Al amos ( see F i gure 3 . 1 . 1-7 ) . 
These were eroded from soft format i o ns and capped wi th  bou l ders two to f i ve  t imes the d i ameter of the 
su ppo rt i ng p i nnacl e .  These fo rmat i o ns are u nstab l e ,  a nd it i s  reaso nab l e  to th i nk that they wou l d 
toppl e u nder the i nfl u e nce of a ny s i zab l e g rou nd tremors . It has  been estimated that an 18 m (60 ft) 
p i nnac l e wou l d requi re tens of thou sands of years to devel op wi th the eros i o n  rate normal i n  the maj or 

3-20 c anyo ns of the area . 
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F i g ure 3 . 1 . 1 - 7 P i nnac l e  Format i on i n  Rend i j a  Canyon 
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Other Geol ogi cal  H azards 
The R i o  Grande depres si on  has the potent i a l  fo r futu re vol cani c eru pt i o ns , as does the dormant 

J emez vol cani c l ocu s .  Al thou gh  the poss i b i l i ty of  a maj or rhyol i te ashfl ow a nd ashfal l type of 
eru p t i o n  i s  remote , a smal l er rhyol i te eru pt i o n  cou l d  occu r .  The structu ral devel opment and 
peri od i c i ty of past eru pt i o ns i nd i cate a very l ow probab i l i ty of ev en the smal l er event occu rri ng 
wi t h i n  the next 1 000 years . 

Lands l i des , except fo r i so l ated rock fal l s  from the mesa rim s ,  are an u nl i ke l y  hazard at Los  
Al amos becau se of the d ry c l i mate , deep water tabl e ,  and the rock characteri st i cs .  Thou gh  i so l ated 
rock fal l s  occur  from the canyo n rim s ,  the estimated hori zontal eros i o n  rates at the rim are smal l and 
i nd i cate that very l i tt l e change i s  expected to occu r i n  the topography of the area i n  the next few 

3-2 1  hu ndred years . Omega West and W-S i te i n  Los Al amos Canyo n have exper ienced some i so l ated rock 
fal l s  i n  the pa st wi th  no damage .  Recommendat i o ns made by the USGS to reduc e  the rockfal l potent i a l  by 
i mpl acement of rock c atches and stab i l i za t i o n  have been carr i ed out . 3-2 2  

Grou nd compact i o n  cau sed by wi thdrawal o f  water from the ma i n  aqu i fer i s  not cons i dered t o  b e  a 
s i g n i fi ca nt geol og i c  hazard .  There has not been a si g ni fi cant l oweri ng of the water tabl e except i n  
the v i c i ni ty of the wel l fi el d .  The aqu i fer  i s  of s i l ty sand sto ne , sandstone and cong l omerate and ,  a s  
such , i s  not part i c u l arl y suscept i b l e  to compact i o n  when water i s  wi thd rawn . 
3 . 1 . 2 Hyd rol ogy 

Hyd rol ogi c stud i es i n  the Los  Al amos area were conducted by the US Geol og i cal Su rvey ( U SGS )  
from 1 946 to  1972  i n  c o � u nct i o n  wi th the  devel opment of  g rou nd water suppl i es for Los  Al amos .  The 
USGS al so stud i ed i nteract i o n  of sol i d  and l i qu i d  waste di sposal operat i o ns wi th the l ocal hyd rol ogy . 
LASL b eg a n  hyd rol og i c  i nvest i g at i o ns i n  1969 i n  connect i o n  wi th vari ou s  envi ro �ental program s .  The 
hydrol ogy of the J emez Mou ntai ns to  the west of Los Al amos has been i nvest i gated by the Laboratory 
i n  rel at i o n to devel opment of the Fenton H i l l  Geothermal s i t e .  

Th e R i o  Grand e ,  t he master stream o f  t h e  reg i on ,  d rai ns more than 3 7 , 000 km2 ( 1 4 , 000  mi 2 } 
i n  northern New Mex i co and Co l orado .  The average di scharg e  of the R i o  Grande at the Otowi Bridge 
gag i ng stat i o n wa s about 1 km3/yr ( 0 . 82 x 1 06 acre-ft/yr) for the 1 955  to  1 974 per iod . Da i l y  
suspend ed sed iment s  d i sch arged a t  the st at i o n  for the per i od 1 947- 1 974 rang ed from 2 . 7  x 1 03k g  
( 3  t o ns )  to  3 . 4 x 1 08k g  ( 3 . 7  x 1 05 tons ) . 

Su rface stream tr i bu tari es to the R i o  Grande wi th i n about 100  km ( 6 0  mi } of Los Al amos are the 
Chama , Cal i e nte , Santa C ru z ,  Nambe , a nd Tesuque R i vers to the north and east ; the J emez and San Anton io  
Creek s to the west ; a nd the Sa nta Fe  and Gal i steo R i vers to  the sou th ( see F i gure  3 . 1 . 2-1 ) . 3-23 Fl ood 
c ontrol , i rr i gat i o n ,  a nd water supp ly  reserv o i rs i nc l ude  Ab i q u i u  on the Chama R i ver ,  Santa Cru z  on the 
Santa Cru z  R i v e r ,  Two-mi l e , N i chol s ,  and McCl u re on the Sa nta F e  R i v e r ,  Gal i steo on  the Gal i steo R i v e r ,  
J emez o n  the J emez R i v er , a nd  Coch i t i  on  t h e  R i o  Grande . 
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Coch i t i  i s  a new reserv oi r ,  wh i c h  began fi l l i ng i n  1976 . I t  i s  desi g ned to prov i d e  fl ood 
c ontro l , s ed i ment retent i on ,  rec reat i o n ,  a nd  fi shery devel opment . The dam i s  a 9 km ( 5 . 5  mi ) l ong , 
earthfi l l  dam l ocated o n  the R i o Grande about 30  km ( 1 9  mi ) southwest of Otowi Br i dge and about 

6 2 1 5  km ( 9  mi ) from the sou thernmost po i nt of the LASL bou ndary .  The 5 x 1 0  m ( 1 200-acre )  su rface 
a rea permanent poo l  wi l l  extend u pstream some 12  km ( 7 . 5  mi ) reach i ng a po i nt about 5 km ( 3  mi ) from 

6 3 the southernmost po i nt of the LASL b ou ndary ,  a nd wi l l  have a capac i ty of nearly 62 x 10 m 
( 5 0 , 000 acre-ft ) . The fl ood-control pool extends up stream to the Otowi B ridge  wi th a total vol ume 
of 7 50 x 1 06 m3 ( 602 , 000 acre-ft ) . 

Essent i al ly  al l downstream fl ow passes throug h  the reservoi r .  F l ood fl ows are temporari l y  stored 
a nd rel eased at safe rate s .  The sed iment trappi ng fu nct i o n  of the dam i s  expected to trap at l east 
90% of the sed iments carri ed by the R i o  Grand e .  Approximately 6 . 2  x 1 06 m3 ( 5000 acre-ft ) per 
year wi l l  be  l ost to ev aporat i on from the permanent pool . The reservo i r wi l l  prov i d e  for boat i ng and 
fi sh i ng .  A recreat i o n- ori ented commun i ty d evel opment i s  taki ng pl ace on  Coch i t i  Pu eb l o  l and wi th 
l and l ease sa l es a nd hou s i ng deve l opments u nderway . The u l t imate popu l ati o n  i s  proj ected as  about 
50 ,000 . 3-24 

There are no mu n i c i pa l  water suppl i es taken d i rectl y  from the R i o  Grande  downstream from LASL i n  
New Mex i c o .  I rr i gat i o n  water i s  taken from the R i o Grande  downsteam from LASL a t  numerou s d i v ersi o ns 
start i ng bel ow Coch i t i  Dam .  

The qu a l i ty o f  su rface waters i n  the Upper R i o  Grande Bas i n i s  general l y  g ood . The b acteri al  
and chem i cal  qua l i ty of al l streams ,  wi th the except i o n  of a reach of the R i o  Grande  between  Espanol a 
and Otowi B r i d ge ,  i s  c ons i d erab ly b etter than that requ i red by the New Mex i co  State Water Qual i ty 
Control Comm i s s i o n  stream standard s .  The poor qual i ty b el ow Espanol a to Otowi Br idge  i s  attribu ted to 

3-25 the popu l at i o n  concentrat i o n  i n  the Espa·nol a Va l l ey .  Th i s  reach i s  u pstream of Los Al amos .  
I n  the Los  Al amos  area , there i s  i ntermi ttent stream fl ow i n  canyo ns cut i nto the Paj ari to 

P l ateau . Perenni al fl ow to the R i o  Grande occu rs  in the R i o  de l os F ri j ol es to the south of the 
Laboratory and the Santa C l ara to the north . Spri ngs between 2400 and 2 700 m ( 7 900 a nd 8900 ft ) 
e l ev at i o n  on  the sl opes of the Si erra de l os Va l l es supp ly b ase fl ow throughout the year  to the u pper 
reaches of Gu aj e ,  Los  Al amos , Paj ar i to , a nd Water Canyo ns , a nd Canyon del Va l l e . These spri ngs 
d i scharge water perched i n  the B andel i er Tuff and Tsc h i coma Format i o n  at rates from 7 to 530 �/mi n 
( 2  to 1 40 gal /mi n) . The vol ume of fl ow from the spri ng s i s  i nsuffi c i e nt to mai nta i n surface fl ow 

wi thi n more than the western th i rd of the canyo ns before i t  i s  depl eted by evaporat i o n ,  t ranspi rati o n ,  
a nd i nfi l t rat i o n i nto the u nderl yi ng al l u v i um .  

Si xtee n  d rai nage a reas , wi th a total area of 212  km2 ( 5 2 , 500 acres ) , pass throu g h  o r  ori g i nate 
wi th i n the Laboratory b ou ndari es ( see F i gure  3 . 1 . 2-2 ) . 3-26 St ream fl ow i n  these canyons i s  
i ntermittent .  Ru noff from heavy thu nderstorms or  unusua l l y  heavy s nowmel t wi l l  reach the R i o  Grande .  
Fou r Canyons--Pu eb l o ,  Los  Al amos ,  Paj ar ito , a nd Water--have areas g reater t h a n  20 km2 ( 5 , 000 acres) . 
Ancho Canyon has 1 7  km2 ( 4 , 200 acres ) , a nd a l l the rest have l es s  than 1 0  km2 ( 2 , 500 acres ) . 
Theoret i cal fl ood freque ncy and max imum di scharge i n  te n of the wel l -defi ned channel s of the si xteen 
d rai nage areas range from 1 . 1  m3; s  for a two-year frequency to 2 1  m3/ s  fo r a 50-year frequency . 
F l ood i ng does not po se a probl em i n  the Los Al amos area . 3-26 H i g hways are somet imes  c l osed for an  
hour when fl ash  fl oods i n  canyo ns c ros s the pavement . Nearl y al l c ommu n i ty a nd Laboratory structures 
a re l ocated on  the mesa tops wh i ch d ra i n rapi d l y  i nto  the deep canyo ns . 
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F igure 3 . 1 . 2-2 . Surface Drainage Areas Cro s s ing or Originat ing on LASL S ite 
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P otent i al fl ood cond i t i ons at three tech n i c a l  areas l ocated i n  canyons were eva l uated to determi ne 
whether any s peci a l  hazard s  cou l d  re su l t from damage to faci l i t i e s .  These eva l uati ons al so  address the 
req ui rement s of DOE regu l at i ons 10  CFR 1022 for fl oodpl ai n rev i ew in response to Executi ve Order 1 1988 , 
F l oodpl a i n  Management . The eva l uat ion  wa s · carri ed out i n  accord wi th the F l ood Hazard Eva l uat ion  
G u i del i nes for  F edera l  Execu t i ve Agen i ces  prepared by the  Un i ted States Water Resources Counc i l  i n  
response to Execut i ve Order 1 1 296 ,  Eval u at i on of F l ood Hazard . The bas ic  techn i que ut i l i zed to 
compute fl ood freq ue ncy and max imum d i scharges was devel oped by the U . S . G . S .  for New Mex i co. 3-26A 

Paj arito  S i t e i s  l ocated i n  P aj a r ito Canyon bel ow a drai nage area of 26  km2 ( 10 mi 2 ) .  The 
100-year storm ( i . e . , probabi l i ty 0 . 0 1  i n  any year) wi l l  resu l t  i n  a d i scharge of 31 m3/ s  ( 1080 ft3/ s ) . 
The  channel at the s i te i s  restri cted by a bri d ge wh i ch wi l l  ca rry 42 m3/s  ( 1 500 ft3/ s ) . 

Omega S i te and W-S i te are l ocated i n  Los Al amos C anyon nea r the western edge of the Paj ar i to 
P l atea u .  The two s i tes are about 600 m ( 2000 ft ) apart wi th  a drai nage area of about 20 . 5  km2 

( 8mi 2 ) above the s i tes . The 100 -year storm wou l d produce a maximum fl ow of about 2 5  m3/ s  
(870 ft3/ s )  a t  t h e  s i te s .  A n  ext rapo l ati on i nd i cates a 500-year fl ood ( i . e . , probab i l i ty 0 . 002 
i n  any year )  wou l d  have peak fl ow of about 37 m3Js  ( 1290 ft3/ s ) . 

A box cu l vert at W-S i te extend s under the park i ng l ot and has  a carry i ng capaci ty of 1 56 m3/s  

( 5 500 ft3/ s )  wh i l e  a re str ict i o n  at the  entrance of  the channel  at Omega S i te wi l l  carry about 
46 m3/ s  ( 1 600 ft3/ s ) . Thu s ,  the  channel s at both s i tes shoul d carry the max imum fl ow of 2 5  m3/ s  

( 870 ft3/ s )  produced by a 100-year  storm. If  the channel  shoul d become c l og ged w i th debri s ,  the 
re sul t i ng overfl ow wou l d be carr i ed by roadways or park i ng l ots  adjacent to the channel and wou l d 
not cause damage to the structures i n  the area .  

Another fl ood hazard cons i dered was  fai l ure of  the  Los Al amos Canyon Reservoi r l ocated about 
3 km ( 1 . 9 mi ) west of TA-41 a nd TA-2 . The dam i s  a co ncrete-core , rock and earth-fi l l ed dam w ith  
a capac i ty of  49 x 103 m3 ( 1 3  x 106 gal ) .  T he  concrete sp i l l way wi l l  carry a fl ow of  16  m3/s  
( 580 ft3/ s )  wh i ch i s  ampl e for the estimated fl ow of 1 2  m3/s  ( 440 ft3/ s )  produced by a 1 00-year 
storm .  I f  the dam s hou l d  fa i l , a n  eva l uat ion  wa s made wi th  compl ete fa i l ure and drai nage over a 
45-mi nute peri od . Assumi ng for the water from the breached dam to crest wi thi n 1 5  m i nutes at TA-41 
and TA-2 and recess i on of fl ow for 30 mi nutes , the re stri ct i o n  at TA-2 wou l d ca rry 97% of the fl ow 
for the 4 5-mi nute peri od . The other 3% wou l d  fl ood the park i ng l ot and roadway at the s i t e ,  c a u s i n g  
l i ttl e ,  i f  any ,  damage to  t he  structures .  

Al so i n  compl i ance wi th the req u i rement i n  the DOE  regu l at i ons  10 CFR  1022 for  wetl ands rev i ew 
i n  res ponse to Execut i ve Order 1 1990 , Protecti on of Wet l and s ,  i t  i s  noted that no areas ap parently  
qual i fyi ng  as  wetl and s  are documented on USGS maps o f  t h e  area o r  i n  the recently compl eted soi l 
s urvey of Los Al amos County performed i n  cooperati on wi th  the So i l  Conservati on Serv i ce . 3-13A 

Sani tary sewage effl uents  from both the town s i te and the Laboratory are rel eased i nto Puebl o and 
Sand i a C a nyons i n  suff i c i ent vo l ume to saturate the a l l u v i um and mai nt ai n surface fl ows for a few 

tenth s of a k i l ometer. Mortandad Canyon conta i ns a sma l l perenn i a l  stream mai ntai ned for about 1 . 5  km 
( 0 . 9  m i ) by effl uents from a LASL cool i ng tower and an  i ndustria l -wa ste treatment pl ant . 

Ground water ( subsurface water) occurs  as perched water i n  a l l uv i um and basal t s  and , i n  the zone 
f t t . · d . t f th  · · f  of the Los Al amos area. 3-27 • 3-10 Th 1 t . h . o sa u ra 1 0n ,  1 n  se 1 men  s o e ma 1 n  aqu1  er  e re  a 1 ons 1 p  

of the occurrence of g round water to l i tho l og i c  u n i t s  i s  shown on F i gure 3 . 1 . 2-3 . 
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Water from ra i nfal l a nd snowmel t i nfi l trates the su rfac e ,  prov i d i ng moi sture to the soi l zone and 
supporti ng pl ant growt h .  Th i s  moi stu re does not move more than a few meters i nto the tu ff on the tops 
of the mesa s . 3-28  The tuff ,  as  a resu l t ,  has a l ow moi sture content ( general l y  <5% by we i g ht ) - -too l ow 

3-2 1 ev en  for most pl ants to ext ract water . 
Two types of al l u v i um have d evel oped i n  the st ream channel . Dra i n age  areas head i ng on the mou nta i n 

fl anks  are made up of sand , g ravel s ,  c obb l es ,  a nd bou l d ers der ived from the Tsc h i c oma Format i o n  and 
Bandel i er Tu ff.  Drai nage head i ng on  the pl ateau conta i n s  onl y sands , g ravel s ,  a nd cobbl es  deri ved from 
the Bandel i er Tu ff .  The al l uv i um i s  qu i te permeabl e ,  a l l owi ng rap i d  i nf i l trat i o n of ra i nfal l and 
streamfl ow . The al l u v i um general l y  overl i es the l es s  permeab l e tuff . Water i nfi l trates downward i n  
the al l u v i um u n t i l  i t s  movement i s  hel d back by the tuff .  Th i s  resu l ts  i n  the bu i l d- u p  of  a g rou nd 
water perched wi th i n  the al l uv i um . 3-2 9  The perched water moves down grad i ent i n  the al l u v i um at a rate 
from 1 to 2 0 m/day (3 to 6 0 ft/day) . Hyd rau l i c  conduct i v i ty of the al l u v i um ranges from 141 m/day for 
a sand aqui fer to 50 m/day for a s i l ty-sand aqu i fer . 3-3 0 

As water perched i n  the al l u v i um moves d own the g rad i e nt ,  i t  i s  l ost by ev aporat i o n  and 
transpi rat i o n  through pl ants a nd  i nfi l trat i o n i nto underl yi ng tu ff . Vegetati on  i s  l u sh  where su rface 
or perched water i n  the al l uv i um i s  present . Water movi ng from the al l u v i um i nto the vol can ic  debri s 
i n  the l ower reach of Puebl o Canyo n and the m i d- reac h of Los Al amos Canyo n recharges  a l ocal body of 
perched water wi th i n the b asal t i c  rock of Ch i no Mesa . Water from th i s  perched aqu i fer  d i scharges  at  
the hase of the basa l t in  Los Al amos Canyon west of the R i o  Grande.  Trans i t  t i me i n  the aqu i fer i s  
about 3 . 8  m/d ay wi th a hyd rau l i c  conduct i v i ty of 1 1 4  m/day . 3-31 

Perched water is  not fou nd i n  the tu ff , vol can ic  sed iment s ,  or  b asal ts  above the ma i n  aqu i fer i n  
the central and western port i o ns of the pl ateau . Test hol es i n  these areas pe net rated numerou s rock 
u n i t s that had the potent i al of perchi ng water above the mai n aqu i fer .  Th e absence of water i n  these 
test hol es i nd i cates that the i nf i l t rat i o n  of surface water throug h  the a l l u v i um and the tuff i s  
l im i ted .  Age dat i ng of water from the mai n aqu i fer further supports  the i nference of i ns i g n i fi c ant 
i nfi l t rat i o n  of surface water throu gh the al l u v i um and tuff to the ma i n  aqu i fer .  Add i t i o nal deta i l s 
o n  i nf i l trat i o n of al l u v i al water i n  wa ste d i scharg e  areas i s  prov i ded i n  the d i scu s s i o n  on  the 
envi ronmental fate of effl u e nt rel eas e ,  4 . 1 . 1 .  

The ma i n  aqui fer i n  the Los Al amos area i s  l ocated wi th i n the Tesuque Format i o n  beneath the 
e nt i re pl ateau and R i o Grande  val l ey .  The l owe r  part of the Puye Congl omerate as we l l  as the Tesuque 
Format i o n  are wi th i n the ma i n  aqui fer beneath the central a nd western port i o ns of the pl ateau . 3-32 

The depths to water bel ow the mesa tops range from about 360 m ( 1 2 00 ft ) al ong the we stern marg i n  of 
the pl ateau to about 180 m ( 600 ft ) al ong the eastern part of the pl ateau . The thi ckness of potab l e  
water i n  the aqui fer i s  estimated to b e  at l east 1200 m ( 3 900 ft ) . 3-32A The hydraul i c  grad i ent of 
the aqu i fer  averages about 11 m/km (60 ft/mi ) wi th i n the Puye Congl omerate , but  i nc reases to about 
20 m/km ( 1 00 ft/mi ) al ong the eastern edge  of the pl ateau as  the water i n  the aqui fer enters the l ess 
permeab l e  sed iments of the Tesuque Format i o n  ( see F i gure  3 . 1 . 2-4 ) .  The average movement rate wi th i n 
the aqui fer i s  about  0 . 3  m/day ( 1  ft/d ay)  toward the R i o  Grande. 3-33 
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The hydrau l i c cond uc t i v i ty a nd transmi s s i v i ty is  d i ffere nt for vari ous rock u n i t s  wi t h i n  the ma i n  
aqui fer .  Aq u i fer tes ts i n  wel l s  penetrat i ng the Puye Congl omerate i nd i cated hydraul i c  conduct i v i t i es 
ra ng i ng from l e ss than 1 m/d ay to 1 3  m/d ay .  Test s i n  a wel l penetrat i ng the Tschi coma Format i on  
i nd i c ated a hyd rau l i c cond uct i v i ty l ess  t han  1 - m/day . 3-31  Suppl y wel l s  i n  t he  Los  Al amos F i el d  
penetrat i ng sed i ments of the Tesuque Format i on have an average transmi s s i v i ty of 198 m2/day , wi t h  an 
average hydrau l i c  conduct i v i ty of l ess  than 1 m/day .  The wel l s  in the Guaj e F i e l d ,  wh i c h penetrate  

basa l t s  i nterbedded wi th  sed iments i n  the  Tesuque Format i on ,  have  an average transmi s s i v i ty of about 
186 m2/day ,  wi th an average hydrau l i c conducti v i ty of about 1 m/day . 3-27 Supply wel l s  i n  the 
Paj a r ito Wel l F i el d  pe netrated basal ts  i nterbedded wi th sedi ments i n  the Puye Congl omerate and 
t he Te suque Format i o n .  The transmi ss i v i t i es ranged from 500 to  4000 m2/day ,  wi th  hydraul i c  
co nduct i v i t i es rang i ng from about 1 to 200 m/day , 3-34 • 3-35  The aq u i fer i s  under water tab l e  

condi t i ons i n  the western port i o n  of the pl atea u .  Al ong the eastern marg i ns the aqu i fer i s  artes i an ;  
t h at i s ,  the  water l eve l  i n  a wel l  penet rat i ng the aqui fer wi l l  r i se above the top o f  the saturated 
water-beari ng materi al . 

The maj or recharge area for the deep aqu i fer  i s  i n  the i ntermountai n bas i n s fo rmed by the  Va l l es 
Cal dera . The saturated sed i ments and vol can i cs i n  the bas i n  are h i gh ly  permeab l e  and recharge the mai n 

. d l 3-36 . aqu i fer i n  sed i me nts  of the Tesuque Format 1 on an Puye Cong omerate .  M 1 nor amounts of recharge 
may occur in the deep canyons cont ai n i ng perenn i al streams on the  fl anks of the  mou nta i n s .  

Th e movement o f  water i n  t h e  ma i n  aqu i fer i s  eastward toward t h e  R i o  Grande ,  where a part i s  
d i scharged through spri ngs and seeps i nto the ri ver. I t  is esti mated that the 1 8 . 4  km ( 1 1 . 5  mi ) 
reach through Wh i te Rock Canyon bel ow Otowi Br i dge  rece i ves a d i sc harge from the aq u i fer of 5 . 3  to 6 . 8  

6 3 3-3 7 x 1 0  m ( 4 , 3000 to  5 , 500 acre-ft ) annual l y .  

3 . 1 . 3  Meteorol ogy 
Los Al amos has a sem i ar i d  cont i nental mountai n c l i mate.  The annual  prec i p i tat i on of 46 em ( 18 

i n ) i s  ac counted for by warm-season orograph i c  convect i ve rai n showers and wi nt er m i g ratory storms . 
Seventy-f i v e  percent of the annual total fal l s  between May and Octo ber , primari l y  as thunderstorms ( see 

3-38 F i gure 3 . 1 . 3- 1 ) .  Peak shower act i v i ty is in Augu st , when one day i n  four wi l l  have at l east 2 . 5  mm 
( 0 . 1 i n ) of rai n accumul at i on and some ra i n  i s  observed on ha l f  of the  days .  The annual average of 62  
thunderstorm-days per year makes th i s  area equi val ent to the Gul f Coast states in  thundershower occurrence. 
The showers tend to devel op in early afternoon , wi th a secondary max imum about 1 800 MST. They are 
accompan i ed by l i ght n i n g , gusty surface wi nds ( 1 0-20 m/ s ) , and occas i o nal ha i l . Tornadoes have not 
been observed i n  th i s  area. 

W i nter prec i p i tat ion  fal l s  primari l y  as snow wi th  annual  accumul at i o ns of about 1 . 3 m ( 4 . 3  ft ) .  
The rat i o  of l i qu i d  water content to snow depth v a ri es between 0 . 10 and 0 . 05 ,  t he  l atter occurri ng i n  

col d cond i t i ons and h i gher  al t itudes . 
D i str i bu t i ons of hourly and da i l y  rai nfal l accumul at i o ns observed by a record i ng ra i n/ s now gau ge 

dur i ng a one-year per iod ( 1 974 ) are shown i n  F i gure 3 . 1 . 3-3 . 3-26 The d i str i but i o ns are h i gh ly  skewed 
toward l ow rates , wi th  a med i an hour ly  accumul at i o n  of 0 . 7 5  mm ( . 03 i n ) and a range of 0 . 2 5  to 1 3 . 5  mm 
( 0 . 1  to 0 . 5  i n ) .  Da i ly  accumul at i o ns ranged from 0 . 25 to 50 mm ( . 0 1  to 2 . 0  i n ) ,  wi t h  a med i an val ue of 
1 . 75 mm ( . 0 1  i n ) .  There were 80 days wi th  measurab l e  preci pi tati on i n  the anal yzed record . 



1 20 

� 1 00 � 
z 
O I 80 - I-1- z � 0  
- �  60 0... - a: O w W e... (( I 40 0... 
_J 
<( 1-
0 1-

OJ 

30 

(J 20 
� 
w 0:::: 
:::> 1 0  ti 0:::: 
w 
0... 
� 0 
w 
1-

- 1 0 

- 20 J 

3-26 

E 
E 
I 1-z 
0 
� 
a: w 0... 
_J _J 
<( LL 

DAYS � 
THUNDERSTORMS 0 

�"- 50 z 
(/) 

F M A M J J 
- - 0 

A s 0 N D 
MONTH 

Figure 3 . 1 . 3-1 , Average Annual Variation in Precipitation 

� � 8  
� I->- (/) 1- o 0 0:: - LJ.... � LL 

=> o  I 
w O:: > w  _ en  
�-- � <( :::> .-J z  w 
a:: a:: 0 

F M A M J J A s 0 N Do 

MON TH 

Figure 3 . 1 . 3-2 . Average Variation i n  Temperature and 
Humidity 

20 
1 8  

1 6  
14 

12 (/) 
>-

1 0  <( 0 
LL 

8 0 
0:::: 
w 6 en 
� 
:::> 4 z 

2 

0 

1 600 I 1-z 
0 

1 200 � 
a: w 0... 
(/) 800 � <( 0 
w w 400 a: 
CJ w 
0 

0 



,------------- - -------------- - ---- -

a: Ill 
1!? d! 
c ·;; a: 
= !i 

-., .. ..  " '"'  0 0  :I: O  
-0 
a; .Q E :::1 z 

LASL 
To tal a 

Month (mm) 

June 11 . 9  

July 8 3 . 3  

Aug 30 . 5  

Sept 5 6 . 1  

Oct 11 . 4  

a Data collec ted at 

10 

0.5 2 

3-27 

� ' ' ' ' ·' \ Dally 
\ 

10 20 

\ ..... 

50 100 
Precipitation Accumulated During Basic 

Time Period (I Hour or I Day )(mm) 
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5 7  13 . 7  5 . 9  

63  68 . 7  2 0 . 5 

5 9  4 1 . 8 8 . 3  

64 5 5 . 9  9 . 9  

54  12 . 2  4 . 4  

the LASL meteorological tower . 

F igure 3 . 1 . 3-3 .  Rain-Gauge Ne twork Data for 1973 
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To determ i ne pa tterns of ra i nfal l ,  a nd to aid in est imat i on of s urface run- off and so i l  mo i sture 
movement in the d rai nag e  bas i n s  around Los. Al amos , 72 rai n gauges were d i str i b uted as wi del y as po ss i b l e  
throughout the county . A record of d a i l y  observ ations at each s i te wa s compi l ed  from J une through 

October , 1973 .  Th i s  pe r i od wa s chosen to  i l l ustrate the var i ab i l i ty of s ll!lrnert ime prec i p i tat i on  i n  the 
LASL area . Fi g ure 3 . 1 . 3-1 3-2 6  l i sts some gross stat i st i c s  for the month l y  total s of  the network , 

g i v i ng some i nd i c ati ons of the s pat i al var i ab i l i ty of monthl y prec i pi tat i o n  total s .  
Prec i pi tat i on  total s from the LASL meteoro l og i c al tower are fa i r l y  represe ntat i v e  of the spat i al 

means .  Howev er , the var i at i on of ra i nfal l ac ros s  the network i s  qui te l arg e .  The coeffi c i ent of 
var i at i on  ( the rat i o  of the standard dev i at i o n  to the mean )  is between 0 . 1 8 and 0 . 42 .  The l arg est 
v ari at i ons were in June and October when muc h  of the rai nfal l came from a few maj or th understorms . 

It i s  al so pert i nent to ident i fy consi stent aspects of the prec i p i tat i on  patterns . Fi g ure 3 . 1 . 3-43-2 6  

s hows the i sohyets of the June-through-Oc tober rai n i n  1973 .  The net g rad i ent paral l el to the terrai n 
s l ope i s  2-3 mm/km ,  a nd one or  more l obes of prec i pi tat i on max ima are or iented al ong the te rrai n 
g rad i ent . Two pr imary th understorm tracks hel p to expl ai n the patterns of F i g ure 3 . 1 . 3-4 . The more 
common trac k  wa s the we st-to-east movement of co nvect ive  cel l s  or i g i nat i ng i n  the Jemez Mounta i ns .  At 
an el ev at ion  of 3 , 430 m ( 1 1 , 2 54 ft ) , Redondo Peak i s  a most probab l e  s i te of cel l format i o n ,  a nd coul d 
ex pl a i n  a we st-to- east ori ented rai nfal l max imum .  Suc h conv ect ive  cel l s  d i m i n i shed as they travel ed 
ea stwa rd .  Th e second tr ac k  l ed  u p  the R i o  Grande v al l ey from the so uth , o ccurred far l ess  freque ntl y ,  
b ut often accounted for very heavy ra i n s .  Prec i p i tat i on  d i m i n i s hed t o  the we st away from the center of 
t he trac t .  The rai n- gauge network i s  ev i dentl y s i t uated near the edge  of the se storms .  It m ust be 
stressed that the conc l us i o ns d rawn from one season ' s  rai n fal l data are tentat i v e  and onl y s ug gest i v e  
of po s s i b l e  mechan i sms . 

Summers are cool and pl easant . Max imum temperatures a re general l y  bel ow 3 2°C ( 9 0°F) , wi th the 
extreme recorded of 3 5°C ( 95 °F ) . A l arge d i urnal vari at i on keeps  nocturnal temperatures i n  the 
12°C to 1 5°C ( 54°F to 5 9°F )  rang e .  Wi nter temperatures are typi c al l y  i n  the range from -1 0°C 
to 5 °C ( 1 4°F to  4 1 °F ) , wi th  the extreme recorded of -28°C ( - 1 8°F) . Many wi nter d ays are 
c l ear wi th l i g ht wi nd s ,  a nd strong so l ar rad i at i o n  make s cond i t i o ns qui te comfortab l e  ev en when a i r  
temperatures a re col d .  The annual  total o f  heat i ng deg ree days ( Cel s i us )  i s  3500 ,  wi th January 

3-38 account i n g  for over 6 1 0  wh i l e Ju l y and Aug ust av erag e zero deg ree days . Fi g ure 3 . 1 . 3-2 presents 
rel evant temperature pa rameters on a month ly  b as i s .  

LA SL f d 1 . f I 1 d . . 3-3 9 B . . 1 h per o rme an ana ys 1 s  o one year s so ar ra 1 at 1 o n .  y est 1mat 1 ng an enve  ope to t e 
observat ions of d a i l y  i nsol ati on , an annual observed val ue of about two-th i rd s  the po tent i al i nso l at ion  
i s  obta i ned . The red uc t i on i s  d ue to  cl oud i ness , i m � yi ng that  a pprox imatel y o ne-thi rd of  the  dayl i g ht 
hours i n  one year were affected by c l oud i ne s s .  The most c l oud- free month ( J a n uary) had 85% of po tent i a l  
i n  so l a t  i on wh i l e t he  m i n imum ( J u l y) had 5 5%. 

Av erage rel at i v e  hum i d i ty i s  40% , r ang i ng from 30% i n  May and J une to abov e 5 0% in J ul y ,  January ,  
and Feb ruary .  The d i urnal vari at i o n  i s  very l arg e and bas i c al l y  i nverted to the d i urnal temperature 
cyc l e .  The summer months have noct urnal max ima o f  80% and m i n ima  o f  30%, wh i l e  the dri est t ime , s pr i ng , 
has a d i urnal range from 1 5%-5 0%. F i g ure 3 . 1 . 3-2 s hows the average rel at i v e  hum id i ty o n  a m onthl y 

bas i s .  



\ 

0 - " 

LEGEND 
-=--- lobofatory boundory 

. t'on (mml Total preciplta I 
June - October, 1973 

0 s "" 

3 1 3 �4 . F igure • · 

3-29 

. ' t at ion I sohye t s  1 P r e c �p �  T o t  a 

N200 

NIOO 

5200 



3-30 

Maj or spat i al va r i at i o n  of su rface wi nds i n  Los  Al amos i s  cau sed by the u nu sual t errai n .  Under 
moderate and strong atmos pheri c pressure grad i ent s ,  fl ow is cha nnel ed by the terrai n featu res of the 
a rea , wh i l e  under  weak g rad i ent fl ow , a d i �t i nct d i u rnal sl ope wi nd cyc l e  ex i st s .  The i nteract i on of 
the se two domai ns g i ves  ri se to a westerly fl ow predomi nanc e  on  the we stern part of the Laboratory s i te 
a nd a southerl y c omponent at the east end of the mesas . At most s ites  near-cal m cond i t i o ns exi st 
1 0%-1 5% of the t ime ; 80% of the wi nd s peed s  are l es s  than 3 m/ sec ( 1 0 ft/ sec) , a nd l ess  than 1% of the 
t i me 1 0-mi nu te- averaged wi nds a re g reater than 1 6 m/ sec ( 5 2 ft/ sec ) . The noctu rnal peri od , from 2000 
to 0 800 MST , i s  represe ntat i v e  of stab l e  thermal st rat i fi c ati o n .  The ni ghtt ime wi nds show the g reatest 
i nc i dence of cal m cond i t i o ns ,  8 . 2% of the total hou rs  of record . Du r i ng the peri od of i nsol at i o n ,  
0800 t o  1 600 MST , the a i r  i s  general ly  u n stabl e ,  a nd 1 600 t o  2000 MST i s  a transi t i on period du r i ng 
wh i ch the stati st i c s  a re strong ly  affected by transi ent proces ses a ssoci ated wi th  sunset ( see 

. 3 ) 3-26 F 1 gure 3 . 1 .  -5 • 

The terra i n confi gu rat i on  at Los Al amos makes i t  i nadv i sab l e  to extrapol ate the wi nd rose from a 
s i ng l e  s i te or to assume that transport fol l ows strai ght paths . Sev�ral sources of data show that 
tran sport wi nds v ary si g n i f icant l y  over the a rea .  One-year records of  s imu l taneou s hour ly  wi nds at 
three s i te s ,  the mai n  tech n i cal a rea and two s i te s  near the e nds  of mesa s ,  c overi ng the peri od May 1971 
t o  Apr i l  1 972 h ave  been processed to determi ne spat i a l  di fferences i n  the wi nd fi e l d ( see F i g u re 
3 . 1 . 3-6 ) . For al l s peed s , the  wi nds at the ma i n  techn ical a rea a re domi nated by northwest fl ow ( fl ow 
from the northwest ) . Th i s  su g gests a downsl ope drai nage to accou nt for the l i g ht wi nd s .  The wi nd 
roses  cal cu l ated for the two s i tes at the end s  of mesas show a d i st i nct  southerl y max imum . 

Day t ime wi nds i n  the ma i n  tec h n i c al a rea are more u n i fo rm ly  d i stri buted i n  d i recti on  tha n those 
at ni ght and have a weak northwest- southeast ax i s  a nd secondary maxima i n  the sou therl y and northeasterly 
d i recti ons . Aga i n ,  wi nds g reater than 9 m/ sec ( 3 0ft/ sec ) a re p redomi na ntl y from the northwest .  The 
t rans i t i o n  period al so  refl ected the we sterl y d omi nance  wi th a northwesterl y maximum occu rrence .  
Prev i ou s  stud i es have shown that the weak west-to- northwest d ra i nage fl ow h a s  the l owe st l evel s o f  
turbul ence and therefo re resu l t s  i n  the poorest d i spe rs i o n  o f  stack em i ss i o ns .  

One stat i st i c  of i ntere st i s  the fract i o n  of the hour s  when the wi nd d i recti on  d i fference between 
the three s i te s  exceeded 90  d eg ree s .  Th i s  occurred 20% of the t ime , primari l y  wi th wi nd speed s  of l ess  
than 2 m/ sec ( 7ft/ sec ) . The se data suggest that the d ra i nage fl ow , wh i c h  i s  qu i te wel l organ i zed i n  
the we stern port i o n  of the Laboratory c l o ser to the Jemez Mou nta i ns ,  weakens and g i ves way to a southerl y  
fl ow c reated by a i r  channel i ng throu gh  the R i o  Grande depress i on  at the eastern end of the Laboratory 
s i t e .  

Atmospheric  d i ffu s i on depe nd s  o n  three primary cons i d erat i ons ; sou rce factors ( s i ze ,  du rat i o n ,  
el evat i on  above g rou nd ,  t emperature) terra i n  factors ( rou g h nes s ,  s l ope , veg etati ve cover ,  sol a r  
heat i ng ) , a nd meteorol og i cal factors ( wi nd speed and d i rect i o n ,  temperature strati f i c at i o n ,  turbu l ence 
energy) . There is cons i d erabl e i nterd ependency among al l of the factors l i sted a nd many of the 
ava i l ab l e  formu l ae for estimati ng atmos pheri c d i spers i o n  represe nt attempts at general i zi ng the 
i nter- rel ati onshi p s . 3-40 
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The appl i cati o n  of the meteorol ogi cal parameters depend s  on model i ng assumpt i o ns ty i ng them to the 

d i ffu s i on coeffi c i ents . Several methods of sel ect i ng the d i ffu s i on c oeffi c i ents are avai l ab l e  depe nd i ng 
on  av a i l ab l e  i nput data .  Import ant factors i nc l ude expressi o ns suc h  a s  power l aws i n  downwi nd d i stance , 

tabl es , a nd graphs of the parameters . 3-41 • 3-42 Su i tab l y  sel ected rel ati o nshi ps  cons ideri ng these 
vari o u s  factors have been u sed i n  e st i mati ng co nseque nces of possi b l e acc i dent s  i n  Sect i o n  4 . 2 .  

As wou l d be expected from the wi nd roses s hown i n  F i gure 3 . 1 . 3-5 , there i s  a d i st i nct or i entat i o n  
o f  the concentrat i o n  pattern towa rd the southeast , or  pa ral l el t o  the canyo ns .  Thi s featu re suggests 

a n  impo rtant rol e of d ra i nage wi nds  i n  transport i ng effl u e nts  rel eased in  the western port i o n  of the 
l aboratory si te .  St ab l e thermal strati f icat i o n  i s  a n  i nteg ral feature of the drai nage wi nds , a s  i s  a 
reduced l ev el of tu rbu l ence . Therefore , these fl ows , represe nt i ng about 1 0% of ni ghttime hou r s ,  have 
the poorest capac i ty for d i l u t i o n  of rel eased materi al . The stab l e  temperature strati f icat i o n  i nh i b i ts 
vert i c al m i x i ng ,  a nd hori zo ntal mi x i ng i s  constrai ned by the presenc e  of the canyo n wal l s .  For purposes 
of estimat i o n ,  t he d i l u t i o n  beyo nd travel d i stances  of a few k i l ometers may be  neg l ected . He nce , for 
d rai nage wi th i n canyo ns that open i nto popul ated areas , the effect i ve d i sta nce from rel ease po i nt to 
rec eptor i s  severely reduc ed .  I n  pa rt i cu l ar ,  s i tes that have a d rai nage wi nd compo nent i nto Paj ari to 
Ca nyon can  produc e ab normal ly  h i g h  co ncentrat i o ns of effl u e nt s  i n  Wh i t e  Rock . Worst case concentrati ons  
i n  Wh i te Rock , 10 km (6  mi ) d i stant , wi l l  be equ i va l ent to worst case estimates i n  the western res ident i a l 
area or  the mai n  Town s i te , l oc ated at d i stanc es of only 2-3 km ( 1 -2 mi ) from the central Laboratory 
a reas . However ,  t he Wh i te Rock expo sures a re not l i ke ly to g ros s ly  exceed those of other popu l ati o n  
center s ,  a nd cond i t i o ns o f  d epo s i t i o n  on  vegetat i v e  surfaces  wi l l  operate t o  reduce  popu l at i o n  haza rd . 
I n  ge neral , t he upper  port i o ns of Paj a ri to Ca nyo n are wel l  forested , a nd a shal l ow p l ume , t rapped i n  a 
canyon bottom , wi l l  tend to be sc oured by the vegetati on .  Th i s  sel f-c l eani ng concept i s  not l i ke l y  to 
be val i d  for si tes l ocated further down the canyo n .  Fu rther study of d rai nage wi nds i s  needed for a 
quant i tati ve i nc l u s i o n  of the depost i o n  processe s .  However ,  prel im i nary estimates suggest that a two
orders-of-mag nitude  reduct i o n  i n  exposure i n  Wh i te Rock due to depo s i t i on i n  route  may be rea so nab l e .  

Another compl i cated t rans port proces s  rel eva nt to potent i a l  d i spers i o n  of materi al s from s i te s  
l ocated i n  the bottom of  canyons h a s  been i dent i f i ed .  Two mechani sms have been documented that c a n  

l ead to an  exchange of ai r between  canyo n and mesa top s .  T h e  fi rst i s  convect i ve m i x i ng i n  a n  unstabl y  
strat i fi ed atmosphere . Th i s  i s  bas i c al ly  a dayt ime phe nomeno n ,  probab ly  most preval ent i n  t h e  wa rm 
seaso n .  The second mechani sm occurs  u nder al l stab i l i t i e s  when  the cross-canyo n wi nd exceeds 2 m/ sec 
( 6 . 6  ft/ sec ) . There i s  a separated fl ow g i v i ng ri se to a maj or rol l eddy as shown i n  F i gure 3 . 1 . 3-7 . 
Th i s  means that there a re ma ny c i rcumsta nces u nder wh i c h  mater i a l  cou l d be read i l y  transported from the 
canyo n bottom to the mesa top . 

There i s  s i g n i fi cant vari at i o n  i n  both freque ncy a nd max imum wi nd speed ( i ntensi ty) of tornadoes 
i n  vari ous  part s  of the worl d .  There i s  a sharp decl i ne i n  frequency a nd i ntens i ty b etween the Central 
P l a i ns of the U . S . , wh ere tornadoes are frequent a nd severe , and the Rocky Mou nta i ns ,  where they sel dom 
occur and are general ly  weak . 



3-34 

= Wind : = 

F igure 3 .  1 .  3 - 7 . Maj o r  Ro l l  Eddy Be tween Canyon Bo t t om and Mesa Top 
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An i nvest i gat i on i nto the l i ke l i hood and nature of a tornado  i n  the Los Al amos area wa s conducted 
to dete rm i ne the max imum i ntensi ty tornad o for wh i ch struc tures at Los Al amos shoul d be desi g ned . 3-4 3 

I n tens i t i e s  of the 235  tornad oes reported i n  New Mex i co and southern Col orado ( to 3 9° north l at i t ud e) 
fran 1 950  through 1971  were stud i ed .  Both freque ncy and i nten s i ty were fo und to decrea se very rapi d l y  
wi th i ncreas i ng el evat ion  and el ev at i o n  ran·g e .  Furthermore , a st udy made o f  annual  and d i urnal 
var i at ions in tornad o occurrenc es i n  connect i o n  wi th meteorol og i c al character i s t i c s  of the atmosphere 
i nd i cated that torn ad oes i n  moun tai nous reg i ons are spawned from premature thunderstorms and devel op 

earl i er in the d ay than i n  pl a i ns reg i ons . Th ese midday tornadoes are cons i d erab l y  weaker than the 
m idwestern even ing  storms.  

No tornad oes have been observed i n  Lo s Al amos Co unty .  On l y  two were recorded i n  60  years of  
0 record for the 1 quad rang l e  c entered on Lo s Al amos ; these were to the east and at l ower el ev at ions . 

The st udy c oncl uded th at 1 1 3-1 57 mph torn ad oes a re very unl i ke l y ,  a nd that there i s  no po ss i b i l i ty of 
1 58-206 mph tornadoes at  Lo s Al amos ; it defi ned the max imum i nten s i ty tornado for wh i c h structures at 
Los Al amos shoul d be desi g ned ( see Tab l e 3. 1 . 3-1 ) . 3-44 The Laboratory i s  prese ntl y us i ng these 
c ri ter i a  for jts des i g n  b as i s torn ado  on b u i l d i ng s  of a c r i t i c al nature .  

Li g htn i n g  i s  common i n  the v i c i n i ty of the  Paj ar ito Pl atea u .  Local cl imatol og i c al record s  
i nd i c ate an  av erage of  6 2  thunderstorm days per year--def i n ed a s  a d ay o n  wh ich  thunder i s  heard . 
L i ghtn i n g  protect i o n  i s  an. important cons i d erat i on  appl i ed to each  fac i l i ty at LASL. In most c ases 
the protect i o n  is that presc rib ed in the Nat i onal Fi re Codes .  3-4 5 • 3-46 In  bu i l d i ng s  of h i g her r i s k ,  
the more str i ng ent requi rements o f  Army Reg ul at ions are fo l l owed . 3-4 7  There has b een one d eath i n  
Los Al amos d i rectl y c aused by l i g htn ing . 

3. 1 . 4  Ecol ogy 
The d i vers ity of ecosystems i n  the Lo s Al amos area i s  due partl y to the dramat i c  1 500 m 

( 5 000 ft )  el ev at ional grad i ent from the R i o  Gr ande on the east to the Jemez Mounta i ns 20  km ( 1 2  m i )  
to the we st ,  and to the many c anyo ns wi th ab ru pt s urface sl ope changes  that d i ssect the area ( see 
Fi g ures 3 . 1 . 4-1 and 3 . 1 . 1-8 ) .  S i x  maj or veg etat ive  compl exes or commun ity type s are fo und i n  
Los Al amos Co unty . These are j un i per- grassl and , p inon- j un i pe r ,  po nderosa pi ne , m i xed con i fe r ,  
s pruc e-f i r ,  a nd s ub al p i ne gras sl and ( see Fi g ure 3. 1 . 4-2 ) .  The j un i per- grassl and i s  found al ong 
the Ri o Gr ande on the eastern border of the pl ateau and extend s upward on the south-fac i ng s i d es of 
c anyons , at  1 700-1 900 m ( 5600-62 00 ft) . The pi non- j un i per general l y  in the 1 900-2 1 00 m ( 6 200-6 90 0  ft)  
el evat ion  range ,  i nc l udes l arge port i o ns of the mesa tops and north-fac ing  sl ope s at the l ower 
el ev at ions . Ponderosa pi ne i s  fo und i n  the western port ion  of the pl ateau i n  the 2 100-2 300 m 
( 6 900-7500 ft )  el ev at i on  range .  These three are  the  pred om i nant commun ity type s ,  eac h  occupyi ng 
ab out one-th i rd of the LASL reservat ion .  The m i xed con i fer at the 2300-2900 m ( 7 500-9500 ft ) 
el evat io n ,  i nterfaces wi th the po nderosa pi ne i n  the deepe r canyons  and north s l ope s and extends 
to the we st fran the h i g her mesas on the sl opes of the Jemez Mounta i n s .  The sub al p i ne g rass l and s 
are m i x ed wi th the s pruc e fi r commun i t i e s  at hi gher el ev at i ons of 2900 -3 200 m ( 9500-1 0 , 500 ft ) . 
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TABLE  3 . 1 . 3- 1  

TORNADO DES IGN  CRI TER IA FOR LOS ALAMOS 

I� ax imum tota 1 90 m/s  ( 200 mp h )  
wi nds  peed 

Rota t i o n  a 1 76 m/ s ( 1 70 mp h )  
wi nds peed 

Tra ns l at i ona l 1 3  m/ s ( 30 mph ) 
s peed 

Rad i u s  of c i rc l e 30  m ( 1 00 f t )  
of  max imum ro-
ta t i o na l  wi nd 

Max imum 5200 Pa ( . 7 5  ps i )  
pres s ure drop 
a t  center 

Max imum rate 2275 Pa/ s ( . 3 3 p s i / s ) 
of pres s u re 
change  
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F i gure 3 . 1 . 4- 1 .  Ae ri a l  V i ew o f  Paj a r i to P l ateau  Loo k i ng East  
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F ig u r e  3 . 1 .  4 - 2 . Ove r s t ory Ve g e t a t i o n  a t  LAS L  
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The prou nou nced east-west canyo n and mesa or i entat i o n ,  wi th accompanyi ng d i fferences i n  so i l s ,  
mo i sture ,  a nd sol ar  rad i at i o n ,  produces an  i nterl ocki ng fi nger effect , resu l t i ng i n  many ecotone s ,  or  
trans i t i o nal  overl aps  of  pl ant a nd an imal commu n i t i es wi th i n smal l areas ( see F i gure 3 . 1 .4-2 ) .  

Deta i l ed stud i es we re started i n  mid-1972  to  characteri ze the pl ant and an imal resou rces of the 
LASL e nv i rons by i nvento ri es of the dens i t i es and d i str ibut i o ns of fauna  and fl ora , desc ri pt i o ns of the 
physi cal components such as  so i l s and seaso nal weather patterns , a nd determi nat i o ns of the ecol og i c al 
rel ati onshi ps suc h a s  food chai n s and webs . 3-48 

The resu l t s of these stud i es serve as  the bas i s for much  of the materi al that fo l l ows . However , 
i t  must be recog ni zed that the ex i st i ng data base on  pl ant and an imal  resources i n  the LASL envi rons i s  
current l y  l i m i ted i n  deta i l  and scope . Qu ant i tat i ve data are av a i l ab l e  for only a few sel ected b i ot i c  
compo nent s , pr imari l y  i n  the rad i oec ol og i cal study area s .  Succes s i vel y l es s  d eta i l i s  av a i l ab l e from 
the ge neral Laboratory area , and for several maj or pl ant a nd animal  groups , d ata are compl etely l acki ng .  
Exampl es of spec i es where i nfo rmat i o nal defi c i enc i es ex i st i nc l u d e  bea r ,  mou nta i n  l i on , c oyote , fox , 
bats , frogs , mosses , a nd mu shrooms . 

F l ora and Fau na 
Co ni ferou s trees are the domi nant vegetati on  i n  the cou nty ,  wi th ponderosa pi ne and Dou g l as-fi r 

predomi nat i ng at el evat i o ns above 2100  m ( 6 , 900 ft) , wh i l e  p i non p i ne and one- seeded j u n i per are most 
abu ndant at the l owe r el evat i o ns 3-26  ( see F i g ure 3 . 1 .4-3 ) . 

Th e vegetat i v e  u nderstory i s  that vegetat i o n g rowi ng u nder  the domi nant t rees . The u nderstory 
of the area i n  ge neral i s  sparse , al thou gh certa i n l ocati ons  ( e . g . ,  c anyo n bottoms , some sou th sl ope s ,  
a nd some mesa tops )  harbor a wi d e  vari ety of  shru b s ,  g rasse s ,  and forbs . The combi nat i o n  of a dense 
overstory and u ndersto ry i n  the canyo n bottoms , a l ong wi th avai l ab l e free water ,  prov i des excel l ent 
hab i tat for wi l d l i fe ,  pa rt i cu l arl y i n  the restr i cted areas of government property . 

Al most 350  i nd i v i du a l  pl ant speci es have been tentat i vely i dent i fi ed i n  the general LASL area as 
l i st ed in Append i x  A .  Greater spec i es d i vers i ty i n  hi gher pl ants other than g rasses occu rs  at h i gher 
el evat i o ns ( see Tabl e 3 . 1 .4-1 ) .  A max imum of 1 8  taxonom i c  fam i l i es and 28  non- g ras s  spec i es were 
recorded i n  the subal p i ne g rassl and .  Mem bers of the compos i te  and g rass fami l i es occu r wi th the 
h i ghest freque ncy and compr i se the h i g hest percentage of the g rou nd cover at a l l the el evat i o nal 
si tes . Total ground cover reac he s a max imum of 1 00% at the h i gher el evat i o ns ( i . e .  t he sub al p i ne 
g rassl and )  and decreases stead i l y  to a m i n imum of l es s  than 1 5% i n  the j u n i per- g rass l and commun i ty 

3-49 a l ong the Ri o Grand e .  
I nformati on  concern i ng fau nal resou rces i n  the Los Al amos env i rons i s  l arge ly  qua l i t at i v e  i n  

natu re .  Spec i e s  l i sts  have been compi l ed from fi el d observat ions and pub l i shed data , al thou gh i n  some 
case s  spec i es occu rrence ha s not been veri fi ed . A comp i l at i o n  of ex i st i ng i nformat i o n on fau nal 
spec i es occurr i ng i n  Los Al amos Cou nty i s  presented i n  Ap pend i ces B ,  C ,  a nd D .  3-49 
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TABLE 3 . 1 . 4- 1  

FLORA D I STR I BUT I ON B Y  COMMU N I TY TY PE  ALONG A N  EL EVAT I O NAL GRAD I ENT 

Approx imate 
Overs tory Veg etat i o n  E l evat i on Number of  Number of 

Type (m ) Fam i l i es  Spec i es a 

Spruce- F i r 2900 1 8  28 

Suba l p i ne Gras s l a nd 2900 1 0  24 

M i xed Co n i fer 2300 9 22  

Ponderosa P i ne 2 1 00 1 2  2 5  

P i non-J u n i per 1 900 8 1 7  

J u n i per-G ra s s l a nd 1 700 8 1 1  

a ) Grass s pec i es no t i nc l uded i n  tabu l a t i o n  
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I nverteb rates pl ay a potent i al l y  s i g n i f i c a nt rol e i n  the cyc l i ng of materi al s and energy i n  natural 
system s .  Stud i es were begun  at LASL i n  1975  to characteri ze g rou nd dwel l i ng and nomad i c  i nverteb rate 
s pec i es compos i t i o n  and troph i c  l eve l  rel ati o nsh i ps . A m i n imum of 350 s pec i es were i d e nt i fi ed from 
pi tfal l sampl i ng i n  the ca nyo n l i q u i d  waste rece i v i ng area s .  I nverteb rate troph ic  l evel  rel at i o nsh i ps 
a re bei ng studi ed , but resu l t s  a re not compl ete .  The maj or consumer g rou ps , such  as  herb i vores a nd 
carn i v ores , a ppear to be we l l  represented . However ,  present data i nd i c ate t hat carni v ores are present 

i n  g reater numbers than expected , poss i b l y  b ecau se of sampl i ng b i ases and the probl em of ass i g n i ng a 

t roph i c  l ev el to omn i vores . The canyons that rece i ve l i qu i d  effl u e nts  support a g reater d i vers i ty of 
3-50  3-51 i nvertebrate spec i es than occu r on a nearby mesa top and i n  a d ry canyo n .  ' 

Smal l mammal stu d i es have i n i t i a l l y  d etermi ned spec i es compos i t i o n ,  d i vers i ty ,  a nd i nd i cat i o ns of 
dens i t i es ,  movement patterns ,  a nd food hab i t s . These stu d i es resu l ted i n  the i d e nt i f i c at i o n  of 1 7  
s peci es represe nt i ng s i x  taxonomi c fam i l i es  that occu r i n  t h e  LASL a rea . The deer mou se (Peromyscu s 
mani cu l atu s )  i s  apparentl y the most wi d el y  d i stributed smal l mammal , s i nce  i t  wa s encou ntered i n  al l 
overstory v eg etat i o n  types t hroughou t  the LASL env i rons ( see F i gure  3 . 1 .4-4 ) .  Add i t i o na l l y ,  the  l ea st 
c h i pmu nk (Eutam i as mi n i mu s )  and woodrat s (Neotoma spp . )  occur i n  most of the vegetat i on type s .  Gapper ' s 
redbacked vol e ( C l ethri onomys gapperi ) was fou nd wi th i n  fi r- aspen- s pruc e  forests . The montane vol e 
(Mi c rotu s montanu s )  predomi nate l y  i nhab i t s  mead ows i n  mounta i n forest s .  Th e mead ow vol e _ill. pennsyl van i cu s )  
wa s l i m i ted t o  g rass- sedge  commu n i t i es i n  the canyo n study a reas wh i ch have conti nu ou s water- fl ow . 
Sh rews (S orex spp . )  were al so  associ at ed wi th  canyon areas where water wa s ava i l ab l e ,  or mes i c  s i tes 
wi thi n the forest . The pi non mou se if. t ru ei ) wa s associ ated wi t h  pinon-ju n i per  vegetati on .  Th e 
western harvest mou se ( Re i t h rodontomys megal ot i s ) wa s fou nd i n  the canyon si tes hav i ng dense stands  of 

3-52 3-53 g rasses and forbs . ' 

Rocky Mou ntai n mul e deer (Odocoi l eu s  hemi nonu s )  i s  the most important and preva l ent b i g  game 
speci es i n  the a rea , b ot h  i n  numbers and d i str ibut i o n .  Du r i ng fawn i ng i n  the fi rst week of Ju l y  the 
adu l t  femal es sel ect rel at i vel y  u ndi stru bed areas of the Laboratory .  Fal l and wi nter deer dens i t i es 
are h i g her on the Laboratory reserv at i o n  than on  the borderi ng US Forest Serv i ce l and at h i gher  el ev ati ons 
to the we st ( s ee F i gu re 3 . 1 . 4-5 ) . Th i s  s i tu ati on i s  reversed du r i ng the summer, when  deer dens i t i es on 
the Forest Serv i ce l and are cons i derab ly  above those on  the Laboratory .  These dens i ty fl uctuat i o ns a re 
rel ated to the fal l mi g rat i on of deer from the h i gher el ev at i o ns of the Forest Serv i ce l and to the 
Laboratory .  Deer movements i nto  the Laboratory du ri ng the fa 1 1  resu 1 t  from both the heavy hu nti ng 

3-54 pressure and the deeper  snows on Forest Serv i ce l and . 
Rocky Mou ntai n el k ( Cervu s canadens i s ) , nearly extermi nated th rou g hou t New Mexi co du ri ng the tu rn 

of the centu ry , were rei nt roduc ed about  1920. The l ast t ranspl ant of el k i n  the Los Al amos area occu rred 
i n  J a nu a ry 1966 , �/hen 5 8  head were rel eased on the US Forest Serv i ce l and west of the Laboratory .  
I nc rea s i ng u se o f  the LASL a rea by el k h a s  been noted over the l ast f i ve years . Areas o f  el k u s e  i n  
t he Los Al amos envi rons are shown i n  F i gu re 3 . 1 . 4-6 . 
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Figure 3 . 1 . 4-4 . Small Mammal D istribut ion in Los Alamos County 
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F igur e 3 . 1 . 4- 5 . Ar eas o f  Deer Use in L o s  Alamo s County 
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Col d- b l ooded an imal s i � the area i nc l ude  several spec i es of fi sh fou nd i n  the R i o  Grande .  The 

carp , c hu b ,  wh i te sucker ,  and carp- sucker are abu ndant i n  the waters of the R i o  Grande on the eastern 
s i te b ou ndary .  A few b rown trout i nhab i t  tRe R i o  Grande but never reach s i g n i fi c ant popu l at i o n  d ens i t i es 
becau se of the ext reme tu rb i d i ty of  the r iver  water .  A l arge var i ety of  game fi s h ,  pri nci pal l y  l arge 
mouthed bass and wal l eye pi ke , were i ntroduced i n  1 974 i nto the newl y-compl eted Coch i t i  Reservo i r ,  
1 0  k m  ( 6  mi ) downstream from the Laboratory .3-55  

There are at l east n i ne repti l es i n  the LASL envi rons ( see Append i x  C )  i nc l ud i ng smal l l i zards  
a nd k i ng ,  bu l l ,  g arter , a nd rattl esnakes . The J emez Mou nta i n sal amander is  a potent i a l l y  important 
amph i b i an because of i t s  rari ty . 3-56 The presence of other rept i l i an a nd amph i b i an s pec i es i s  

suspected bu t ha s not been documented . 
Bi rds represent by fa r the l argest vari ety of verteb rate wi l d l i fe i n  the area . There a re some 187 

s pec i es from 44 fami l i es reported in the area . Permanent res i d ents  i nc l ude 37  spec i es , a nd 4 6  others 
probabl y summer or breed in Los Al amos Cou nty . The rest are trans it ory m i g rant s .  The b i rd commu n i t i es 
of the Los Al amos Sc i e nt i fi c  Laboratory are muc h  more d i verse and dynam i c  than they appear to  the 
average observer .  A l i st of avi an  s pec i es known or  expected to occur i n  the LASL env i rons is prese nted 
i n  Appe nd i x  0 ,  wh i ch i s  d i v i d ed i nt o  seven categ ori es of occu rrenc e .  

About 90 b i rd spec i es regu l arl y  occupy t h e  LASL env i rons , o f  wh i ch  about  one-ha l f a r e  present 
throughout  the year ;  t h i s l i st i ng i s  expected to change  a s  more data a re obtai ned .  E l evat i o nal repl ace
ments among b i rd spec i es show c onsi derab l e  overl a p  i n  ra nge ,  refl ect i ng the cons i d erab l e  hab i tat 
changes that resu l t  from the east-west ori entat i on of the al ternat i ng mesa-c anyon topography of the 
a rea . 

Often- observed permanent res id ents  i nc l ude  the common raven , pygmy nut hatch ,  western b l u eb i rd ,  
j u ncos , a nd ru fou s- s i d ed  towhee . Summer b i rds commonly observed i nc l ude the turkey vu l tu re ,  red-ta i l ed 
hawk , American  kestrel , c h i ppi ng s pa rrow , a nd vi o l et- g reen swa l l ow. One nest i ng pa i r of pereg r i ne 
fal cons has been observed wi thi n the area for the l ast twe l ve years . At l east one more spec i es , the  
burrowi ng owl , may be  expected to  occu r w ith i n  the  p i non- j u n i per  commun i ty .  The  wi d e- rang i ng b i rds  of  
the a rea often m i g rate i nto the  l arge a reas of u ndevel oped woods and  canyons su rrou ndi ng the  s i te .  

A s pec i a l aspect o f  the fau nal resou rces o f  LASL that deserves attent i o n  i s  that o f  endang ered 
spec i es ,  i nc l u d i ng those that are present l y  i n  j eopardy o r  those that are threatened by l oss  of hab itat 
or ot her factors . Th e New Mex i co Wi l d l i fe Co nserv ati o n  Act passed by the 1 974 State Leg i sl ature 
requi red that the State Game Commi s s i o n  devel op a l i st of endangered wi l d l i fe spec i es and subspec i es 
i nd i genou s to New Mex i c o .  Accord i ng to the Act , the term "endangered " refers both to endangered and 
threatened s pec i es .  Th e l i st as  adopted J a nuary 24 , 1 97 5 ,  further defi nes the term i nto  two grou ps :  
Grou p  1 ,  t he s peci es a nd sub s pec i es whose prospects of surv i v a l  or rec ru i tment i n  New Mex i c o  are i n  
j eopa rdy ( otherwi se known a s  endangered ) , a nd  Grou p 2 ,  the spec i es and sub s pec i es whose prospects of 
survi val  or rec ru i tment wi thi n the state are l i ke l y  to be  in j eopardy wi thi n the forseeabl e future 
( otherwi se known as  threatened ) .  Tab l e 3 . 1 .4-2 l i sts  the endangered spec i es that may occur i n  north
central New Mex i c o  and perhaps in the Los Al amos area . Some of the endangered spec i es may al so  be o n  
the Federal l i st ;  however ,  those l i sted meet the qua l i fi c ati o ns o f  " e nd angered" and thei r occurrence 
has been subst ant i ated i n  New Mex i c o .  The spec i es l i sts  a re dynam i c  and therefore are subj ect to 

chang e .  Cl ose c oord i nati on  wi th  the F i st and Wi l dl i fe Serv i c e  wi l l  cont i nue  to assure that the 
most recent i nformat i o n  i s  ava i l ab l e  to determi ne the impact of a ny s i g ni fi cant change of 
Laboratory act i v i ty .  
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TABLE 3 . 1 . 4-2 

STATE L I STED ENDANGERED SPE C I ES FOR NORTH CENTRAL NEL>J �1EX I CO 

�1amma l s 

B i rds 

Amph i b i ans 

Fi sh  

Group 1 
En dangered 

B l ack-footed ferreta 

Ri ver  ottera 

Peregr ine  fa 1 con 

Whoop ing c rane 

�/h i te-ta i l ed ptarm i gana 

Sage g rousea 

t1ex i  can ducka 

Bal d eag l ea 

Shove l nose sturgeona 
( exterm i n ated ) 

B l untnose s h i ner 

a ) Not documented in  Los  Al amos County 

Group 2 
Threatened 

P i ne martena 

Osprey 

Red-headed 
woodpecker 

Zone-ta i l ed  hawk 

Jemez Mounta i n  Sa l amander 

Suckermouth mi nnowa 
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Al thou gh they are i nc l u d ed  i n  the tabl e ,  the r iver  otter ,  mi nk ,  wh i te-ta i l ed ptarmi gan , sage 
g rou se ,  shovel nose stu rgeon ,  proserp i ne sh i ner ,  a nd suckermouth  m i nnow have not been reported i n  the 
area and are very u n l i ke l y  to be  prese nt . The pi ne marten has been reported in the Cou nty , but i t s 
prese nce  has not been confi rmed . 

The b l ack-footed ferret i s  a ssoci ated w ith  pra1 r 1 e  dog s  i n  g rass l and pl a i ns and mou ntai ns u p  to 
the 3 200 m ( 1 0 , 500 ft) el evat i on .  Al though i t  has not been reported i n  the LASL e nv i rons , there i s  a 
poss i b i l i ty of the b l ack-footed ferret bei ng present at the l ower el ev at i o ns i n  the area . 

The R i o  Grande cu tth roat trout i s  fou nd i n  headwater streams of c l ear ,  col d fl owi ng water wi th 
fl ow rates g reater than 0 . 06 m3; sec ( 2 . 0  ft3; s ec ) . There are no surface waters of thi s type i n  the 
a rea.  It has  b een confi rmed to be  i n  the J emez Mou nta i n  streams , i nc l ud i ng Canones , Pe ral ta , Pol vadera , 
and Ch i huahuenas Creeks . 3-56 

The J emez Mou nta i n sal amander is  a smal l ,  sec ret ive  spec i es i nd i g enou s onl y  to the J emez Mou nta i ns .  
I t s  hab i tat i s  v ol cani c substratum . The decayi ng l ogs of spru ce  and fi r prov i de  the necessary shade 
a nd moi sture ,  e speci al l y  o n  north  sl ope s .  Loss of i ts  hab i tat fran l u mberi ng , f i r e ,  a nd real estate 
devel opment pl u s  d i stu rbanc e  by exces s i v e  col l ect i ng coul d threaten its surv i va l . It i s  fou nd i n  many 
dra i nages i n  the area , wi th the popu l at i o n  conc entrated i n  the Jemez Mou nta i ns on the north s i d e  of Los 
G r i eg os , a nd i n  Cebol l a  Creek a nd i t s  tri butari es . I t  i s  al so fou nd c l oser to LASL envi rons i n  Los 

3-57 Al amos , Paj a r i to , a nd Frij ol es Canyo n s .  
T h e  Southern bal d eag l e  mi ght b e  fou nd i n  the adj o i n i ng J emez Mou nta i n  area du r i ng the fal l and 

spr i ng m i g rati o n ;  t here are no known eyr i es .  Red- headed woodpeckers a re a summer res i dent of the LASL 
e nv i rons and are presumed to b reed i n  the area . Osprey are transi ents i n  the area du r i ng fal l and 
s pr i ng m i g rat i o n .  

Becau se o f  the vari ety of  compl ex i nterl ocki ng ecotones i n  the Los Al amos area there i s  no s i ng l e  
ecol og i cal stru cture  of food webs  that can  characteri ze the a ssoc i at i ons o f  fl ora a nd fauna  i n  the 
are a .  Food-web rel ati onsh i p s  for the b i ot a  of the Laboratory e nv i rons have been stud i ed onl y e nou gh tc 
prov i de general desc ri pt i o ns and expectat i ons .  However ,  a rea sonab l y  compl ete desc ri pt i o n  can be g i ven 
for the three canyo n areas stu d i ed i n  co nnec t i o n  wi th effl uent d i sposal . Pu eb l o ,  Los Al amos , and 
Mortandad Canyo ns are the subj ect of cont i nu i ng envi ronmental stud i es attempti ng to determi ne the fate 
of trace materi al s contai ned i n  the effl u e nt from present and former i ndu str i al waste treatment pl ant s .  
Extens i ve sampl i ng prog rams  have prov i d ed a bas i c  understand i ng o f  the ecosystems i n  the canyo ns o f  the 
Paj ar ito P l ateau . Tabl e 3 . 1 . 4-3 s ummari ze s  the u nderstand i ng of food web rel at i onshi ps devel oped 
through  these stud i es . 3-55  

Ge neral l y ,  the  l a rger mammal s and the b i rds  are wi d e- rang i ng and occu py commensu ratel y l arge 
hab i tat s ,  from the dry mesa-canyo n cou ntry at l ower el ev at i o ns to the hi gh mou nta i n  tops west of the 
Laboratory .  The smal l er mammal s ,  repti l es ,  i nv erteb rates , a nd vegetat i o n  are more sensi t i ve to the 

. t . . 1 . nd h . d 1 1  . 3-53 var1 a 1 o ns 1 n  e ev at 1 o n ,  a t us  a re conf1 ne to genera y smal l er hab 1 tats .  
At the l ower el evat i o ns of 1800-1 940 m ( 5 900-6300 ft ) , the  canyo ns a re dry except du ri ng ra i nfal l 

ru noff event s .  The sheer canyo n wal l s  at the l ower el ev at i o ns serve as important nesti ng habi tat for 
the b i rds  of prey .  Herb i v orou s rodent s ,  i nsects , a nd smal l b i rds probab l y  form the b ases fo r the food 
webs  i n  the l ower canyo ns .  



Producers 

Consumers ; 
(Herbivores )  

Consumer s ;  
( Carnivore s ,  
Insectivores 
Omnivore s )  

Juniper
grass land 

( 1 7 00-1900 m) 

One-seeded 
j uniper 

Four-winged 
saltb ush 

Prickly pear 

Feathergrass 

Three-awn 

Drop seed 

Deer mouse 

P inon mouse 

Mountain 
co ttontail 

Wood rat 

Coyote 

Gray fox 

Bobcat 

Scrub j ay 

Pinon j ay 

Rat t lesnake 
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TABLE 3 .  l . 4-3 

FOOD WEB RELATI ONSH I P S  IN LAS L ENV I RONS 

Piiion
j uniper 

( 1900-2 100) 

Pinon 
p ine 

One- seeded 
j uniper 

Canyons 
(Riparian) 

Narrow leaf 
cottonwood 

Whi te squaw 
currant 

Narrow leaf 
hop tree 

Rabb itbrush New Mexico 
forestiera 

Apache plume 
Mountain 

mahagony 

Blue grama 

Deer mouse 

P inon mous e  

Colorado 
chipmunk 

Boxelder 
Sedge 

Kentucky 
b luegrass 

Little 
b lue s tem 

Wes tern 
harvestmouse 

Meadow vole 

Ponderosa 
Pine 

( 2 100-2 300 m) 

Ponderosa 
p ine 

Gambels oak 

Skunkbush 

Ante lope 
b itterb rush 

Moun tain 
muhly 

Deer mouse 

Valley pocke t 
gopher 

Colorado 
chipmunk 

Leas t chipmunk Lea s t  chipmunk 

Mixed Con ifer 

( 2 300-3200 m) 

Douglas-fir 

Ponderosa p ine 

Quaking aspen 

Enge lmann spruce 

White fir 
Shrubby 

cinque foil 

Mountain 
muhly 

Mountain 
broome 

Deer mouse 

Northern pocket 
gopher 

Montane vole 

Gapper ' s  
redbacked vole 

Leas t chipmunk 
Pine squirrel Ab ert ' s  squirrel 

Rock squirrel 
Moun tain 

cot tontail 

Wood rat 
Rocky 

Mountain 
mule deer 

Mountain 
cot tontail 

Coyote 

Racoon 

Tassel-eared 
s quirre l 

Woodrat 

Rocky 
Mountain 
mule deer 

Coyote 

Gray fox 

Bob cat Moun tain lion Mountain l ion 

Ame ri can 
b lack bear 

American 
b lack bear 

S teller ' s  j ay S teller ' s  j ay Pygmy nuthatch 

Pinon .i ay 

Common raven Common raven 

Sp iny l izard American 
kes trel 

Golden eagle 

Gophe-r snake 

Common flicker 

Common raven 

Pygmy nuthatch 

Shrew 

Wood rat 

Rocky 
Mountain 
mule deer 

Rocky Mountain 
elk 

Wes tern b lue
b ird 

Gray-headed 
j unco 

Ermine 

Mountain l ion 

American 
b lack bear 

Green-tailed 
towhee 

Clark ' s  
nut cracker 

Hairy 
woodpecker 
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At the h i g her  el ev at ions of 1940-2 180 m ( 6360-71 50 ft ) , t he canyons are rel at i ve ly  n arrow 
and densel y forested . Surface wa ter i s  pe ren n i al as a res ul t of treated Laboratory and mun i c i pa l  

effl ue nts . The l owe r  el ev a t i o n  veg etat i o n  types g rades i nto l ess pran i nenc e wi th other pl ants 
a s s um i ng dan i nanc e .  M i c e  general l y  d ec rease in popu l at ion  dens i ty at h i gher  el ev at i ons i n  the canyons 
wh i l e rodent po pu l at ion  dens i t ies  i nc rease wi th el ev at ion  on the mesa tops . Th i s  a ppa rent anomal y i s  
a t  l east pa rtl y d ue to the rel ati onshi p of c anyo n and mesa-top rodent st udy s i te s  to ecotonal area s .  
Rodent s pec i es prese nt i nc l ud e those al ready ment i o ned for the l ower el evat ion  a s  wel l as tree 
s q ui rrel s and the mead ow v ol e ,  a s pec i es typ i c al of mo i st hab i tats . Bi rd popul ati ons a ppear to 
markedl y  i nc rease al ong the ecotone between the pi 'non-j un i per and ponderosa pi ne commun i t i es .  

The moun tai nous area s  to the west of the Laboratory are heav i l y  forested wi th  ope n  areas created 
by l i ghtn ing- str i ke forest fi res . Th i s  area ha s not been stud i ed i n  s uffi c i ent deta i l  to d eterm i ne al l 
maj or fa un al assoc i at i ons . 

Seaso nal va r i at i o n  i n  some of the pl ant and an imal commun it ies  i n  the canyo ns i s  prese ntl y under 
study.  Prel i m i n ary est imates of understory veg etat i on and smal l mammal b i omas s ,  wh i c h  a ppe ar in Fi g ure 
3 . 1 . 4-7 , i nd i cate some of the com pl ex rel ati onsh i ps between fl ora and fa un a .  Though there is a i nc rease 
i n  total smal l mammal b i omass  wi th i nc reas i ng el evat i o n ,  the total b i omass  for pl ants ( at the same 
el ev at i ons used for the mammal s )  goes fran h i g h  to l 01� to h i g h  refl ect i ng a swi tc h fran forbs to g rass . 

Pa st and prese nt human us e of the LASL e nv i rons has resul ted i n  areas of v egetat i on underg o i ng 

secondary s uccessi on .  Th i s  has had , and wi l l  cont i n ue to hav e ,  i m portant conseque nces to the natural 
system s .  Farm i ng by preh i stori c I nd i ans and by Span i s h  and Ang l o  settl ers before the Laboratory ' s 
estab l i shme nt i n  1943 ,  c reated ope n g rassy areas on the mesas that have not compl etel y returned to 
cl imax � ant commun i t i e s .  These areas afford s u i tab l e  feed i ng areas for herb i v ores , e s pec i al l y the 
d eer and el k ,  wi th adj acent t imbered canyo n  sl opes prov i d i ng cover for these s pec i es .  The food-we b 
rel at i o ns hi ps of the mesa area s are re l ated to those of the canyo ns to some deg ree . 3-58 

B i rd s  are strong l y  d epe nd ent upo n the vegetat i o n  of an area to prod uc e a spectrum of env i ronments 
that may be cl as s i f i ed as ( 1 ) a l ower hab i tat threshol d occupi ed dur i ng seasonal movements or d ur i ng  
t imes of st rong i ntra- s pec i fi c  compe t i t i o n ;  ( 2 ) an opt imum hab itat for v i tal funct i o ns of mat i ng , 
nest i ng ,  a nd feed i ng ;  and ( 3 )  a zone of excl us i o n  imposed by pl ant s uccess i o n .  The c l ear i ng of the 
ponderosa pi ne forest has c reated l arg e ope n i ngs  wi th an apprec i ab l e  " edge  effect" that is expl oi ted by 
b i rd commun i t i es . Ma rg i ns of c l ea r i ngs  often have 9 5% more b i rd s , represe nt ing  40% more s pec i es , 

compa red to und i sturbed stands of t rees ; howev er , ope n i ngs  that are he av i l y  d ev el oped offer no s uc h  
i nc rea se i n  b i rd o r  othe r an imal commun i t i es .  Th e s uccess i on seque nce  o f  vegetat i on res ul ts i n  a 
r i c hnes s of b i rd l i fe that test i fi es to the general heal th of the ecosystem . 

3. 1 .  5 Ambi ent Env i ronmental  Qual i ty 

A general d i sc us s i on of env i ronmental q ua l i ty parameters rel a t i ng to the reg i on s urround i ng 
Los Al amos i s  prov i ded here as a bas i s for compa r i so n .  Wi th i n  l im i t s  of ava i l  ab l e  i nformat ion , th i s  
may b e  cons i dered i nd ic at i v e  of present normal cond i t i o ns for the reg i on .  The data refl ect nat ural 
cond i t ions as wel l as wi d es pread i n fl ue nces d ue to human ac t i v i t i es s uc h  as rel ease of wa stewa ters 
from var i o us m un ic i pal i t i es and worl dwi d e  fa l l out fran atmos pher i c  test i ng of nuc l ear ex pl osi ve s .  
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Water Qua l i ty 
Surface  and g round wa te rs i n  the reg i on fal l wi th i n the upper Ri o Grande Ba s i n  as d efi ned by the 

New Mex i c o  St ate Eng i neer Off i c e  and the I nterstate Stream Comm i s s i o n .  The fo l l owi ng descr i pt i ve 
i nformat i o n  i s  ex cerpted from a draft pl ann i n g  document prepa red by the New Mex i co  Wa ter Qual i ty Co ntrol 
Comm i s s i o n  in Aug ust  1976 . 3-2 5 

" Surface wa ter qual i ty i n  the Upper Ri o Grande Ba s i n i s  general l y  s u i tab l e for most uses . 
"M i n imum l evel s of d i sso l v ed oxyg en ( D O )  are cons i ste ntl y s usta i ned accord i ng to meas urments at  

key stat i ons l ocated al ong the Ri o Grande and its  tr i b utari es . t�a i ntenance of a m i n imum co ncentrat i o n  
o f  D O  i s  c ruc i al for fi sh  and othe r aq ua t i c  an imal l i fe t o  thri v e ,  a nd i s  enhanced i n  the Ri o Gr and e 
and i t s  m oun ta i n tr i b utar i e s  by rapi d st reamfl ows that  a s s ure constant reaerat i o n  of wa ter .  Where 
meas ured i n  the bas i n ,  BOD a nd COD l ev el s  a ppear to be fa i r l y  l ov1 ;  a l though when  compared to other 
stat i o ns , BOD s ampl es t ake n at Otowi Br idge are somewhat  el ev ated . Th i s  i s  probab l y  a ttr i b utab l e  to 
d i sc harge of org an i c  mater i al from the wa stewater treatment pl ant in Espanol a .  

" Mean fecal col i form l evel s i n  the Ri o Gr ande above Es panol a are cons i stentl y l ow .  At the Otowi 
mon itor ing  sta t i o n  bel ow Es panol a ,  data from the U . S. G. S . and the E IA i nd i c ate l og mean l evel s of 1 20  
col on i es per 1 00 m£, for the peri od from 1 969  to 1 973 , 540 col on i e s  per 1 00 m£  for 1974 ,  and 1 70 col o n i e s  
per 100 m£ fo r 1975 .  These l ev el s are wel l bel ow the  stream standard of  1 , 000 col o n i e s  pe r 100 m£ , 
month l y  l og mea n .  

" Cha ng es i n  bacter i o l og i c al qua l i ty may s i m pl y  b e  year-to-year var i at i ons , probab l y  rel ated to 
thunderstorm ac t i v i ty ,  or  may be attr i b utab l e  to ex pand i ng po pul at i ons al ong the Ri o Gr ande in the 
Es panol a are a .  Th e i n freque nt sampl i ng for b ac ter i ol og i c al q ual i ty i n  th i s  st retc h of the Ri o Gr ande 
i s  not adequa te to com pare actua l  trend s  i n  the r i ver ag a i nst appl i c ab l e  standard s .  

" Compared to standards recommended by the Na t i onal Ac ademy of  Sc i e nces , l evel s o f  zi nc , i ron , 
copper and manganese i n  the Ri o Gr ande are not el eva ted . Th ere are no ad opted New Mex i co  st ream standard s 
for heavy metal s .  El ev ated boron and sel eni um l evel s hav e been observed at a n umber of l ocati ons al ong 
the Ri o Grand e ;  n atural l y  el evated concentra t i ons of these metal s are not uncommon i n  ar i d  reg i ons . 

" Ac cord i ng to ava i l ab l e  data for the Upper Ri o Grande Ba s i n ,  there i s  some i nd ic at i on that pho s phorus 
and ni trogen l evel s i nc reases i n  l ov,oer reaches . Mean to tal pho s phorus meas ured at Lobato s , Co l orad o ,  
i s  . 124 mg/ £ and mea n tota l  n i tr ogen i s  . 488 mg/ £; a t  Otowi Bridge , s i m i l ar sam pl es meas ured . 19 mg/ z 
and • 5 5  mg/ £ ,  

" These charac ter i st i c s  may prec i pi ta te more ac ute prob l ems i n  Cochi t i  Reserv o i r .  Wa stewa ter from 
Es panol a ,  Wh i te Rock , a nd Los Al amos d i sc harg e to the R i o  Grande wi t h i n  twe nty-f i v e  m i l es of Coch i t i , 

and  thus may i nc rease nutr i e nt  l oad i ng to the reserv o i r .  In a n  effort t o  prevent po te nt i al al gal  
b l ooms in  Coch i t i  Reserv i or ,  t he New r�ex i co E IA Wa ter Qual i ty D i v i si on ha s recommended a pho s phorus 
removal prog ram from those wa stewa ter effl uents wh i c h  vli l l  d i rec t l y  impact  Coch i t i  Reserv i or .  

" To tal d i s so l ved sol i d s  concentrat i ons a t  Otowi Bridge rarel y ex ceed the a p� i c ab l e  stand ard . 
To ta l d i s so l ved sol  i d s  l oad s at the New Mex i co-Col orad o St ate l i ne and at Otowi Br idge average 6 5 , 000 
tons and 247 , 000 tons respect i vel y for the period  of record . 

" P roj ec t i o ns of TDS l oads i n  the Ri o Gr ande a s s ume that po pul at i o n  i ncrea ses i n  southern Ri o 
Arr i b a  County and Santa Fe Coun ty and mi neral produc t i on i n  Ta os  and Ri o Arr i b a  Coun t i es wi l l  re s ul t i n  
i nc rea sed wa te r  use and TDS l oad i n  the Ri o Grande between the New Mex i co-Col orad o State l i ne a nd Otowi 
Br idge .  Devel opment of tr i b utary un i t s  of the San J u an-Chama proj ect i n  Taos , Ri o Arr i b a  and Santa Fe 
Co un t i e s  are ex pected to i ncrease the TDS l oad i n  the R i o  Gr and e by about 4 , 600 tons  per year .  
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" General water uses  in Santa Fe  Cou nty are ex pected to have a m i no r  effect upon TDS l oad at Otowi 
Br idge .  The expand i ng water demands of urban popu l a t i on s  in Santa Fe  and Los Al amos , part i c u l a r ly  
Santa F e ' s  i nc rea s i ng rel i ance u pon w i thdrawa l s from the Buckman Wel l F i e l d to  serve i ts mun i c i pa l  
needs , i s  expected to a ffect TDS i n  the R i o  G rande . 

"Average ch l or i de and s u l fate concentrat i ons  are genera l l y  l ow throughout the U pper R i o  G rande 
Bas i n .  Leve l s in excess of stream standards for ch l or i de have been observed at  the Otowi Br idge  Stat i on , 
but  these on l y  compr i s e  0 . 6% of the mea surements taken . Ava i l ab l e  data does not corre l a te these mea su rements 
to the m i n i mum fl ow of 1 00 cfs for wh i ch the s tream standard app l i es .  

"An ana lys i s  of the effect of ch l or i nated mu n i c i pa l  wastewater  upon ch l o r i de concentrat i ons i n  the 
R i o  Grande i nd i cates that on ly  2 . 8% of  the i ncrea se in d i s so l ved ch l or i des , and 0 . 08% of the i ncrea se 
in  tota l d i sso l ved so l i ds in  the reach  from Otowi Bridge to Bernardo is  due to mun i c i pa l  ch l or i nat ion . 
Th i s  stream reach i nc l udes the c i ty of Al buquerque and others i n  the M i dd l e R i o  Gra nde Bas i n .  I t  i s  
es timated that a doubl i ng of mun i c i pa l  popu l a t ions  i n  thi s area wou l d  accord i ng l y  doub l e  the i ncrease 
in sa l i n i ty and ch l or i de l evel s ,  bu t even so , wou l d  have a m i nor impact upon ch l or ide  and sa l i n i ty 
l eve l s i n  the R i o  Grande . 

" The turb i d i ty of water i s  ca u sed by the presence of suspended and co l l o i d a l  matte r ,  wh i ch has the 
effect of reduc i ng l i g ht penetrat i on and c l a r i ty . . . .  Measurements of stream turb i d i ty i n  the R i o  Grande 
a t  Otowi Br i dge exceed the app l i ca b l e standard i n  36% of the samp l e s  ta ken . 

" Sedimenta t i on i s  a persi stent and  maj o r  wa ter qua l i ty prob l em  i n  the Upper R i o  G ra nde Ba s i n .  I t  
i mpa i rs range a nd farm l ands , reduces the channel capa c i ty o f  streams , depl etes reserv i o r  capaci ty ,  
g enerates fl ood prob l ems , i nterrupts i rri g at i on systems , and i s  detrimental to c rop producti on . Factors 
that affect sed i ment y i e l d  i nc l ude topography , geol ogy , so i l s ,  c l i ma te , g round cove r ,  run-off , l and 
use , sheet eros i on and channel ero s i o n .  

"The genera l c l asses  of potenti a l  nonpo i nt wa ter contami nati on i n  the Upper R i o  Grande Ba s i n  
i n c l ude a gr i c u l ture , forestry acti v i t i es , m i n i ng , cons truct i on , waste d i sposa l and those re l a ted to 
hydro l o g i c a l  mod i f i cat i on . 

" Construct ion rel ated prob l ems  usua l l y  i nvol ve  sed i mentat i on from a l tered runoff pa ttern s  and 
i ncreased poten t i a l  for eros i on .  Eros i on cou l d  be ca used by h i g hway construct i on .  Res i denti a l  
contruction o n  steep s l opes wh i ch i s  i ncrea s i ng i n  the Santa F e  drai nage a rea contri butes to the 
sed i ment l oad i n  nearby s treams . I ncrea s i ng urba n den s i ty and expand i ng u rban area s , part i c u l ar ly  
Santa Fe  and  Espano l a w i l l  create add i t i ona l  vo l umes of runoff as  recharge areas  a re covered by 
i mperm i a b l e s treets and structures . 

"Another source of concern i s  the subsurface d i sposal  of domesti c waste i n  septic tan ks i n  areas 
w i th sha l l ow water ta b l es .  Settl ement patterns  ha ve g enera l l y  fo l l owed the R i o  G rande and Chama f l oodp l a i n s ,  
where ground water l evel i s  h i g h  a nd the addi t i ona l  danger o f  fl ood i ng cau ses d i scharge o f  contam i nants 
i n to surface water . Expa n s i on of such suburban commu n i t i es as i s  occu rri ng i n  Pojoaque , Nambe , San 
Jose and Hernandez wi l l  req u i re more effect i ve wastewater di sposa l sys tems to avo i d  degradati on of 
su rface and g round water q ua l i ty .  

" Recreat i onal acti v i t i e s  i n  Northern New Mex i co a re pos i ng s i g n i f i cant water degrada t i on prob l ems . 
Recreat i on fac i l i t i es such  a s  those a t  E l  Vado , Santa Cru z ,  and Coch i t i  Reserv o i rs and those a l ong 
s treams near u rban areas recei ve i ntense use  and are the focus of much of th i s  acti v i ty .  W i thout 
proper l a nd use  contro l s , eros i on from con struction acti v i t i e s  on  h i l l s i des  and i nadequate wastewater 
d i s posal  systems a re l i ke l y  to i ncrease sediment a nd nutr i ent l oad i ng in adjacent surface waters . 
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" Mun ic i pal wa stewater treatment in the Upper Ri o Gr ande Bas i n c urrentl y prod uc es effl uent wh i c h  
gener al l y  d oes not compl y ��i th a ppl i c ab l e  secondary treatment requi rements . Factors hamper i ng ad equate 
secondary treatment i nc l ud e :  o utmoded des i g n ,  underdes i g ned fac i l i t i e s , i n adequate operat i o n  and 
mai ntenance prog rams , a nd t ime del ays i n  repl acement or mod i fi c at i o n  of ex i st i n g  treatment fac i l i t i e s .  

" Ther e  are c urrentl y three wa stewater treatment fac i l i t i es i n  Es panol a ;  the Es panol a We st s i d e  
pl ant , t h e  Es pano l a Ea st s i d e  pl ant , a n d  the Val l ey Es tates pl ant .  The l atter pl ant i s  pr i v atel y 
o perated and mai ntai ned by the Val l ey Estates Homeowners Assoc i at i o n ,  a nd a Nat i o nal  Pol l ut ant Di sc harg e 
El im i n at i o n  System ( N PDE S )  perm i t  i s  b e i ng i ss ued to th i s  fac i l i ty .  NPDE S perm i t s  were i ss ued to 
both of the Es pano l a trea tment fac i l i t i e s  i n  1974 .  Ne ither pl ant c an ach i eve secondary treatment 
l evel s • • • •  The easts i d e  pl ant i s  heav i l y  overl oaded and i s  not capab l e  of meet i n g  secondary treatment 
l ev el s .  The we sts i d e  pl ant i s  c apab l e  of hi g h  treatment l ev el s ,  b ut i s  not operat i ng effi c i entl y a s  a 
resul t of l ack  of adequate control s and mon i tor i ng dev i c es . ( P l ann i ng efforts for improv ement are 
underway . ) "  

"There are three wa stewater treatment fac i l i t i es  serv i ng Los Al amos Co unty . These fac i l i t i e s  
meet the most recent EPA requi rements for secondary treatment fac i l i t i es and have recentl y been 
upg raded to be in ful l compl i ance wi th the Nat i o nal Pol l utant Di sc harg e  El imi nat ion  Systems ( N PDE S ) . 

Reg i o nal s urface wa ters wi th i n  7 5  km ( 4 6  mi ) of Los Al amos are sampl ed as part of the LASL rout i ne 
s urvei l l anc e program .  Sam pl es are take n fran four l ocations o n  the Ri o Grande and one each fran the 
Ri o Jemez and Ri o Cham a ,  t r i butar i e s  to the Ri o Gr ande .  Re sul ts  for chemi c al qual i ty anal yses on the 

sam pl es col l ected in 1976  are presented in Tab l e 3 . 1 . 5-1 . Th i s  sect i o n  and sect i o n  3 . 1 . 2 ,  Hyd rol ogy , 
prov id e  background for impact eval uat i o n  i n  sect ion  4 . 1 . 1 . 
A i r  Qual i ty 

Ambient a i r qual i ty i n  the Los Al amos area has not been documented i n  deta i l ex cept for 
r ad i oac t i v i ty \'/h ich  i s  d i sc u s sed i n  the next sect i o n , Ch a pter 4 ,  and Ap pend i x  H ( page H-36 ) .  Some 
mea s urements of so2 a nd sus pe nded part i c ul ates hav e been made by the New Mexico  Env i ronmental 

Im provement Agency ( NM E IA ) .  
The NME IA took 857  hour l y so2 measurements between Oc tober 1 2 ,  1 9 76 , and November 1 9 ,  197 6 .  

None of  t he  meas urements were above the m i n imum detec tab l e  l im i t  o f  0 . 01 ppm .  Data o n  total s us pe nded 
part i c ul ates over the past several years i n  Lo s Al amos and Wh i te Rock i s  com parab l e  to typi c al rur al 
commun i t i e s .  A s ummary of the d ata fo r 1976 i s  prese nted i n  Tab l e  3 . 1 . 5-2 . 3-59 • 3-60 As s hown i n  the 
tab l e ,  a l l val ue s a re wi t h i n  the l im i t s  of the State of New Mexico  Ambient Ai r Qual i ty Stand ard s .  

As a further i nd i c at i o n  o f  the general reg i onal ai r qual i ty ,  d ata col l ected by the NME IA i n  Santa 
Fe (40 km sout heast of Lo s Al amos)  i s  pr ese nted in Tab l e  3 . 1 . 5-3 .  3-59 • 3-61 Th i s  tab l e  i nc l ud es data 
o n  so2 , N02 , a nd CO a s  wel l as  the rel ev ant state standard s  for those s ub stances . The Santa Fe d ata 
i s  probab ly  qu i te s i m i l ar to what  \•/Oul d be observed in Los Al amos , as there are no maj or po i nt effl uent 
so urces that woul d i n fl uenc e a i r qual i ty of the two ci t i es in s ubstant i al l y d i fferent ways . 
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TABLE 3 . 1 . 5 -1 

CHEMI CAL QUAL I TY OF REGI ONAL SURFACE WATER I N  1976a 

Analyses Concentrat i ons  (mg/ 1 )  

Mi n Max Ave 

B i carbonate 105 160  1 1 9 ( ±1 9 )  

Ca l c i um 34 51 39 (± 5 , 5 )  

Carbonate 0 0 0 

Ch l or ide  5 58 1 6 (± 1 8 )  
F l uori de  0 . 1  1 . 4 0 . 4 (±0 . 4 )  
Magnes i um 3 14 8 . 7 (± 3 . 2 )  

N i trat e  >0 . 4  0 . 8  0 . 4 (±0 . 3 )  
Sodi um 13  96  32 (±25 )  
TDS 222 664 337 ( ± 1 30 )  

Hardness 1 1 3  153  1 3 5 (± 1 6 )  
pH 7 . 6  8 . 3  7 . 9 (± 0 . 4 )  
Cond uctance ( mS/m) 2 . 5  86 40 (±1 9 )  

a )  See Append i x  H ( page H-88 for 1 978 fi gures ) and a compari son to  1977  
fi g ures ( page H-32 ) . 
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TABLE  3 . 1 . 5 -2  

SU1�MARY OF TOTAL SUSPENDED ATMOSPHER I C  PARTICULATES IN LOS ALAMOS AND WH ITE ROCK 
FOR 1 976 a 

(Al l concentra t i ons  i n  �g;m3 ) 

Los Al amos 

Honth Samp l es I� ax 

January 6 30 

February 4 88 

March 6 1 3 5 

Apr i l  5 50 

Hay 5 69 

June  5 95 

J u l y  5 33 

August  5 63 

September 5 33 

October 5 67  

November 5 53  

December 5 5 5  

Tota l Suspended Pa rt i c u l ates 

24 hour average 
7 day average 

30 day a verage 
An nua l  geometr i c  mean 

r� i n  Mean 

1 9  26 

21 47 

26 60 

22 34 

30 48 

35  60  

20 25  

1 8  35  

7 24 

24 37 

25 3 7  

2 0  39  

Wh i te Rock 

Samp l es Max 

5 3 1  

4 88 

6 1 47 

4 6 1  

5 39 

5 96 

5 48 

5 58 

5 41  

5 46 

5 56 

5 5 1  

Maximum 
Al l owab l e  

Concentra t i on 

a )See Appendi x H ( page H- 1 05 )  for updated i n fo rmation .  

M i n  Mea n 

l 0 22 

6 30 

1 5  64 

1 9  47 

1 2  30 

3 1  56 

1 4  29 

1 8  33 

6 22  

23 34 

29 38 

20  32  



No . Hourly 
Month Samples 

January 4 

February 4 

March 

April 

May 4 

June 4 

July 

August 2 

Sep tember 4 

October 5 

November 4 

December 4 
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TABL E  3 . 1 . 5-3 

SUMMARY OF ATMOSPHERIC  SULFUR D I OX I DE , N ITROG EN  D I OX I DE ,  AND 
CARBON MONOX ID E  HOURLY CONCENTRAT I ONS IN SANTA FE  FOR 1 976  

so2 (ppm) 
N02 (ppm) 

No. Hourly 
No . Hourly 

Hax Hin Mean Samples Max Min Mean Samp les 

0 . 000 0 . 000 0. 000 4 0. 0150 0 . 0000 0 . 0096 602 

0 . 078 0 . 020 0 . 025 4 o. 0417 0 . 0062 o .  0173 560 

0 . 000 0. 000 0 . 000 0 . 0102 0 . 0000 0 . 0045 

0 . 005 0 . 004 0 . 005 0. 0203 0 . 0032 0. 0123 54 

0. 011 0 . 008 0 . 010 4 0 . 0125 0 . 0041 0 . 0094 564 

0 . 012 0 . 008 0. 010 4 0 . 0088 0 . 0072 0 . 0081 646 

0 . 005 0. 005 0 . 005 0 . 0097 0 . 0048 0 . 0073 

0. 010 0. 009 0 . 010 0 . 0108 0 . 0036 0 . 0062 

0 . 018 0. 007 0. 013 4 0 . 0100 0 . 0046 0 . 0061 

0 . 012 0. 004 0 . 008 5 0 . 0067 0 . 0011 0 . 0042 

0 . 00 9  0 . 002 0 . 005 4 0 . 0024 0 . 0011 0 . 0018 152 

0 . 007 0 . 004 0 . 006 o .  0139 0 . 0022 0 . 0064 703 

co (ppm) 

Max 

17 . 50 

2 1 . 00 

10 . 00 

14 . 00 

14 . 50 

15 . 00 

20 . 00 

Maximum Allowable Concentration 
Constituent 

Sulfur Dioxide 0 . 10 ppm 
24 hour average 
Annual Arithmetic average 

0 . 02 ppm 

Nitrogen Dioxide 0 . 10 ppm 
24 hour average 
Annual arithmetic average 

0 . 05 ppm 

Carbon Monoxide 8 . 7 ppm 
8 hour average 13 . 1  ppm 
1 hour average 

Min Mean 

o . oo 3 . 79 

0 . 50 3 . 35 

0 . 50 3 . 70 

0 . 50 2. 53 

0 . 00 3 . 41 

o . oo 2 . 03 

1 . 00 4 . 4 9  
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Natural  and F a l l out  Rad ioact i v i ty 
The na tura l penetra t i ng rad i a t i on (x -a �  gamma-rays ) backg round i s  composed of cosm i c  and terres tri a l  

components . The mag n i tude o f  the cosm i c  component i s  l arg e ly  a fu nct i on o f  a l t i tude . Sea l evel cosm i c  
rad i at i on l eve l s are l owes t ,  at  a bout 29 mrem/year . 3 -62 Los A l amos i s  abou t 2 . 1 7  km ( l  . 3 5 m i )  a bove sea 
l evel , wi th an  expected cosm i c  rad i at ion  dose equ i va l ent around 70 mrem/y r .  The terrestr i a l  component 
of background penetra t i ng rad i a t i o n  comes mos t ly  from the natura l rad i oac t i ve decay cha i ns of 232Th 
and 238u and from the decay of 4°K .  I n  add i t i on , 5 to 1 5  percent of the tota l i s  due to fa l l out  from 
atmo spher i c  weapons test i ng . The mag n i tude of the terres tr i a l  component i s  subject  to tempora l 
v a r i a t i on because of such  factors a s  ra i n fa l l a nd snow cover . Ra i nfa l l  decrea ses the dose from 
4°K beca use  o f  the i ncreased sh i e l d i n g  from the mo i s ture i n  the so i l .  I t  i ncreases the dose from the 
238u decay ser ies  by decreas i ng the m i g rat i on  rate of radon gas  to the su rface and thereby enhanc i ng 
the accumu l a t i o n  of radon daug hters i n  the so i l .  Snow cover acts a s  s h i e l d i ng to reduce the dose from 
a l l components . Temporal v ar i at i ons  i n  the terres tr i a l  background dose are probab ly  i n  the ra nge o f  
1 5%-25% .  The mag n i tu de of the terres tri a l  component i s  a l so s u bj ect t o  spat i a l  var iat i on .  Topography 
a nd geol ogy vary wi th l ocat ion  and so does the dependen t rad i a t i o n  backg round . Based on 1 96 6  aer i a l  
s u rveys , the terrestr i a l  component i n  the Los A l amos a rea i s  a bou t 6 5  mrem/yr . 3 -63 Summ i ng the cosm i c  
a nd terres tr i a l  components , the average expected to ta l year ly  dose i s  about 1 35 m rem/year , and the 
a verage  to ta l year ly  doses a s  mea s ured at  perimeter s tat i ons and reported by LASL for the years 1 974 , 
1 97 5 ,  and 1 976 are a s  fo l l ows : 1 3 7  mrem/yr , 1 34  mrem/yr and 1 1 8  mrem/yr . 3 -64 • 3 -65 • 3-66  

Wor l d -wide  bac kground a tmosphe r i c  rad i oacti v i ty i s  composed of fal l o ut  from atmospheric  weapons 
tests , natu ra l rad i oact i ve consti tuents from the decay cha i n s  of 232Th and 238u ,  4°K ,  and tr i t i a ted 
water vapo r .  S i nce the aerosol  be i ng sam p l ed i s  mos t ly due to resuspens i on from the s o i l , there can be 
l arge temporal  fl uctuat i ons i n  mas s  sampl ed . These fl uctua t i ons depend pr imar i l y  on meteoro l og i ca l 
co nd i t i on s .  Peri ods of h i gh w i nds contra st  wi th per i ods  of heavy ra i n  or snowfa l l ,  s i nce the prec i p i 
tat i on natura l l y  removes much o f  the s u spended mas s . A l so , peri ods o f  h i g h  hum i d i ty yi e l d  more tr i t i ated 
water vapor per vo l ume of a i r  tha n do peri ods of l ow hum i d i ty .  Spati a l  con s i dera t i ons are a l s o  important  
i n  determ i n i ng backg round atmosphe r i c  rad i oact i v i ty .  Samp l ers i n  abnorma l l y du sty or  hum i d  l ocat ions  
s how more rad i oact i v i ty per  vo l ume of a i r  because of the g reater mass samp l ed .  

LASL u ses da ta from three a i r  samp l i ng s ta t i ons that a re remote from the Labora tory bounda r i es a s  
an  i nd i ca t i on of  the  reg i ona l backgrou nd for  atmospher i c  rad i oact i v i ty .  These s tat i ons a t  Espa no�a . 
Poj oaq u e ,  and  San ta F e ,  New Mex i co ,  are so d i s tant ( see F i gure 3 . 1 . 5- l )  from LASL tha t the effects of  
LASL opera t i ons a re neg l i g i b l e .  Tabl e 3 . 1 . 5 -43-26 • 3 -64 • 3-65 • 3 - 67  s hows a compar i s on be tween data 
a veraged from these three stati ons and data pub l i s hed for Santa Fe by the Envi ronmenta l Protect i on 
Agency . 

Bes i des the natura l l y  occu rr i ng rad i onuc l i des from the u ran i um and  thor i um decay cha i n s  and  4°K ,  
the on ly  other maj or  sou rces o f  rad i oact i v i ty i n  so i l s  are from tri t i a ted water and  fa l l ou t  rad i onuc l i des 
from a tmospher i c nuc l ear tes ts . The nuc l i des from fa l l ou t  of primary i n terest a re 238Pu , 239Pu , and  
90s r .  The  a ct i v i ty rat i o  between 239Pu and 90s r  can be u sed to  d i s t i ng u i s h whether the fa l l ou t  i s  from 
atmos pher ic  tes ts or from stack  em i s s i ons . A s tudy has been made of the act i v i ty rat i o  for s o i l s  i n  
the Los A l amos , Espano l a ,  and  Sa nta F e  area s . Th i s  s tudy shows that the p l uton i um and  s tront i um a re 
from fa l l ou t  and  that the i r  l eve l s  i n  the so i l  are s i m i l ar to , bu t no g reater than , those reported for 
s o i l  in Col orado , Oh i o ,  and  New York , where s im i l a r  s tu d i es have been done . 3 -68 
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TABLE 3 . 1 . 5-4 

REG I ONAL AV ERAGE BACKGROUND ATMOSPHER I C  RAD I OACT I V I TY CONCENTRAT I ON 

Rad i oacti v i ty 
Const i tuent 

Gross a 

Gross  S 

Tri t i um 

Ura n i um 

Acti v i ty ( a l l uni ts l 0- 1 5\J C i /m9- )  

EPAa LASLb CGc 

not reported 1 . 2 ± 0 . 1  

83 

not reported 

0 . 00 1 8  0 . 00 1 8  

0 . 0 1 99 0 . 0 1 00 

not reported 

0 . 0408 0 . 0300 

93 ± 5 

0 . 004 ± 0 . 004 

0 . 0024 ± 0 . 00 1 3 

0 . 0 1 6  ± 0 . 002 

9800 ± 2000 

0 . 06 5  ± 0 . 0 1 2  

2 X l 02 

7 0  

6 0  

a )  U . S .  Env i ronmenta l Protecti on Agency data . 3-67 

b) Averages  for 1 97 3 - 1 97 5 . 3-26 • 3-64 • 3-65 See Append ix  H ( page H- 1 6 )  for 

1978 s ummary . 

c )  Concentrat i on  G u i de for uncontro l l ed a reas , Gros s -a l p ha compa red  to 

CG for 239 P u ,  G ross -beta compared to CG for 90sr .  
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LAS L ma i nta i ns a s u rve i l l ance program for rad i oact i v i ty in s o i l s  and sed iments for reg i ona l  s i tes 
and s i tes a round the LASL perimeter . Data for 1 97 6  from th i s  prog ram are summar i zed in Tab l e 3 . 1  . 5-5 , 
a nd the l ocat ions  of the reg i ona l  s i tes are shown i n  F i g u re 3 .  l . 5- 1 . 3 -64 The va l ues for tri t i um ( 3H )  
i n  the tab l e a re from s o i l moi s ture d i sti l l ed from the samp l e s  and ana lyzed for tr i t i um conten t .  The 
va l ues  for the i sotopes a nd act i v i ty l eve l s from the reg i ona l  and perimeter sam p l es are a ssumed to be 
background va l ues  beca u se  of the i r  d i s tance from LASL .  There were no s tat i s t ica l l y s i g n i f i cant  
d i fferences i n  the  measu rements for d i fferent l ocat ions . 

Reg i ona l  s u rface water samp l es a re a l so col l ected at the samp l i ng l ocat i ons  s hown i n  F i g  3 . 1 . 5- l ,  
and  ana lyzed for radi oact i v i ty i n  order to provide an  i nd i c at i on of the normal contr i bu t i on from natu ra l  
sources and  wor l dwi de fa l l ou t .  The data from 1 976 samp l es a r e  summari zed i n  Tab l e 3 . 1 . 5-6 . There were 
no s tat i s t i ca l l y  s i g n i f i cant d i fferences i n  the meas u rements . 

3 . 2  SOC I OECONOM I C ENV I RONM ENT 

The soc i oeconom i c  env i ronment i s  descri bed by def i n i n g  the l and u s e , econom i c ,  demog ra ph i c , 
i ns t i tu t i ona l , transporta t i o n ,  archaeo l og i ca l , h i stori c ,  and cu l tura l  factors tha t ma ke u p  the whol e .  
Genera l ly ,  these  a s pects are d i scu ssed i n  terms of the Laboratory , Los Al amos Cou nty ,  and the northern 
New Mex i co reg i on . For the purposes of th i s  d i scu s s i on ,  the northern New Mex i co reg i on i nc l udes the 
s i x  cou nti es  s u rround i ng Los A l amos County : R i o  Arr i ba , Santa F e ,  Taos , Bernal i l l o ,  Sandova l ,  and Mora 
( see F i g u re 3 . 2- l ) .  Th i s  g enera l l y  encompasses  the area w i th i n  a 80 km ( 50 m i ) ra d i u s  of Los A l amos . 

3 . 2 . 1 .  Land Use 
The Los A l amo s Sc i enti f i c  Laboratory was esta b l i s hed on the s i te of the Los Al amos Ranch  School  

fo r Boys on the Paj a r i to P l a teau , 56 km ( 3 5  m i l by road northwest  of Santa Fe , New Mex i co .  On November 
25 , 1 942 , the Undersecretary of War d i rected acqu i s i t i on of the s i te ,  i nc l ud i ng a g roup of some 50 l og 
b u i l d i ng s  on 3 . 2  km2 ( 790 acres ) of Ranch School property , 1 1 . 7 km2 ( 2900 acre s )  of homestead and 

2 
graz i ng l a nds , and  1 85 km (45 , 666 acres ) of Forest  Serv i ce publ i c  doma i n  l ands . Add i t i onal  l ands were 
acqu i red i n  1 947 and 1 948 by the Atom i c  Energy Comm i s s i on , the successor to the Manhattan Eng i neer 
D i s tr i c t ,  tota l i ng 79 . 8  km2 ( 1 9 , 725  acres ) .  In 1 963 , 1 5 , 9  km3 ( 3 , 92 5  acres ) of l and  compri s i ng a 
port i on of the Otowi Sect i on were p l aced under adm i n i s tra t i ve  contro l of the Atom i c  Energy Comm i s s i on 
by Pre s i dent i a l  Proc l amat i o n .  

The ori g i na l  Laboratory acti v i t i es were estab l i s hed i n  the Ranch School bu i l d i ng s  o n  a s i te where 
the present Los Al amos Commun i ty Center i s  l oca ted . When i t  became necessary to expand , wooden l aboratory 
bu i l d i ng s  were q u i c k ly  bu i l t  on the north r im of Los A l amos Canyon ( the s i te of present-day Los A l amos 
I nn )  adjacent to the or i g i na l  Ranch Schoo l bu i l d i ng s . Army-sty l e  ba rrac ks a nd many types of ta rpapered 
dorm i tor i e s , prefabs , hutments , and  tra i l er s  prov i ded mos t of the hou s i ng .  

Al though adm i n i s tered by the U n i vers i ty of Cal i forn i a , Los A l amos fu nctioned a s  an  Army post under 
the control of the US Wa r Department for the fi rst  fou r years . I n  1 947 , the new ly  c reated US  Atom i c  
Energy Comm i s s i on (AEC ) a s s umed contro l o f  the Laboratory from the Army , and the operat i ng contract 
w i th Un i vers i ty of Ca l i forn i a  was renewed . Major ex pans i on occurred in 1 95 1 - 1 953  w i th the con s truct i on 
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TABL E  3 . 1 . 5- 5  

RAD IOACTIV ITY I N  SO I LS AND  SEDIMENTS 

Reg i ona l  and Perimeter Locati ons i n  l 97 6 a 

Number 
of Type 

Samp l e s  of 
Ana l yzed Act i v i ty U n i ts M i n .  Max . Ave . 

Soi l s  

9 3 h l 0-6\l C i /m£ 1 . 4 (± 0 . 6 )  6 . 4 (±0 . 8 )  3 . 3 (± 0 . 6 )  

9 90sr p C i /g 0 . 90 (± 2 . 00 )  1 3 . 9 (± 6 . 40 )  4 . 6 ( ± 2 . 70 )  

6 l 37 Cs pCi /g 0 .  l l  ( ± 2. 03 ) 1 . 7 5 (±0 . 1 2 ) 0 . 6 2 ( ±0 . 06 )  
20 238Pu  pC i /g 0 . 000 ( ±0 . 00 1 ) 0 . 004 (±0 . 003 ) 0 . 000 ( ± 0 . 002 ) 

20 239Pu  pC i /g 0 . 002 (± 0 . 002 ) 0 . 033 ( ±0 . 008 ) 0 . 0 1 5 (± 0 . 004) 

20 Gros s-a l pha p C i /g l .  5 (± l .  6 )  1 8 (±8 . 0 )  5 , 2 ( ± 2 . 6 )  

20 Gross -beta pC i  /g 3 . 3 (± 1 . 0 )  1 1 . 6 (± 2 . 4 )  5 . 7 (± 1 . 3 )  

9 Tota l -U ll g/g l .  l ( ± 0 . 6 )  3 . 9 (± 0 . 8 )  l .  9 (±0 . 8 )  

Sed iments 

9 3H -6 0 . 2 (± 0 . 6 )  4 . 1 ( ±0 . 8 )  1 4 (± 0 . 7 ) 1 0  ll C i /m£ 

8 90Sr p C i /g 0 . 09 (± 0 . 1 8 )  5 . 90 (±0 . 60 )  2 . 04 (± 2 . 30 )  

1 0  l 37 Cs pCi /g 0 . 06 (±0 . 02 )  0 . 23 (± 0 . 04 )  0 . 1 5 (± 0 . 04 )  

2 1  238Pu pC i /g 0 . 005 ( ±0 . 007 ) 0 . 003 ( ±0 . 00 2 )  0 . 00 1  ( ±0 . 00 1 ) 

2 1  239Pu  p C i /g 0 . 000 ( ±0 . 000 ) 2 , 06 ( ± 1 . 00 )  0 . 1 22 ( ± 0 . 008 ) 

2 1  G ross-a pC i /g 0 . 5 (± 0 . 8 )  1 0 (±4 . 0 )  3 . 2 ( ± 1 . 6 ) 

21  Gross-s  p C i /g 1 . 1 (± 0 . 6 )  6 . 1 (± 1 . 4 )  2 . 9 (± 0 . 8 )  

1 0  Tota l -U \l g/g 0 . 3 (± 0 . 6  2 . 7 (± 1 . 0 ) 1 . 3 ( ± 0 . 8 )  

a )See Append i x  H ( pages H-20 and  H-2 1 ) for 1978 s ummary data . 
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1 8  

1 7  

1 8  

1 8  
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TABLE 3 . 1 . 5-6 

RAD I OACT I V I TY IN REG I ONAL SURFACE WATERS IN 1 97 6  
c , d  

Type U n i ts M i n .  Max . Ave . a 

Act i v i ty 

3 H -6 l 0 11 C i  /m £ 0 . 7 ( ±0 . 6 )  2 . 8 ( ±0 . 8 )  l .  6 ( ±0 . 7 )  
90sr l 0-911 C i /m £  - 1 . 8 ( ±3 . 0 )  1 6 ( ± 5 . 2 )  3 . 9 ( ±4 . 0 )  

1 37 Cs l o -911 C i /m �e  -1  ( ±28 ) 1 2 (±32 ) 6 ( ± 1 0 )  
238Pu l o- 1 211 C i/m £  - 1 8 ( ±24 ) 5 ( ±20 )  -8 . 2 ( ± 1 5 . 0 ) 
239Pu 1 o- 1 211 c i /m£ -1 3 ( ± 1 6 )  3 0 ( ±40 ) - 1 . 6 ( ± 1 1 )  

Gross-a 1 0-911 C i /m £ -1 ( ±6 ) 9 ( ±6 ) 2 . 9 ( ±3 . 6 )  

Gro s s - 13  1 0-911 C i /m £  3 . 0 ( ± 1 . 4 )  28 ( ± 6 )  9 . 2 ( ± 2 . 6 ) 

Tota l U llg / !C  -0 . 1  ( ±4 . 0 )  6 . 1 ( ± 1 . 2 )  1 . 9 ( ±2 . 2 )  

a l va l ue  i n  parentheses i s  standard devi a t i on of the d i stri bu t ion  of a 
number ana l yses . 

b ) Concentrat l on Gu ides  for Uncontro l l ed Area s ; gross�a l pha compared to 
CG for 2 3 9pu , gross-beta compared to CG for 9 D s r .  

c l v a l ues i n  tab l e  i nd i cate m i n imums , max imums , and averages for the 
samp l e s  from the l ocations  on F i g ure 3 . 1 . 5- l .  

d ) See Append i x  H ( pages H- 1 6  thru H-2 1 ) for 1978 s ummary data . 

Ave . as 

%CG b 

< 0 .  l 
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3 .  l 

< 0 .  l 
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of 14  t ec hn ic al area s .  New s i tes were sel ected for the mai n Laboratory b u i l d i ng s  o n  South Me sa 
across Los Al amos Canyo n from the or i g i nal Laboratory s i te .  At thi s t ime ,  Worl d War I I  Laboratory 
structures were dE!Tlol i shed and the a rea v.+lere they were l ocated bec ame part of the town site  ( see 
F i g ure  3.  2. 1-1 ) .  3-1 4  Today there i s  a total of 30 act ive  techn ic al areas .  I n  1975  ERDA wa s 
estab l i s hed , and respons i b i l i ty for LASL was transferred from the AEC t o  ERDA , and s ubsequentl y to 

DOE i n  1977 .  
Di spo s i t i o n  of  AEC  control l ed  l ands began i n  1958  when  Federal l y  owned l and wa s sol d to  perm i t  

pr i v ate res i dent i al devel opment , a nd federal l y  owned resi d ences were fi rst offered for sal e t o  pr i v ate 
i nd i v id ual s i n  1965 .  Th rough the Commun ity Di sposal Act ,  l and total i ng approx imatel y 30. 4 Km2 

( 7 , 500 ac res ) wa s transferred in  the prese nt Lo s Al amos and Wh i te Rock Commun i t i e s  from AEC ownershi p .  
3-69 At prese nt , a l most al l commun ity fac i l i t i e s  have been turned over to County o perat i o n .  I n  1959 

approx imatel y 14. 6 km2 ( 3 , 600 acres) were transferred to the Park Serv i c e  by Presi d ent i al Procl amation  
extend i ng the northern boundary of  Bandel i e r  Na t i o nal Mo nument ( see F i g ure  3 . 2. 1 -2 ) . 3-1 4 An add i t i o nal  
1 1 . 6  km2 ( 2 882 acres ) extend i ng the northwe st b oundary of Band el i er Na t ional Monument wa s transferred 
to the Park Serv i c e  i n  1 963.  In 1969 ,  1 1 0 . 8  km2 ( 2 7 , 370 ac res )  of l and form i ng the western and northern 
perimeters of Los Al amos County were transferred to the Forest Serv i c e  i n  1 969. In 1 973 , the AEC 

2 ex ces sed to GSA 14. 0 km ( 3 , 464 acres )  of l and i n  the Western and Northern Perimeter Tracts adj o i n i ng 
the Western and Northern Commun ity and Barranc a Mesa area s .  I n  1 9 7 6  GSA t ransferred 9 . 1 km2 (2 , 254 
ac res ) to the Forest Serv i c e .  Another tract  i n  Los Al amos Town si te , compr i s i ng approx imatel y 0 . 02 km2 

(4 acres) wa s transferred to the GSA i n  1 97 6  for eventua l  d i s po sal to another government agency or the 
pr i vate sector . 

Many easements a re hel d by the Federal Government i n  Los Al amos Co unty and Northern New Mex i co 
for ut i l i ty r ig hts-of-way . They are basi c al l y  no d i fferent from those a ssoci ated wi th any c ommun ity 
ut i l i ty system , except they stem from the hi storic fact of the fac i l i t i e s  hav i ng been ori g i nal l y  con
structed for the Federal Government in the earl y d ays of Lo s Al amos .  Hund red s of easements exi st i n  
Los Al amos County for the water suppl y  and d i str ibut i on systems , n atural gas  d i str i b ut i o n ,  e l ectric  
power d i str i b ut i o n ,  steam di str ibut i o n ,  a nd other fac i l i t i e s .  Out s i d e  Lo s Al amos County , easements are 
hel d by the Federal Government for r i g hts- of-way for the wa ter s uppl y system , an  el ectric  power trans
m i s s i o n  l i ne ,  a nd a natural gas t ransmi s s i o n  pi pel i ne .  The general nature of these fac i l i t i es and the i r  
r i g hts- of-way are desc ri bed i n  the fol l owi ng parag raphs ; the i r  l ocati ons are i n d i c ated i n  F i g ures 3 . 2-1 
and 3. 3 . 1-1 . 
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Pa rt of the water s upp ly  system i s  l ocated on non-DOE l a nds i n  Santa  Fe  Cou nty ( see Sec . 3 . 3 . 1  a nd 
F i g . 3 . 3 . 1 - l ) .  Most of the Los Al amos  Wen F i el d  1�a s  compl eted i n  1 947-48 for the AEC cons i st i ng of  
wel l s ,  booster pump stat i ons , underg rou nd water  l i nes , overhead powe r l i nes , storage tank s ,  a nd other 
m i no r  anc i l l a ry fac i l i t i es .  Access to the  faci l i t i es is from State Road 4 .  Rou t i ne ma i ntenance i s  
pe rfo rmed o n  al l fac i l i t i es by t h e  Z i a  Company u nder  contract t o  DOE .  R i ghts-of-way for the fac i l i t i es 
a re on easements from San I l defonso Puebl o total l i ng about 0 . 7  km2 ( 1 80 acres ) and from the New Mex i c o  
State H i g hway Department al ong State Road 4 .  The easements are general l y  1 00 m ( 300 feet) wi d e  a l ong 
t he l i ne wi th  some wi der  sect i o ns at structure l ocat i ons . The ba s i c  50-year  easement was establ i s hed 
i n  1 9 52 .  The Guaj e Wel l F i el d  cons i s t s  of the  s ame types of fac i l i t i es and wa s l a rge ly  compl eted i n  
1 9 5 1 . I t  i s  l ocated on easement s from the Depa rtment of Ag r icu l tu re , U . S .  Forest Serv i ce ,  i n  Gu aj e 
a nd Rend i j a  Canyons .  

Two el ectr i c  u t i l i ty l i nes serve Los Al amos Cou nty i nc l ud i ng LASL and the commun i ty areas . One 
k nown as the Reeves L i ne extend i ng towa rd Al buquerque i s  whol l y  owned and operated by Publ i c  Serv i ce 
Company of New Mex i co ( P NM) . The ot he r ,  known as  the Zi a L i ne ,  i s  owned by DOE  bu t operated a nd mai n
ta i ned by PNM under cont ract .  The Z i a  L i ne i s  a 1 1 5  kv overhead l i ne on wood H-frame suppo rts  extend i ng 
about 35 km ( 22 mi ) from Los Al amos  to a PNM substati on sou th of Santa  Fe , wi th  a bl ad ed ac cess road 
between the support s .  Most of the l i ne i s  l ocated on rel at i ve ly  spa rse ly  vegetated p i non-jun i per  a nd 
g rass  rangel and .  Normal ma i ntenance i s  m i n imal , pr i nc i p a l l y  repa i r  of damaged i nsu l ators a nd conductors . 
The l i ne was bu i l t  i n  approx imatel y 1 9 55-59 for the  AEC a nd i s  l ocated on a ri g ht- of-way that i s  
mostl y 30 m ( 1 00 ft)  wi d e .  

T h e  ri g ht-of-way i s  l ocated on easements from t h e  U . S .  Department o f  the I nteri or ;  Bu reau of Land 
Ma nagement and U n i ted Puebl o s  Agency for San I l defo nso Puebl o ;  U . S .  Depa rtment of Agri cu l ture ;  U . S .  
Forest Serv i ce ;  the  State o f  New Mex i co ;  a nd a number of pr i vate owners . 

The natural gas l i ne owned by DOE that serves LASL a nd Los Al amos Cou nty i s  now l eased to a nd 
operated and ma i nta i ned by the Gas  Company of New Mex i c o .  T h e  25-30 e m  ( 1 0 - 1 2 i n ) h i gh pressu re under
g rou nd gas l i ne about 2 1 0  km ( 1 3 0 mi ) we st and nort h from Los Al amos Cou nty to the Kutz Canyo n Com
p ressor stat i on near B l oomfi el d ,  NM . Most of the l i ne wa s constructed i n  1 946-50 by the Corps of 
E ng i neers fo r the AEC . A s egment of about 19 km ( 1 2  m i ) wa s acqu i red by exchange from Southern U n i on 
Gas  Company ( now Gas  Company of  NM ) i n  1 9 50 .  I t  h a s  al ways been ma i ntai ned a nd  operated by the pub l i c  
u t i l i ty c ompany .  The l i ne c rosses  t he Jemez Mou nta i ns from Los Al amos  to  Cu b a ,  NM . Al ong th i s port i on ,  
access i s  assu red by g raded access roads al ong the rou te , some o f  wh i ch are ma i nta i ned by Gas  Company 
of NM a nd some of wh i ch have been taken over by the U . S .  Forest Serv i ce a s  forest roads . These road s 
may b e  bl aded once o r  twi ce a yea r  to perm i t  i nspect i o ns and neces sa ry ma i ntenance .  Th i s access 



mai ntenance i s  the maj or env i ron:nental impac t .  
and repl ac ement o f  smal l po rt i o ns t o  ass ure safe 
general l y  pa ral l el i ng New Mex i co State Ro ad 44.  
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Ot her mai ntenance i nc l ud es occas i o nal repa i r  of l eaks 
o perat i on .  From Cub a the l i ne exte nds  on northwest , 
From Nag eezi on to Kut z Canyo n ( about 56 km or 3 5  mi ) 

the l i ne cont i n ue s  to paral l el State Ro ad 44 and i s  adj acent to two othe r Ga s Compa ny of NM l i nes that  
extend to Al b uq ue rq ue . Al ong thi s 56 km stretc h some real i g nment of the DOE and Gas Company of NM p i pe
l i nes i s  underway b ec ause of reconstruc t i on  and improvement of St ate Road 44.  

The r i g hts- of-way for th i s  56 km port i on  are ac ross l ands owned or  adm i n i stered by the U. S .  
Department of the I n te r i or ,  Burea u  of Land  Man ag ement ; the Bureau  of I nd i an Affa i rs for Nav aj o Tr i bal 
and I n d i an Al l otment Lands ; t he New Mex i co  St ate Hi g hway De partment ; and a number of pr i v ate owners .  
Bec ause of the real i g nments  a nd prob l ems \�i th  ol d records ,  easements al ong th i s stretc h  are c urrent l y 
be ing  ac qu i red or renegot i ated . Ri g hts- of-way easements for the 1 5 2 km ( 9 5  mi ) of l i ne from Nag eezi 
to Lo s Al amos are hel d by DOE on Ind i an Al l otment La nd s , U . S. Forest Serv i c e  l and s ,  New Me ixco 
St ate Hi g hway De pa rtment l and s ,  and a number of pr i v atel y owned l and s .  

The easements are general l y  ab out 1 5  m ( 5 0 ft ) wi d e .  Muc h of the gas  transm i tted tnrough th i s 
l i ne i s  c arr i ed on to Sa nta Fe a nd other No rthern New Mex i co  commun i t i e s  i n  a Ga s Company of NM l i ne . 

The Federal Government prese ntl y contr� s 1 1 1  km2 ( 2 7 , 500 ac res ) of l and for use by LASL. The 
tang i b l e  d i s po st i o n  of LASL l and i ncl udes b u i l d i ng s i te s ,  test areas , wa ste d i s po sal l ocat i o ns , roads , 
and ut i l ity r i g hts- of-way .  However , t hese account for onl y a smal l fract ion  of the to tal l and area ; 
most l and i s  used i n  a l ess tang i b l e way to prov i d e  i sol at ion  for secur i ty a nd safety and as reserves 
for fut ure struc ture l ocat i o n s .  A com prehens i ve Master Pl an program for the Laboratory l and s ha s been 
i n i t i ated to assure adequa te pl anni ng fo r the best po ss i b l e  use of ava i l ab l e  l and in the fut ure. 3-1 4  

The 124 maj or struc t ures l ocated i n  the 3 0  t ec hn i c al areas prov i d e  about 280 , 000 m2 ( 3  X 1 06 ft2 ) 
of us ab l e  s pace ( see F i g ure  3 . 2 . 1-3 ) .  Nearl y 80% of th i s  bu i l d i ng s pace i s  wi th i n  fi ve of the tec hn i c al 

area s- -Sout h Me sa , DP-S i te ( pl uton i um and materi al s research ) , Lo s Al amos Me son Phys i cs Fac i l i ty ,  Ten
Si te ( l aser and other resea rch ) , a nd S-S i te ( weapons research) . South Me sa  i s  the mai n techn i c al area 
of the Laboratory , wi th 36  bui l d i ng s  co nta i n i ng more than hal f of the usab l e  s pac e .  Al most 60% of the 
Labor atory empl oyees work i n  thi s area , represent i ng most of the adm i n i strat i v e  and many of  the research 
d i v i s i o ns .  A recent ad d i t i o n  in thi s area i s  the new Na t i o nal Secur ity a nd Re sources St udy Ce nter . The 
DP-S i te act i v i t i es hav e l arg el y moved to the new pl uto n i um fac i l i ty s i te ,  but fi nal  d i s pos i t i o n  of the 
b u i l d i ngs at DP-S i te has  not  been determi ned . 
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16 Kappa Site 
1 7  Magaz ine Area c 
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Figure 3 . 2 . 1- 3 . LASL Technical Areas 
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Al l of the permanent Laboratory techn i c al areas are l ocated wi th i n the LASL b oundaries ( see Fi g ure 
3 . 2. 1-3 ) .  Some temporary offi c e  s pace is prov i d ed  off s i te by l ea s i n g  commerc i al b u i l d i ngs in Wh i te 

Rock and an el ementary sc hool b u i l d i ng i n  ·Los Al amos not needed by the school system bec ause of decl i n i ng 
enrol l ment . The Zi a Company g eneral adm i n i strat i ve  offi c es , warehous i ng and heavy equi pment fac i l i t i e s 

are i ns i d e  the Laboratory Re serv a t i o n ,  i n  the Ma i n  Techn i c al Area . Th e boundaries  of the tec h n i c al 
areas are defi ned by road s ,  by n atural b arri ers s uch  as c anyon rim s ,  a nd , i n  some c ases , by sec ur i ty 
fenc i ng wh i c h  i s  at a co ns i derab l e d i stance fran the bu i l d i ngs . Th us , the ind i c ated techn i c al area 
outl i nes  as s hown on the map  d o  not necessa ri l y  d efi ne devel oped areas--muc h undi st urbed terrai n  i s  
i nc l uded . 

Devel opment occurs i n  numerous scattered areas , l ocati on and s pac i ng general l y  refl ect i ng a 
funct ional d i v i s i o n  of Laboratory ac t i v i t i e s  and res ponses to s pec i fi c  s i t i ng needs s uc h  as secur i ty , 
safety , or topographi c constrai nts . It i s  the po l i cy , where po s s i b l e , to l ocate new d evel opment 
adj acent to ex i st i ng tec hn i c al areas to m i n im i ze env i ronmental im pact and to take advantage of ex i st i ng 
ut i l i t i es and road s .  Most devel opment has take n  pl ace on mesa tops wi th s l opes of l es s  than 1 0% ;  
i n tens i ve devel opment h a s  b een restr icted to 5% sl ope s wh ere the need for excav at ion  and fi l l  operat i ons  
c an be  m i n im i zed . Some struc t ures requi re deep basements ; for i n stance , the LAMPF requi red a s i g n i fi c ant 
excavat i o n  for the underground accel erator tunnel prov i d i ng struc tural i nteg r ity as wel l as  n atural 

3-1 4  s h i el d i ng for safety .  However ,  for the most part natur al topography has been res pected . 
L i m i ted access by the pub l i c  i s  al l owed i n  certai n areas of the LASL reserv a t i o n .  The area north 

of Ancho Canyon between  the Ri o Gr ande and St ate Road 4 i s  ope n  to hi kers , rafters , and hunters , b ut 
woodcutt i ng and vehi c l es are pr oh i b i ted . The Otowi Tract northwe st of State Road 4 i s  open to pub l i c  
access  subj ect t o  the restr i ct i ons o f  t h e  Ant i qui t i e s  Act .  Two other road s ac ross  the Laboratory 
reserv a t i o n  are normal l y  o pe n  to the pub l i c .  These Federal l y-owned road s are Paj arito and East Jemez .  

Wi t h i n  Lo s Al amos County i t sel f ,  a total of 248 km2 ( 6 1  , 320 ac res ) are under federal co ntrol , 
i nc l ud i ng the LASL reservat i o n , Forest Serv i c e ,  Nat i o nal Park Serv i c e , a nd US Postal Serv i ce l ands .  
The perc entage of Federal l y  owned l and i n  Lo s Al amos Co unty has d ec reased fran 1 00% i n  1946 , t o  93% i n  
1967 , a nd 89% i n  1 9 75 .  Remai n i ng l and s are owned by Lo s Al amos County Government , Los Al amos County 
School s , and pr i v ate c i t i ze ns ( see F i g ure  3 . 2 . 1 -4 ) . 3-1 4 • 3-70 • 3-71 

3-70 3-71 3-72 Land use and m�nershi p i n  Lo s Al amos County i s  s ummar i zed i n  Tab l e 3 . 2 . 1-1 . ' ' The 
l and use d ata cover l and under the County Government ' s  d an i n io n  and use and excl ud es most , but not 

al l ,  Federal l y- owned l and . Vac ant and ope n- s pace l and d an i n ates al l categ ori es of l and use wi t h i n  the 
county , account i n g  for 56% of the area under county g overnment control . Of th i s v acant and ope n space 

l and , t he port i o n  tha t can be  d eve l oped for urb an pur poses  amoun ts to 1 4% of the l and wi th i n  the 
County. The rema i n i ng  area , 42% of the total , i s  useful onl y for rec rea t i o nal purposes , b ec ause of 
terrai n l im i tat i o n s .  The l arge proport i on  of o pen space res ul ts i n  a v i sual im pact of unc rowd ed ness  
and l ow dens i ty that i s  h i g hl y  val ued by commun i ty res i d ents . 3-73  

The remai n i n g  44% of the l and under county g overnment control is  the urban i zed area . Re si d ent i al 
areas are the pred an i nant l and use , accoun t i ng for 4 5% of the total urb an i zed area . Th i s  i s  somewhat 

l 3-74  . . 58� h i g her than the nati onal av erage of 39%. As s hown i n  Tab e 3 . 2 . 1-2 , the  maJ on ty , �o , of the 
housi ng is prov i d ed  by s i ng l e- fam i l y  d etached homes .  The s i ng l e  fam i l y  d etached home occ u pi es an even 
h i gher  percentage ( 8 7% )  of the res i d ent i a l l and area . The rema i n i n g  42% of the hous i ng un i t s  are on 
13% of the devel oped res i dent i al area . Accord i ng to the 1 970 nat i o nal  cens us , the rural po pul at i o n  i s  
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TABLE 3 . 2 . 1 - l 
SUMMARY OF LAND OWNERSH I P  AND U S E  I N  LOS ALAMOS COUNTYa 

Land Owners h ip  

Pri vate a nd  c Tota l 
Federal Lands M i scel l aneous Area 

Forest b Tota l 
LASL  Serv i ce M i s c .  Federa l 

Area km2 l l l  l l l  26 248 3 2  280 

Percent of 
Tota l 40 40 9 89 l l  1 00 

Land U s e  

Percent of Tota l Na t i ona l Averag e 2 Area ( km ) Urban i zed Area Percent of Total Land Use  Category 

Res i denti a l  

Commerc i a l  

I ndustri a l d 

Gov ernment ,  
Genera l  Wel fare , 
and Commum i ty Serv i ces 

Streets and R i g hts 
of Way 

7 . 0  

0 . 3  

0 . 5  

5 .  l 

2 . 7  

Deve l opab l e Vacant Open 
Space and U ndeve l opa b l e 
Vacant Land 1 4 . 8  

Tota l e 
3 5 . 2  

a ) Data as of J u l y ,  1 97 5 .  

45 

2 

3 

33 

1 7  

b ) I nc l u des Nat i ona l  Park Se rv i ce ,  U . S .  Postal  Serv i ce , etc . 

39 

5 

l l  

1 9  

26  

c ) I nc l u des  Los A l amos Co unty Government , Los  A l amos Schoo l s ,  and  
pr i vate owners . 

d ) I ndustri a l  category i nc l udes transportat i on , commun i cat i on , and  uti l i t i es . 
e ) Data covers l and under  Los A l amos Government dom i n i on and excl udes most , 

but not a l l , Federa l l y-owned l and .  
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TABLE  3 . 2 . 1 -2 

RES I DENTIAL LAND USE I N  19 74 I N  LOS ALAMOS 

Percent 
Percent of 

Number of Tota l 
of Tota l 

km2 Res i d ent i a l  
Un i ts U n i ts La nd 

S i ng l e - fam i l y detac hed 
hous i ng 3240 58% 6 .  1 87% 

M u l t i p l e fami l y  u n i ts 2 1 50  3 9% 0 . 80 1 2% 

Mobi l e  home u n i ts 1 65 3 %  0 . 1  1 %  

To ta l 5555 1 00%  7 1 00% 
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2 3-7 5  
nom i nal wi th  2 7  peopl e l i v i ng on f i ve  farms wi th an  av erage s i ze of 0 . 02 km ( 4 . 8  acres ) . These 
are actual l y  a few l arge l ots i n  Paj arito  Acres Subd i v i s i o n .  The proport i on  of commerc i al and industr i al 
l and use i n  the unchanged area i s  m uc h  l ower than the nat i o nal  av erage ( see Tab l e  3 .  2 . 1-1 ) bee a use the 
maj or anpl oyment sector ,  LASL , i s  not i ncl uded i n  urb an i zed l and area . 

Industr i a l  g rowt h has  not occurred for many reaso ns : the l im i ted amount of sui tab l e  l and av a i l  ab l e ,  
the  l im i ted wa ter suppl y ,  the smal l l abor force , t he remoteness from most markets , poor transportat i on  
c onnect i ons , a nd the sc arc i ty of  raw materi al s .  The except i o n  i s  rese arch and d evel opment fi rms that 
re inforce  the Laboratory effort . 

Commerc i al l and use  at present i nc l udes  th'e Commun ity Center Compl ex of retai l ,  profess i onal , and 
adm i n i strat i v e  se rv i ces , wi th about 41 , 040 m2 (441 , 600 tt 2 ) of fl oor s pace .  Ot her commerc i al area s i n  
the town site  and Wh i t e  Rock  prov i d e  an add it i o nal 2 0 , 070 m2 ( 2 1 5 , 900  ft 2 ) of fl oor s pace , for a total 
of 61 , 1 1 0  m2 ( 6 57 , 500 s q  ft ) of c ommerc i al fl oor s pac e in the county . 3-7 1  

The government , general we l fare , a nd commun ity serv i ces categori es amount to  3 3% of  the  urban i zed 
l and , wh i ch  i s  a con s i d erab l y  h i g her proport ion  than the nat i o nal av erage of 20%. I n  contrast , the 
pr oport i on  of l and used for streets  and r i ghts-of-way i s  m uc h  l es s  than the natio nal av erage .  

Los Al amos County i s  b ounded by pr ivate l and s o n  the west , I nd i an l ands o n  the north and part of 
t he east , the Bandel i er Nati onal Monument al ong the south , and Forest Serv i c e  l ands a l ong the southwe st ,  
so utheast , and pa rt of the east . Al ong the eastern b oundary i s  a smal l area that i s  d i scont i g uo us 
from , b ut a pa rt of ,  t he Bandel i er Na t ional Mo nument . In the V- sha ped area pr otrud i ng i n to the eastern 
s i d e  of the LASL s i t e  i s  a tract  of sacred g round bel ong i ng to an Ind i an puebl o  ( see F i g ure 3 . 2 . 1-4 ) .  
Los Al amos County al so  own s a smal l pi ec e of l and i n  Santa Fe County ; th i s i s  the s i te  of the Bayo 
Canyon sewage  treatment pl ant . 

Control of l and i n  the v i c i n i ty of Lo s Al amos i s  d om i n ated by state and Federal government and 
I nd i an reservat ions . Th e reg i on of i nterest i s  that wi t h i n  an approx imate 80  km ( 5 0  mi ) c i rc l e around 
Los Al amos l argel y c ontai ned wi th i n  the port ion  of the Ri o Gr ande d rai n ag e  basi n in the coun t i es of 

3-1 4 Los  Al amos , Ri o Arri b a ,  Ta os , Sa nd ov al , Sa nta Fe , and Bernal i l l o . The area i s  trunc ated on the 
east by the drai nage  d i v i d e  of the Sangre d e  Cri sto Mounta i n s  and extended further south a l ong the 

i rr i g ab l e  l and s of the R i o  Gr and e .  Land ownershi p i n  the surroundi ng count i es of R i o Arr ib a ,  Sa ndov al , 
" l l d . . d . 3 2 3 3-70 3-7 6 Santa Fe , Bernal 1 o ,  Mora , a n  Taos  1 s  s ummar l Ze 1 n  Tab l e • •  1- . ' 

Surround i ng Lo s Al amos County , t hree Federal agenc i es control a si g n i fi c ant po rt i on  of l and use : 
the Bureau of Ind i an Affa i rs , t he Forest Serv i c e  and the Bureau o f  Land Ma naganent . 3-72 The Bureau of 

I nd i an Affa i r s  offi c e  in  Santa Fe is  respons i b l e  for the J i c ar i l l a  Apache Re servat i on  and the Ei g ht 
No rthern Pueb l os :  Coch i t i ,  Sa n Juan , San I l defo nso , Pi cur i s ,  Sa nta Cl ara , Sa nto Dom i ng o ,  a nd Poj oaque . 

Al though the Burea u  of I nd i an Affa i r s  prov i d es techn i c al assi stance , fi nal  res po ns i b i l i ty for l and use 
po l icy and dec i si on- maki ng rests wi th each tri b al counc i l . Land use po l i c i es d evel oped by the state 
or l ocal un its  of g overnment have no l egal  author ity to reg ul ate l and use by I nd i ans on reservat ion  
l ands . The  i nc reasi ng  pressure from popul at i on  g rowth for d evel opment of tr i bal l ands , part ic ul arl y 
east of Lo s Al amos near Santa Fe and Es panol a ,  wi l l  hav e a maj or effect on  growt h patterns i n  the 
reg i o n .  

The Forest Serv i c e  manages two Na t i onal Forests i n  northern New Me x i c o .  Th e Sante F e  Na t i o nal 
Forest i nc l udes the Pecos Ri v er Forest Reserv e ,  the Pecos Wi l dernes s ,  the Jemez Forest Reserve  east of 
the Ri o Gr ande ,  a nd the San Ped ro Parks Wi l dernes s .  The Carson Nat i onal Forest i nc l udes the Ta os 
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TABLE 3 . 2 . 1 -3 

SUMMARY OF LAND OWNERS H I P  AND U SE I N  THE LOS ALAMOS REG I ON I N  1975 

Land Owner ship 

FEDERAL INDIAN LANDS STATE 

Bur. o f  Land 
Fed . 

b 
Forest Service Management De fense a 

Misc. Total Fed. 

Count;[ km2 % km2 % km2 % km2 % km2 % km2 % km
2 

Los Alamos 111 40 0 0 111 40 26 248 89 0 0 0 

Rio Arriba 5 , 613 3 7  2 , 24 7  15 1 0 43 0 7 , 904 52 2 , 618 17 439 

Santa Fe 1 , 014 21 338 3 0 0 1 , 360 28 322 6 348 

Sandoval 1 , 502 16 2 , 381 25 0 0 112 1 3 , 995 4 2  2 , 632 325 

Taos 2 , 130 36 838 14 0 0 0 0 2 , 968 51 252 4 393 

Bernalillo 311 10 70 221 24 1 626 2 1 901 0 130 

Mora 402 8 3 1  0 0 0 436 0 0 330 

Total 11 ,083 25 5 , 905 13 336 1 213 1 17 , 537 40 6 , 725 15 1 , 965 

Land Use ( km
2 ) 

Grazing Lands Built-up 
c 

Agric1,11ture Recrea tion Miscellaneous d 

Los Alamo a 111 -0 32 

Rio Arriba 10 , 486 4 , 215 175 

Santa Fe 4 , 230 406 149 

Sandoval 8 , 02 5 1 , 285 143 

Taos 3 , 503 1 , 998 6 7  

Bernalillo 2 , 132 225 381 

Mora 4 , 116 748 50 

Total 32 , 603 8 , 877 997 

a) De f ense includes lands under DOE contro l ,  eg LASL. 

0 26 

207 86 

150 

76 93 

194 8 2 

69 

103 12 

799 304 

b) Miscellane�us Federal ownership includes the National Park Servic e ,  the U . S .  Postal Service, etc. 

c )  Built-up includes urban areas , lands subdivided for residential and industrial uses, and road s .  

111 

67 

4 

221 

6 

416 

d )  Miscellaneous includes defense land s ,  and lakes and reservoirs with surface area of 0 . 16 km2 
or more. 

PRIVATE Total Are11 

% km
2 % km2 

0 3 2  11 280 

4 , 2 7 5  28 15 , 236 

2 , 914 59 4 , 944 

2 , 675 28 9 , 6 27 

2 , 233 38  5 , 846 

4 1 , 371 45 3 , 028 

6 4 , 269 85 5 , 035 

4 1 7 , 769 40 43 , 996 

Total 

280 

15 . 236 

4 , 944 

9 , 627 

5 , 846 

3 , 028 

5 , 03 5  

43 , 996 
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Forest Reserve a nd the  po rt i o n  of  the Jemez Forest Reserve west of the R io  Gra nde . These Nati onal 

Forests are ma naged u nder mul t i p l e u se pl ann i ng fo r l umberi ng , g raz i ng , rec reat i o n ,  a nd m i neral and 
power  product i o n wi th resu l t i ng revenues  bei ng red i str ibuted to the cou nt i es .  Los  Al amos Cou nty 
res i dent s  are heavy rec reat i o na l  u sers of these areas . 

The Bu reau of La nd Management ma nag es al l federal l a nds not u nder the j ur i sd i ct i o n  of another 
federal age ncy ; ba s i c al l y  the l a nd l eft over after the d i stribut i o n  of terri tori al l a nd i n  New Mex i c o .  
Th i s  l a nd i s  l eased t o  pr i v ate i nd i v i du a l s for speci fi c u s e s  such  a s  g raz i ng ,  l umberi ng , mi ni ng , a nd 
agri cu l ture .  Occ as i o na l l y  these l a nds are traded or sol d .  

Ot her Federal l a nd owners i nc l ude the Nat i o nal P ark Se rv i ce and the Bureau of Sport F i sheri es a nd 
Wi l d l i fe .  The Na t i o nal P ark Serv i ce l a nd i s  ma i nl y  Bandel i er Nat i o nal  Monument , part of wh i ch wa s 
decl ared a wi l derne s s  area i n  1 976 . Bandel i er has al so  been authori zed to exp a nd sou thwa rd , so  th i s  
1 d t " 1 1 . 3-77  an  u se ca egory Wl 1 nc rea se . 

The State Land Offi ce manages  state tru st l a nds .  These l a nds are not pub l i c  d oma i n  but are hel d 
i n  tru st for the actual u sers , vari o u s  i nst i tut i ons . They are ma naged to produce revenu e by l ea s i ng 
for l i vestock , t imber ,  a g ri c u l ture , o i l , g a s , a nd other mi neral product i o n .  The State Forest Serv i ce 
al so manages l a nd s i n  the reg i o n .  

Most of  t he  l a nd i s  ope n range grass l and ,  p i non-j u n i per ,  o r  forested . Most of  t h e  popu l at i o n  
ou t s i d e  the c i t i e s  o f  Al bu querque , L o s  Al amos , a nd Santa F e  i s  d i stri buted i n  the smal l town s and 
v i l l ages  al ong the R i o Grande a nd i t s  tr i butari es . 

3-70 3-76 . L a nd u se i n  the Los  Al amos reg i o n i s  s hown i n  Tabl e 3 . 2 . 1-3 . ' G raz1 ng i s  the l a rgest 
s i ng l e  category ,  a l thou gh the col umn covers al l no ncommerc i al forest and wood l a nd s .  Not al l g razi ng 
l a nd i s  i nc l uded , s i nce  pract i c al l y  al l of the commerci al  t imber areas  are al so u s ed fo r g razi ng and 
some agr icu l tural c ropl and i s  al so u sed fo r g razi ng . The m i scel l a neou s col umn al so i nc l u des some 
grazi ng l a nds .  Therefore the total l and acreage u sed fo r grazi ng may be l a rger . 3-2 5 • 3-72 

Commerci a 1 t imber i s  the second 1 a rg est category .  Th i s  covers a 1 1  1 and capab 1 e of produc i ng saw 

t i mber that i s  not wi thd rawn from t imber u se a nd i s  economi cal l y  ava i l ab l e .  These l a nds are ge neral ly  
al so u sed for grazi ng and recreat i o n .  Anothe r l a nd u s e  i n  the reg i o n ,  mi neral produc t i o n ,  i s  not 
s hown i n  the tab l e .  L i ke g razi ng and t imber harvest i ng ,  a l a rge port i o n  i s  done on  l a nd l eased from 
federal or state agenc i es .  M i neral product i o n i nc l udes  oi l , gas , coppe r ,  i ron , manga nese , u ra n i um , 

fel dspa r ,  s a nd , g ravel , coal , cal i che , a nd sal t .  See Sect i o n 3 . 2 . 2  for fu rther d i scu s s i o n  of m i n i ng 
i n  the reg i o n .  Geothermal energy i s  a new l a nd u se be i ng devel oped i n  the reg i o n .  

Th e bu i l t- up  categ ory o f  l a nd u se impl i es a much l arger percentage o f  u rban area s i n  the reg i o n 
than  i s  actual l y  the ca se . Th at i s  becau se thi s category i nc l u des road s and the i r  r i ghts-of-way . I n  
addi t i o n ,  l a nd s that have been subd i v i ded for res i dent i a l and i ndustri al  u ses  are i ncl uded , even  
though  these areas have not act ua l l y  been  devel oped i n  some case s .  Unfortu natel y data i s  not ava i l ab l e  
that  accuratel y dep i c t s  the pred om i nantl y ru ral character o f  the reg i o n .  

Ag ri c u l ture i s  restr icted l a rgel y  to  the  i rr i gab l e l a nd adj acent to the  R io  Grande  a nd i t s  tr i butar i es . 

Wi thi n the area of i nterest , the pri nc i pal  crops are grown on about 344 km2 (85 , 000 acres ) , wh i ch i s  
abou t  hal f of the potent i al l y  i rri g ab l e  l a nd . Even  so , some 95% of the c ropped l a nd i s  cons i dered 

econom i cal l y  restr i cted becau se of 1 ow produc t i v i ty ,  1 im i ted water ava i l ab i l i ty ,  a nd smal l fa rm s i ze .  
Ag ricul ture accou nts  fo r rou gh ly  3% of econom i c  product i o n  yet i s  respons i b l e for 6 5% of the water 
depl et i o ns i n  the area . See Sect i o n  3 . 2 . 2  for further d i scu s s i o n  of agricul tural act i v i t i es i n  the 
reg i o n .  
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The ac reage for recreat i o n  i nc l udes state and nat i ona l  parks and l ands adm i n i stered by the Burea u 
of Sport F i s her i e s  and Wi l dl i fe and the St ate Game and Fi s h  De parbnent . As ment i o ned earl ier , t he 

recreat i o n  categ ory d oes  not i nc l ude al l the rec reat i onal l and use  areas i n  the reg i o n  s i nce pract i cal l y  
a l l o f  the commerc i al t imber l a nds and a port i o n  o f  the g razi ng l ands are al so used for rec reat i o nal 
purpo se s .  These l and s are al so  im portant wi l dl i fe hab i tats . As wi l l  be  d i sc ussed in the next sect i o n , 
l and use i s  v ery c l ose l y  rel ated to the economy of the reg i o n .  

3 .  2 .  2.  Eco nomy 
The economy of the reg i on  i s  b ased ma i n l y  o n  Federal and state g overnment operat i o n s , a l arge 

tour i st trad e ,  and ag ric ul t ure .  I n  add i t i o n ,  t here i s  some l i g ht i ndustry , co nstruct i o n , mi n i ng , and 
arts and craft s ( see Fi g ure  3 . 2 . 2-1 ) . 3-78 

Government i s  the most important  ec onom ic  force i n  the reg i o n ,  amount i ng to one-fi fth to one-thi rd 
of the total empl oyment per county , except for Lo s Al amos where the government sector d i rectl y accounts 
for three-fo urths of the empl oyment . St ate g overnment empl oyment has  b een g radua l l y  i nc rea s i ng over 
the years . The Ci ty of Santa Fe i s  the state cap ito l  and thus headquarter s for al most a l l state 
g overnment agenc i es . The C ity of  Al b uq uerque i n  Bernal i l l o  County i s  he ad quarters for most of the  
Federal ag enc i es in  New Mex i c o .  

I n  add i t io n  t o  the d i rect contr i b ut i o n  t o  the reg i on ' s economy , t he i nd i rect impact o f  g overnment 
ac t i v i ty i s  s ub stant i al . Co nstruc t i o n  act i v i ty i s  l argel y d ependent on  pub l i c proj ects . Maj or 
construct i o n  proj ect s  s uc h  a s  g overnment bu i l d i ng s ,  h i g hway prog rams , the  Ab i qui u and Coch i t i  d am s ,  the 
Sa n Juan-Chama Tr ansmounta i n  Di vers i o n  Proj ect , and mun ic i pal  wa ter and sewer improvements are fi nanced 
by pub l i c  fund s .  The proport i o n  of i nd i rec t  g overnment- i nd uc ed empl oyment cannot b e  accuratel y 

est imated . 
Tour i sm i s  the second most important econom ic  act i v i ty i n  the reg i o n .  I t  h a s  b een c harac te r i zed 

by st eady g rowt h and i s  e s pec i al l y  c ruc i al to the econom i e s  of Santa Fe , Taos ,  and Bernal i l l o  
C . 3-76 . 1 o unt 1 e s .  Correspond 1 ng y ,  t he serv i ces and trad e sectors r ank c l ose ly  after g overnment i n  n um bers 
of �rkers . Sa nta Fe , the  ol dest c i ty i n  the Un ited States ,  i s  a maj or nat i o nal tour i st attrac t i o n .  
I t  i s  s urrounded by tour i st attract ions s uc h  a s  Ind i an pueb l os ,  n at i o nal monuments ,  h i storic Spa n i sh  
v i l l ag e s ,  a nd sk i i ng ,  h un t i ng , fi s h i ng , and wi l dernes s  area s .  

Ag ric ul t ure  wa s once the maj or ec onom i c  act i v i ty i n  the reg i on ,  b ut h a s  b een dec l i n ing  stead i l y  
s i nce 1 940.  Th i s  decl i ne i s  t he resul t of many i n terrel ated factors , s uc h  a s  i nad eq ua te proces s i ng 
fac i l i t i e s  and market i n g  mechan i sms , a red uct i o n  in commerc i al farms , a nd i neffi c i ent use of water .  
Smal l trad i t i o nal  fa rms a r e  stead i l y  b ei ng repl aced wi th l arger ag ric ul tural hol d i ng s ,  a nd the av erage 
v al ue per acre has b een i nc reas i ng . Farm i ng i s  pr act i ced al ong the v al l ey b ottom s ,  pr i nc i pa l l y  the 
Rio Grande ,  but  the sc arc ity of  water l im i ts i t s  d evel opment in other area s .  Al most two-thi rds of the 
c ropped ac reage  is  for al fal fa , hay , a nd past ure ; t he  rest is  used for corn , smal l grai n ,  c h i l i ,  
orc hards , a nd truc k and fam i l y  g ardeni ng . De pe nd i ng on market and weather cond i t i ons , wheat , potatoes , 
and g ra i n  corn v ary a s  the l ead i ng crops after hay . Fru i t  growi ng ha s become a l ead i ng i ncome prod uc er 
i n  R i o  Arr i b a  County.  Le ttuc e ,  o n i ons , a nd potatoes are a l so important c rops in  Santa Fe County .  A 
s i g n i fi c ant port i o n  of the crops i s  marketed and consumed wi t h i n  the area through farmers ' markets  and 

road s i de stand s .  On many smal l farms m ost of the ag ricul t ur al produc e i s  consuned by the fam i l y . 
Truck farms  suppl y some produc e  to l ocal marke t s .  The bul k of the hay and grai n c rops i s  co ns umed by 

l i v estock  wi th i n the area . A l arg e port i o n  of the farm i ng i s  d one by l ower  econom i c  g roups for s ub s i stenc E  
or  as a s uppl ement to i ncome . 3-72 
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L i ves toc k operat i ons in the area account for over 50% of the tota l va l ue added by ag r i c u l tura l  
type act i v i t i es to the economy o f  the area but contri bute on ly  3-5% of the tota l econom i c  product ion  
i n  the  area . L i vestoc k ra i s i ng and producti on i nc l udes both sma l l part-time and l a rge -sca l e  commerc i a l  
enterpr i s e s .  Catt l e  a r e  the pr i nc i pa l  l i ve s toc k wi th mi l k  cows represent i ng 3% o f  the tota l . Opera t i ons 
i nvo l ve  both the gra z i n g  a nd s a l e  of s teers and cow/ca l f  operat i ons . Agr i cu l ture acti v i t i es for the 
operat i ons a re re str i c ted to hay and g ra i n  crops , wi th l i ttl e or no ca sh  s a l es of  produce . The bu l k 
of cash  sa l e s i nvo l ves  th e year l i ng s teer operat i ons , w i th a much sma l l e r proporti on deri ved from 
cow/ ca l f operat i ons . The pr imary d i fference between the l arge- and sma l l - sca l e opera t i ons l i es  i n  the 
percentage of return on i nvestments . The sma l l -sca l e  operat i ons are g enera l ly  of a s ubs i s tence or 
part-t ime nature and  do not contri bu te substanti a l l y  to the owner ' s  cas h  i ncome . The l arge-sca l e  
opera t i ons  rea l i ze a m i n imal  retu rn on the own�r ' s  i nves tment and some cash  i ncome . 3-23 • 3 - 79 Ca t t l e  
ranc h i ng i s  a maj or act i v i ty i n  the northern part of the s ta te , b u t  ag a i n  the g enera l l y  a r i d  cond i t i ons 
l i m i t  ra nges to a re l a t i v e ly  l ow head-per-acre ra ti o .  I n  add i t ion , the decl i ne i n  l i vestock  g raz i ng 
has been a ffected by the i na dequate proce s s i ng fac i l i t i es l oca l l y ,  the decrease  i n  ava i l ab l e  g ra z i ng 
l a nd , and over-graz i ng .  As w i th farmi ng , the trend i s  to re l a ti ve ly  l arge ranches . One a gr i c u l tura l  
act i v i ty ,  ra i s i ng ch i c ken s ,  has been i ncrea s i ng i n  the reg i on . 378 

Ano ther trad i t i ona l  econom i c  act i v i ty i n  the reg i on , m i n i ng ,  has f l u ctua ted depend i ng on market 
demand . Du r i n g  the ea r ly sevent i es ,  m i neral product i on and the products ' pr i ces have been i ncrea s i ng . 
The tota l va l ue of m i neral product ion  for the reg i on i n  1 972  was over $90 m i l l i o n .  Sand , g rave l , and 
s tone are the mo s t  common ly  exp l o i ted m i nera l s  in the reg i on .  Other i ndus tr i a l  mi neral res ources 
i nc l ude perl i te ,  m i ca , pum i c e ,  gypsum ,  l imestone , c l ay ,  beryl l i um , and fe l ds par . The pr ime meta l ores 
are mo lybdenum in Taos County and copper and z i nc in Santa Fe and  Sandova l  Count i e s . Rio Arri ba and 
Sandova l  Counti es pos sess  natural gas  and petro l eum resou rces . Other energy resources in the reg i on 
a re coa l , pea t ,  ura n i um ,  and g eotherma l .  S i nce m i n i ng i s  a r e l a t i v e ly  l abor- i n tens i ve i ndustry , i ts 
mu l t i p l i er effects have a broad econom i c  impact for the reg i on . 3 -72 • 3 - 76 • 3 - 78 

Manufactu r i ng has experi enced s l ow g rowth in the reg i on . The pri nc i pa l  ca tegor i e s  are l umber and 
wood products , food products , and pri nti ng and  pub l i s h i ng .  Outs i d e  of  Al bu querque , s c i e n t i f i c  i ns truments 
a nd s tone ,  c l ay , a nd g l as s  products have importance . I n  Al buquerq u e ,  j ewel ry a nd mach i nery are 
important  products . The C i ty of Al buquerque is the i nd u str i a l  hu b ,  wi th 90% of the 6 1 7 manu factur i ng 
f i rms  i n  the reg i on . 3-76  I t  i s  becom i ng a l ea d i ng center for exchang e of goods and serv i ces throughout 
the southwestern U n i ted States  and  c l ear ly  domi nates the economy of the reg i on a nd the s tate . 

The dec l i ne i n  both farm i ng and  l i vestock  g ra z i ng i s  l arg e ly  respons i b l e  for the depressed  econom i c  
cond i t i on o f  the reg i on .  Un l i ke other areas i n  the nat i on ,  decrea s i ng ag r i cu l tu ra l  emp l oyment has not 
be en o ffset by i ncreased act i v i ty in other sectors . The g enera l l y  modes t econom i c  deve l opment i s  
further hampered by the l a rg e  numbers o f  uns k i l l ed workers and by l anguage and educa t i ona l  d i ff i cu l t i e s . 
There has been a trend , however , towards an i ncreased percentage of j o bs i n  the s e rv i ces , trade , and  
f i nance , i n s urance and rea l esta te sectors , wi th a corres pond i ng l ower proport i on of d i rec t g overnment 
emp l oyment .  There has been a concentrat i o n  of j obs in Al buquerque , Sa nta Fe , a nd Los A l amo s .  W i th 
the excepti ons of A l buquerq u e ,  Santa Fe , and Los Al amos , unemp l oyment i n  the area has cons i s tently 
exceed ed s ta te and nat iona l  averages  ( s ee Ta bl e 3 . 2 . 2 - 1 ) . 3-78 • 3-80 Al thoug h the tota l j obs in the 
reg i on have i n creased by 20% between 1 970  and 1 975 , th i s  g rowth in emp l oyment has not kept up  wi th the 
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TABLE 3 . 2 . 2- l 

EMPLOYMENT , I NCOM E ,  AND POV ERTY STATU S I N  LOS ALAMOS REG I ON 

Al buquerque Northern 

19 763-80 
Metropo l i ta n  New Mex i co 

Em21 oxment Status Mora Taos R i o  Arr i ba Los A l amos Santa Fe Area Reg i on 

La bor force l ' 1 63 7 , 2 1 7 9 , 35 6  7 , 303 27 , 580 1 6 1  , 991  2 1 4 , 6 1 0 

U nempl oyed 388 1 , 085 2 , 000  353  2 , 474 1 3 , 1 46 1 9 , 446 

Unemp l oyment rate 33 . 4% 1 5 . 9% 21 . 4 %  4 . 8% 9 . 0% 8 . 1 %  9 . 1 %  

I ncome & Povertl Status 19753- 78 

Tota l number of fami l i es l , 05 5  4 , 099 5 , 620 3 , 877 1 2 , 228 8 1  , 3 1 2  1 08 , 1 9 1 

Med i an fam i ly i ncome $3 , 1 00 $ 5 , 3 08 $ 5 , 544 $ 1 5 , 273 $8 , 0 1 8  $8 , 868 $8 , 638 

Number recei v i ng wel fare 1 88 687 798 52  793 4 , 5 1 4  7 , 03 1  

or  pub l i c  ass i s ta nce ( 1 8% )  ( 1 7% )  ( 1 4% )  ( 1 % ) ( 6% )  ( 6% )  ( 6% )  

Number of  fami l i es 605  l , 468 l , 93 0 83 2 , 221  l l  , 5 2 1  1 7 , 828 

bel ow poverty l evel ( 5 1 % )  ( 36% )  ( 34% )  ( 2% )  ( 1 8% )  ( 1 4% )  ( 1 6% )  
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growth i n  the l a bor fo rce . Consequent ly  the . u nempl oyment rate has r i sen i n  every county i nc l ud i ng 
Los A l amos i n  the reg i on over th i s  per i od ( see F i gu re 3 . 2 . 2 -2 ) . 3 -78 • 3 -80 The reg i on has two seasonal  
empl oyment patterns a s  we l l .  I n  Santa Fe and Los Al amos  Coun t i es there a re pronounced u nempl oyment 
s urges in J une that decl i ne in September , because of a s tudent i nfl ux i n to the l a bor mar ket . I n  the 
rest of the reg i on unemp l oyment  pea ks  i n  the wi nter months , January th rough Apri l ,  a nd g radual l y  
d i m i n i shes through  the s ummer a nd fa l l .  Th i s  pattern refl ects the dependency on tou ri sm ,  a gr i c u l tu re ,  
forestry ,  and con struct i on . 3-72  

As  a resu l t of  the econom i ca l l y  depres sed status  of the reg i on the med i an i ncome i n  the reg i on i s  
l ow ,  l es s  than the nat i ona l average , and  the percentage of fam i l i e s  wi th i ncome bel ow the nat iona l  
poverty l evel i s  hi g h .  Wel fare or  pu b l i c  f i nanc i a l  a s s i stance i s  a major source of i ncome in  Mora , 
Tao s ,  Sandova l , a nd R i o  Arr i ba Counti es , w i th 1 4  to 1 8% of the fam i· l i e s  rece i v i ng econom i c  a i d  ( s ee 
Ta bl e 3 . 2 . 2- 1 ) . 3- 78 

In th i s  sett i ng ,  LASL f i nds i tse l f the on ly  maj or i nd u str i a l  empl oyer i n  North Cen tra l New Mex i co , 
wi th the reg i ona l economy h i g h l y  dependent on i t .  Beca use of  the l ac k  of comparab l e  h i g h -technol ogy 
empl oyers i n  the reg i on , there i s  a very l im i ted tech n i ca l  l abor pool from wh i c h  to draw , and the 
preponderance of more h i g h l y  s k i l l ed workers must be imported from outs i de the reg i on .  

I n  Los A l amos County the economy i s  based l arg e ly  o n  the Federa l l y  funded operat i ons o f  LASL and  
the a s soc i a ted act i v i t i es of Z i a ,  Los Al amos  Contractors I nc .  ( LACI ) ,  EG&G , and the Los Al amo s Area 
Off i ce  of DOE ( LAAO ) . Th i s  has a l arge econom i c  impact on the surround i ng cou n t i es s i nce 35% of 
these workers l i ve  outs ide  Los Al amos County .  Tab l e 3 . 2 . 2-2 summa r i zes the d i str i bu t i on of workers 
empl oyed in Los Al amos . Empl oyees of the trade , cons tructi on , and serv i ce sectors are not i nc l uded 
in the tab l e ,  but presumab ly  a s i m i l a r  percentag e of these are from the su rround i ng reg i o n .  

The dependency o f  the economy o f  Los Al amos  o n  DOE ' s  operat i ons i s  ea s i ly i l l u strated by the 
emp l oyment s tructure of the cou nty .  The d i rect federa l l y funded emp l oymen t o f  LASL , Z i a ,  LAC I , EG&G , 
and LAAO ha s var i ed between 72% and 67% of tota l emp l oyment s i nce 1 967 . The percentage  of emp l oyment 
that is due to the support i ng serv i ces sector ha s been i ncrea s i ng .  Reta i l  trade a nd serv i ces dom i nate 
th i s  secto r ,  accou nt i ng for one-fou rth of a l l emp l oyment .  Al though contract  construct i on on ly  accou nts 
for 4% of tota l empl oyment ,  i t  a l so pl ays an  important ro l e  i n  the l oca l  economy ( see Tab l e 
3 . 2 . 2-3 ) . 3-80 

As ment i oned earl i er ,  unemp l oyment i s  extreme ly  l ow i n  Los A l amos compa red to the s u rround i ng 
c:ommun i t ies  and the rest of the na t i o n .  There a r e  two u nderemp l oyed g rou p s , however : women and  
ado l e scents . Many women h o l d  non-techn i ca l  degrees , and  others  wi th techn i ca l  deg rees often have 
obso l ete s k i l l s .  The ado l es cents a re genera l l y students between 1 6  and 2 1  years  of age . Aga i n  there 
are few non-techn i ca l  jobs , a nd s ummer empl oyment opportun i t i es are l im i ted . 3-7 1  

Los A l amos has not g enerated the l arg e downtown area that i s  characteri s t i c  o f  other commu n i t i e s  
of  comparab l e  s i ze .  There are two ma i n  commerc i a l  a reas , the commun i ty center i n  L o s  Al amos towns i te 
a nd the shopp i ng centers i n  Wh i te Rock , p l u s  two other ne ig hborhood shopp i ng areas i n  Los A l amos 
town s i te .  
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TABLE 3 . 2 . 2-2 
COUNTY OF RESI DENCE I N  NORTHERN NEW MEX I CO FOR WORKERS AT LOS ALAMOS ( LASL , Zi a ,  EG&G , LAAO , a nd Los Al amos Cou nty Empl oyees i n  1 9 76 ) 

Los  A l amos County 
Los Al amos  Town s i te 
Wh i te Rock 

R i o  Arr i b a  Cou nty 
E s pano l a  and Fa i rv i ew 
Santa Cru z ,  Truchas , etc . 
San  Juan Pueb l o ,  D i xo n ,  Al ca l de ,  etc .  Ab i qu i u ,  E l  R i to ,  etc . 

Santa Fe  Cou nty 
Santa Fe and Pojoaque 
Cerri l l o s ,  Ch i mayo , and Tesuque Taos Cou nty 
Taos , Ranchos de Taos 
Penasco , Oj o Cal i ente ,  Rodant e ,  etc . Bernal i l l o  Cou nty 
Al buquerque , Be l e n ,  Bernal i l l o  Sandoval County 
J emez Spr i ngs , J emez Puebl o ,  Pena B l anca Mora County 
La Cueva 

Total 

C ommu n i ty 

3773 
1930 

1027 
204 
228 
68 

1009 
247 

28 
43 

54 

35 

4 

SALARY IMPACT OF LOS ALAMOS SCI ENT I F I C  LABORATOR Y 
OUTS I D E OF LOS ALAMOS COUNTY 

Santa Fe, Las Vega s ,  Coch i t i , Pojoaque , Te suque , El Ranch o ,  Cuyamungue , San  I l defonso , Nambe 
E s panol a ,  Fa i rv i ew ,  Sant a  C ru z ,  Sa n J uan Pueb l o ,  L a  Mesi l l a 
Hernandez , E l  R i to ,  Ch am i t a ,  O jo  Ca l i ente , Canj i l on ,  Mendanal es , Ab i q u i u ,  Coyote D i xon , Al ca l de ,  Embudo ,  Tao s ,  Vel ard e ,  Arroyo Seco Penasco , Truc has , Cu nd iyo , Ch imayo , Cordova , Trampas J emez S pr i ng s ,  Jemez Pueb l o  Al buquerque , Corral es , Bernal i l l o ,  Bel en , San Pendro M i scel l aneous 

Total 

Number of  
LASL Empl oyees 
J anuar:t 1979  

557  
401 

813  

72 

1 2 1  
199 
56 
64 
70 

2 , 3 5 3  

C ou nty Total 

5703 66% 

1 527 18% 

1256  14% 

71 1% 

54 1% 

35  

4 

8650 

Yearl y 
Sa l ar i es 

$ 1 0 , 9 73 , 645 
6 , 6 17 , 983 

1 1 , 507 , 247 

787 , 362 

1 , 552 ,697 
2 , 340 , 698 

994 , 1 7 3  
1 ,0 3 9 , 345 
1 1661 1424 

$37 , 474 ,844 
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TABLE 3 . 2 . 2-3 

EMPLOYM ENT STRUCTURE OF THE LOS ALAMOS COUNTY 

GOVERNMENT EMPLOYMENT COMMERC I AL SECTOR EMPLOYMENT 
F i nance , Total 

LASL , Z I A  % o f  I n s urance , & Contract Commerc i a l  % o f  Tota l 
Yea r LAC I ,  LAAO Total Trade Serv i ce Rea l Estate Constructi on Other Empl oyment Tota l Empl oyment 

1 967  5 , 372  70 525 l , 3 5 1  1 03 240 93 2 , 3 1 2  3 0  7 , 684 

1 968 5 , 527  72  522 l , 254 70 202 83 2 '  1 3 1 28 7 , 658 

1 969  5 ,  728 71 570 l ' 1 69 94 385 99 2 , 3 1 7 29 8 , 045 

1 970  5 , 827 72  543 l ' 1 25 90 373 98 2 , 229 28 8 , 056 

1 97 1  5 , 624 70  56 1  l , 41 4 1 0 1 293 85 2 , 454 30 8 , 078 

1 972  5 , 728 69 598 l ' 532  1 34 3 1 6  50 2 , 630  3 1  8 , 358 

1 973 6 , 08 1 68 700 l , 57 6  1 26 382 96 2 , 880 32 8 , 96 1  

1 974 6 , 2 1 9  67  755  l ' 755  1 65 261  77  3 , 0 1 3  33 9 , 232 
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In 1976 Wh i te Rock , wi th about one-thi rd of the popu l at i o n ,  had 2 5% of the commerc i al fl oor space 
i n  the cou nty . Reta i l  trade occu pi es 50% of the total commerc i al fl oor space in Los Al amos Cou nty and 

retu rned $59 . 97  g ross i ncome per squ are foot of encl osed space i n  1974 . Serv i ces occu py 43% of the 
total commerci al  fl oor s pac e ,  but on ly  retu rned $ 1 8 . 09 per squ are foot . F i nanc e ,  i nsurance , a nd real 

estate accou nted fo r 6% of the commerci al fl oor s pace ,  retu r n i ng $42 . 73 per square foot . 3-71 

The total amou nt of commerci al devel opment i n  Los Al amos i s  l ow i n  proport i o n to the popu l at i o n .  
The spec i al c i rcumstances o f  Los Al amos as  a cl osed town earl i er l im i ted retai l  act i v i t i e s .  Compet i t i o n  
from Santa Fe , Es panol a ,  a nd Al bu querque h a s  co nt i nued t o  l im i t  commerc i al devel opment . 3-81 The 

proport i o n  of total payrol l s pe nt l ocal l y  has  been i ncreas i ng and reached 36% i n  1 974 , wh i ch i s  st i l l 
l ow consi d eri ng the s i ze of the commu n i ty .  I n  add i t i on , workers who l i ve  out s i d e  t h e  cou nty s pe nd 
the i r  i ncome i n  the commu n i t i es of the i r  res i d ence . Los Al amos does not serve as a market area for 
a ny su rrou nd i ng commu n i t i es , bu t rat her the other commu n i t i es i n  the reg i o n  benefi t g reatl y from the 

payrol l s  of Los  Al amos . The econom i c  impact of DOE ' s  acti v i t i es i n  Los  Al amos on the reg i o n  wi l l  be  
d i scu ssed i n  g reater deta i l  i n  Sect i o n  4 . 3 . 5 .  

3 . 2 . 3  Demography 
For the cou nt i e s  of Mora , Ri o Arri b a , Sa nta Fe , Sa ndoval , a nd Taos a demograph i c  pattern i s  

ev i dent i n  Tabl e 3 . 2 . 3-1 . 3-75 The maj ority ,  7 3% ,  o f  the popu l at ion  i s  peopl e o f  Span i sh l angu age or 

Spa n i sh sur names . Neverthe l ess the term mi nori ty wi l l  be u sed i n  thi s d i scu s s i o n  i n  v i ew of the 
proport i o n s  nat i o nal l y .  I nd i ans represent 1 0% of the popu l at i o n , a nd Neg ro and other mi nori ti e s , 1% . 

Bernal i l l o  Cou nty d i ffers from the othe r s i x  cou nt i es of the reg i on wi th  a smal l er proport i o n  of 
I nd i a n  or Spa n i s h  and a l a rger proport i o n  of non-mi nori ty and Neg ro . Los Al amos has the smal l est 

proport i o n  of m i nori t i es i n  the reg i on .  
I n  the urban  cou nt ies  of Santa F e ,  Bernal i l l o ,  a nd Los Al amos the number of persons per hou sehol d 

i s  3 . 3  t o  3 . 4 ,  compa red to the state average of 3 . 4  ( see Tabl e 3 . 2 . 3-2 ) . 3-78 The s i ze of the average 
hou sehol d i ncreases cons i d erab ly  i n  the more ru ral cou nt i e s  of Mora , R i o  Arri b a ,  Sa ndova l , a nd Taos , 
rang i ng between 3 . 6 to 4 . 2  persons per hou seho l d .  The same type of pattern i s  ev i d ent i n  the percentage 
of women in  the work i ng forc e ,  varyi ng between 14 and 3 0% i n  the ru ral cou nti es and ri s i ng to between 
41 a nd 43% i n  the urba n cou n t i e s .  The av erage for the state i s  37% .  

As d i scu ssed i n  Sect i o n  3 . 2 . 2 ,  the  economy o f  the reg i o n  i s  genera l l y  d epressed , wi th l ow i ncomes 
a nd h i g h  u nempl oyment rate s .  Pred i ctab l y  the med i a n  fam i l y  i ncomes o f  the mi nority g rou ps are l es s  
than  the averages for al l fam i l i e s ,  a nd the percentage o f  fami l i es  bel ow poverty l evel i s  g reater. 
However ,  t here i s  a cons id erab l e d i fference in  i ncome for mi nori ty g rou ps  i n  Los Al amos Cou nty c ompared 
to the rest of the reg i on or the state .  The fam i l y  i ncome of res i d ent s of Los Al amos c l ass i fi ed as  
Spa n i sh i s  al most twi ce  that of the stat i st i cal  average ,  and over four t imes  the fam i l y  i ncome of Mora 
Cou nty ' s Sp an i s h  popu l ati o n .  

The popu l at i o n  i n  the s i x  surrou nd i ng cou nt i es that encompass most o f  t h e  present area o f  i nterest 
i ncl udes a l a rge ru ral popul ati on  and two ma i n  u rban  centers . The two mai n  u rban  centers are the c i ty 
of Al bu querque i n  Bernal i l l o  Cou nty and the c i ty of Santa Fe i n  Santa Fe Cou nty . Santa Fe Cou nty had 
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TABLE 3 . 2 . 3- l  

M I NOR I TY D I STRI BUT I ON  I N  NORTHERN NEW MEX I CO 

( 1 970  Censu s )  

Other 

Spa n i s ha M i nori ty 
% I nd i an % Negro % Groups % 

Berna l i l l o 1 23 , 81 4 39 . 2  5 ,834 1 . 8 6 , 689 2 . 1  2 , 463 . 8  

Los  A l amos 2 , 699 1 7 . 8  71  0 . 5  6 1  0 . 4  63 0 . 4  

Mora 4 , 4 1 9  94 . 6  2 1 0  . 2  

R i o Arri ba 20 , 69 1  82 . 2  2 , 755 1 0 . 9  49 . 2  200 . 8  

Sandova l  l l  ' 1 59 63 . 8  6 , 796 38 . 9  1 9  . l  l 06 . 6 

Santa Fe 34 , 883 64 . 9  l , 096 2 . 0  268 . 5 230 0 . 4  

Taos  1 5 , 1 09 86 . 3  l ' 1 93 6 . 8  28 . 2  277 1 . 6 

State 40 7 , 286 40 . 1  72 , 788 7 . 2  1 9 , 555  1 . 9 7 , 842 0 . 8  

aThi s  co l umn i nc l udes some I nd i ans  wi th Spa n i sh surnames ; therefore , 
county rows may add to more than 1 00% .  

Tota l 

3 1 5 , 7 74 

1 5 '  1 98 

4 , 673 

25 ' 1 70 

1 7 , 492 

53 , 756  

1 7  ' 5 1 6 

0 1 6 , 000  
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TABLE 3 . 2 . 3 -2 

SEL ECTED STAT I ST I CS FOR LOS ALAMOS AND SURROUNDI NG COU NT I ES 

Popu l at i o n  ( 1 9 70 )  L o s  A l amos R i o  Arri ba Sandoval Santa Fe Taos Bernal i l l o  Mora State 

Tota l 1 5 '  1 98 25 ' 1 70 1 7 '  492 53 , 756 1 7 , 5 1 6  3 1 5 , 774 4 , 673  l , 0 1 6 , 000 

1'1ed i a n  a g e  26 . 7  2 1 . 0  2 1 . 3  24 . 8  23 . 3  24 . 4  22 . 6  23 . 9  

Age Di str i but i on 

Under 1 7  42% 45% 45% 39% 42% 38% 43% 40% 

1 8  - 44 35% 32% 32% 3 5% 3 1 %  38% 26% 36% 

45  - 64 20% 1 6% 1 7% 1 8% 1 7% 1 8% 1 9% 1 8% 

65 & over 2% 7% 7% 8% 9% 6% 1 2% 7%  

Persons per househo l d  3 . 4  3 . 9 4 . 2  3 . 4  3 . 6  3 . 3 3 . 6  3 . 4  

Percentage o f  worki ng 
women 43 29 28 43 30 4 1  1 4  37  

Percentag e of 25 and 
o l der wi th 4 or more 
years of col l ege  39  6 1 0  1 7  9 1 7  4 l 3  

Percent  o f  pu b l i c  school 
expend i tu re from Federa l 
sources ( 1 973/ 1 97 4 )  50 . 4  1 0 . 1  23 . 2  4 . 5  5 . l  4 . 7  3 . 6  9 . 5  

Persons per square m i l e  1 2 1 4 4 24 7 226  3 8 

Persons per doctor ( 1 97 4 )  589 l , 820 l , 629 539 l , 890  528 4 , 300 9 1 0 
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a 1 9 7 5  popu l at i on of about 62 , 000 wi th 45 ,000 l i v i ng i n  the c i ty of Santa F e ,  account i ng for i ts 74% 
3-82 urban ch aracter. Further south , Bernal i l l o  County had 3 6 5 , 200 peopl e i n  1 9 7 5 .  The urban growth 

of Santa Fe  and Al b uquerq ue has accounted for most of the growth i n  the i r  two count i es ,  and i nc l udes 
substant i al net i mmi g rat i o n  ( see Tabl e 3 . 2 . 3-3 ) . 3-7 5 • 3-78 • 3-82 Those two urban centers , a l ong 
with Los Al amos County , account for 80% of the reg i on ' s  popu l at i on .  

The maj ori ty o f  the reg i on ' s  rural popul at i on i s  i n  town s ,  vi l l ages , and I nd i an  puebl os rang i ng 
i n  s i ze from a few hundred to a few thou sand . The nearest such commun ity i s  E s panol a ,  about 20 km 
( 1 2  mi ) to the nort heast of Los Al amos , with a 1975  popul at i o n  of over 5600 .  Local rural commun i t i es 
have experi enced l i tt l e net popu l at i o n  growth .  Four count i e s ,  Sandova l , R i o  Arr i b a ,  Mora , and Taos , 
accounted for about 74 ,800 peopl e i n  1 9 7 5 ,  a l l c l assed as rural . Taos , Mora , and R i o  Arri b a  have 
a l most the same popul at i o ns as they d i d  20  years ago .  Sandoval has grown from 12 , 500 i n  1 9 50 to 
2 2 , 600 i n  1 9 7 5 .  Large out-mi grat i on ,  e speci a l l y  of youth seek i ng empl oyment , has  nearly  cancel l ed 
out natural rates of i ncrease ( see Tabl e 3 . 2 . 3-3 ) . 3-75 • 3-78 • 3-82 The rate of popul at i on l os s  
i n  the rural areas h a s  s l owed co ns i d erably  s i nce the 50 ' s  a n d  60 ' s ,  al though the econom i c  factors 
account i ng for th i s  movement are sti l l  present . However ,  there has been a deci ded trend towards 

3-78 3-82 i n-mi g rat i on i n  the peop l e over 5 5 .  ' Th i s  i s  i n  d i rect contrast wi th the trend for 
Los Al amos , where the percentage of resi dent s  over 65  i s  2% , about one-fourth that of the reg i on 
and the state .  Howeve r ,  the proport i o n  i s  i ncreas i ng and shoul d reach the state and reg i onal 
averages dur i ng the next decade .  

Popu l at i o n  proj ect i ons are specu l at i ve at best but offer at  l east some bas i s on wh i ch to  pl an 
for fut ure requ i rements .  Offi c i al proj ect i ons for New Mex i co count i es are compi l ed by the Off i ce of 
Bus i ness Econom i cs and Econom i c  Research Serv i ce ( OBERS ) and the Bureau of Bus i ness Research ( BBR ) at 
the U n i vers i ty of New Mex i co . 3-83 The l owe r proj ect i o n in each case i s  the more recent proj ect i on 
made by l ocal  demographers . A compi l at i o n of recent est i mates shows Los Al amos w ith  an expected 
1980 popul at i o n  of 1 6 ,800 to  2 7 , 300 , Santa Fe 59 , 200 to 6 5 , 100 , and Bern a l i l l o  353 , 500 to 424 , 300 . 
Proj ect i ons for the rural counti es--R i o  Arri b a ,  Sandova l , a nd Taos--bracket the 1 9 70 popu l at i on w i th 
growth to 6 6 , 500  ( BBR ) or decrease to 54 , 100 (OBER S ) . Expectat i ons then are that the rural count i es 
wi l l  rema i n  stab l e ,  wi th  cons i derab l e urban growth occurri ng i n  Santa Fe and Al buquerque . 

By the end of 1 9 7 5 ,  the offi c i al l y estimated popu l at i on of Los Al amos County was 1 5 , 900 . Th i s  
i nd i cate s the growth rates s i nce 1970 are l ower than the preced i ng two decades , when the popul at i on 
grew from about 1 0 , 500 i n  1950 to  1 3 , 000 i n  1 960 and 1 5 , 200 i n  1 9 7 0 . 3-78 H i stori cal l y ,  Los Al amos 
County has grown in proport i o n to the l evel  of LASL ' s  research and deve l opment effort s .  The shape 
of Los Al amos County ' s po pul at i o n  wi l l  conti nue to be i nt i mately dependent on i ts federal agency 
affi l i at i ons .  

Los Al amos County i s  demograph i cal ly unusual  i n  several respects .  By compari son wi th  al l other 
New Mex i co  count i e s it has the hi ghest fami ly  i ncome , h i ghest proport i o n  of col l ege graduates , and 
the h i ghest popul at i on dens i ty .  

T h e  med i an a g e  i n  L o s  Al amos County i s  2 6 . 7 ,  wh i ch i s  hi gher than t he  state average a n d  much 
h i gher than any other county i n  the reg i on .  The age d i stri but i on of Los Al amos has i ts roots i n  the 
ori g i n of the commun i ty wherei n l arge numbers of young profess i onal s were imported , many of whom 
started thei r fami l i es  i n  Los Al amos .  Over the years the popul at i on has matured with  the Laboratory ;  
the l argest fi ve-year age groups of adu l t s  bei ng  25-29 i n  1950 , 35-39 i n  1 960 , and 45-49 i n  197 0 .  
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TABLE 3 . 2 . 3-3 

COMPONENTS OF POPU LAT ION  CHANGE I N  NORTHERN NEW MEX ICO  

1 960- 1 970 
I nferred Net 

1 960  1 970  1 97 5  M igrat iona 

Berna 1 i 1 1  o 262 ' 1 99 3 1 5 , 774 365 , 200  1 , 449 

Los Al amos 1 3 , 03 7  1 5 , 1 98 1 5 , 900 -48 

Mora 6 , 028 4 , 673 4 , 900  -2 , 2 1 0  

R i o  Arri ba 24 , 1 93 25 , 1 70 28 , 000 -4 , 774 

Sandova l 1 4 , 20 1  1 7 , 492 22 , 600 -224 

Santa Fe 44 , 970  53 , 756  62 , 000 0278 

Taos 1 5 , 934 1 7 , 5 1 6  1 9 , 3 00 - 1  , 478 

State 951 , 023 1 , 0 1 6 , 000 1 , 1 47 , 000  - 1 1 9 , 893 

a ) I n ferred net m i g ra t i on i s  the cha nge i n  popu l at i on m i nus  the 
natural i ncrea s e .  The natura 1 i ncrea se i s  b i rths m i nu s  deaths . 

1 970- 1 97 5 
I nferred Net 

M igra t i ona 

29 , 000  

1 00 

0 

400 

3 , 400 

3 , 800 

600 

59 , 000 



3-9 1  

There has cons i s tently been a notch i n  the  popu l at i on d i s tr i but i on at  the  yo unger ages 1 5  to  24 .  I n  
the early days th i s  may have been d ue t o  so many newly  formed fami l i es ; i t  i s  now l argely rel a ted to 
the h i g h  p roporti on of h i g h  school graduates that go away to col l eg e .  The acceptance of newer bi rth 
control techn i qu es has resu l ted i n  a s l i g ht notch i n  the 5- 1 0  year age  category and a pronounced drop 
in  the f i ve years and younger g roup . 

One impl i cati on of these un usua l  popu l at i on characteri st i cs i s  that i ncreas i ng n umbers of reti rees 
can be expected , espec i a l ly i n  the next f i ve to ten years . The reti rement  sector has grown substanti a l l y 
s i nce 1 9 50 .  Earl i er ,  hous i ng a s s i gnments were str i ctly contro l l ed and  on ly  those worki ng i n  Los Al amos 
cou l d  res i de i n  the commun i ty .  A survey i n  1 974 concl uded that 95% of a l l county res i dents 60 years of 
age  a nd over i ntend to conti nue res i d i ng i n  the i r  present homes after reti rement . 3 -84 Recent ly , about 
ha l f of the roug h ly  200 annua l  ret i rees have been rema i n i ng in  the communi ty ;  i f  trends a re proj ected 
us i ng na t i ona l  rates , Los Al amos can expect three to four t imes  as many peop l e  i n  the 65-74 age brac ket 
i n  the next ten to f i fteen year s .  Wh i l e  a popu l at i on g rowth of about 1 400 c a n  b e  ant i c i pated j u st  
from reti rees , the exodus of youth seems l i ke ly  to conti nue as  they go to  col l eg e ;  about 7 5%  o f  h i g h  
school j un i ors and sen i ors recently i nterv i ewed d o  not i ntend to return . 3 - 7 1  Los Al amos has  been 
fol l ow i ng the nati onal trends  towards sma l l er fam i l i es a nd a decrea s i ng percentage  of marr i ed coupl es . 

About 3000 LASL/Z i a/ Federal empl oyees l i ve  ' 'off the hi l l , ' ' ma i n ly  i n  the surround i ng count ies  of 
Sa nta Fe , R i o  Arr i ba ,  Sandoval , Taos , and Berna l i l l o .  Another 1 500  to 2200 persons emp l oyed i n  other 
commun i ty enterpri ses a l so commute from surround i ng area s . Thi s refl ects the chro n i c  hou s i ng shortage , 

wh i ch i s  the res u l t of the l im i ted amount of l and ava i l a b l e  for res i dent i a l  devel opment and the corres pond i ng 
h i g h  cost of l and and  house s .  Many emp l oyees ca n not afford to buy homes i n  Los Al amos , desp i te the 
h i g h  med i an fami ly i ncome . 

The crime i ndex i n  Los Al amos i s  bel ow the nati onal a verage . The ra te for v i o l ent crimes i s  very 
l ow .  The rate for property crimes i s  l ower than that o f  the surround i ng reg i ons . Juven i l e  crime 
accounts for 70% of the a rrests , but the j uven i l e  crime rate i s  sti l l  l ow compared to the reg i ona l  
a nd nat iona l  averages . Soc i a l  prob l ems  focus on  a l cohol a nd drug  use among teenagers . 

3 . 2 . 4  I nst i tut i ona l 
The l arge percentage of Federa l l y owned l ands i n  the reg i o n  (menti oned earl i er i n  Sect i on  

3 . 2 . 1 )  affects the i nst i tut i onal  structure . On ly  Congress i s  authori zed to  p a s s  l aws a ffecti ng the 
a dm i n i strati on of Federal property .  The Mu l ti pl e Use a nd Susta i ned Y i el d  Act o f  1 960 and the C l a ss i f i ca t i on 
a nd Mul ti p l e  Use  Act of 1 964 have changed the adm i n i strat i on of l ands i n  the reg i on and affected the 
reg iona l  economy . 

Federal agenc i es havi ng resource management respons i b i l i t i e s  i n  the reg i o n  i nc l ude the Forest 
Serv i c e  and Farmer ' s  Home Adm i n i strat i on of  the U . S .  Department of Agri cu l ture , the U . S .  Geo l og i ca l  
Survey of the  U . S .  Department of the  I nter i or , the  U . S .  Army Corps of  Eng i neers , the Bureau of  
Rec l amat i on , the  Bureau of I nd i an Affa i rs , the  F i sh and Wi l d l i fe Serv i ce , the  So i l  Conservat i on Serv i ce , 

and  the Agri cu l tural Stabi l i zati on and  Conservati on Serv i c e . 3 -25 
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Th ere are many state agenc i es that have j ur i sd i ct ion  over pa rt i c ul ar aspects of the county .  The 
State Eng i neer Off i c e  and the New Mexi co Water Qual i ty Control Commi s s i o n  are res po ns i b l e  for water 
r i ghts and wa ter qual i ty management . The two i nterstate compacts a ffect i n g  wa ter use i n  the reg i on 
are the R i o  Gr ande Compact of 1938,  amend ed i n  1 948, and the Costel l a  Creek Compact .  There i s  al so 
one i n tern at io nal treaty , the Ri o Gr ande Co nvent i o n  of 1906.  Lo s Al amos County is  d ec l ared part of 

the R io  Grand e Underg round Basi n .  Ot her important state agenc i es i nc l ud e  the Na ti onal Reso urce 
Co nservat ion  Comm i ssi o n ,  the De pa rtment of Game and F i s h ,  the  Pa rks and Recreat i on  Commi ss i o n ,  and the 
E . 1 I t D . . . 3-2 5 nv 1 ronmenta mproveme n  1 V l  s1 o n .  

As the onl y  H c l ass county i n  the state , t h e  powers o f  t h e  Los Al amos Coun ty g overnment are 
g ranted by the St ate Leg i sl ature. Th e county c oord i n ates pl ann i ng act i v i t i es wi th the North Ce ntral 
New Mex ico  Econom i c  Devel opment Di str ict  and the State Pl ann i ng  Off i c e .  I n  1973 the  New Mex i co State 
Leg i sl ature pa ssed a l aw g i v i ng the count i e s  res pons i b i l i ty for manag i ng s ubd i v i s i on of l and , a nd Los 
Al amos Coun ty has s i nce enac ted s ubd i v i s i o n  reg ul at i ons . The County Comprehens i ve Pl an wa s ad opted i n  
1964 , and rev i sed i n  1976 .  In 1977  the  County Zo n i ng Ord i n ance wa s rev i sed and adopted . 

DO E has  adm i n i strat ive  co ntrol of al l of the LASL reservat io n .  Th e secur i ty force ' s 
respons i b i l i t i e s  i nc l ude pol i c i ng ac t i v i t ies , g eneral l y  to prevent the entry of un autho r i zed 
persons i nto restr i cted area s .  There i s  an ag reement wi th t h e  Lo s Al amos County P o l  i c e  De pa rtment 
a uthori z i ng them to t ic ket  traffi c v i o l ators on  the pub l i c  access roads ac ross DOE l ands . The State 
Po l i c e  have authori ty over state h i g hways , s uc h  as State Ro ad 4 .  The Ind i an tr i b al pol i c e  have 
author ity over ro ads  that c ross tr ibal l and s .  In certa i n s i t uat i ons th i s  resul ts  i n  overl appi ng 
author i t i e s .  

The Los Al amos County Charter wa s adopted i n  196 7 .  The County i s  governed by a seven-member 
County Counc i l  el ected at l arge .  Ot her el ected offi c i al s  i nc l ude the Co unty Jud ge ,  the County Cl erk , 

the County As sesso r ,  a nd the Coun ty Sheri ff. The County Counc i l  appo i nts the c h i ef admi n i strat i v e  
offi cers suc h  a s  t h e  County Ma nag er ,  Attorney , and Ut i l i t i es Ma nager.  Th e County Co unc i l  al so appo i nts 
a fi ve-member Ut i l i t i es Bo ard , a th ree-member Bo ard of Equal i za t ion  and a Pl ann i ng  Comm i s s i o n .  

Th e school s are adm i n i stered separate ly  b y  a fi v e-member el ected Sc hool Board , wi th the professi onal  
management of a s u pe ri ntend ent . Th e sc hool system is  funded j o i ntl y by the State of New Mex i c o ,  
county sc hool taxes , a n d  th e Fed eral government . The pub l i c  sc hool system cons i st s  o f  one h i g h  sc hool , 
t� j un i or h i g h  school s ,  a nd s i x  el ementary sc hool s .  Al l but two el ementary sc hool s are l ocated i n  
Los Al amos town s i t e .  There are three presc hool and two d ayc are fac i l i t i e s .  Ki ndergarten i s  offered 
i n  the pub l i c  sc hool s ,  a nd the h i g h  sc hool offers a n i ght school . Th ere are al so a remed i al s peech 
and read i ng therapy c l i n i c , a vocati onal proj ect for the hand i ca pped , and a b ranc h of  the Northern 
New Mex i c o  Commun ity Col l eg e .  

Th e pub l i c sc hool s i n  the remai n i ng coun t i es i n  northern New Mexico refl ect the overal l poor 
econ om i c  cond i t i on s  of the reg i o n .  Th i s  i s  c l earl y refl ected i n  the net o perat i ng cost per pu pi l , 
wh i c h  ranged i n  the other counti e s  between 60% and 7 5% of the cost i n  Los Al amos ( see Tab l e  3 . 2 . 4-1 ) . 3-78 

There are prese ntl y fo ur vocati onal trai n i ng sc hool s i n  the reg i o n .  Col l eg es  and un i vers i t i e s  
i nc l ud e  the Un i v ers ity of  New Mex i co and t� pr i vate fo ur-year col l eg es i n  Santa Fe . 
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TABL E  3 . 2 . 4- 1  

SCHOOL EX P ENDITU RES I N  NORTHERN NEW MEX I CO 

Net Opera t i ona l Cos t per Pup i l 
Cou n t  1 973/ 1 974 

Berna 1 i l l  o $ 7 23 

Los  A l amo s 1 ' 1 69 

Mora 848 

R i o  Arr i ba 773  

Sandova l 883 

Santa Fe 699 

Tao s  7 1 5 
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3 . 2 . 5  Commun ity Serv i c es 
Te l epho ne commun i c at i o n  fac i l i t i e s  are i nstal l ed  and operated by Mountai n States Te l ephone and 

Tel egraph Company , wi th l i ne and m ic rowave  l i nks to Santa Fe . 
The Lo s Al amos Med i c al Ce nter houses hos pi ta l , c l i n i c al l aboratory , and pr iv ate m ed i c al serv i ces , 

a s  �l l as psyc hol og i c al coun sel i ng serv i c es ,  a coronary un i t , a nd a compl ete pharmacy . It wa s 
o r i g i nal l y  b u i l t under the AEC adm i n i strat i o n  and operated by Zi a Company . In 1 964 ownersh i p and 
operat i o n  �re tran sferred to the Lutheran Hos pi tal and Homes Soc iety ,  a non- prof i t  corporat i on that 
manages hos pi tal s and nur s i ng homes throughout the country . The 88-bed hos pi ta l  adm its  an average of 
2200 pat ients per yea r ,  wi th an average d ai l y  occupancy of 35 .  The hos  pi ta l cost per  pat i ent per d ay 

wa s about $ 1 40 i n  197 6 ,  wh ic h  i s  com parab l e  to the reg i on , a l though the doctors ' and l ab costs are 
often h i g h  proport i o na l l y .  

The d octor/ pat i ent rati o for the county i s  1 /589 , 3-78 wi th 3 0  doctors i n  the county .  In  add i t i on , 
a hal f d oze n s pec i al i st s  commute reg ul arl y fran Santa Fe . LASL a l so has i ts own occupat i o nal med i c al 
staff and fac i l i t i e s  for em pl oyee use onl y .  There are seven  denti st� i n  the county .  

The County Heal th De partment , the Coun c i l  o n  Al cohol i sm ,  and the Vi s i t i n g  Nurse Serv i c e  prov i d e  

add i t i o nal  heal th care serv i c es . The DOE f i re department operates an ambul ance serv i c e .  The hi g h
qual i ty med i cal resources of Lo s Al Clll OS County a re atyp i cal  of the northe rn New r-'ex i co reg i o n .  

The Lo s Al amos Fam i l y  Counc i l , the commun ity ' s mental heal th ag ency , he l ps i nd i v i d ua l s and 
fam i l i e s  i n  the Lo s Al Clll OS area overc ome perso nal cri se s  and l i v e  i n  a general l y  b etter emot i o nal 

c l imate . Many of these serv i ces  are free , o thers are offered for fees  based on " ab i l i ty to pay . "  
Persons l i v i ng i n ,  o r  em pl oyed i n  Lo s Al amos County and the ir  fam i l i e s ,  a re served . Programs offered 
i nc l ud e :  pe rso nal coun sel i ng serv i c es ,  Bi g Brothers - B i g Si sters , YE S (Youth Empl oyment Serv i ce ) , 
Fr i e nd s - Tutors , Cr i s i s  I n tervent i o n , The Day Out , a nd Los Al amos County Se n i or C i t i ze n s  Program . 

Addit i o nal  commun ity serv i c es are prov i d ed  by g roups s uc h  as the YMCA a nd Scout i n g  organ i za t i o ns , 
Ca sa Mes i ta , a County Extens i on  Agent , a nd the Pub l i c Li b rary . 

3 . 2 . 6 Trans portat i on 

Northern New Mex i co  i s  traversed by I n terstate Hi g hway 25  i n  a general l y  northeast- southwe st 
d i rec t i o n .  I t  co nnects  Santa F e  to Al b uquerque . Th i s  route i s  d es i g n ated US 8 5  i n  some porti o ns 
wh ere the construc t i o n  to meet i nterstate stand ards i s  not compl eted . From Santa Fe , US 285 proceeds 
northward connec t i ng wi th State Ro ad 4 s hortl y b efore Es panol a ( see F i g ure 3 . 2 . 6-2 ) .  St ate road 4 i s  
the onl y h i g hway i n  the county ,  prov id i ng the mai n  ac cess to Lo s Al anos . It run s th roug h Wh i t e  Rock  
wi th a l oop that run s throug h the Lo s Al amos town s i te .  State Road 4 i ntersects wi th a mai n h i g hway , 
US 285 , about 3 2  km ( 2 0  mi ) east of Lo s Al amos , wh i c h  prov i d es access to Santa Fe and Al b uquerq ue .  

Some Federal l y  owned and Zi a-ma i n ta i ned road s ,  notab l y  Ea st Jemez and Paj ar ito Ro ads , are open to 
pub l i c use and carry a l arge port i o n  of the commut i ng traffi c .  Total county-owned road m i l eage i s  1 64 
m i l es ( 265  km) . 3-71 Th e tran s po rtat ion  network for Lo s Al amos County i s  shown i n  F i g ure  3 . 2 . 6-1 .  

There i s  no  pub l i c bus serv i c e  i n  Los Al Cillos County , a nd the nearest commerc i al bus term i nal i s  
i n  Santa Fe . There are a number of truc k i ng  fi rms furn i sh i ng fre i ght serv i c e  for most commod i ty 
c l asses .  The nearest rai l connect i o n  i s  the Atch i so n ,  To pe ka and Santa Fe l i ne at Lamy , 83 km ( 5 2  mi ) 
east . The l ong di sta nces  to ra i l  and bus connect i ons make th i s  type of travel v i rtual l y  unusab l e  for 
Los Al amos res i d ents .  3-84 
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F igur e 3 . 2 . 6-1 . Trans p o r t a t ion Ne twork in Los Alamo s County 
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The maj or commerc i al  a i tport for northern New Mex i co  i s  i n  Al buquerque .  The Los Al amos Ai rport 
i s  a pr i v ate a i rport owned by the Federal g overnment u nder the admi n i strati v e  j u r i sd i ct i o n  of DOE ,  
a nd manag ed for DOE by the Z i a  Company .  C�nstructed arou nd 1 943 , i t  was opened to pri vate p i l ot u se 
a rou nd 1 96 1 . The Federal Avi at i o n  Agency l i c ensed pi l ots i n  the Los Al amos area may b e  i ssued perm i t s  
t o  u se the a i rport fac i l i t i es on  a permanent bas i s ;  p i l ot s  o f  trans i e nt a i rcraft may acqu i re permi s s i o n  
t o  use  t h e  fac i l i t i e s .  

The a i rport h a s  one ru nway ru n n i ng east-west at a n  el evat i o n  o f  2 180 m ( 7 1 50 ft ) . Al l take-offs 
a re from west to east , and al l l andi ng s  are from east to west . An FAA Restri cted Area Speci al U se  
Ai rspace ( R-5 10 1 )  i s  l oc ated immed i atel y south  a nd we st of the a i rport . Thi rty-one t ie  d own s paces at  
Los Al amos Ai rport a re l eased by DOE to pri v ate a i rcraft owners , a s  wel l as t h i rteen hanger  s paces and  
f i v e  trans i e nt t i e d own space s .  I n  addi t i o n ,  AVGAS ,  a non-profi t corporat i o n ,  l ea se s  a n  area for 
d i s pe ns i ng av i at i o n  gasol i ne and oi l a nd for operat i ng a mechan ic  serv i ce .  DOE p l ans  to u p g rade the 
a i rport ru nway for addi t i o na l  safety and more conven i ent hand l i ng of l arger  and heav i er a i rcraft . 

Ros s Av i at i o n ,  I nc . , h as a contract wi th  DOE to prov i de pas senger  a nd fre i g ht serv i ces  b etween 
Los  A l amos and Al buquerque . The schedul ed fl i ghts  a re ava i l ab l e  to the pub l i c .  Ross  carri ed 2 3 ,603  
passe ngers e i ther to o r  from Los Al amos dur i ng FY 76 .  Frei g ht averaged about 8 , 000 l bs a week . 
Du r i ng the per i od September 1 ,  1 975  t hroug h  August  3 1 ,  1976 , l oca l  FAA- l i censed p i l ot s  made 7951  
l and i ngs/take-offs , a nd trans i ent p i l ot s  made  1 142 l and i ngs/take-offs for  a total of 9093 fl i g hts . 

Transpo rtat i o n  faci l i t i e s  i n  the cou nty a re based on  the road network and the Los Al amos ai rport . 
The pr i v ate automobi l e  domi nates al l forms of t ransportat i o n  i n  Los Al amos County .  Los Al amos has  
t radi t i o na l l y  g i ven  m i n imal  co ns iderat i o n  to  conven i ent access  to  or by pub l i c  t ransportati o n .  

I nd i v i du a l  transportat i o n  i n  Los Al amos i s  essent i a l l y  a l l by pri v ate automobi l e . Work-rel ated d ri v i ng ,  
mostly g ett i ng to a nd from work , c on st i tutes a substa nti al port i on  of veh i c l e t ravel . A cou nty study 
made estimates b a sed on  LASL , Zi a ,  a nd  LACI empl oyees '  res i d ences and work p l aces , a nd traff ic  surveys . 
For  the cou nty as a whol e ,  total annual  veh i c l e  trave l  wa s estimated at 64  x 1 06 km (40 x 1 06 mi ) .  
The Laboratory empl oyees ' work -rel ated travel amou nts to about one-th i rd of th i s .  Al l other work-rel ated 
d ri v i ng accou nts  for somewhat l es s  than  a thi rd of the travel , a nd shoppi ng-soci al - recreati onal d ri v i ng 
accou nts  for somewhat more than  a th i rd . 3-84 

A l arge number of workers commute to Los  Al amos , some from a l ong d i stance ( see F i g ure 3 . 2 . 6-1 ) .  

I n  response to the 1 973  gasol i ne s ho rtag e ,  LASL operated a commuter bu s serv i ce for several months 
b etween  Los Al amos and the Poj oaque , Espano l a ,  and Santa  Fe  a rea s .  However ,  peopl e seem comm i tted 
to the i r  pr ivate cars , a nd after the shortage  abated i t  wa s i mposs i b l e to ma i nta i n  patronage at 
economi cal l y  feas i b l e  l eve l s .  

The Federa l  government prov i d es a motor pool for offi c i al bu s i ness , mai ntai ned and operated by 
the Zi a Company ,  cons i sti ng of passe nger veh i c l e s ,  t rucks , a nd ma i ntena nce veh i c l e s .  Wi th i n the LASL 
s i t e ,  t ranspo rtat i o n  i s  a maj or pl ann i ng concern , as it rel ates to  the l arge area encompa ssed by the 
s i t e ,  t he phys i c al d i spers i o n  of act i v i t i es , a nd i nv estment s i n  pa rki ng l ot s  and road s .  

A recent transpo rtat i o n  study recommended improvements t o  the i ntersecti o n  o f  Paj ar i to Road wi th 
E a st and West Jemez Roads near  the ma i n  techn ic al area . The consu l tants al so  suggested wi den i ng  of 
some road s , other m i nor improvements a nd devel opment of a bu s system .3-85 

Mu n i c i pa l l y ,  the Los Al amos Cou n ty Comprehens i ve P l an recommend s  a pub l i c  transportat i o n  system i n  
the Cou nty a nd for routes  between  Los Al amos and Sa nta F e ,  E s pano l a and Al buquerque . 
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3 . 2 . 7 Archaeo l ogy 
The north-central New Mex i c o  area has an abundance of preh i storic Ind i an ru i ns .  The pre

Col umb i an Ind i an l eg acy i s  a s i g n i fi c ant one s i nc e  the modern Pueb l o I nd i an cul ture is so i n fl ue nt i a l  
i n  th i s  a rea . The R i o  Gr and e Val l ey Pueb l o  Ind i ans trad i t io nal l y  c l a im d i rec t  d esc endancy from the 
i nhab itants of Bandel i er and Puye Cl i ffs Ru i n s ,  a nd numerous othe r ,  l esser  known s i te s  a re scattered 
ac ros s  the pl atea u and i n  the val l ey .  A Laboratory report , LASL 77-4 , "Paj ar ito Pl ateau Arc haeol og i cal 
Survey and Ex cav at i o ns , "  documents the s i te s  wi th i n  LASL b oundar i e s . 3-86 

The ol dest ev id ence of h uman prese nc e  on the Paj ar ito Pl ateau i s  a Fol som po i nt ,  i nd i c at i n g  the 
hun t i ng cul ture of the l ate P l e i stocene ( 8000 B . C . ) .  At l east two othe r type s of proj ect i l e po i nts 
have been fo und from the " arc ha ic "  per i od of North Amer i c an archaeo l ogy , dat i ng from 2000 B . C . to A . D. 
500. After th i s ,  the Pueb l oan cul ture devel oped in the val l eys of the R i o Grande and its tr i b utar i es .  

Vi l l age  l i v i ng evol v ed around A. D. 700 , and ag r ic ul ture and ceram i c  c raft we re i n troduc ed to the area . 
These archeol og i c al s i tes a re l ocated throughout the LASL s i te ( see F i g ure 3 . 2 . 7-1 ) . 3-86 The 

per i od of Pueb l oan occupa t i on started in the mid- 1 3th  century and l asted un t i l  the m id-1 6th cent ury . 
Several h und red 1 3th- 1 4t h  century settl ements are found on mesa tops , wi th i n  the ecotone b etween 

the pi no n- j un i per wood l and and the po nderosa pi ne forest . Th i s  i s  the  area from the r im of Wh i te Rock 
Canyo n  up to an el ev at i o n  of ab out 2250 m ( 7400 feet) , wh i c h  wa s appa rentl y a s  h i g h  as  the I nd i ans 
coul d produc e crops . As soc i ated 1vi th these pueb l os  were many o ne-to-four room structures that appear 
to  have  been storage ho uses near  fi el ds , o r  seasonal homes .  Most structures are found on  the c rests 
of the mesa s , 1vhere d ryl and farm i ng wa s pract i ced . Dur i ng thi s per iod , the  ent i re Paj ar i tan 
commun ity probab l y  c ons i sted of several hundred peo pl e .  

Ab out the end of  the 14th century , the  po pul at ion  a pparentl y ab and oned the h i g her el ev ati o n  and 
concentrated bel ow the 2 1 5 0  m ( 7000 ft )  l evel . Ab out th i s t ime , the l arge v i l l ag es at Otowi , Ts an kawi , 
Ts h i rege , a nd Nav awi came i nto b e i ng . Si tes occ u pi ed dur i ng the 1 5th and 1 6th centur i es are l ocated 
at the l owe r  el evat ions  of the Pl atea u .  These s i tes  are the l arg er 1 5th and 1 6th cent ury settl ements 

3-87 3-88 conta i n i ng several hun dred g round- fl oor rooms and atta i n i ng two- and three- story he i g hts . ' 

By the beg i nn i ng of the 1 6 th c entury , a l l the v i l l ages  had been aband oned except for the b i g 
ones , each of � i c h  hel d a po pul at i on  of as many a s  two- to f i v e- h undred peopl e.  Th en i n  the second 
hal f of the 1 6th c entury , the Paj ar i to Pl ateau wa s ab andoned by the Ind i ans . Legends say the 

Paj ar·i tans  moved to the Tewa v i l l ag e  of San I l  defo nso . Some coul d al so have moved to other v i l l ag es 
. . l 3-86 1 n  the R1 0 Grande Val ey . 

Three s i tes  l ocated wi t h i n  the La boratory reservat i on hav e been propo sed by LASL a s  h i stor i c  
s i te s  to  be  protec ted by l aw :  the Gtowi and Li ttl e Otowi Ru i ns east of  Los Al amos , c av ate ru i n s 
i nc l ud i ng a cave ki va  and game trap near Mortandad Canyo n ,  and the Ts h i rege Ru i n  near Wh i te Rock . 

Archaeo l og i c al s i tes on the Lo s Al amos Sc i e nt i fi c  Laboratory s i te are cons i d ered an h i sto r i c  

and cul t ur al reso urce .  In  th e pa st , a rchaeol og i c al s i tes  threatened by construct i o n  have been 
excav ated by a cons ul t i ng archaeol og i st .  If  po s s i b l e ,  l ocat i ons  of b u i l d i ng s , ut i l i t i e s ,  ''· nd road s 
have been sh i fted to av o id  d i sturbanc e of archaeol og i c al s i te s .  Rout i ne ma i ntenance and construc t i o n  
act i v i t ies  that i nv ol v e s urface d i sturbanc e must rece i ve  rev i ew for impact o n  arc haeol og i c al s i tes 
b efore proceed i ng .  Fo r a more deta i l ed d i scu ss i o n ,  see Append i x  H ( page H-43-44 ) .  Fut ure  act ions  
reg ard i ng archaeo l og i c al reso urces wi l l  b e  governed by  new reg ul at i ons i n  3 6  C FR 800 .  These 
reg ul at ions wi l l  requi re a m uc h  more active pa rt ic i pa t i o n  of the State Hi stor i c  Preserv at ion  
Offi cer i n  dec i si o ns reg a rd i ng h i stor i c  and cul tural reso urces . 
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Fou r  pre-Co l umbi an s i tes  i n  the Paj arito P l ateau / R i o  Grande Val l ey area have been estab l i s hed as 
Nati onal H i storic  S i tes and are open to the publ i c : 3-89 

Bandel i e r  Nat i ona l  Mo nument- -1 6  k m  ( 1 0  m i )  south  o f  Los Al amos off State H i ghway 4 ;  represents Pueb l o 
c i v i l i za t i o n  between 1 300 and 1 500 ; abandoned arou nd 1 580 ; encompasses several settl ement area s ,  the 
best known of wh i ch are the Tyuo nyi and Tsankawi Ru i ns ;  s i tes i ncl ude ru i ns of a 400-room , 3-story 
commu nal dwel l i ng , excavated k i va s ,  a nd vol ca n i c  c l i ff cave d i g g i ngs ; s everal are as yet u nexcavated . 
P ecos Nat i ona l  Monument--40 km ( 2 5  mi ) southeast of Santa Fe off U . S .  H i g hway 84-85 ; i nhabi ted between 
1 400 a nd 1850 ;  cons i sts of a mul t i stori ed dwel l i ng of 660 rooms and some 22  k i v a s ;  popul at i o n  wa s 
probab ly  a rou nd 2 500 . 
P uye C l i ffs H i stori cal  Ru i ns--6 km ( 3 . 5  m i ) south a nd 9 mi l es west of Santa Cl ara Puebl o ;  i nhab i ted 
between the l ate 1 200 ' s  and the mid-1 500 ' s ;  consi sts of many caves ho neycombed i n  vol cani c c l i ffs and 
mul t i stori ed mesa-top structures ; some restorat i o n  has been compl eted . 
Chaco Canyon Nat i onal  Monument--Located i n  northwestern New Mexi co  off St ate H i g hway 56 , Chaco Canyon 
wa s one of the most important preh i storic cul tural and commerc i al centers , a l thou g h  it wa s not pa rt 
of the R i o  Grande Val l ey c ompl ex . Th i s  h i g h ly  d evel oped ag ri cu l tural c i v i l i zat i o n  reached i t s  peak 
i n  the el eventh a nd twe l fth centuri es . The l arg est ru i ns a re Puebl o Bon ito , Chettro Kettl e ,  
Casa R i nconad a ,  a nd Pueb l o del Arroyo--Pu eb l o Bonito al one may have hou sed 1 200 i nhab itants . 

3 . 2 .8 H i stor ic  
The fi rst expl orati o n  by Europeans i n  New Mex i co was l ed by F ranc i sco Vasquez de Coronado i n  

1 540 . The exped i t i o n  wa s spo nsored by Vi ceroy Anto n i o  de Mendoza of Mex i co i n  hopes of fi nd i ng gol d 
and s i l ver .  Part of th i s  exped i t i o n  probab ly passed near Los Al amos .  Another exped i t i o n  that passed 
throu g h  the Los Al amos a rea wa s l ed by Anton io  de  Espej o in 1 582 . E spej o ' s repo rt on  m i nes  i n  New 
Mex i co resu l ted i n  an abort i ve  attempt to settl e New Mex i co i n  1 590 by Gaspar Castano de  Sosa wi th a 

3 -90 3-91 g rou p of arou nd 1 65 col on i sts  ( see F i gure  3 . 2 .8-1 ) .  ' 

I n  1 598 a g rou p of 140 s ettl ers l ed by Don  Juan  de Onate e stab l i shed the Span i sh cap i tol at the 
confl uence of the R i o  Chama and the R i o  Grande ac ross  from the San J u a n  Puebl o .  Apparent ly  a peacefu l 
co- res pect wa s establ i shed , a l t hough the capi tol wa s moved to Sa nta Fe i n  1 61 0 ,  18 years befo re o;ate ' s  
deat h .  

Unl i ke t h e  European col on i sts  east o f  t h e  M i s s i s s i ppi who i ncl uded l arge numbers of women ,  t he 
Spa n i ards who settl ed i n  New Mex i co were most ly  mensol di ers a nd pr i ests who came to estab l i sh Spani sh 
rul e and the Cathol i c  Churc h .  I ntermarr i age wi th t h e  I nd i ans  produced an i nd i genou s Span i sh/Pu eb l o 

1 . 3-92 cul ture rather than an  estab i shed Eu ropean l 1 fe styl e .  
I nd i v i dua l s o r  g rou ps  were often .  rewarded for meritori ou s serv i c e  by g rant i ng them l arge  ac reas  

of l and . Th i s  Spa n i sh l a nd-grant system respected I nd i a n  l and hol di ngs and set a s i d e  pre sc ri b ed 
Puebl o hol d i ng s .  Thus the best l and al ong ri vers had l ong s i nce been settl ed before the Angl o Ameri cans 

a rr i ved 2 50 years l ater.  The effect of the l a nd g rant system can st i l l be seen i n  the prese nt l and 
ownersh i p patterns .  Los Al amos i ncl udes  the Ramon Vi g i l  Grant and part of a prev i ou s  l and g rant 
dati ng back to the wi l l  of Capta i n And res Montoya i n  1 740 . 3-93 • 3-94 
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Under Spa n i s h  rul e , the economy was one of I n d i a n  farm i n g  and Span i sh  catt l e  and sheep herd i n g .  
I nd i a n/Span i sh confl i cts a rose i n  l a rge part due to Span i s h  Church/ State i nterna l fr i ct i ons and resu l ted 
i n  the Pueb l o  Revo l t  of 1 680 . A P ueb l o coa l { t i on l ed by the San  J uan I nd i ans  esta b l i s hed I n d i a n  
i ndependence wh i c h  l as ted 1 2  years unti l res ubj ugati on by Don D i ego  d e  Va rgas i n  1 692 . 

The Mex i co War o f  I ndependence from Spa i n  broug ht the terri tory under the domi n i on of the new 
Republ i c  of Mex i co i n  1 82 1 , but Mex i co C i ty was so fa r away that the effect i n  Sa nta Fe was merel y  a 
symbo l i c  change o f  fl ags  over the Pa l ace of the Governors . The amount of Mex i can  s upport that Santa 
Fe rece i ved wa s i n s i gn i f i cant  i n  compa ri son wi th the econom i c  impcct o f  the Santa Fe Tra i l .  

When the Mex i can-Ameri can War c u l m i nated wi th the Treaty of  Guadel upe- H i da l go i n  1 848 , the Terri tory 
of New Mex i co came under U . S . j u ri s d i ct i on .  W i th the i nfl ux o f  settl ers , great parcel s o f  l and were 
usurped , i rrespect i ve of the estab l i s hed ho l d i ngs under the Span i s h  l a nd grant system . Th i s  act i v i ty 
was supported by the corrupt Ang l o  government referred to as the " Santa Fe R i ng " .  The cou nter res i s 
ta nce from the Spa n i sh a n d  I nd i ans  hel ped perpetuate and preserve a separate Span i sh/Puebl o c u l ture 
and m i n i m i zed the eastern c u l tura l i nf l uence from pol i t i c a l  dom i nat i on . By 1 9 1 2 ,  when New Mex i co 
became a state , the s i tuat i on was a tol erant stand-off , wi th d i fferent cu l tures  ma i n ta i n i ng a separate 
coexi stence of sma l l fa rms , l a rge ranche s ,  and m ixed- bag m i n i ng to support the new state . 3-92 

Homestead i ng on the Paj ar i to P l a teau began  in  the 1 880 ' s ,  but rema i ned trans i tory for another 
forty years . The a rea was used for catt l e  ranchi ng  a nd some farmi ng . Henry Buckman deve l oped a n  
extens i ve l umber i n g  operati on .  Duri ng  th i s  peri od ,  Ado l p h  Bande l i er ' s  excavat i ons  o f  the preh i s tor i c  
ru i ns on  the Paj a r i to P l ateau generated nat i ona l  i nterest .  The i ntroducti on of  the ra i l road i nto the 
reg i o n  i ncreased touri sm. The J emez Na t i ona l  Forest was created i n  1 904 , and Bandel i er Nat iona l  Monument 
was estab l i shed in 1 9 1 6 .  Ash l ey Pond , a Detro i t  bu s i nessma n , started the Los Al amos Ranch School , 

wh i c h enro l l ed i ts f i rst s tudents i n  1 9 1 8 . 3-93 • 3-94 The sc hool fl our i shed for nea rly  a quarter of a 
century .  I ts faci l i t i es were appropr iated a n d  expanded t o  accommodate the staff of the Federo. l Project Y 

a tomi c  bomb l aboratory .  
Duri ng  Worl d Wa r I I , Los A l amos wa s a m i l i ta ry establ i shment .  I n  1 947 Pres i dent Truman s i g ned a n  

Executi v e  Order tra nsferri n g  a l l Manhattan Eng i neer i ng  Di str ict  property to  t h e  c i v i l i a n  A E C  a nd 
decreei ng a l l Los A l amos res i dents to be federa l wards--a "po l i t i c a l  l imbo . " The popu l ace was ,  for 
exampl e ,  wi thout the r i ght to adopt , d i vorce , probate , or vote ( a l l state j u r i sd i c t i ons ) .  

Large ly  i n  response to frequently occurring  pol i t i ca l  quandr i es , l ega l j u r i sd i c t i on over the 
commun i ty of Los A l amos ( the Laboratory rema i ned exempt ) was tra n s ferred to the State of New Mex ico  by 
the March  1 949 Act of Retroces s i on i n  wh i ch the Pre s i dent establ i s hed Los Al amos a s  Prec i nct  1 7  of 
Sandova l County .  Further , in J une 1 949 , the separate County of Los A l amos was formed by The New 
Mex i co State Leg i s l a ture . 3-93 

The estab l i s hment of Los A l amos County brought some of the state ' s  pol i t i ca l  envi ronment i nto 
i nterp l ay w i th the commu n i ty ' s heretofore separate i dent i ty .  Under the new county status  commun i ty 
serv i ces , property , etc . rema i ned under AEC ownersh i p ,  contro l , and fund i ng and were l oca l l y  governed 
by a three member County Comm i s s i on ( appoi n ted by the Governor ) and the area AEC Manager .  Before 
creat i o n  of  the county , l oca l a ffa i rs had genera l ly  been under the advi sement of a Town Counc i l  a nd 
the j u r i sd i cti ona l approval o f  e i ther the Comma nd i ng Officer (mi l i ta ry )  o r  the AEC Manager ( Federa l ) .  
The commun i ty rema i ned 1 00% Federa l l y contro l l ed a nd owned unt i l  the l a te fi ft i e s , when the fences and 
guard gates were removed . I n  the m id- s i xt ies  serv i ces  and property were tran sferred to commun i ty 
control and owners h i p .  
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Co unty and commun i ty control s remai ned under the general j ur i sd i c t i o n  and ord i nanc es presc ri b ed  
by the st ate , pur s uant to county c l assi fi c at i o n .  The se we re adm i n i ste red by the County Comm i s s i o n  and 
mod i fi ed by v ar i o us l ocal pl ans and programs . I n  1 967  the Lo s Al amos Co unty Ch arter wa s adopted as 
the pri ma fac i e  source for c i v i c  co ntrol s and ad v i sement , a nd i t  co nti nue s  to be the admi n i strat i ve  
i n st i t ut i o n  for l ocal g ov ernment . Th i s  establ i s hed the present i n st i t ut i onal struct ure a s  desc r ibed 
earl i er i n  Sec t i o n  3 . 2 . 4 .  Lo s Al amos th us ev ol v ed l argel y i ndepe ndent of st ate and  ne i g hb or i ng 
commun i ty po l i t i c al i n fl uences . 

Contrary to po pul ar bel i ef ,  LASL i s  not the Nat i o nal  Hi stor i c  Landmark l i sted on the Nat i onal 
Reg i ster.  Lo s Al amos County h a s  one desi g nated Nati onal Hi stor i c  La ndmark . The area of a s hel tered 

pl aque south of As hl ey Po nd commemorat i ng the s i te of the  Ranch Sc hool i c e  house , where the fi rst 
atom i c  weapo ns were a s sem b l ed ,  const i t utes the or i g i n al l andmark . The area wa s expanded in the 
m id 1 970 ' s  to  i ncl ud e a l andmark d i st r i ct of th ree Hi stor i c  Tracts  total l i ng about 1 3 . 2 5  acres . 
These tracts  i nc l ude the i c e  house s i te , the  n i ne extant structures of the Ranch Sc hool and 
As hl ey Po nd . Th ese propert i e s  are al l pr i v atel y or County owned ; none are part of DOE property . 

3 . 2 . 9  Cu l tural and Ae sthet i c  Factors3-89 

The desc end ents of the prehi storic So ut hwest Ind i an c ul t ur e ,  the modern Pueb l o  Ind i ans , l i ve  i n  
19  pueb l o v i l l ag e s  rang i ng ac ross New Mex i co  i n  a n  arc from Zun i  t o  Taos , wi th  a total po pul at i o n  of  
ab out 1 9 , 000 ( see F i g ure 3. 2 . 9- 1 ) .  The R i o  Gr ande Val l ey conta i ns 1 5  of the New Mex i c an pue b l os , 
represe nt ing  the Towa , Ti wa , Tewa , a nd Eastern Keres l anguage g roups . The Western Keres l anguage i s  
represented by the Acoma  and Lagun a Pueb l os ,  l ocated further we st al ong wi th  Zu n i  Pueb l o ,  wh i c h  s peaks 

Zun i an .  Span i sh i s  the ad opted l ang uage most common to al l the v i l l ages , and Eng l i sh i s  al so s poken 
by most of th e yo unger v i l l ag ers . 

Th e maj or ity o f  modern pueb l o settl ements d ate from the 1 3t h  to 1 6th cent ur i e s . Each v i l l age  i s  
a sel f- contai ned po l i t i c al un i t ,  a nd , al though not organ i zed as a s i ng l e  tr i bal un i t ,  a l l part i c i pa te 

i n  the Al l - Pueb l o  Coun c i l  wh i c h  deal s wi th  matters common to al l .  Ci v i c  affa i r s  a re d i rected by a 
coun c i l  of l eaders through an el ected g overnor and h i s a ss i st i ng offi c ers . The pr i e sth ood control s 

rel i g i ous  and ceremon i al matters .  Of g reat s i g n i fi c anc e i n  the Pueb l o Ind i an cul t ure i s  the b l end of 
Chr i st i  a� ( Ch urch )  and Ind i an ( K i v a )  rel i g i ous a spects ; the former is of Span i s h  or i g i n ,  the l atter , 
i nd i genous . 

Economy i s  l argel y ag ricu l t ure and farm i ng wi th some l i vestock , c rafts , and wag e  worki ng . Th e 
med i an i ncome i s  l m� .  Pottery i s  by far the most po pul ar c raft . Ot her outstand i ng R i o Gr ande Val l ey 
c raft work i nc l udes bead i ng , t ur quo i se ,  s hel l ,  and s i l ver j ewel ry ( pred om i nantl y by the Santa Dom i ng o  
I nd i an s ) , l eather work , pl ai ted basketry ( by the Jemez I nd i ans) , and d rum maki ng . 

Of the 1 5  p ue b l os sc attered across the Ri o Gr ande Val l ey ,  sev eral are worth s pec i al ment i o n .  The 
Santa Domi ng o  Puebl o ,  po pul at i o n  2200 , i s  the most conservat i ve  of the pueb l os , fo l l owi ng a pre
Span i sh l i fe styl e wi th  heavy n at i v e  Ind i an rel i g i ous i n fl ue nce .  The Taos  Pueb l o ,  probab ly  the most 
wi del y pub l i c i zed of the pueb l os ,  exh i b i ts trad i t i o nal arch i tecture and l i v i ng co nd i t i ons . 

Several pue b l os pe rpetuate tr ad i t i o nal  I nd i an cul t ure through ceremoni al ob servances ; the Jemez 

Pueb l o  i s  d i st i nct i ve  for i t s  ski l l ed performance of several cl assi c dances ; the San Fe l i pe  Pueb l o for 
i t s  annual  Green Corn Da nce ; a nd the San J u an Pueb l o for i t s  Lo s Ma tach i nes perform ances , wh i c h  d ramat i ze 
the 1680 Pueb l o  Rev ol t ag a i nst t he Span i s h  domi n i o n .  
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Al though at l east hal f the puebl o s  produce some pottery ,  the Z i a ,  San I l defonso , and Santa C l ara 
t rad i t i onal - styl e prod ucts  a re renowned and muc h i n  demand by co l l ectors throughout the U n i ted States .  
The  Z i a  pottery has  become popul ar  l atel y among the  l ocal Ang l o  popul at i on as cookware .  

One o f  t h e  great contribut i ons o f  any nat i ve peopl e i s  the i nfl uence o f  th e i r l ocal  fo l k l ore and 
trad i t i ons .  For exampl e ,  Bl ack Mesa i s  a l arge , sol i tary mesa on the San I l defonso Pueb l o ,  reputed to 
be  the home of res i dent I nd i an sp i r i t  force s ,  and few Ang l o or Span i sh-Ameri cans i n  the reg i on woul d 
knowi ng ly profane i ts sac redness .  Al so , few gardens are pl anted before the snow i s  off the natural 
" thunderb i rd "  format i on vi s i b l e  on the s i d e  0f a l ocal mountai n . 3-89 

Pueb l o cul tural trad i t i ons a re best kn own today th rough I nd i an ceremoni al s ,  festi val s ,  dances , 
and crafts .  Sant a  F e ,  New Mexi co ' s cap i tal , i s  s i tuated i n  the heart of  Pueb l o country and  prov i des 
ampl e ev i dence of h i stori cal  and modern I nd i an cul ture , such as the I n st i tute of Ameri c an I nd i an Art s ,  
the Wheel wri ght Mu seum , a nd some o f  the best I nd i an crafts shops i n  t h e  Southwest , p l u s  a n  I nd i an Arts 
and Crafts Market and Fest i va l  each August . 

The c i ty of Sant a Fe  i s  a cul tural center for the reg i on .  The annual Santa Fe  F i esta i s  part of 
the reg i on ' s Span i sh cul t ur al tradi t i o n .  The nat i onal l y  accl ai med Santa Fe  Opera presents summer 
outdoor performances featuri ng many apprent i ces from the Metropo l i tan Opera . The Orchestra of Santa 
Fe  presents fi ve programs a year.  Santa Fe  often attracts wel l known performers , i nc l ud i ng popu l ar ,  
j a z z ,  a nd cl ass i cal . T he  Greer Garson Theater i s  t he  maj or dramat i c  organ i zat i on .  The area i s  dotted 
wi th un i q ue c raft enterpr i ses , a nd both Santa Fe and Taos a re renowned for the i r arts and crafts 

d . . 3-72 tra 1 t 1 0 ns .  
I n  Los  Al amos County , Ful l er Lodge serves as  the  center for  cul tural act i v i t i es and  provi des 

s pace for meet i ngs , c oncert s ,  l es sons , and ot her vari ed programs . The h i gh school aud i tori um i s  al so 
u sed for performances .  There a re over 15 grou ps  founded i n  mus i c  and the dramati c arts  i n  Los Al amos ,  
such a s  the S i nfoni etta ( a  sma l l orchestra ) , the Ch oral Soci ety , and the Los  Al amos L i ght Opera. The 
L i ttl e Theatre Group u ses  the Performi ng Arts Center i n  the Commun i ty Center. Other annual events i n  
the county i nc l ude an art show , rodeo , horse show ,  and fa i r .  The two museums i n  Los  Al amos are the 
County-owned H i stori cal  Mu seum , adj acent to Fu l l er Lodge , and the Bradbury Sci ence Hal l and Mu seum 
managed by LASL . The county a l so has a publ i c  l i brary .  The Un i vers i ty of New Mexi co has  a b ranch 
resi dent center i n  Los Al amos County .  Cul tural i nterests are we l l  supported by Los Al amos 
res i dent s . 3- 7 1 • 3-84 

Recreat i onal faci l i t i e s  i n  both the County and the reg i on are except i o nal and wel l u sed by the 
resi dents of Los  Al amos . The county manages 33  park s .  Thes e ,  comb i ned wi th faci l i t i es owned by the 
school s and pri vate org an i zati ons , prov i de a w ide  range of rec reat i onal opportun i t i e s  ( see Tabl e 
3 . 2 . 9-1 ) . 3-95  Tenni s ,  swi mmi ng , sk i i ng ,  i ce skati ng and hockey , g ol f ,  and basebal l are especi al l y  

popul ar  sport s .  I n  t h e  s urroundi ng reg i on ,  hunt i ng , f i sh i ng , h i k i ng ,  and camp i ng are maj or recreati onal 
act i v i t i es .  Bandel i er Nati onal Monument i s  heav i l y  used by Los Al amos res i dents . In addi t i on to the 
Los Al amos sk i  area , there are s i x  other sk i  areas i n  northern New Mex i c o . 3-72 • 3-96 

The str i k i ng natural sett i ng of the Laboratory contri butes to the v i sual qua l i ty of LASL .  Th e 
Laboratory has  taken advantage of th i s  and l i m i ted i t s  ma i nta i ned l andsc ape efforts to smal l areas i n  
the devel oped s i tes , i n  2 6  o f  wh i c h  some type o f  mai ntai ned l andscapi ng has  been i nstal l ed a round 
b u i l d i ng s .  Many of the outl yi ng ma i nta i ned areas , general ly l andsc aped wi th g rass , a re bei ng  converted 
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TABL E  3 . 2 . 9- l  

RECREATI ONAL FAC I L I T I ES I N  LOS ALAMOS COUNTY AS  OF  l 9 76a 

Tenn i s  Courts 

Baseba l l f i e l ds 

Bas ketba l l  courts 

Soccer and footba l l f i e l ds 

Handba l l  courts 

Ri fl e and archery rang es 

Other ava i l ab l e fac i l i ti e s  

Rodeo g rounds 

Bowl i ng 

l� i na ture g o l f  

Ro l l er s kati ng 

Sk i i ng 

F i s h i ng 

25  

2 1  

24 

l l  

3 

3 

i n  

Totl ots 

P i cn i c  areas 

Horeshoe p i ts 

Swimm i ng poo l s 

Gymnas i ums  

Horse stab l es 

Los Al amos Cou nty i nc l ude : 

Go l f course 

Arts and era fts 

Ice  s ka t i ng 

S l edd i ng 

Camp i ng 

a ) I n c l udes those  owned by the County Government ,  
the schoo l s ,  a nd  pri vate orga n i zati ons . 

1 9  

1 5  

4 

8 

9 

2 
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to Sou thwestern l andsc api ng concept s ,  wh i ch requ i re l ess  mai ntenance and l e ss  water. Th i s  approach 

uses bou l ders , g rave l , a nd nat i ve drought-res i stant trees and bushes .  Al most al l the pub l i c  roads 
outs i d e  the tech n i ca l  areas are bordered by s i zab l e natural vegetat i o n .  I n  the h i g her el evati ons 
toward the west end of the s i t e ,  dense stands of ponderosa  p i ne v i rtua l ly e nc l ose the roads and 
effect i ve ly  screen the vi ew from the road . Th i s  i s  a l esser factor  in the l ower el evat i ons where 
p i non and j un i per pred om i nate . The four maj or northwest-southeast trend i ng roads on or adj acent to 
the LASL s i te run for l ong di stances a l ong mes a  tops before droppi ng i nto b road canyons at the eastern 
s i de of the s i te .  The mesa top roads provi d e  i nterm i ttent l ong v i ew g l impses o f  the R i o Grande Va l l ey ,  
Sangre d e  Cri sto Range ,  Sandi a Range , a nd the c l oser J emez Range . The a l ternate route of State R oad 4 ,  
whi ch l oops  through Los  A l amos town s i t e ,  prov i des dramat i c  vi ews of Pueb l o  Canyon and a port i on of 
Bayo Canyon ,  and a des i g nated scen i c  overl ook takes v i rtual l y  the ent i re Otowi tract i nto vi ew . 3-14 

Th i s  natural l andscapi ng contrasts sharpl y wi th the phys i cal appearance of the Laboratory 
faci l i t i e s .  These faci l i t i e s  are the resu l t of the Laboratory ' s h i story and the s afeguards  requ i red 
for the nature of the work performed . The crash- program LASL mi s s i on and wart i me shortages took 
pri ori ty ,  a nd most structures were , i n  spi te of the ob vi ous accompl i shment s wh i ch took p l ace in them , 
temporary ,  and often prefabri cated .  Later , duri ng the 50 ' s  and 60 ' s ,  most of these were repl aced wi th 
more durab l e ,  str ict ly  ut i l i tar i a n  faci l i t i e s ,  des i g ned in response to stri ngent AEC c onstruct i on 
budget s .  At the same t ime ,  ut i l i t i es ,  roads , park i ng l ot s ,  and secu r i ty fenc i ng prol i ferated as a 
byproduct of Laboratory g rowt h .  

I n  recent years the growi ng nat i o nwi de concern over " q ua l i ty o f  env i ronment and qual i ty o f  l i fe , "  
refl ect i ng chang i ng va l ues  and pri ori t i es ,  has become a prom i n ent i ssue for the Los  Al amos commun ity 
and LASL management . Some recent ly  bu i l t  structures have been desi g ned wi th attent i on to pl eas i ng 
a ppearance but w ith  an overal l emphasi s on ut i l i ty .  Often secur ity req u i rements have resul ted i n  a 
l ack of l andscapi ng and a l arge number of unscreened structures and open spaces . On a smal l er scal e 
are pump hou ses , ut i l i ty serv i ce bu i l d i ngs , pl a i n  metal bu i l d i ngs , guard stat i o ns and the requ i red 
fl ood l i g hts and wi res.  There a re some 1 1 2 km ( 7 0  mi ) of chai n l i nk fenci ng ,  2 . 5  m (8 ft) h i gh ,  
topped w ith  three strands of b arbed w i re .  Most of the fenc i ng i s  not pub l i c ly v i s i b l e  because of 
screen i ng by vegetati on and topography .  The onl y pl aces that fenc i ng has a notab l e  pub l i c  v i sual  
i mpact is  at or near entrances to control l ed techn i cal  areas .  

Many b u i l d i ng s  i n  the  commun i ty i tsel f retai n the i nst itut i onal appearance of  the Laboratory 
fac i l i t i e s ,  but more cons i derat i on has  been g i ven to d i sti nct i ve archi tect ure for newer commun i ty 
structures . Exampl es are the new Los  A l amos school addi t i o ns ,  the County Bu i l d i ng ,  and the new facade 
on the Cred i t U n i o n  Bu i l d i ng .  

3 . 3 .  ROUT INE  OPE RAT IONS 

Rout i ne operat i ons at LASL i ncl ude the supply and consumpt i o n  of resources , such as  water and 
energy , rout i ne  mai ntenance , the d i sposal  of l i qui d ,  g aseou s ,  and so l i d  wastes , and vari ous  precaut i o nary 
procedures.  
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Res ources routi ne ly  consumed by LA5L and ba s i c  to  the operati o n  of the phys i ca l  p l ant  i nc l ude 
wa ter , e l ec tr i c i ty ,  natural gas , s team , gaso l i ne , and , to a l esser extent , propane , d i ese l  o i l  and 
fuel  o i l .  Other resources used and consumed i nc l ude cons truct ion  mater i a l , supp l i e s , chem i ca l s , and 
equ i pment wh ich  a re neces sary to LASL ' s  resea rch efforts . 
Water 

An i n i t i a l  water resource i nvesti g a t i on of the Los A l amos reg i on of the R i o  Gra nde depress i on a nd 
s ubsequent i nvesti gat i ons of the g eo l ogy and g roundwater resources have been made . 3-3 • 3 - l O , 3-97 

Mo n i tor i ng of  wel l and  wel l f i e l d  characteri st i c s  began  when wel l s  were p l aced in  operati on . These 
data were necessary to i ns ure a rel i a t l e  and conti nu i ng h i s tor i c a l  record to prov i de g u i dance fo r 
management of water resources and the d i s tr i bu ti on system . S i nce 1 97 1  the La bora tory has conti nued 
forma l documentat ion  of wel l character i sti cs  and  presented recommenda t i ons for opera t ion  and reha b i l i ta t i o n  
of the o l der we l l s .  A summary of we l l  character i sti cs  from 1 947 - 1 97 1  has been comp i l ed . 3 -98 

One g a l l ery and three Federa l l y  owned we l l  f i e l ds--Los A l amos , Guaje , and Paj ar i to--prov i de the 
water supp l y .  The Los A l amos f i e l d cons i s ts of f i ve wel l s  ( one on stand -by ) , four booster sta t i ons , 
a nd 1 9  km ( 1 2  m i l of  36  em ( 1 4  i n )  s teel  water l i ne ( see F i g u re 3 . 3 . 1 - l ) . The we l l s  i n  the f i e l d  a re 
from 265 m (870  f t )  to 599 m ( 1 965  ft ) deep and are compl eted i nto the sediments of the Tesuque 
Format ion3-27  ( see F i gu re 3 .  1 . 2-3 ) .  The pump i ng rate of the five wel l s  ranges from 1 9  �/ s (300 g pm l  
to 3 7  � I s  (590 gpm ) . The tota l capac i ty i s  about 1 40 �/s (2200 gpm )  or 1 2  x 1 03 m3/day (3 . 1  mgd ) .  
However , the max imum capac i ty at  Booster Stati on 4 i s  about 1 1 5  �/s ( 1 825  gpm )  or 1 0  x 1 03m3/day ( 2 . 6  
mgd ) .  Thus , the f i ve we l l s  i n  the f i e l d a re now capab l e  of produ c i ng more water than can be hand l ed 
through  the booster-transm i s s i on system . 3-99 The we l l s  i n  the Guaj e f i e l d a re from 463 m ( 1 520 ft ) to 
6 1 0 m ( 2000 ft )  deep and are compl eted i n  the sed iments and assoc i a ted basa l ts i n  the Tes uque Forma t i o n .  
The pump i ng ra tes of  the seven we l l s  range from 1 7  � / s  ( 270 gpm )  to 3 5  � / s  ( 5 50 g pm ) . The tota l  
capac i ty i s  about 1 80 � / s  ( 2855 g pm )  or 1 6  x 1 03m3/day ( 4 . 1 mg d )  through  the 1 4 . 4  km ( 9  m i ) of l i n e .  The 
max imum capac i ty of  the three booster stati ons i n  th i s  sys tem i s  1 7 1 �/s ( 2 7 1 0  g pm )  or 1 5  x 1 03 m3/day 
( 3 . 9  mgd ) .  The Paj ar i to f i e l d  con s i sts of three we l l s , three booster stat i ons , and  23 km ( 1 4  m i ) of  
3 0  em ( 1 2  i n )  and 4 1  em  ( 1 6  i n )  con crete cyl i nder water l i ne . The three we l l s  are  from 70 1  m ( 2300 
ft ) to 777 m ( 25 50 ft ) deep and are compl eted i n  the l ower part of vo l ca n i c debr i s  of  the Puye Cong l omerate 
a nd sediments and i nterbedded basa l ts of  the Tesuque Formati on . The pum p i ng rates of the we l l s  range 
from 39 �Is (620 g pm )  to 87 �Is ( 1 380 gpm ) .  The total produ ct i on capa c i ty i s  2 1 0  �/s (3300 gpm )  o r  
1 8  x 1 03m3/day ( 4 . 8  mgd ) .  The max imum boos ter capa c i ty on  the transmi s s i on sys tem i s  2 2 7  � / s  (3600 
gpm )  or 20 x 1 03m3/day ( 5 . 2  mgd ) .  Total produ ct i on from the three we l l  f i e l ds du r i ng 1 9 76 was 
6 . 4  x 1 06m3 ( 1 . 7  x 1 09 ga l ) .  Cumu l at i ve produ cti on ( 1 947- 1 976 ) from these f i e l ds i s  1 20 x 1 06m3 

( 32 x l 09 g a l ) .  
One of  the o r i g i n a l  sources devel oped i n  the early years  of  the proj ect i s  st i l l  i n  use and makes 

a va l uab l e contr i bu t i on to the water s u pp ly . 3- l OO Water Canyon Ga l l ery i s  l oca ted west of the Pa jar ito 
P l a teau on the fl anks  of  the Jemez mounta i ns ( see F i g ure 3 . 3 . 1 - l ) .  Water d i scharges from fractu res i n  
a we l ded tuff o f  the Bande l i er Tuff , i s  col l ected i n  a ga l l ery , fl ows by transm i s s i on l i nes to a 
m i crofi l ter stat i on , and i s  pumped i nto one of the sys tem reservo i rs .  The average annua l d i scharge 
from 1 970  th rough 1 976 v ar i ed from 4 . 2 �/s ( 67 g pm )  to 5 . 9  �/s ( 94 gpm ) . The prod ucti on in 1 976 was 
1 . 6 x 1 05m3 ( 4 1 x 1 06 g a l ) ,  and cumu l a t i ve  produ ct i on ( 1 947 - 1 976 ) is 6 . 1  x 1 06m3 ( 1 . 6  x 1 09 g a l ) .  
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The water from the transm i ss i on l i nes and gal l ery i s  col l ected i n  a n umber of reserv o i rs ( covered 
tanks )  for d i str i b ut i on  to the techn i c al areas and the commun ity. The fo ur reservoi rs that serve  the 
tec hn i c al areas have a capac i ty of  1 . 6  x 1 04m3 (4 . 2  x 1 06 gal ) .  The e i ght  reservo i rs i n  the 

commun i ty have a capac i ty of  9 . 7  x 1 04m3 (26 x 1 06 gal ) .  
The c hem i c al q ua l i ty of  water var ies wi th i n the wel l fi e l ds because of l ocal cond i t i o ns i n  the 

aqu i fer .  See Tab l e  4 . 1 . 1-2 for c hem i c al q ua l i ty parameters rout i ne l y  mon i tored . ( See al so Append i x  H ,  
pag e H-1 8 and H-35 . ) 

The pub l i c water s uppl y system i n  Los Al amos Co unty serves  LASL research and support fac i l i t i e s  
and the commun i t i es of Lo s Al amos , Wh i te Rock , and Paj arito Ac res .  On J u l y  1 ,  1967 , the  AEC tran sferred 

h . d . " b  . t L Al C t 3-1 01 t e commun 1 ty water 1 str 1 ut 1 o n  system o o s  amos o un y .  
The total demand for water i n  Lo s Al amos County d ur i ng FY 7 6  wa s 6 . 5 x 1 06m3 ( 1 . 7  x 1 09 gal ) .  

It  c an be seen fr om Fi g ure  3 . 3 . 1-2 that  LASL fac i l i ty and support funct i ons account for rough l y o ne
thi rd of the total  usag e .  Inc l ud ed i n  that th i rd , however ,  i s  water used by the Zi a power  pl ant to 
g enerate el ectr i c i ty ,  part of wh i c h  g oes to the commun i ty.  Th e res i d enti al  and commerc i al sectors 
used a total of 4 . 3 x 1 06m3 ( 1 . 1x1 09 gal ) dur i ng FY 76. Us i ng an est imated popul at i o n  of 

1 5 , 900 , 3-82t h i s amounted to 0 . 74 m3 ( 1 96 gal ) of water per person per d ay .  
The total demand for water i n  Los Al illlos Co unty through 1 978 i s  s hown i n  Fi g ure 3 . 3 . 1 -2 . Th e  

demand i n  1 9 7 6  wa s 6. 5 x 1 06m3 ( 1 . 7  x 1 09 gal ) ;  howev er ,  t h e  demand dec l i ned to 5 . 8  x 1 063 

( 1 . 53 x 1 09 gal ) i n  1977  and to 5 . 6  X 1 06m3 ( 1 . 48 X 1 09 gal ) i n  1 978.  The dec l i ne i n  demand 

was d ue to conse rvat i on  by b oth  LASL and the res i d ents of the county e ncour aged by h i g her wate r rate s .  
I t  i s  ant i c i pated th at the demand wi l l  ag ai n i ncrease wi t h  g rowth o f  LASL and the county ,  b ut 

probab l y  at l ower rates than prev i ous l y proj ected . In 1978 ,  the LASL rel ated uses  amounted to 
ab out 2 x 1 06m3 ( 0 . 52 x 1 09 gal ) or ab out 1 1% l es s  than i n  1976 .  In  1 978 , the  commun ity 

use  wa s 3 . 7 x 1 06m3 ( 0 . 98 x 1 09 gal ) .  Us i n g  an est imated popul at i o n  of 1 9 , 600 t h i s amoun ted 
to 0 . 52 m3 ( 1 37  gal ) of water per perso n per day ,  or a dec rease of 30% over a two-year period . 

� 
Maj or energy i n put s  to Los Al amos are pr i nc i pa l l y  i n  the form of el ectr i c i ty and natural gas  

( see F i g ure 3 . 3 . 1 -1 )  wi th  l es ser  i n put s being  prov id ed  by g asol i ne ,  propane , and fue l  oi l . In recent 
years Laboratory-rel ated use has accounted for more than 80% of the el ectr ic  power purchased or 
generated by DOE w i th  the other 2 0% be i ng reso l d to the County for d i str i b ut i on  i n  the Los Al amos 
town si te and to  commerc i al users . Wh i te Rock i s  served d i rectl y by the Pub l i c Serv i c e  Company of 
New t-'ex ico  ( PSCNM ) . Ro ughl y hal f of the total power is purchased from PSCNM and the Burea u  of 
Recl amati on ; the othe r hal f i s  generated by the Federal l y  owned gas-f i red power pl ant operated by 
Zi a .  The purchased power comes from var i ous  g enerat i ng stati ons on  the northern New Mex i co powe r  gr id  
( PS CNM) and  from the  Bureau  of Reel amati on '  s Col orado R i v er Storag e  Proj ect .  

El ectric  use by LASL g re1� from about 1 90 t o  2 3 5  x 1 06 kwh between F Y  7 2  and F Y  75  ( see F i g ure 
3. 3 . 1 -3 ) .  Dur i n g  FY 7 6  LASL e l ectr i c al energy c ons t.mpt i on i ncreased by 83 x 1 06 kwh over the FY 75  
f i gure .  
LAMPF . 

Th i s  i nc rease i s  d ue pr imar i l y  to h i g h  energy const.mpt i o n  exper imental fac i l i t i e s  s uc h  a s  
Add i t i o na l  i nc reases are ex pected as t h e  LAMPF exper imental program expands a n d  the operat i ng 

t ime i s  i nc reased . I ntens i fi ed research on control l ed thermonuc l ear react i o ns wi l l  al so requi re 
s ub stant i al i ncrements of el ectr ic  powe r .  The add i t i o nal  power requi rements wi l l  b e  met predomi natel y 

by add i t i o nal  purchased powe r .  In  1 97 7 ,  LASL e l ectr i c al demand g rew o nl y by ab out 1 1  x 1 06 kwh and 
i n  1 978 dropped 19 x 1 06 kwh to a l evel of 310 x 1 06 kl'kl , i nd i c at i ng that conservat i on  measures 
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are beg i nn i ng to b e  effect i v e  ( see F i g ure 3 . 3 . 1-3 ) .  It i s  l i ke l y  that fut ure g rowth wi l l  be  at rates 
l ower than prev i ous l y  proj ected . The PS CNM i s  ex pected to compl ete improvements to the northern New 

Mex ico power gr id  that wi l l  be ad equate to s� ppl y ant i c i pated demand throug h 1983 .  The two ex i st i ng 
tran sm i ss i o n  l i nes l ead i ng to Lo s Al amos , mod i fi ed for compat i b i l i ty wi th PS CNM improvements , a re 

ad equa te to hand l e  th i s  demand . A new 1 1 5  k v  l i ne i s  be i ng  pl anned by the PSCNW that wi l l  carry 
e l ectr i c i ty g enerated by a 5 0  MWe geothermal demonstrat i on  proj ect l ocated on the Baca property . 
Th e Env i ronmental Im pac t St atement , DOE/ E IS-0049-D , for th i s  proj ect i ncorporates a d i sc uss i o n  of 
env i ronmental im pacts  of the tran sm i ss i o n  corri d or that wi l l  cros s the LASL s i te and term i nate at  
mai n tec hn i c al area . Spec i fi c  im pacts to l ab oratory l and addressed in  that DE IS are v i sual impacts 
al ong the sc en ic  h i g hway and l ab oratory work s i tes , l and use co nfl icts  wi th proposed l ab oratory 
devel opment , construc t i o n  impacts and sub seque nt restorat i o n  and stab l i zat i o n  proced ures , access 
throug h hazardous area s ,  potent i al change in an imal m i g ratory patterns ,  and potent i al  impacts on 
rare or endangered spec i es .  

Natural gas  i s  purchased from the Ga s Company o f  New Mex ico .  I n  recent years ( FY 72-7 6 )  a n  
average of  1 9%  h a s  b een resol d to the county for res i d ent i al and commerc i al use , 63% h a s  been used 
to fi re boi l ers for the el ectric  generat i ng pl ant and the steam pl ants , and 1 8% has been used d i rectl y  

b y  the Lab oratory ( see F i g ure  3 .  3 . 1-4 ) .  The steam pl ants and the powe r  pl ant serv e both LASL and the 
commun ity.  Na tural gas consunpt i on has not c hanged apprec i ab l y  d ur i ng the l ast f ive  fi scal years  

b ecaus e of the m i l d weathe r ,  l im i ted new c onstruct i o n , and  conservati o n .  Co nsunpt i o n  i s  ex pected 
to i nc rease somewh at i n  the fut ure , mai n l y  b ec ause of new Laboratory fac i l i t i e s  and homes .  The use 
of gas for el ectr ic power generat ion  wi l l  remai n rel at i vel y constant s i nce no ex pan s i o n  of the power 
pl ant c apac i ty i s  pl anned . The prese nt transm i s s i on pi pel i nes are adequate to hand l e al l ant ic i pa ted 
demand s .  Actual cons unpt i o n  i n  the fut ure i s  more l i ke l y  to b e  l im i ted by g as al l ocat i ons than by 
fac i l i t i es .  Actual use cont i n ued to dec l i ne i n  1977  and 1 978 as shown i n  F i g ure 3 . 3. 1 -4 des pi te 
conti nued growth of the Laboratory and th e town s ite , i nd i cati ng the effec t i venes s of co nserv at i o n  
measures.  As of Aug ust 1978 ,  gas  for the town s ite  wa s no l onger boug ht and reso l d by DOE , but b i l l ed 

d i rectl y by th e Ga s Company of  New Mex i c o .  
Some heat energy i s  d i st r i b uted by central i zed steam systems that use natural gas  a s  fue l . 

Th ere are fo ur reg ul arl y us ed steam systems ( one su ppl i ed by the power  pl ant , three by steam pl ants)  
and one stand by pl ant that suppl y  four tec hn i c al areas and some commun ity fac i l i t i e s .  

Government motor pool vehi c l e s  consumed ab out 2 . 6 x 1 06 £ ( 680 , 000 gal ) of g a so l i ne i n  F Y  76 .  
Th i s  use i nc l ud es g asol i ne for heavy equi pment , truc ks , passenger vehi c l e s ,  a nd some sta t i o nary 
equi pment . Between 1970 and 1 972 , usage  rang ed from ab out 2 . 05 to 2 . 24 x 1 06 £ (542 , 000 to 5 92 , 000 
gal ) .  Propane usag e  for heat i ng at remote l ocat i ons and operat i on of some equi pment wa s 60 , 000 £ 

( 1 6 , 000 gal ) i n  1975 and 80 , 000 £ (2 1 , 000 gal ) i n  1 97 6 . Di esel o i l  i s  used onl y for a few motor 
pool truc ks , f i re truc ks , and emergency el ectric  generators . Fue l  oi l i s  stored to prov i d e  a stand
by emergency suppl y for the power and steam pl ants i n  c ase of a n atural g as shortage .  About 
1 . 93 x 1 06 £ ( 5 1 0 , 000 gal ) are ke pt on hand , wi th onl y smal l amounts used on a reg ul ar basi s for 
pr act i c i n g  emergency procedures and test i ng equi pment . 
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Other Resources 
· other resources used or cons umed at LASL cover a wi de vari ety o f  materi al s .  One of the l argest 

c ategori es i s  the construct i on  materi al requi red for mod i fi cati on of o l d fac i l i t i es and the compl et i o n  
of  new b u i l di ng s .  I n  general , these materi al s are ne i ther unusual  nor consumed i n  quant i t i es g reater 
than s i mi l ar construct i o n  e l s ewhere . Many of the research faci l i t i es i n  the bu i l d i ngs  are compl ex- 
i nc l ud i ng s pec i al l y  des i gned equi pment wi th l arge quant it i es of val uab l e materi al s requ i red for the i r  
fab ri cati on .  

Many suppl i es ,  chem i cal s ,  a nd equi pment used i n  the conduct of  research represent an  i nvestment 
of consumabl e natural resources as wel l as human re sources . Tab l e 3 . 3 . 1-1  s hows some of the maj or 
categori es and econom i c  val ues for F Y  7 6 .  I n  terms of the l oad on reg i onal t ransportat i on ,  a l l 
s u ppl i e s  must be de l i vered to Los Al amos by truck . The total annual  tonnage for LASL i s  about 6 1 , 000 
metr ic  tons ( 1 34 x 1 06 l bs ) .  Th i s  i s  hand l ed by an estimated 80 to  100 t ruck tri ps  per week , many of 
wh ich  are al so  mak i ng del i veri es to other bus i nesses . About 80% of the LASL su ppl i es a re brought by 
some 20 commerc i al carri ers ,  wi th the bal ance carri ed on government veh i c l es ma i n ly  from Al buquerque .  
The  traffi c l oad i s  a sma l l fract i o n  of  the 1 7 , 000 to 3 0 , 000 vehi c l e  tri ps  per week on the three ma i n  
a rteri es l ead i ng i nto Los Al amos .  

Certa i n materi al s u sed i n  LASL operat i ons are of spec i al i nterest because of the i r  rari ty 
or great va l ue .  Exampl es are hel i um and prec i ou s  meta l s .  Hel i um i s  u sed both as a l i qu i d  and 
as compres sed gas .  The average annual  usage 1974-1976  was 76 , 300 t ( 20 , 000 gal ) as l i qu i d  and 

7 6 , 300 m3 ( 2 ,695 , 200 ft3 ) as g a s .  I n  1977  the  Laboratory i n i t i ated a hel i um col l ect i on  and 
recyc l i ng effort . A l a rge hel i um pl ant acq u i red for the CTR program has  s uffi ci ent capac i ty to 
hand l e  the Laboratory recyc l i ng .  

Prec i o u s  metal s are accounted for i n  terms of econom i c  val ue ( see Tabl e 3 . 3 . 1-2 ) .  Most prec i ous  
metal s are not cons umed but a re rec l a i med by decontami nat i o n or  rework i ng and put to ot her use once 
a g i ven  purpose has been served . 

3 . 3 . 2  Rout i n e Ma i ntenance 
Rout i n e i nsect and rode nt cont ro l at LASL both i ns i de bu i l d i ngs  and on Laboratory g rounds i s  

contracted to a l i censed commerci al  pest extermi nator.  Z i  a Co.  a ppl i es al l herbi c i des . The pest 
contro l  pl an for the Laboratory i s  submi tted yearly to DOE for rev i ew by the Federal Work i ng Grou p on 
Pest M anagement . Th i s  is done to assure that a l l pest i c i des proposed for use have ei ther an EPA o r  
USDA reg i strat i on number a n d  that al l propo sed appl i cat i ons conform wi th EPA and USDA regi stered uses 
and l abel spec i fi c at i on s .  The pe sti c i d e  appl i cat i on freq ue ncy schedul e for t reatment of LASL g rounds 
i s  s peci fi ed ( seven categori es ) and vari es from one appl i cat i on every two years to a " once only"  
a ppl i cat i on .  I nsect and rode nt cont ro l i ns i de  bu i l d i ngs  i s  accompl i s hed primari l y  on an  " o n  cal l "  
bas i s  except for some areas t hat requi re rout i ne appl i cat i on varyi ng i n  freq ue ncy from once pe r month 
to once per year.  The common names for pest i c i des used at LASL a re l i sted i n  Tab l e 3 . 3 . 2- l  wi th the 

target pe st ( s )  i nd i cated . Much of the herbi c i de  appl i c at i on i s  necessary to comply w ith  DOE cr iteri a 
regard i ng f i re and secur i ty protect i o n .  
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TABLE 3 .  3 .  1 - l 

MATERIALS FOR OP ERAT ION  AND MAI NTENANCE OF LASL DUR I NG FY 76a 

Ca tegory $ Thousands b 

Hardware and sma l l too l s l , 3 9 1  

Chemi ca l  and  sma l l tool s l ' 7 90 

Meta l s and meta l a l l oys 802 

E l ec tron i c  suppl i es 3 , 1 2 7 

Mecha n i c a l  mater i a l s  and suppl i es 594 

Med i ca l  materi a l s and supp l i es 20 

Off i ce mater i a l s  and supp l i es 1 , 399 

C l othi ng 3 1 5  

Laboratory suppl i es l , 560  

M i s ce l l aneous mater i a l s  and  supp l i es 382 

Spec i a l  process spares 623 

a ) Pro-rated from f i g ures for FY 76  and FY  7 6T .  
b ) Inc l udes materi a l s  i n  use , bu t not  unu sed mater i a l s  i n  stoc k .  

TABLE 3 . 3 . 1 - 2 

PREC IOUS METALS AT LASL AS OF JUNE  30 , l 976a 

Meta l $ Tho usandsb 

Gol d 1 60 

S i l ver 2 

P l ati num l , 3 20 

Pa l l ad i um 5 

Rhod i um 40 

I r i d i um 53 

Osm i um 0 . 4  

a ) I ncl udes meta l s  i n  stock , i n  use , and returned to stoc k 
for c l ean i ng and rework i ng . 

b ) Due to the many forms i n  wh i c h  theme mater i a l s are supp l i ed ,  
the best summary i s  i n  the costs to LAS L .  
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TABLE 3 . 3 . 2- 1  

PEST I C I DES USED AT LASL 

Target Pest ( s ) 

Rats , m i ce , gophers 

Gophers 

Coc kroaches , s i l verf i s h ,  s p i ders 

Coc kroaches 

C l over m i tes  

Mosqu i toes 

Fungus  and m i l dew ( l awns ) 

Catta i l s  

Broad l ea f  weeds 

Weeds 

Vegeta t i on 

Canmon Name of Pesti c i dea 

D i pha c i none 

Strychn i neb 

Propoxur  

Pyrethrum 

D i cofol 

Temophos 

Chl orox 

Da l a pon 

2 , 3 , 6- TBA 

2 , 4-D (am i ne )  

DCPA 

Bromaci  1 

Benef i n  

Ammon i um s u l famate 

a ) Due to var ious  formu l at i ons , the tota l amou nt  of a ct i ve  
i ng red i ents used i s  not  ava i l ab l e .  

b ) Bel ow-g rou nd a pp l i ca t i on on l y .  



3-1 1 7  

Custod i al mai ntenance o f  the LASL phys i c al pl ant i s  carr i ed out by t he Zi a Co . The nature of 
programs at  a research fac i l i ty s uc h  as LAS[ nec ess i tates  h i g h  qual i ty mai ntenance to preserve the 
sa fety of  personne l , ma i ntai n secur i ty ,  a nd protect the e nv i ronment . Al l custod i al perso nnel are 
secur i ty-cl eared or in the proce ss  of be i ng cl eared . No one i s  perm i tted in a sec ured area unt i l  
cl eared . The c ustod i al force a s  o f  January 1977 numbered 2 62 persons . Th i s  force i s  respons i b l e 
for the m a i n tenance of 423 , 084 m2 ( 4 , 5 54 , 185 ft2 ) .  Rout i n e  c l ean i ng freque ncy i n  most areas i s  
onc e/ day b ut v ar ies  cons i derab l y  wi th the type and use of the fac i l i ty to cl ean i ng on an " on cal l "  
bas i s .  Custod i al perso nnel are not permi tted i n  some spec i al research areas except under very r i g i d  
s u perv i s i o n  on  a s pec i al req ue st bas i s .  The g reat var i ety o f  housekeepi ng ta sks requi res a s i m i l ar 
v ar i ety of c l ean i ng and mai ntenance prod uc ts i nc l ud i ng househo l d ammoni a ,  b l eac h ,  13 type s of s pec i al 
purpo se cl eaner s ,  d eord orants , two type s of detergents , 5 type s of pol i she s ,  waxes , a nd fi n i she s ,  r oc k  
sa l t ,  two type s of seal ant s , 9 types  of  soaps , fl oor st r i ppe r ,  two type s of  soda , and two type s of  
sweepi ng campo und s .  

3.  3.  3 .  Wa ste Di sposal 
I n  the earl y d ays of the Laboratory , the  si ngul ar , pressi ng m i s s i o n  wa s to make a nuc l ear 

b om b .  Wa stes  we re hand l ed by the  best av a i l ab l e  methods ,  b ut rel at i vel y l i ttl e wa s known ab out some 
of the mater i al s and t ime and man power  were l im i ted . So l i d  wa stes were bur i ed i n  p i t s  dug ·i nto the 
t uff on  mesa tops--a  pr act ic e tha t ,  wi th  refi nement s , i s  st i l l cons i d ered the most effect i v e  method 
for th i s  are a .  Ga seous wa stes were fi l tered us i ng the tec hnol ogy of the t ime .  Li qui d s  wi th  l ow 
l ev el s of contam i nat i o n  we re d i sc harged i nto a canyo n area un used for other pur po ses ; l i qu i d s  wi th 
h i gher l evel s of contam i nat ion  were d i sc harged i nto rock-fi l l ed  p i t s  dug i nto the tuff . Many of  these 
prac t i c es woul d not be cons i d ered adequate by today ' s stand ard s ;  fortun atel y they d i d  not cont i n ue for 
l ong and l ed  to research i n to more s u i tab l e  procedures .  Furthermore , cont i n ued mon itor i ng over the 
years has s hown tha t no safe ty or  env i ronnental hazard s  have  resul ted fran the se pr act ices , a s  d i sc us sed 
in more deta i l  i n  sec t i ons 3 . 3 . 4 , Env i ronmental Mo n i to r i ng Prog rams , and 4 . 1 ,  Primary Impacts .  
L iqu i d  Wastes 

L i qui d wa stes  i nc l ude rad i o act i vel y c ontam i n ated sol ut i ons , c hem i c al l y  contam i n ated wa ste s ,  
s an i tary sewage ,  cool i ng wa ter d i sc harges , a nd storm drai n ag e .  Each i s  ha nd l ed d i fferentl y .  Rad i o
ac t i v el y  and chem i c al l y  contam i nated wa stes are col l ected and treated separatel y fran san i tary wastes .  
Al l l i qui d san it ary wa ste s enter i ng the LASL col l ect i o n  systems are eventua l l y  routed to LASL t reatment 
pl ants for rout ine  process i ng .  A s pec i al case i s  the wa ste col l ec t i o n  system at the Heal th Re searc h 
Laboratory ,  wh ere an adm i n i st rat i ve  procedure  d i ctate s  that  l i q ui d wa stes contai n i ng rad i oact i v e  or 
hazardous chem i c al s b e  co l l ected i n  sepa rate portab l e  contai ners and haul ed to one of the co ntam i nated 
waste treatment pl ants d esc r i b ed  bel ow for appropr i ate process i ng .  



3- 1 1 8 

I n  1 948 a j o i nt effort wa s s tarted w i th the US Pub l i c  Hea l th Serv i ce to devel op a method for 

remov i ng p l utoni um and other rad i onuc l i d es from rad i oact i ve l i q u i d  wa ste.  Bench- sca l e experiments 
showed that convent i ona l  water treatment pl ant methods cou l d be mod i fi ed for treatment of rad i oact i ve 
waste s .  I n  1 9 51 a pl ant empl oyi ng fl occul at i on-sediment at i on-fi l trat i on ,  wi th chem i ca l s and fl ow 
rates based on the bench-sca l e stud i es ,  began process i ng rad i oact i ve and genera l i ndu str i al  wa stes 

for the pr i nc i pal  tech n i ca l  a reas . 3-lOlA , 3-lOlB In 1963 t h i s  ori g i nal pl ant wa s repl aced wi th a 
faci l i ty known as the Central Waste Treatment P l ant ( see F i gure 3 . 3 . 3-1 ) .  The mai n  tech ni cal  a reas 
h ad moved away from the ori g i nal pl ant duri ng th e i nterven i ng years . The new pl ant was more centra l l y  
l ocated wi th respect to the wa ste sources and further south from t he  town s i t e .  A n  i o n-exchange 
fac i l i ty fo r the remova l of st ront ium was i ncorporated i nto t h i s  pl ant . 

The bu l k  of the rad i oact ive  l i q u i d  waste i s  routed to the central treatment faci l i t i es by p i pe 
co l l ect i o n  system s  that are compl etel y separate from the san i tary sewage systems ( see F i gure 3 . 3 . 3-2 ) .  
These col l ect i o n  systems d i ffer from the usua l  s an itary sewer network s  because waste character ,  topography , 
and , i n  some ca se s ,  a need to mon i to r  i nd i v i dua l  sources , requi re the use  of a con s i derab l e  number of 
storage tank s , n eutral i zat i o n  stat i ons , a nd pump s .  L i m i ted quant i t i es of l i qu i d  rad i oact ive  wastes 

a re generated at remote l ocat i on s .  These wa stes are col l ected i n  ho l d i ng tanks on l ocat i o n .  Period i cal l y ,  
sma l l port i ons  of these wa stes are sampl ed for assay and batches of waste a re col l ected from the tanks 

a nd transported to the Central Wa ste Treatment P l ant for process i ng . U . S . Department of Transportat i on 
regu l at i ons a re used as a g u i d e  to trans portat i on of these batch waste s . 3-lOlC 

The ma i n  rad i oact i ve el ements removed from wastes before di scharge to the envi ronment a re 
1 t . ( 238p d 239p ) . . ( 241A ) . ( 235 ) . (89 d 90 ) p u on1 um u an u , amer1 c 1 um m , uran 1 um U , stront 1 um Sr an  Sr  , 

a nd cesi um ( 1 37cs ) .  The pl uton i um ,  ameri c i um ,  a nd urani um are removed at the treatment pl ants by a 
chem i cal  proces s that res u l t s  i n  the concent rat i on of the rad i onuc l i des  i n  a sl udge. At the Central 
Waste Treatment P l ant th i s s l udge is dewatered by vacuum f i l t rat i on unt i l  i t  is a sol i d  wi th the 
con s i s tency of wet c l ay ( 30-40% so l i d s ) . Further dryi ng woul d res ul t i n  l i tt l e addi t i ona l  vol ume 
reduct ion and wou l d i ncrease the po ss i b i l i ty of a i rborne dust dur i ng  packag i ng .  I t  i s  then pl aced 
i n  po lyethyl ene- l i ned steel or un l i ned fi ber drums , depend i ng u pon ret r i evab i l i ty requ i rement s ,  a nd 
hand l ed as contami nated so l i d  wa ste ( see F i gure 3 . 3 . 3-3 ) .  I n  1 9 76 , e i ghty-three 2 1 5- � ( 57 gal ) steel 
drums and s i x  hundred and t h i rty 200-� (53 gal ) f i ber drums were used to package 1 38 , 300 � (36 , 500 gal ) 
of dewatered sl udge for del i very to bur i al  at the wa ste bur i al / storage area .  None of the packages 
contai ned suffi c i ent transura n i c  act i v i ty to requ i re storage as  expl a i ned l ater i n  t h i s  sect i on under 
Sol i d  Wastes .  The total sl udge vo l ume conta i ned 2 . 7 5  C i  of 238Pu , 0 . 36 C i  of 239Pu , a nd 0 . 1 5  Ci 
�1Am . Stront i um and cesi um i n  wa stes at the Central Waste Treatment P l ant a re removed by i o n  
exchange and separate batch chem i cal  treatment of t he  spe nt regenerant . T he  s pent regenerant i s  
treated by addi t i o n  of a chemi cal  prec i p i tant to remove most of the rad i oact i v i ty i nto a sl udge 
wh ich  i s  dewatered by vacu um f i l t rat i o n  and hand l ed as  the other s l udges . The l i q ui d i s  reprocessed 
through the treatment pl ant . After many years of use , the i on exchange res i n  i s  removed from the 
col umn s ,  so l i d i fi ed by dewateri ng , a nd hand l ed as so l i d waste. 
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I n  1 9 52 t reatment of wastes from the P l utoni um Process i ng Fac i l i ty at a tech n i cal  a rea east of the 
Town s i te was i n i t i ated i n  a pl ant u s i n g  an i dent i c al treatment proces s . 3-1 0 1D In 1967  th i s pl ant was 
repl aced wi th a pl ant l ocated approx imately 100 m east . The pl uton i um faci l i ty wa s remote enough from 
the Central Waste Treatment P l ant and produced enough wa ste to warrant a separat e pl ant . The new 
P l utoni um P roces s i ng Faci l i ty i s  i n  an area adj acent to the Central Waste Treatment P l ant . I ts  wastes 
are treated at the Central  Waste Treatment P l ant al ong w i th  most of the other rad i oact i ve l i q u i d  wastes 
generated at LASL . The east pl ant bu i l t  i n  1967 w i l l  be requ i red for i ntermi ttant treatment of rad i o
act i ve wa stes , other than  those cont ai n i ng p l uton i um ,  wh i c h  wi l l  be generated by operat i ons rema i n i ng 
i n  the ol d techn i c al a rea .  

At the P l uton i um Process i ng Faci l i ty Waste Treatment Pl ant , the sl udge i s  m i xed wi th  cement to 
form a pa ste and pumped to aspha l t- l i ned buri al  sh afts where it hardens . Ameri c i um-conta i n i ng wa ste 
i s  al so  m ixed wi th cement and pumped i nto retri evab l e  metal contai ners . In 1 97 6 ,  1 37 , 400 £ ( 36 , 300 gal ) 
of pa ste were pumped to the retr i evabl e conta i ners and 148 , 200 £ ( 3 9 , 200 gal ) were pumped to the 
non-retri evab l e bur i al shafts . Radi oact i v i t i es i nvol ved a re shown i n  Tab l e 3 . 3 . 3-1 . I n  1978 ,  l arger 

241 amounts of Am were pl aced i n  ret r i evab l e  storage because of decontami nat i o n  at the ol d pl uton i um 
proce ss i ng faci l i ty .  

The wa stes �ontai n i ng most of the stront i um and ces i um recei ved at the east pl ant a re col l ected 
i n  separate process waste storage tank s ,  neutral i zed , mi xed wi th cement , and pumped to the bur i al 
s hafts . Duri ng  each treatment , s ampl es of the cement paste a re col l ected for curi ng and compre s s i ve 
strength test i ng to ens ure and document ap propri ate m i xt ures for so l i d i f i c ati on .  The normal i nd ustri al 
wa ste fl ow to t h i s  pl ant cont ai ns very l i ttl e of the stront i um-cesi um waste and thus  i s  g i ven on ly the 

h . 1 h . 1 . . . t t t 3-10 1D p ys1 ca -c  em1 ca prec 1 p 1 ta t 1 on rea men • 

Trit i um i s  prese nt i n  the normal i ndustri al waste stream , but at concentrat i on s  averag i ng muc h  
l ess  t h a n  DOE Concentrat i on Gu i des . 3-102 The processes descr i bed above for removal o f  other rad i o
act i ve el ements a re not effect i ve i n  removi ng tri t i um ,  so admi n i strat ive  requ i rements and standard 
operat i ng procedures are u sed to ensure that tr it i um-beari ng wa stes are kept separate. These wa stes 
a re then so l i d i fi ed and hand l ed as  so l i d  wastes for buri a l . 

S i nce the i r  i ncept i o n ,  a l l of the treatment pl ant s  have been operated to " concentrate and contai n"  
radi oact i v i ty i n  wa stes to the extent that rad i oact i v i ty rel eased i n  the treated l i q u i d  was  at  the 
l owe st pract i c ab l e  l eve l , that i s ,  a s  l ow as techn i c al ly  and econom i cal ly  ach i evabl e .  For exampl e ,  
t he pl uton i um concent rat i ons i n  effl uents have averaged l es s  than 10% of the concentrat i on gu i des 
duri ng the past few years ( see F i g ure 3 . 3 . 3-4 . ) .  A cont i nuo u s  effort is made to m i n im i ze the quant i ty 
of pl uton i um rel eased .  Adm i n i strat i ve requ i rements impl emented by standard operat i n g  procedures 
prov i d e  for retreatment of any b atch of effl uent i f  the pl uton i um concentrat i on exceeds 40% of the 
DOE Concentrat i on Gu i de .  
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TABLE 3 . 3 . 3-1  

RAD IOACT I V E  SLUDGE AND CEMENT PASTE WASTES PLACED 
AT THE PLUTON IUM PROCESSING FAC I L ITY TREAH1ENT PLANT I N  1 978 

Non-Retri evabl e Retri eva b l e 
Shafts Contai ners 

238pu 0 . 46 Ci  5 . 1 1  Ci  

2 39p u 0 . 60 C i  1 4 . 91 C i  

241 Am 1 6 . 35 Ci  3321 . C i  

Mi xed F i ss i on P rodu cts 0 . 007 Ci 0 . 20 Ci 
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The v ol ume of wa ste has not i nc reased as rapi d l y  as the d evel opment of the Laboratory and the 

add i t i o n  of new fac i l i t i es l argel y b ecause of a cont i n u i ng effort to keep wastes that do not requi re 
treatment from enter i ng the system . The Waste Management Group ' s  po l i cy i s  to accept for treatment a l l 
l i qui d s  that are potenti al l y  contam i nated wi th rad i oact i v i ty .  However , experi e nce  has shown that i n  
most c ases the l arge fl ow i nc rease s have no potent i al for contam i n at i o n ,  and they are tenn i nated or 
red i rected to stonn or san itary waste col l ect i o n  systems . Al l pump motors at pumpi ng stat i o ns are 
equi p ped wi th t imers to i nd i c ate total hour s of o perat i on ;  th i s  al l ows comput at i on of the quant i ty of 
wa ste received at the stat i on .  I n  cases 1-klere wa stes d rai n d i rectl y to the i ndustr i al sewe r s ,  other 
meter i ng dev i ces are used to i nd i cate the rate at wh i ch wa stes are be i ng generated . Admi n i strat i v e  
control s and standard operat i ng proced ures l im i t  the concentrat i ons of rad i onuc l i d es .  Un us ual 
i nc reases i n  wa ste vol umes are i nvest i g ated immed i atel y .  As s hown i n  F i g ure 3 . 3 . 3-5 , the vol ume 
of l i qui d wa ste treated annual l y  has  b een control l ed .  

Effl uents from these two LASL wa ste treatment pl ants are prese ntl y d i sc harged i n  compl i ance 
wi th the Na t i onal Pol l ut i o n  Di scharg e  El imi nation  System ( N PDE S )  penn i t  i s s ued by the Env i rom1ental 

Protec t i o n  Agency . The qual i ty of  the se effl ue nts i s  d i scussed in more deta i l i n  Sect ion  4 . 1 . 1 . 
Waste trea tment perso nnel are al so concerned wi th nonrad i oact i v e  chem i cal wa ste s ,  most commonl y 

heavy metal sol ut i o ns , cya n i d e  sol ut i o ns and metal - conta i n i ng ac id  p i ckl i n g  b aths , fl uor i d e  c l ean i ng 
so l ut i o ns , a nd chr om i c  ac id  so l ut i o n s .  The maj or i ty of these wa stes are rout i ne and are d i s po sed of 
by fol l owi ng detai l ed  standard i zed operati onal procedures at the Central Waste Treatment Pl ant . 
Occas i onal l y ,  s pec i fi c  wa stes requi re some benc h- sc al e ex perimentati on  before they c an b e  treated . 

Th e concentrates resul t i ng from the se treatment pract ices  are d i s posed of as sol i d  wa stes at an 
e stab l i s hed chem i c al wa ste b ur i al area . Smal l quant i t i es , l es s  that 200 £ ( 5 5  gal ) ,  of l i qui d wastes , 
t ha t  cannot be reduced by any pract i c al treatment , are al so  d i s po sed at the chem i cal waste bur i al 
area s . 3-1 03 I n  197 6 ,  14 , 000 £ ( 3 , 700 gal ) of fl our i d e  cl ean i ng sol ut i o n ,  1 , 000 £ ( 2 60 gal ) of 
chrom i um wa stes , 1 , 000 £ ( 2 60 gal ) of copper wa stes , 600 £ ( 1 60 gal ) of n i ckel wa ste s ,  a nd 
3 , 300 £ ( 870 gal ) of m i sc el l aneous wa stes �re d i s po sed of i n  thi s manner. 

Certa i n  d i l ute wa stes conta i n i ng ex pl os i v e  res i dues and organ ic  compounds are g enerated at s i tes 
hand l i ng h i g h  expl os i v e  mater i a l s . 3-1 04 These wa stes fl ow throug h detenti on or settl i ng bas i ns  to  
penn i t  removal of  part i c ul ate matter , then to the env i ronment . The sol i ds  are col l ected per i od i c al l y  
from the b as i n s  and burned i n  an operat i o n desc r i bed i n  the sect ion  o n  Sol i d  Wastes ( 3 . 3 . 3 . 3 ) .  
M o n i tor i ng stud i es i nd i c ate that the average da i l y  d i sc harge of ab out 50, 000 £ ( 1 3 , 000 gal ) from 
the s i x  maj or generati n g  s i tes are not prod uc i ng heal th or safety hazards  from res i d ua l  hi g h  
expl os i v e  mater i al s  i n  so i l s  over wh i ch the effl uents fl ow . 3-1 04 

Ap prox imatel y 45 , 000 £ ( 1 2 , 000 gal ) of uncontam i n ated wa ste o i l  and grease are d i s po sed of each 
year thr oug h the Z i a veh i c l e  motor pool , the heavy equ i pment shop ,  and two maj or machi ne shops . The 
o i l  i s  col l ected i n  a storag e  tank l oc ated at each s i t e .  Muc h of the motor vehi c l e o i l  i s  take n  fran 

Zi a by a commerc i al f i nn for recyc l i ng . The b al ance of the wa ste o i l  and g rea se i s  d i s posed of i n  
the County-operated l andfi l l .  An add i t io nal  5 7 , 000 £ ( 1 5 , 000 gal ) of g rease and water i s  col l ected 

annual l y  from the Lab oratory c afeter i as .  At the County s an i tary l andfi l l the o i l , g rease and water 
are dumped i nto a trench and immed i ate l y  covered wi th d i rt .  



70 

60 

rn 
0 0 0 
:::::.. 50 w 1-(/) <( 
� 
0 40 
(/) a: w 1-w 
� 30 (.) 
co 
::J (.) 

20 

1 0  

3 - 1 26 

CENTRAL WASTE 
TREATM ENT PLANT 

�-� / I \: '-1 \ I \ ._,"' I ' 
\ I 't 

\ I \ 
'V \ 

\ 
\ 

\. ..... ... ... 
· -.. - ·  

68 70 

OLD PLUTON I U M  
FACI LITY PLANT 

72 74 
Y EARS 

76 78 

Fi g ure 3 . 3 . 3- 5 .  Vol umes of Waste Treated per Yea r ,  1 966-1 978 



3-1 27  

Ap prox imatel y 30  cool i ng wa ter d i sc harges are  sc attered throughout the  techn i c al areas , 1 5  of  
wh i c h  d i sc harge more  than 3 , 800 /day ( 1 000 gal / day) on any o perat i ng day . Some of these d i sc harges v 

conta i n smal l co ncentrat i o ns ( l es s  than 5 0  p pm)  of wa ter cond i t i oners and al g i c id e s .  Ph o s pho n i c  ac i d s  
a nd  po l ya cryl ate d i s persants are added i n  smal l quant i t i e s ;  these mater i al s a re  b i odeg rad ab l e .  Li th i um 
hypo chl ori te i s  used i n  smal l q ua nt i t i e s  a s  an al g i c i d e ,  but averag e chl or i ne res i dua l s are l ow and 
read i l y  d i ss i pate afte r contact i n g  the g round s urfac e .  Wi th i n  a year , quartern ary ammon i um com po unds 
are ex pected to repl ac e the hypo chl or i te s  now used . The cool i ng towers  at the el ec tr ic  generat i ng 
pl ant use chl ori na ted effl ue nt fran the Ma i n  Tec h n i c al Area sewage  treatment pl ant and chl ori nated 
\�a ter fran the water d i str i b ut i o n  sys tem . 

Sa n i tary sewage  treatment at LASL techn i c al areas requi res fo ur treatment pl ants , s i x  l ag oons , and 
over 3 0  s e pt i c tanks ( see F i g ur e  3 . 3 . 3-6 ) .  Th ese fac i l i t i e s  range  fran pl ants serv i ng approx imatel y 
2800 peopl e at the mai n  adm i n i strati o n  and l ab area of So uth Me sa to sept i c tanks serv i ng onl y o ne 
pe rson at pl aces l i ke pr otect i ve force sec ur i ty stat i o ns . Remotene ss  of l oc at i o ns , l oc al topog raphy , 
and econcxn i cs prec l ud e  a cal l ect i o n  system wi th one central treatment fac i l i ty .  

Th e effl ue nts fr an the treatment pl ants a n d  l ag oons are d i sc harged i nto normal l y  d ry c anyo ns o r  
streambeds where they soak i nto the o n- s i te al l uv i lJll , a re depl eted by evaporat i o n ,  o r  are further 
d i l uted by m i x i ng wi th  n atural runoff. The maj or i nfl uence on  the env i ronment i s  to prov i d e  add i t i o nal 
wa ter s up pl y fo r vegetat i o n  and wi l dl i fe .  The qual i ty of these effl ue nts are d i scus sed in deta i l i n  
Sec t i o n  4 . 1 . 1 . 

Th e se pt i c  tanks at  rooote tec h n i c al areas are s i m i l ar to common househo l d un its . They are 
d es i g ned as recommend ed by the US PHS Manual of Se pt i c Ta n k  Pract i c e  to prov i d e  the most effect ive  and 
econcxn i c al treatment of san it ary wa ste s at i so l ated l oc at i ons . Seepage  p i t s  or sand fi l ters are us ed 
fo l l owi ng the sept i c  tanks , depe nd i ng u po n  spat i al restr i c t i o ns and l ocal so i l  pe rco l at i o n  rates . The 
t k " d  l ed d t t t . l . . f f d 3-1 05 3-1 06 an s are Wl e y s pac  an prese n no po en  1 a  contam1 nat 1 o n  o s ur ace or g roun wa ters . ' 

I n  Oc tober 1978 , the EPA i s s ued a s i ng l e  NPDE S perm it  to DOE cover i ng effl ue nts fran the 104 
i nd ustr i al d i sc harge po i nts  and 10 s a n i ta ry se\-�eage treatment fac i l i t i e s  at LASL. The perm it , 
number NM 00283 55 ,  wa s pub l i shed by EPA i n  advance for pub l i c comment and rev i ew by the New Mex i co 
Env i ronmental Improv ement Di v i s i o n .  A s ummary of the outfal l categor i es , co nst i t ue nt l im i t s , and 
ccxn pl i ance stat us i s  i n  Sec t i o n  I I I . B . 3 . b .  o f  Appe nd ix  H .  

Ra i nfal l runoff and  snowne l t  resul ts in  storm drai nag e  fran streets , road s , parki ng l ot s ,  and  
other imperv i ous  areas . It i s  control l ed and routed to m i n im i ze eros i o n ,  wi th  most d rai ns  d i sc harg i ng 
i nto nat ur al wa te r courses i n  the c anyo n s .  Bec ause of the smal l amount of i mperv i ous area i n  rel at i on  
to the natural d ra i n ag e ,  the add i t i o ns of water to  natural fl ow are general l y  i ns i g n i fi c ant .  

Th e County t reat s al l san i tary wa stes generated out s i de  t he  Laboratory boundar i e s .  The Co unty 
own s  and ope rates three san i tary wa ste treatment fac i l i t i e s .  Th ere are two tr i c kl i ng fi l ter pl ants 
serv i ng the Lo s Al amos town s i te , o ne in Pueb l o Canyo n and the other in Bayo Canyo n .  Th ey are prese ntl y 
o perat i ng at ab out 85% and 4 5% of des i gn  c a pac ity ,  respect i vel y .  Ab out o ne- th i rd of the Pueb l o pl ant 
effl ue nt i s  used to i rr i gate the g ol f course d ur i ng  the normal i r r i g a t i o n  season .  There i s  a l so  a 
t r i c kl i ng fi l ter pl ant i n  Wh i te Ro ck , presentl y o perat i ng at about 6 0% of des i g n  c a pa c i ty .  See 
SeGt i o n  4. 3 . 1 for add i t i o nal  i nformat i o n  on  effl ue nts .  
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So l i d  Wastes 

LASL d efi nes  rad i o ac t i vel y c ontam i nat�d sol i d  waste as any materi al that conta i n s  known or suspected 
rad i oact i ve  co ntam i nat i on  and that i s  j udged to have  no recov erab l e  v al ue or add i t i ona l  useful l i fe .  
Ge nerat i o n  of rad i o act i ve  sol i d  wa ste ha s av erag ed about 6000 m3 (7800 yd3 ) per year  over the pa st 
20 years and has ranged between  approx imatel y 4000 m3 (5230  yd3 ) and 8000 m3 ( 1 0 , 460 yd3 ) 
annual l y  through 1978.  Muc h l arger vol umes , r an g i ng up to 1 4 , 000 m3 ( 1 8 , 300 yd3 ) ,  were generated 
in 1975  and 1 97 6  because of maj or decontam i n at i o n  proj ects assoc i ated wi th former fac i l i t i es . 

Rad i oact i ve co ntam i n at i o n  conta i ned i n  waste bur i ed s i nce  1972 h a s  rang ed between a pprox imatel y 

3 , 500 and 3 9 , 000 Ci per yea r ,  of wh ic h  about 90% (6 5 , 000 C i ) has been tr it i um .  Based upon present and 
proj ected Laboratory prog rams , an est imated 3 0 , 000 Ci an nual l y  i s  ex pected to be  bur ied through the 
forseea b l e future ;  most ( 80%-90% ) of th i s i s  expected to be  trit i um .  

Before m i d  1 97 1 , a l l rad i oact i ve wastes at LASL were d i s po sed of by b u r i al . Si nce the n ,  
procedures and techn i que s have b een devel oped to store transuran i c  wa stes  for at l east a 20-year 
per iod , pe nd i ng po s s i b l e  renoval to a more permanent fac i l i ty .  Between 280 m3 and 425 m3 ( 1 0 , 000 

to 1 5 , 000 ft3 ) of ret r i ev ab l e  tran sur an ic wa ste are generated per year .  Mo st of th i s  comes from 
the pl uton i um operat i o ns at the Pl ut o n i um Process i ng Fac i l i ty .  

Al l sol i d  wa ste mater i al s  g enerated i n  LASL o perati ons a re  c l ass i fied i nto o n e  of  three c ategori e s  
accord i ng t o  t h e  type a n d  amount of  known or sus pected contam i nat i o n .  These are : 

Type 1 - Wa ste materi al s g enerated i n  Laboratory areas where no 
rad i oact i v e  materi al s a re handl ed .  The se are d i s po sed 

of at the Lo s Al amos County Landfi l l .  
Type 2 - Waste materi al s ,  generated i n  areas where rad i oact ive  

mater i al s are used , b ut known to  conta i n  mater i al s  
contam i nated wi th transur an ic  rad i onuc l i d es b el ow 

10 nCi per g ram of wa ste ( l ess  than 1 00 n Ci / g  of 238Pu  
contam i nated waste ) . * Suc h wa stes are bur ied at the 

LASL rad i oact i v e  waste d i s posal s i t e .  
Type 3 - Waste mate r i al s contam i n ated wi th trans uran ic rad i onuc l i d es 

i n  excess of 1 0  nCi / g  ( greater than 100  n Ci / g  of 238P u ) *  
requi re s pec i al pac kag i ng and hand l i ng .  The se wa ste materi al s 

a re stored retr ievab l y  at the rad i oac t i ve wa ste d i sposal 
. 3-1 07  s i te for a 20-year period i n  accordance wi th DOE po l 1 cy .  

*The 1 0  n Ci / g  crite r i a  for wa stes contai n i ng m i x ed  tran sur an ic  contam i n at i o n  i s  requi red by DOE 
3-1 07  . 238 procedures  ; t he 1 00 nC1 / g  cr ite r i a  for wa ste s  conta i n i ng  onl y Pu contam i nat i o n i s  a 

LASL adm i n i strative  procedure .  
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Rad i oact i ve sol i d  wa ste ge nerated at LASL i nc l udes combust i b l e  and noncombu s t i b l e  t rash , c hemi ca l s ,  
equ i pment ,  bu i l d i ng debri s ,  sl udge and cement paste from the  rad i oact i ve l i qu i d wa ste treatment pl ant , 

absorbed o i l s ,  a n imal t i ssue , a nd hot-cel l wa ste . Radi oact i ve contam i nants known to be or potent i a l ly  
i n  these wa stes , a nd the precentage of tota l  waste vol ume conta i n i ng the contami nents are : transuran i c s  

238 2 3 9  241 . . ( mostl y ' P u  and Am ) , 6 5% ;  uran 1 um ( e nr1 ched , normal , depl eted ) , 2 7% ;  m i xed fi s s i on product 
and act i vat i o n  prod uct rad i onuc l i d e s ,  7 % ;  tri t i um ,  1% .  

Al l wa ste materi al s generated at the  LASL Pl uton i um Proces s i ng Fac i l i ty are i nstrumental ly  
assayed to determi ne whethe r t hey wi l l  be bur i ed or req u i re retr i evabl e storage .  The Mul t i - Energy 
Gamma Assay Sy stem (MEGAS )  wa s dev e l oped at LASL s pec i fi ca l ly  to survey l ow-dens i ty wa ste s .  Th i s  
i ns trumentat i on has  a sens i t i v i ty we l l  bel ow the 1 0  nC i / g  l evel  t o  ensure that rad i oact i ve wastes 
a re properl y segregated and hand l ed .  I n  other Laboratory areas , adm i n i strat i ve segregat i on  proced ures 
a re used to i dent i fy wa stes requ i r i ng retri evabl e storage.  

Ap prox imatel y 7 5% of the wa ste vol ume bur i ed or stored ori g i nate s at three Laboratory area s .  
About 20% o f  t h e  total i s  generated at t h e  P l uton i um Proces s i ng Fac i l i ty , about 40% a t  the l aboratori e s  
i n  t h e  Ma i n  Techn i c al Area o n  the South Mes a ,  and about 1 5% a t  t h e  Centra l  Waste Treatment P l ant . 
The rad i oact i ve was te d i sposal  area i n  use i s  Area G ,  l ocated on Mesi ta del Buey ( see F i g ure 3 . 3 . 3- 7 ) .  
The ded i cated wa ste d i s posal area conta i ns a total of about 3 20 , 000 m2 (80 acres ) of wh i c h  
a p prox i mately 1 50 , 000 m2 ( 3 7  acres ) h a s  been i n  act i ve use  s i nce 1 9 5 8 .  Based u p o n  current wa ste 
generat i on rate s ,  t h i s area shou l d prov i de an addi t i o nal  15 or  more ye ars use.  However ,  s i nce the 
e nt i re Mes i ta del  Buey has been des i gnated fo r the  handl i ng of ope rat i onal sol i d  wast e ,  there wi l l  
st i l l be another 90 , 000 m2 ( 23 acre s )  ava i l ab l e  for use beyond that t i me. If pros pect i ve waste 
vol ume red uc t i on pl ans are succes sful , the us eful pe r i od wi l l  be ext ended . 

Area G on Mes i ta del  Buey i s  ce ntral ly  l ocated wi th  regard to most present and future Laboratory 
operat i on s .  Most of the wa ste hand l ed comes from the Ma i n  Techn i c al Area and the P l uton i um P roces s i ng 
Fac i l i ty and must be tran s ported about 1 0  and 1 6  km ( 6  and 1 0  mi ) ,  res pect i ve l y .  I n  add i t i o n ,  wa ste 
from the P l utoni um P roce s s i ng Fac i l i ty has been trans ported through the town s i te .  DOE procedures  
prov i de that s h i pments of  haza rdous  materi al s by an  agency of  the  Federal Government i n  its  own 

h . 1 t d b • t  1 t " d  d t b . . t t 3-108 d ve 1 c  e s  opera e y 1 s own emp oyees  are no cons 1 ere o e 1 n  1 n  ers ate commerce , an  
the  Department of Trans portat i on ' s Regu l at i ons are  not  appl i cab l e  to  such  s h i pme nt s .  The DOT packag i ng 
regu l at i ons are fol l owed where po s s i b l e ,  a s  a matter of DOE/LASL pol i cy .  Where not phys i c a1 ly  or  
economi cal ly fe as i b l e ,  rad i oact i ve wa ste s h i pme nts at  LASL are made i n  a manner wh i ch afford equ i va l ent 
protecti on of the pub 1 i c ' s  he a1 th  and safety as  wou l d compl i ance wi th the DOT ' s  reg u 1 at i ons . Once t he 
o l d  P l utoni um Proces s i ng Fac i l i ty i s  decontami nated transport wi l 1  then be ent i re 1y on Laboratory 
property a1 ong Paj a r i to Road for a d i stance of on ly  about 7 . 2  km ( 4 . 5  m i ) from the new P l uton i um 
Fac i l i ty.  

For wa stes to be bur i ed ,  pac kag i ng i s  prov i ded to  meet the requ i rement s of safe on- s i t '  hand l i ng 
a nd trans port .  F o l l owi ng bur i a1 of the  waste , t he conta i nment i s  prov i d ed by the geo l og i c  med i a of 
the  bur i a1 g round . Tras h- type wa stes that are ge nerated i n  l aboratory room areas where rad i oact i ve 
mater i a 1 s are hand l ed ,  most of wh i ch have no detectabl e contami nat i o n ,  a re i n  al l cases  a s s umed to be 
at l east potent i al l y c ontam i nated . These wa stes are packaged i n  cardboard boxes and/ or p1 ast i c  bags 
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and are transported to the rad i oact i ve wa ste d i s posal  area i n  truc k-hand l ed ,  l ocked , wa ste contai ners . 
However ,  i t  s ho ul d be noted that two type s of truck-handl ed trash wa ste d i s posal b i ns ( " Dempster 
Dumpsters " )  are l oc ated throug hout the LASL c ompl ex . Where rad i oact i ve  materi al s a re us ed , Dumpsters 

for rad i oact i ve wa ste are em pl oyed .  These Dumpsters are c l earl y i dent i fi ed and l ocked wi th  keys 
d i str i b uted onl y to a sel ected few i nd i v i d ual s res po nsi b l e  for l oad i ng the b i n s .  Locks are al so 

prov i ded on the d umpi ng mechan i sm for these contam i n ated wa ste Dumpsters wi th keys l oc ated onl y at  
the rad i oact i ve wa ste d i s posal area . In areas where rad i oact i v e  materi al s are handl ed , Dumpsters 
for nonrad i oact i ve wa ste are al so l ocked wi th keys d i str ibuted to a sel ected few i nd i v i d ua l s .  Th ese 
i nd i v i d ual s are g i v en  the respons i b i l i ty to i n spect mater i al  eac h t ime i t  i s  l oaded .  A portal monitor 
( gamma-ray detector) is  in  operat i o n at the Co unty-operated l andfi l l  to hel p prec l ude  the i nadvertent 
d umpi ng  of rad i o act i ve wa ste . 

Ot her wa ste materi al s ,  c hem i c al l y  contam i nated and/ or conta i n i ng l arg er amounts  of rad i oact i v i ty ,  
are pac kaged i n  seal ed metal or fi ber drums and tran s ported by truc k .  Rad i oact i v e wa ste o i l s are 
absorbed on sol  ids pr ior to pac kag i ng in metal conta i ners . Eq u i  p-nent and bui l d i ng deb ri s  may be 
pac kaged in wooden c rates and trans ported by truc k .  Becaus e  o f  the hi g h  mob i l i ty of  tr i t i liTl  ev en 
i n  extremel y d ry env i ronments , wa stes contai n i ng g reater than 20 mCi /m3 of tr i t i um are packaged 
i n  s pec i al aspha l t- coated , seal ed metal drums .  Compl ete encasement of tr i t i um wa stes wi th a s phal t 

i s  accompl i s hed when  more than 1 00 C i /m3 a re prese nt . Most of the very h i gh ac t i v i ty tri t i um 
wa stes cons i st of tr i t i ated wa ter  ab sorbed on mol ecul ar s i ev e  or other sorbant .  

Al l wa ste pac ka ges and/ or trans port vehi c l es are  mon itored pr ior  to  l eav i ng the  generator s i te 
to assure that the re i s  no extern al co ntami n at i o n .  Fo l l owi ng del i v ery of  wa ste to the d i s po sal s i te , 
al l tran sport vehi c l es ag a i n  are mon itored for co ntam i nat ion  pr ior  to l eav i ng the si te .  A heal th 
phys i c s tec hn i c i a n  is pr ese nt at the rad i oact i ve waste d i s posal s i te dur i ng al l work i ng hours to 

hand l e rout i n e  monitor i ng and any unus ua l  c i rc umstances . 
Al l nontran s ur an i c  ( no ntr i evab l e ) trash type wa stes are compacted and bal ed to red uc e vol ume 

before b ur i al . A v ol ume reduct io n  factor between 5 : 1  and 6 : 1  i s  b e i ng atta i ned , w ith  approximate l y  
85 m3 ( 3 000 ft3 ) o f  wa ste b e i ng treated month l y .  The compacted bal e ,  meas ur i ng ab out 0 . 4  m3 

( 1 4  ft3 ) and we i g h i ng approx imatel y 200-3 00 kg ( 440 -660 l bs ) , i s  pl aced d i rectl y i nto a d i s po sal 
pit for b ur i al . 

The compactor- b al er i s  l ocated i n  a smal l b u i l d i ng at the Me s i t a  del Buey d i s posal s i te .  The 
un it , model DHB S-2MR ,  manufactured by the Conso l i d ated Bal i ng Mac h i ne Company , Brookl yn , New York , 
i s  s pec i al l y  d es i g ned to compact rad i oact i ve wa stes and contai n rad i oac t i v i ty . 3-1 08A 

3-1 08B Operated i n  accordance wi th esta b l i s hed proced ures , a ny possi b l e  contam i n at i o n  i s  
c onta i ned by fi l ter i ng a i r fl owi ng through the un it  throug h roug h i ng and Hi g h  Effi c i ency Part i c ul ate 
Ai r F i l ters at the rate of a pprox imatel y 90 m3 (3 200 ft3 ) per m i n ute .  Ai r i s  exha usted from 

the compactor room to the out s i d e  through a s i ng l e  HEPA f i l ter at the rate of seven room ai r c hanges 
per hour . Co nt i n uous  al pha , b eta- gdmma , and  trit i um a i r  monito rs wi th al arms operate in the compactor 
room when the un it  is  i n  use .  

Most o f  the nonretr i evab l e  rad i oac t i ve sol i d  wa ste generated at LASL i s  d i s posed at the 
Me s i ta del Buey s i te by b ur i al i nto pi ts  and shafts . In  1 974 , LASL wa ste management and env i ronmental 
sc i ent i sts s i g n i fi c antl y ex panded cr iter i a ,  devel oped in 1 96 5  by the U . S .  Geol og i c  Survey , 3-2 1 t o  
ens ure ad eq ua te c ontai nment of rad i oact i ve wa stes . Th e cr i ter i a desc r ibe  d i s posal  fac i l i ty s i te s ,  



3- 1 33  

ori entat i o n ,  c onstruct i o n ,  approva l , use , documentat i o n ,  and s i te  c ond i t i on i ng req u i rements fol l owi ng 
use . 3-1 08C B ur i al p i t s  typi ca l ly  measure 120 to 1 80 m (400 to 600 ft ) l ong by 8 to 3 0 m ( 2 5  t o  

1 00 ft ) wi de  by 8 t o  1 1 m ( 2 5  t o  40 ft ) de-ep .  Bur i al p i ts typi cal l y  are f i l l ed i n  l ayers , wi th 
veh i c l e s  that del i ve r  waste to  the s i te enter i ng the p i t  ove r noncontami nated backfi l l  whe never 

poss i b l e .  Combust i b l e wa ste that i s  not compacted , wi nd- d i sbursabl e wa stes , a nd waste hav i ng any 
poss i b l e  ext ernal contam i nati on  are covered wi t h  excavated t uff backfi l l  on the day i t  i s  del i vered . 
When the capac i ty of a d i sposal  p i t  i s  reached , a fi nal cove ri ng to  ground l evel of a mi n imum of 1 m  
( 3  ft)  of excavated tuff i s  app l i ed .  An addi t i onal  moundi ng over the  p i t  of up  to 1 m ( 3  ft )  a l s o  may 
be appl i ed depend i ng u po n  p i t  or i entat i o n ,  dra i n ag e  patterns , and other factors . Sh afts general ly 
measure 0 . 6  t o  2 . 4  m ( 2  t o  8 ft ) in d i ameter by 8 to  2 0 m (25 to  60 ft ) deep.  

Waste materi al s rou t i nely pl aced i nto d i s posal  shafts i ncl ude tr i t i um wa ste , h i gh beta- gamma 
rad i oact i ve waste s ,  a n i mal  t i s s ue , c l a s s i fi ed waste , many c ontami nated chemi cal waste s ,  and other 
wastes whose  propert i e s  m i ght i nd i cate that shaft d i s posal wou l d  be safer than p i t  d i sposal . Non
transuran i c cement paste waste ge nerated at the l i qu i d  waste t reatment faci l i ty at the LASL P l utoni um 
P roces s i ng Fac i l i ty i s  d i s po sed wi thout add i t i onal  packag i ng i nto  shaft s  at that s i te ( LASL d i s po sal 
Area T ) . 

D i s posal  shafts at the Mes i ta del Buey s i te are fi l l ed no cl oser than three feet of the  ground 
s urface .  Excavated tuff backfi l l  may then be added before cappi ng the  sh aft wi th  a m i n imum 1 m  ( 3 ft )  
pl u g  of concrete .  Conc rete the n i s  used  to  mound u p  to an  add i t i onal  0 . 3  m ( 1  ft ) above the ground 
s urface .  

Retri evab l e tran suran i c  wastes ( Type 3 )  requ i re s peci al packag i ng such that the  waste package can 
be retr i eved i n  twe nty years . The u l t imate d i s po s i t i on of s uch ret r i evab l e  wa stes i s  to  be determ i ned 

by DOE  on a nati onwi d e  bas i s ,  wi th  several opt i ons now be i n g  cons i dered . Thus , on l y qual i ty-cont ro l l ed 
packag i ng ,  meet i ng str i ngent s peci fi cati ons , are used for the bul k of the LASL t rans uran i c  wastes , 

contam i nated wi th  239P u .  These are 2 1 0- £ ( 5 5  gal ) DOT 1 7C drums and and wooden crates of varyi ng 
s i ze coated wi th 3 . 2  mm ( 1 /8 " )  of fi re retardant f i berg l ass  rei nforced polyester.  These wastes are 
stored i n  a modi fi ed d i s posal p i t .  P i t  mod i f i cati ons , i ntended to  assure  protect i on of the  waste 
packages i n  the storage array , i ncl ude an asph al t  paved fl oor , and s umps for col l ect i o n  and conta i nment 
of water from ra i n  and snow .  Wastes packaged i n  drums and crates are stacked to wi t h i n  1 t o  1 . 5 m 
( 3  t o  5 ft ) of the g round surfac e .  
stack i s  encased i n  heavy v i nyl . 

The stack i s  covered on top wi th  3 /4 i nch pl ywood and the ent i re 
Excavated tuff i s  used to backfi l l  to  the ground s urface . Before the 

backfi l l i ng ,  acces s p i pe s are i nsta l l ed that al l ow for mon i tori ng cond i t i ons s uch  as temperature , 
h umi d i ty ,  radi oact i ve contami nat i o n ,  a nd combu st i b l e  gases . 

Recoverab l e  h i gh act i v i ty 2 38P u  and 2 33u wastes are retr i evab ly stored i n  conc rete cask s ,  
each ho l d i ng two 1 1 5-1  ( 3 0  ga l ) d rums of waste ,  and p l aced i n  sha l l ow trenches .  After f i l l i ng and 
seal i ng ,  the casks are covered wi th  heavy-gauge gal van i zed corrugated sheet metal , and excavated tuff 
i s  backfi l l ed to g round l eve l  wi th  a m i n i mum cover of 1 m  ( 3 ft ) .  Addi t i o na l  backfi l l  i s  used to 
mound approx i mate ly  0 . 6  m (2  ft ) over the t rench to provi de  for proper drai n age .  
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Retr i evab l e cement paste wa ste that i s  g enerated at the Pl uto ni um Proces s i ng Fac i l i ty ' s 1 i qui d 
wa ste trea tment pl ant i s  pumped i n to we l ded , gal van i zed , corrug ated metal pi pe sect i o ns that are 

stand i ng vert i c al l y  i n  a 7 m ( 2 3  ft )  deep pi t at the s i te . These pi pe sect i ons , wh i c h  have a 
0 . 3  m ( 1 ft )  cement pl ug  at the b ottom , are fi l l ed to wi t h i n  0 . 3  m ( 1 ft ) of the to p and a cement 
pl ug i s  poured to seal the un i t .  Fi nal l y  they are covered wi th excavated tuff b ackfi l l .  

Pl ann i ng and des i g n  work hav e  been compl eted and fabricati on  i n i t i ated for the i n stal l at i o n  of 
a LASL waste s i ze- reduc t i o n  fac i l i ty ,  i n i t i al l y  pl anned for i nsta l l at i o n  at the Central West Treatment 
Pl ant .  Th i s  fac i l i ty i s  d i fferent from the v ol ume- red uc t i o n fac i l i ty d i scus sed above i n  that c utt i n g  
and d i sas semb ly  techn i q ues  wi l l  b e  used to  red uc e  t he  s i ze of bu l ky wa stes s uc h  as trans uran ic  
co ntam i nated eq ui pment generated by the  decontam i nat i o n  of the Pl uto ni um Fac i l i ty at DP- s i te .  
Sub stanti al vol ume red uc t i o n  and d econtam i nat i o n  of t he  wa stes are  ant i c i pated , t h us marked l y  
reduc i ng the v ol ume of trans uran i c  wa ste requ i r i ng retri evab l e  storage .  
Waste Management Studi es 

A vari ety of  s pec i al st ud i es have b een under way at LASL for several years addres si ng envi ronmental 

cond i t i ons , geol og i c  and hyd rol og ic  prope rt i es and processes , equi pment , packag i ng , methodol ogy , and 
theoret i cal model i ng rel at i ng to b ur i al of rad i oact i v e  wa ste . ( Refs .  3-1 08D , 3-1 08E , 3-1 08F , 3-1 08G , 

3-1 08H , 3-1 08I , 3-1 08J ,  3-1 08K , 3-1 08L . ) These cont i n u i ng stud i e s  are prod uc i ng a g rowi ng body of  
knowl edge about t he s ub s urface d i s posal areas at  Lo s Al amos . The  programs are  ex pected to contri b ute 

i nformat ion  and understand i ng of g eneral v al ue as v.e l l as be i ng  espec i al l y  i mportant to pl ann i ng future 
wa ste management opt i o ns .  Many of the stud ies  are focused on the hydrol ogy of  the prese nt and former 
d i s posal  areas . They r ange from general stud i es of the geol ogy of  the pl ateau to very l ocal i zed 
i nvest i g at i ons of m o i st ure  movement in and near d i s posal  s i te s .  Some have  b een undertaken s pec i fi c al l y  
i n  res po nse to s uggest i ons from i ndependent rev i ews . 3-1 08M 

Another maj or study effort recentl y i n i t i ated by the LASL Heal th Di v i s i o n  i s  the exam i nat i o n  of 

1 ong-term wa ste management al ternat i v es for the bur i ed and retr iev ab l y  stored wa stes in the various  
l ocat i ons at LASL . The e nv i ronmental co nseque nces , economi c  costs , and rad i ol og i c al ri s ks to the 
pub l i c and workers are be i ng  est imated for three maj or al ternat ives .  The al tern at i v es are  to  cont i n ue 
prese nt pr ac t i c es ,  to prov i d e  added eng i neered co ntai nment for the i nact i v e  si tes , a nd to sel ect i ve ly  
retr ieve  tran s ur an i c  wa stes b ur i al pr ior  to  t he  t ime  when wa stes wi th act i v i ty g reater than 1 0  nCi / g  
began  to b e  stored . For eac h maj or al ternat i v e ,  sev eral opt i ons wi l l  b e  ev al uated for res i stance to 
natural phenomena , acc i dental rel ease of the bur i ed wa ste , and 1 ong-term mon itor i ng requ i rements . The 
a nal ys i s  wi l l  add ress the i n ac t i v e  si tes as v.e l l  as the c urrentl y used d i s posa l  s i tes . 

Present env i ronmental mon i tor i ng prog rams ong oi ng wi th i n  the d i s posal  area i nc l ud e the col l ect i on  
of  meteorol og i c al data and measurement of mo i st ure  co ntent a nd  movement wi th i n  the tuff b el ow f i l l ed 
d i s posal  pi ts . Dur i n g  certai n d i s posal  and storage operat ions , a i r  fi l ter sampl es are rout i nel y taken 
and as sayed . One a ir  sam pl i n g  stat i o n  of the rout i ne LASL e nv i ronmental mon i tori ng network operates 

wi th i n  the area . Wi th i n  the retr ievab l e trans uran i c  wa ste storage fac i l i t i es  in the area , mon i tori ng  
for temperature , rel ati v e  humid i ty and rad i ol yt i c  gas  format i o n  are rout ine l y c arried out  to prov i d e  

i n format i o n  these storag e env i ronments  and to assure  that the requi rements of  retr i evab l e storage are 
be i n g  met . 



3- 1 35 

The  buri al of wastes fo l l owed by c overi ng the materi al wi th uncontami nated earthe n backfi l l  prov i des  
fo r phys i c al i so l at i on of the waste from the env i ronment . For  the wastes to enter the envi ronment , 
some trans port proce s s  must occur . The trans port mech an i sm of g reatest potent i a l concern i s  the movement 

of prec i p i tat ion  ( rai n or  snow) i nto the wa ste , and subsequent l each i ng of the rad i onuc l i d es  i nto 
g round or surface waters . Th i s  has l ed to cons i d erab l e  study of hydrol og i c  tran sport processes  wi t h i n  
a n d  adj acent to waste d i s posal  s i tes a t  Los  Al amos .  

These  i nvest i gat i ons have  shown that  very l i ttl e ,  i f  any ,  o f  the approx imate ly  40  em/year 
( 1 6 i n/year) prec i p i tat i on at the wa ste d i s posal  area enters the waste materi al . The bul k of the 
prec i p i tat i on e i ther  ru ns  off immed i ate ly , o r  i s  he l d  i n  the upper few meters of the surface materi al . 
The eastern part of Mes i ta del  Buey ( the l ocat i on of the current mai n d i s posal  area )  i s  underl a i n  
by about 7 5  m ( 2 50 ft ) of  unsaturated tuff and the we stern part by about 180 m ( 6 00 ft ) . 3-2 1 The 

s urface of the mesa i s  about 30 m ( 1 00 ft) above the adj acent canyo ns .  These canyons are fl oored 
wi th  al l uv i a l materi al depo s i t ed ,  i n  part , by ephemeral st reams that fl ow onl y after maj or prec i p i tat i on 
or  sn owmel t event s .  Saturated zones are present to a l i m i ted extent i n  the al l uv i um ,  a s  i nd i cated i n  
F i gure 3 . 1 . 2-3 , recharged by prec i p i ta t i o n  and stream fl ow . 

The reg i onal ground water aqui fer i s  i n  sed i ments l ocated beneath  the tuff, at depths of about 
300 m (990 ft) . 3-2 1 There i s  no ev i d ence of recharge to th i s  aqu i fe r ,  or to perched water i n  
st reambed al l uv i um ,  from prec i p i tat i on wh i ch m i ght enter the wa ste materi al . 

Measurements at month ly i nterva l s ut i l i z i ng neutron moi sture probes i n  1 0  access hol es  i n  the 
fi l l  overly i ng d i s po sal areas and in the adjacent tuff show that prec i p i tat i on moi sture penetrates  
no more than  about 5 m bel ow the  surface , w ith  no s i g n i fi c ant changes  in  moi sture content at depths  

3- 108L 3-109 . greater than  about 8 m .  ' Be l ow that dept h ,  mo1 sture contents of the  tuff are i n  the 
range of 1% -5% by vo l ume . At th i s water content , moi sture movement occurs  pr i nci pal l y  as vapor 
d i ffus i o n .  On ly  c ontam i nant s wh i c h  are present a s  gases  or vol ati l e  l i qu i d s  may be  trans ported by 
d i ffu s i on of water vapor .  Al though  tri t i um fal l s  i n  th i s categ ory ,  present pract i ces  a s sure proper 
conta i nment . 

Prev i ou s l y ,  waste materi al s conta i n i ng tri t i um were pl aced i n  both pi ts  and shafts  at Los  Al amos .  

Now tr i t i um d i sposal i s  restr i cted to shaft s and requ i res that s pec i al conta i nment be  used to  re str i ct 
movement of t r i t i um gas or tr i t i ated water vapor away from the shaft s .  I nvest i g at i ons a t  t h e  d i spo sal 
area have descri bed the d i str i bu t i o n  of tr i t i um wi t h i n  an area occup i ed by several d i s po sal 
shaft s . 3-1 10 • 3-1 1 1  I t  wa s shown that tr i t i um wa s mov i ng away from some ol de r  shafts through the 

t uff , pr i mar i l y  th rough zones of h i gher poros i ty ,  through open fract ures , a nd al ong i nterfaces between  
a sh·(l ows .  The  t r i t i um concentrat i o ns i n  the  so i l  moi sture immed i atel y adj acent to the shafts  we re 
h i gher than that al l owed for pub l i c  ground or surface water suppl i e s .  However ,  t he sl ow rate of 
movement away from the  shafts ( a l l owi ng for decay of the tr i t i um)  and di s pe rs i o n wi t h i n  the tuff , 
reduced those concentrat i ons to bel ow max imum perm i s s i b l e  concentrat i ons wi t h i n  the upper few meters 
of the surface .  Some tri t i um d i ffu ses  i nto the  atmosphere . A t ri ti um a i r  sampl er i s  ope rated 
cont i n uou sl y wi th i n the d i s posal  area . Data from th i s sampl er i nd i cates a i r  concentrati ons h i gher 
than  normal background , but at l es s  that 1% of the concent rat i on gu i d e  for uncontro l l ed area s . 3-66 

These concent rat i o n s  are bel ow those cons i dered to be harmful . The stud i es al so  i nd i cated that there 
wa s v i rtual ly no  downwa rd movement of tr i t i um be l ow about 20 m ( 6 5 ft ) .  
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Measurements adj acent to and bel ow the ·wa ste d i sposal p i t s  show water contents genera l l y  l ower 
than  those i n  the fi l l  overl yi ng the wa ste ( about 1 5% by vol ume ) . Theoret i cal  cal cul at i o ns , u s i ng 
these observed moi sture val ues , demonstrate that very l i ttl e ,  i f  any ,  water moves through the wa ste 
mater i a l . Th i s  smal l q uant i ty of water,  on  the order of 0 . 1  em/year ( 0 . 04 i n/year) or l e s s ,  wou l d not 

. 3-109 produce any s i g n i fi c ant l each 1 ng of the wastes . Further , a s  the bul k of water movement occurs as  
va por di ffu s i on ,  l i tt l e if  any rad i onuc l i d e  trans port can occur . 

I n  an effort to determ i ne i f  any l each i ng has  occurred , core sampl es were removed from beneath one 
of the ol der d i sposal p i ts at Area G by dri l l i ng f i ve  hori zontal hol es i nto the canyon wal l adj acent to 
the mesa top . 3-1 1 1A Prel i m i nary anal yses of sampl es from these cores showed gros s al pha  and g ross  
beta val ues wi t h i n  the  range expected of  normal uncont ami nated so i l materi al s .  Further anal yses 
90  137 238 239 241 . . . Sr , Cs , P u , P u ,  a nd Am produced re sul ts  that were bel ow detect 1 on l 1 m 1 t s for 
al l sampl es . An al yses of the cores i ndi cated natural urani um concentrat i ons that were i ndi sti ngu i shabl e 
from the  natural urani um content of the Bandel i er Tuff el sewhere . Th us , there wa s no i nd i cat i on of any 
rad i onuc l i de m i grat i o n  wi th i n a few meters of the bottom of the p i t .  

Est imates o f  t h e  rate o f  eros i on o f  Mes i ta de l Buey over the l ast mi l l i on years i ndi cate that 
3-109 exposure of the wa ste by vert i c al eros i on may occur wi t h i n  5 0 , 000 years . Lateral eros i on of the 

s i des of the mesa  may expose waste in  the p its c l osest to the mesa edge in  approx i mately  1 00 , 000 years . 
W i th i n  that t i me-frame , a l l maj or rad i onuc l i des other than 239P u  wi l l  have decayed away before wa ste 
expos ure . The average pl uton i um concentrat i o n  in al l the p i t s  i s  present l y  at or bel ow the 1 0  nC i / g  
maxi mum permi tted for bur i a l and wi l l  be reduced by a factor of two to four before exposure.  

S im i l ar geol ogi c cond i t i ons prev a i l  at the other fourteen l ocati ons on the pl ateau where radi oact i ve 
wastes have been d i sposed of by bur i al ( see F i g ure 3 . 3 . 3-7 ) .  Most of t hese are former s i tes wi th  only 
three hav i ng been used in  recent years . One i s  for c l ass i fi ed materi al  ( to be di scussed l ater) , one 
was used for bur i al of debri s from demol i t i o n ,  and one wa s used for the deep d i sposal of cement paste 
conta i n i ng waste . Th i s  l atter area , near the ol d P l uton i um Proces s i ng Fac i l i ty ,  i s  now be i ng used for 
pl acement of the cement-paste-corrugated-meta l - p i pe storage of retr i evabl e l evel  wa ste and di sposal  of 
cement paste . 

Al l of the current l y  act i ve di s posal  s i tes and al l but two ( Areas B a nd V )  of the i nact i ve s i tes 
are i ns i de secur i ty areas that prevent entry by the publ i c .  I n  addi t i o n ,  most cf these areas are 
marked or fenced ( or bot h )  to prevent un necessary entry by empl oyees . Area V i s  adj acent to a secur i ty 
area and i ns i de a posted no t respass i ng area .  Area B i s  part ly  paved wi th asph a l t  and fenced for use  

by Los Al amos Cou nty as a trai l er/camper storage area for  county res i dent s .  Recent surveys i n  Area B 
i nd i cate that no one shoul d rece i ve any rad i at i on above background from th i s present use .  The 
non- paved port i on of Area B i s  separate ly  fenced and marked to prevent un authori zed entry .  Al l 
d i sposal areas rema i n  DOE property . 



3- 1 37 

Genera1 H i story of S ub-S urface Waste D i sposal  

I n  general , t hree types of sol i d  wa ste management operat i ons have been conducted at Los Al amos . 
I n  the f i rs t  several ye ars of Laboratory operat i ons dur i ng Worl d War I I ,  expedi ency d i ctated rap id  
d i sposal of  contami nated wa stes wi th  l es s  str i ngent control s than present l y  requ i red . Th e tec h n i c al 
areas generat i ng rad i oact i ve wa stes operated the i r  own bur i al areas , and no Laboratory-w i d e  s uperv i s i on 
or u n i form record keep i ng ex i sted . There i s  conf i dence that al l areas used for d i sposal of rad i oact i ve 
wastes are kn own i n  terms of l ocat i on and the general fac i l i t i es or operati ons from wh i ch wa stes 
ori g i nated . Various  i nternal memorandums , offi c i al tech n i c al notebook s ,  and engi neeri ng drawi ngs 
have al l contr i buted to  t h i s kn owl edge even though formal wa ste d i sposal  records were not general ly 
kept unt i l  the m id-1950 ' s .  

The reduc t i on i n  research pres sure fol l owi ng the  war permi tted an i ncreased awarenes s and 

concern for the adeq uacy of d i s posal tech n i ques .  A waste d i sposal sect i o n wa s organ i zed and formal i zed 
the  use of des i g nated bur i al areas to recei ve Laboratory-wi de waste as  we l l  as some for spec i al or 
s i ng l e-use d i sposal operat i ons . By 1959 , deta i l ed records of c ontent and compo s i t i on of wa stes 
were kept rout i n el y ,  a nd the qual i ty of the records has improved s i nce then. Beg i nn i ng in 1974 , a 
comput er- based waste records system was i n i t i ated to  ma i nt ai n data on the  exact nature of the wa stes 
i nc l ud i ng the  l ocat i on of d i sposal wi thi n a part i cu l ar buri al  or storage fac i l i ty ,  s uc h  as a pi t .  An 
effort wa s started and i s  cont i nu i ng to  i ncorporate as much i nformat i o n  as po ss i b l e from ol d records 
and documents i nto the computer data base . Cons i d erab l e work has been done and cont i n ues on l ocat i ng 
and conso l i da t i ng al l rel evant i nformat i o n  on the ol d d i s posal s . 3-l l lB 

The t h i rd type of sol i d  waste operat i on pract i c ed at LASL i s  that of retri evabl e storage of wa stes . 
St art i ng i n  1971 , ret ri evabl e wa stes have been pl aced i n  engi neered storage des i g ned to  permi t recovery 
after at l east a twenty-year peri od . These pract i ces have been descr i bed earl i er .  Compl ete data on 
the  nat ure , amount , a nd exact l ocat i ons of such wa stes are careful ly  ma i nta i ned . 

Bri ef descri pt i ons of the formerl y and present l y  used rad i oact i ve waste d i sposal areas are 
prov i ded i n  the fo l l owi ng paragraphs . The des i g nated subs urface wa ste areas kn own to  conta i n  
rad i oact i ve materi al  are shown on F i g ure 3 . 3 . 3- 7 .  The l etter desi gnat i on i s  one used by wa ste 
management perso nnel for reference conven i ence and does not neces sari l y  i nd i c ate chronol ogy of use .  
Note  that some areas were not  used for sol i d  wa ste d i sposal as such ( e . g . , Areas T ,  U ,  and V ) ,  but  
are now cons id ered al ong wi th so l i d waste areas because they al l sh are common features in  terms of 
management cons i derat i ons and future al t ernat i ve s .  A s ummary of ava i l ab l e  quant i t at i ve data on the 
rad i oact i v i ty c ontent is prov i ded in Tabl es 3 . 3 . 3-2 a nd 3 . 3 . 3-3 . Note that these t abl es  do  not contai n 
i n fo rmat i o n  on t he ol d areas for wh i ch g ood quant i ta t i ve data i s  not ava i l ab l e .  For cert ai n areas and 
i sotopes ( pr i nci pal ly  U and P u )  B ook Phys i c al I nventory D i fference ,  B P I D , d ata  ( s ee Sect i o n  3 . 3 . 4 ,  
Mater i al s Accountab i l i ty )  can  b e  ut i l i zed t o  pl ace upper  bounds o n  the amounts o f  di sposed radi oact i v i ty .  
Th i s  has not been done for t h i s  report because o f  t h e  deg ree o f  specu l ati on req u i red and t h e  bel i ef 
t hat i t  woul d not al ter the basi c concl u s i ons reg ard i ng the  adequacy of conta i nment of wa ste .  Such 
i nformat i on wi l l  be cons i dered , as ap propr i at e ,  i n  rel at i on  to the st udy of future management 
al ternat i ves . Tabl e 3 . 3 . 3-3A present s more det a i l ed data on d i sposal and retri evabl e storage 
for cal endar years 1 977  and 1 978 based on more compl ete rec ord keep i ng .  
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TABL E  3 . 3 . 3-2 

ESTIMATED RAD I ONUCL I D E  CONTENT OF MATER IAL PLACED IN D ISPOSAL P I TS 
AND SORPT ION BEDS , AS OF DECEMBER 31 , 1 976a 

P i ts 

c G 
I so  tope 1 958- 1 959 1 959- 1 97 6  

3H 
90Sr-90y 2683 
227Ac 

u b 25 56 
238Pu 39 
239P u  c 26  336 
241 Am 1 49 2061 

F i s s i on Prod ucts 600 

I nduced Act i v i ty 5 1  

Tota l 200 5826 

a )A l l v a l ues  i n  curi es , decay corrected . 
b ) I nc l udes i sotope s 2 3 4 U , 2 3 su , 2 3 6 u , 2 3 a u . 

T 
1 945 - 1 95 1  

4 

1 0  

1 4  

Sorption  Beds 

u 
1 945 - 1 968 

v 
1 945 - 1 96 1  

< 0 .  l 

<0 . l 

<0 . l  

c )Mater i a l  genera l l y  con s i s t i n g  of a pprox imately 94 % ( by wei g h t )  2 3 9 P u  and 6% 2 4 D P u . 



I soto�e 
3H 
2L Na 
60Co 
90Sr-90y 

1 37Cs 
233u 

u c 

238Pu 
239Pu d 

241 Am 

F i s s i on Products 

I nduced Act i v i ty 
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TABLE 3 . 3 . 3-3  

ESTIMAT�D TOTAL RAD IONUCL IDE  CONTENT OF MATER IALS PLACED I N  
SUBSURFACE D I SPOSAL AND STORAGE AS  OF  DECEM BER 3 1 , 1 976a , b 

TRU-Retr iev-
Tota l i n  D i s- ab l e Sol i d  

Area C Area G Area T posal  P i ts and Waste Storage 
( 1 960- 1 969} ( 1 965- 1 97 6 }  ( 1 968- 1 976}  Absor�t i on Beds G T 

39 , 1 86 1 23 ,853 4 

1 4  1 5  

1 1  1 35 

2 7  2 7 7  2 , 683 

5 

5 5 7 4 1  

0 1 . 1  . 1  81  . 1  

4 47 3 9  55 , 9 58 1 4  

53 1 93 3 72  1 , 0 1 8 30  

3 , 761  2 , 2 1 0 2 5  7 3 7  

3 0  3 57 3 600 

20 3 72 5 1  

a )A l l va l ues  i n  curi es , decay corrected . 

Tota l 

1 63 , 04 3  

29 

1 46 

2 , 987 

5 

58 

81  

56 , 062 

1 , 666 

6 , 733  

990 

443 
232 , 24 3  

b ) Data a re  known t o  b e  i ncomp l ete d u e  t o  the l ack  of  ear ly  Laboratory d i sposa l records . Tri t i um , 
whi c h  accounts for over 70% of both cumu l at i ve d i s posed and decayed cur i e s , i s  i ncl uded o n ly  s i nce 
1 960 ; no pre- 1 960 d i sposa l  records are known . Al so , some past- 1 960 tri t i um d i s posa l s were not 
recorded .  No quanti tat i ve data i s  i nc l uded for Areas A, B ,  D, E , F ,  H ,  K, W ,  X ,  and Y , because 
no data is  ava i l a b l e ;  see tex t .  

c ) I nc l udes i sotopes 234 , 235 , 236 , 238 . 
d ) Wea pons Pu most ly  ( 94 wt% 2 3 9Pu ; 6 wt% 24 0 Pu ) ;  Ci va l ue based upon �0 . 07 2  C i  a l p ha acti v i ty per g ram . 
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TABLE 3 . 3 . 3-3A 

RADI ONUCLI  DE COtlTENT OF MATER IALS PLACED I N  

SUBSURFACE D I SPOSAL AND STORAGE I N  1 97 7  AND 1 978a 

D i s posed Retri eva b l y  Stored 

1 9 77  1 9 78 1 97 7  1 978 

3H 40 , 9 1 0  58 ,440 

1 4c l x l o-6 

22Na l x l o-6 

35s 0 . 00 1  

5 7 , 60c0 l x l o- 1 2  0 . 0 1 

84Rb 0 . 0 1 

85Kr 0 . 00 1  
88y 0 . 005 0 . 035 

90sr 0 . 00 1  

1 37cs 0 . 005  

1 47pm l x l o-6 

2 1 0 p0 0 . 005  0 . 002 

226Ra 0 . 002 

232Th l . l x l o - 1 0  0 . 004 

237Np 7 . 5x l o-6 

238pu 1 . 6 l .  78 1 2 . 6  8 . 6 

P ub 1 5 . 89 30 . 0 1 1 0 , 556  1 3 , 1 6 3 

24 1 Am 7 . 02 1 6 . 54 6 , 348 3 , 32 1  

uc 2 . 4  l .  0 1  0 . 02 0 . 0 1 

MFP d 1 , 389 1 ,226  0 . 1 4  0 . 1 96 

MAPe 7 . 7 76 . 39 

a ) A l l va l ues i n  curies  at  t i me o f  d i s posal  or  s torage , maj o r i ty of  mater i a l  
emp l aced at Area  G ,  s o  m e  emp l aced at  Area T accordi ng  to p rocedures 
des cri bed i n  text . 

b ) A l pha  act i v i ty of  m i xtures of P u  i s otopes . 
c l i nc l udes i s otopes 234 , 235 , 236 , 238 .  
d ) M i xed F i s s i on P roducts . 
e l Mi xe d  Act i vat i on P roducts . 
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Area A was operated from 1945 to 1 946 and covers 5000 m2 ( 1 . 2 5  acre s )  and ori g i nal l y  c ontai ned 
p i t s  for b:r i al of so l i d  waste and two bur i ed tanks for storage of so l uti ons conta i ni ng 239P u .  The 
waste bur i al p i t s  were excavated in the vol can i c  tuff , a nd the wa ste wa s covered with the crushed tuff 
and s o i l  removed from the pi t .  No records  were kept of the  types and vol umes of waste pl aced i n  these 
p i ts . However,  it i s  known that l i tt l e ,  i f  any , t ransuran i c  materi al wa s i nvol ved . P l uton i um wa s an 
extremely  sc arce mater i a l  dur i ng the years th i s area wa s used , and every effort wa s made to  recover i t  
from waste materi al . The p i ts undoubted ly  conta i n trace quant i t i tes of many of the  l onger- l i ved 
rad i onuc l i d es present i n  f i ss i on products  and i rrad i ated materi al that are known to  ex i st i n  other 
d i s posal areas , but  it i s  not present l y  poss i b l e  to  i dent i fy t hem s peci fi c al ly  due to l ack of record s .  
The p i ts i n  Area A were al s o  used for the di s posal of chem i cal waste s .  

Area A was react i vated i n  Apr i l  1 969 wi th  the excavat i on o f  another p i t  to  b e  us ed for bur i a l of 
debri s from demol i t i o n  work . Th i s  debri s was contami nated w i t h  tran suran i c  el ements at <10nC i / g  and 
wi t h  sma l l amounts of uran i um .  Th i s  p i t  wa s used unt i l  1 978 and recei ved a fi nal  cover i n  m i d  1978 .  

Recent i nvesti gat i ons have shown that  the 239Pu  contami nated l i qu i d  wastes stored in  the  two 
1 . 89 x 1 05 £ ( 5  x 1 04 gal ) tank s have not l eaked . Present l y  t h i s wa ste , esti mated to conta i n  al pha 
act i v i ty equ iva l ent to  about 94 g of 2 39P u  ( about one- h al f of wh i ch i s  241Am ) i s  bei ng removed i n  
smal l batches t hrough a n  underg round p i pe t o  the present P l uton i um Process i ng Faci l i ty wa ste treatment 
p l ant for process i ng .  By m i d-1 979 , a pprox imate ly  80% of the contents were removed and treated . Once 
empt i ed ,  i t  i s  pl an ned to  refi l 1 t he tanks wi t h  nonretri evabl e cement paste for d i sposal . 

Area � wa s used through 1 948.  It wa s operated in  t he same man ner as Area A,  u s i ng p i t s  for bur i a l  
o f  al l wa ste , i nc l ud i ng some chem i c al materi al s suc h  as g a s  cyl i nders contai n i ng uncert a i n amounts of 
HC1 , H2s ,  a nd HF . On ly  l i m i ted records ex i st on the types of vo l ume of materi al pl aced i n  th i s area . 
The general i nferenc es co ncern i ng rad i onuc l i des i n  Area A app ly  al so  to Area B .  Concern over the 
prox i m i ty of waste d i s posal  operat i ons t o  other areas prompted the open i ng of a new d i sposal  area 
and the c l os i ng of Area B .  Area B covers 24 , 000 m2 ( 6 . 0  acres ) .  

Area f was fi rst opened i n  1 948 and covers 48 , 000 m2 ( 1 1 . 8 acres ) .  P i t  d i s po sal techn i q ues  
were used for Laboratory waste , wi th  separate p i ts for  rad i oact i ve and  chemi cal waste s .  Wastes 
cont ai n i ng l arger quant it i es  of rad i oact i v i ty were pl aced i n  vert i cal  shafts , as much a s  7 . 6  m ( 2 5 ft)  
deep . Si x p i t s  were used i n  t h i s  area for rad i oact i ve waste d i sposal , a l l of wh ich  were fi l l ed by 
l ate 1964 .  Use  of the  d i sposal  shafts i n  th i s area cont i n ued through 1969 .  

Records of  t he types and vol umes of  wa ste pl aced i n  Area C before 1 954 are i ncompl ete .  Beg i n n i ng 
i n  1951  data were recorded on the  cur i e  content of s l udge generated by the Central Waste Treatment 
Faci l i ty and bur i ed i n  th i s area. The curi e content of some i sotopes pl aced i n  th i s  area can be  
i nferred from materi a l  accountab i l i ty record s ,  wh ich  i nd i cate the amount of varou s  mater i a l s removed 
from the i nvento ry and con s i dered to have been d i s po sed of as waste .  Some of  th i s materi al was rel eased 
i n  l i q u i d  effl uents , a nd some esc aped to the  atmosphere .  Thus , t hese records prov i d e  on ly  an upper 
l i m i t  on the materi a l  actual l y  pl aced i n  the d i s posa l  area .  
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The fi rst compl ete records of cu r i e content a nd c ompos i t i o n  of wastes pl aced i n  Area C beg i n  i n  

1960  and apply onl y  t o  the materi a l  pl aced i n  d i sposal  s hafts and P i t  5 .  Beg i nni ng i n  1967 , s hafts 
were i n  u se i n  bot h  Area C a nd Area G ,  a nd tn i s  du a l  u sage conti nued t hrou g h  1969 . 

Area D i s  l ocated wi t h i n  HP-Si t e .  I t  co nta i ns two u nderg rou nd chambers a t  a depth o f  approximately 
1 4 m ( 4 5 ft) t hat  were u sed for subsurface detonat i on of expl o s i ves contai ni ng short- l i ved 2 1 0Po . 
The s hafts were l as t  u sed i n  1 948 . No records have been fou nd on the amou nts of rad i oact i v i ty present . 
One shaft was opened for i nspect i o n  i n  1 9 52 , a nd a 600- l b .  c harg e  of TNT was set and detonated . The 
A smal l crater over  t he chamber resu l ted and was backfi l l ed to  ground l eve l  wi th c l ean  eart h .  

Area E wa s u s ed between 1949 and the m i d-1960 ' s  for bu ri a l  o f  contam i nated so l i d  wastes . Unknown 
t f · 1 · d . h 2 38 2 1  0p d B d . d E . 1 1  1 1  f h amou n s o  mate r1 a  contam1 nate w1 t U ,  o ,  a n  e were 1 s pose • s se nt 1 a  y a o t e 

2 1 0P o  has  decayed . 
Area I i s  l ocated on Two-Mi l e  Mesa  and wa s u sed , from 1946 t hrou g h  perhaps the earl y  fi ft i es ,  for 

l oca l  d i sposal  of wastes before the org a n i zat i o n  of a Laboratory-wide  d i sposal sect i o n .  Wastes were 
p l aced i n  s h al l ow pi ts or t renches , b ut  i nformat i on  on t he types and quant i t i es of rad i onuc l i d es 
d i sposed of ( i f any were) i s  not av a i l ab l e .  Some 90sr and about 30  mCi of 1 3 7cs as wel l a s  h i gh 
exp l o s i ves  wa stes a re present . 

Area � i s  the pr imary so l i d  wa ste d i sposal a nd retr i evab l e storage a rea u sed by LASL s i nce 1 9 57 . 

The area conta i n s  s i x  l a rge p i ts , 30 x 180 x 8 m ( 100  x 600 x 2 5 ft) , a nd e l even smal l e r p i ts of 
varyi ng d imens i ons , wh i c h  have been u sed for rou t i ne bu ri a l  of Laboratory-generated rad i oact i v e  wastes . 
I n  addi t i o n ,  t hree p i t s  are present l y  i n  u se i n  the act i v e  a rea a nd two more rema i n to be dug .  Wh i l e  
earl y  d i sposal s d i d  not h ave detai l s  on c ur ie  contents recorded , i sotop i c  c ompos i t i on wa s noted . 
Cu rrent pract i ce , a s  desc r i b ed  earl i e r ,  ma i nta i ns  detai l ed i nformat i on on a l l a spects of the waste . 
Waste d i sposal and storage procedures u s ed at Area G a re those desc r ibed i n  deta i l  earl i e r  i n  th i s 
sect i o n .  

Ameri c i um-241 i s  prese nt i n  some o f  these p i t s , occu rri ng i n  assoc i at i on w i t h  pl u toni um i n  d rums 
of cement paste ge nerated by l i qu i d  treatment faci l i t i es and d i sposed i n  Area G p i ts throu g h  1 967 . 
Tri t i um wastes were rou t i ne ly d i sposed of i n  p i t s  throu g h  about 1 963 when s haft d i sposal for these 
wastes was i n i t i ated . Between 1963 a nd 1 967 , a few spec i al d i s posa l s i nvo l vi ng t ri t i um  were made 
i nto p i t s  at Area G .  E s t imates have been made of the cu ri e content o f  some o f  the vari ou s i sotopes 
( i nc l u d i ng tri t i um )  d i sposed i n  Area G before 1974 u s i ng materi al  accou ntab i l i ty d at a .  Si nce 1 974 , 
det ai l ed d i sposal records have been mai nta i ned i n  the waste management computer  records system . Th i s  
i nformat i o n  i s  i nc l u ded i n  Tabl e 3 . 3 . 3 -3 . 

I n  addi t i o n  to the d i sposal p i t s , Area G c ontai ns over  9 0  d i sposal s hafts u sed for b uri al  of 
i ntermed i ate a nd l ow-l ev el cont am i nated wastes . Records on t he types a nd acti v i t i es of these wastes 
a re general l y  g ood . Undocument ed  bu t smal l quant i t i es of the nuc l i d es l i sted i n  Tab l e 3 . 3 . 3-4 have 
been d i sposed of in the s hafts . 

S i nce 197 1 , sol i d  waste contami nated wi th  t ransurani c rad i onuc l i d es at act i v i ty l eve l s g reater  
t h a n  1 0  nCi / g  of wa ste ( g re ater than  100  nCi / g  i n  the case  of 238Pu ) have  been spec i f i c al l y  packaged 
a nd p l aced i n  2 0  year retri evabl e storage i n  accord wi th  DOE regu l ati ons . 
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TABLE 3 . 3 . 3-4  

NUC L I DES D ISPOSED OF IN  AREA G SHAFTS 

24Na* 9 l y * 1 44ce 227Ac 
32p * 1 05Ag* 1 47Pm 232Th 
5 1 Cr* 1 1 4 I n* 1 52 Eu 240Pu  
5 7  Co  1 3 1 I * 1 82Ta* 242Pu  
59Fe* 1 33Xe* 1 9 1 Au* 244cm 
65zn 1 40Ba* 2 1 0Po* 252Cf 
85 Kr 

* Those wi th short h a l f - l i ves  ( l ess  than 1 40 days have essenti a l ly  decayed away . Many of the others have decayed s i g n i f icant ly .  
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Area _tj_ conta i n s  sh aft s used for the  di sposal  of uncontam i nated c l ass i fi ed materi al . However,  i t  
i s  known that some rad i oact i ve materi al wa s i nadvertent ly  pl aced i n  th i s  area because of some trace 
l evel tri t i um cont ami nat i on detected i n  subs urface sampl es taken near one of the shafts . No records 
are ava i l ab l e  to determ i ne t he nature or amount of what was buri ed .  

Area K i s  l ocated about two mi l es from Area D and was operated for t he l ocal d i sposal  of wastes 
generated at HP-S i te .  A s hal l ow pi t in the area was used for di s posal of tri t i um-contami nated sol ut i ons 

1 9 50 d 1 9 59 · k · h h · d 1 · · d · d · h 2 35u between an • Sept 1 c  tan  s 1 n  t e area ave rece 1 ve  1 qu1  wastes contam1 nate w1 t 
and 2 38u .  One addi t i o na l  sept i c  tank recei ved two emergency rel eases of pl utoni um-cont ami nated l i qu i d  
i n  196 1 . No records are ava i l ab l e to document the c ur i e  content . The contam i nated sept i c  tank s and 
any contam i nated so i l  wi l l  be removed as a decommi s s i oni ng proj ect when funds become ava i l ab l e .  

Area I has been used for wa st e di sposal i n  two d i fferent ways .  From 1945 to 1967  absorpt i o n  beds 
were used for subs urface di s posal  of l i qu i d wastes resul t i ng from recovery of pl utoni um . Beg i nni ng i n  
1968 , t reated l i qu i d  wastes were m ixed w ith  cement and pl aced i n  vert i c al shaft s .  The two d i s posal  
i o ns are d i scu ssed separatel y in  th i s sect i o n :  

Absorpt i o n  bed s--Four trenches approx imatel y 3 5 m ( 1 1 5 ft ) l ong by 6 m ( 2 0 ft ) wi de and 1 . 2 m 
( 4 ft )  deep  were excavated i n  the tuff.  These trenches were backfi l l ed wi th coarse materi al , g rad i ng 
from 0 . 2  m ( 8  i n ) b ou l ders i n  the bottom , through g ravel , to  fi ne sand at the  s urface .  L i q u i d  wa stes 
cont a i n i ng pl utoni um and ameri c i um were di sc harged to these beds from 1945 to 1952 .  From 1945 to  
1967 , the beds rece i ved effl uent from a l i q ui d waste treatment fac i l i ty .  The u se  of  these beds was 
d i scont i nued i n  1967 . Hydrofl uori c ac i d  u sed i n  pl utoni um recovery operat i o ns i s  known to have been 
present i n  the wa ste di scharg e ,  as i s  some tri t i um .  

D i sposal shafts--The operat i on of the l i qu i d  waste treatment faci l i ty a t  DP-S i te ,  near Area T ,  
resul ted i n  the product i o n  of a s l udge re s i due contam i nated wi th p l uto n i um and ameri c i um .  For many 
years t h i s  materi al  was p l aced i n  steel drums for d i s posal  at Area C and Area G .  I n  1968 , the  
operat i on of  a pug mi l l  wa s i nst i tuted , wh ich  m i xed the wa ste materi al wi th cement . Th i s  cement 
paste was p umped di rectl y i nto asphal t-coated vert i c al shafts  approximatel y 20  m ( 6 5  ft ) deep and 
2-2 . 4  m ( 6-8 ft ) d i ameter. 

Th i s  pract i c e  cont i nued through 1975 , when tech n i q ues  were devel oped for retri evabl e storage of 
that port i on of the pa ste cont am i nated w i th more than 10 nCi of al p ha act i v i ty per gram of paste.  The 
nonretri evab l e paste i s  now pl aced i n  2 m  ( 6 ft ) d i ameter shafts  2 0 m ( 6 5 ft ) deep . Sol i d i f i c at i on 
of the paste occurs wi t h i n  a day of i ts pl acement i n  a shaft . The contami nated paste contai ns 90sr ,  
2 38P u , 241Am , 1 32cs , a nd urani um.  

Area U conta i ns two absorpt i o n  bed s  s im i l a r to  those in  Area T .  The beds were u sed for subsurface 
d i sposal of co ntami nated l i q u i d  wa stes between 1945 and 1968 .  The primary rad i onuc l i d e  present i n  
t hese wastes wa s 2 1 0P o .  N o  records were ke pt o f  t h e  amount di scharged ; however,  t he short ha l f-l i fe 
of the materi al  wou l d have prod uced a decay of the materi al to i n nocuous  l evel s by 1972 .  Duri ng 1953 , 
a pprox i matel y 2 . 5  C i  of 227Ac were d i sch arged to the p i ts , a port i o n  of wh i ch remai ned undecayed as 
of the end of 1974 .  

Area V wa s used for the di sposal of  contam i nated l i qu i d  waste from l aundry operat i ons  duri ng the 
years of 1945  to  196 1 , u s i ng three absorpt i o n  bed s  s i m i l ar to t hose in  Area T.  An est imated total  of 

. 89 140  1 40 3 C 1  of Sr , B a ,  a nd La  were present i n  the l i qu id  di scharged to the bed s .  Based on the i r  

short hal f- l i v e s ,  t hese nuc l i des have decayed t o  a n  undect ab l e  l evel . I n  addi t i o n ,  sma l l quant i t i e s  of 
gos d 2 39P . d . h r an u were conta 1 ne 1 n  t e wa ste .  
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Area W i s  used for the subsurface storage of two cool ant tanks associ ated w i t h  the  LAMPRE reactor 
d i sma ntl ed i n  1963 . Two stai nl ess steel tan k s ,  each conta i n i ng 1 10-1 1 5  � ( 3 0  gal } of i rrad i ated 
metal l i c sod i um ,  a re enc ased i n  carbonsteel sl eeves and l ocated i n  separate vert i c al shafts  about 
3 5 m ( 1 15 ft ) d eep .  Th i s  doub ly cont ai ned d i s posal was des i g ned to permanent l y  contai n the sodi um 
and i s  not expected to s uffer any corros ion  probl ems .  Current pl ans cal l for entombment by 
construct i ng a new concrete structure over the tank s .  The sodi um i s  kn own to  be  contami nated wi th 
1 37�  2 2  . 2 39 �s . Na , a nd poss1 b l y  P u .  The total act i v i ty present i n  the tanks  i s  not k n own . 

Area ! i n  c l o se prox im i ty to  Area W ,  i s  b e i n g  u sed for the subs urface storage of the LAPRE reactor· 
vessel . The vessel wa s bur i ed i n  1 964 , conta i n i ng onl y a res i dua l  amount of 235u .  Ot her act i va t i on 
products are al so  expected to be present . Th e th ick  sta i nl es s steel reactor wa l l s  prov i d e  conta i nment 
adequate for storage in the dry tuff .  The vessel may be removed for buri al  at Area G .  

Area I has  been used s i nc e  1966 for d i sposal o f  wa ste from dynam i c  testi ng operat i o n s .  The 
mater i a l  cons i st s  pri nci pal l y  of h i gh expl osi ve-contami nated wa ste s ,  a l t hough sl i ght amounts of depl eted 
urani um may be present . 
Hazardous Chemi cal Wastes 

Hazardous chemi cal wast es i nc l ude i norgan i c  and orga n i c  sol i d s  and l i qu i d s , a nd other sol i d  and 
l i qu i d  res i dues contam i nated wi th  t hese chemi cal s .  Approx i mate ly  9 , 500 t ( 2 , 500 gal ) of mi scel l aneous 
ac i d s , b ases , a nd organ i c  chemi cal s ,  9 , 500 � ( 2 , 500 gal } of o i l s ,  and i norgan i c  sol ut i ons resul t i ng 
from chem i cal prec i p i tat i on of fl uoride  and other wastes were d i sposed of i n  1 9 76 .  I n  add i t i on ,  b atch 
wastes are often prod uced i n  sma l l amount s ,  l es s  than 200  � ( 50 gal } ,  wh i c h  can not be reduced or 
otherwi se pract i cal l y  treated . Al so requi ri ng di spo sal are react i ve metal s ,  unusab l e  or l eaky gas 
cyl i nders ( empy or part i a l l y  f i l l ed ) ,  c apac i tors , and ot her chemi cal l y  contami nated equ i pment i tems .  

These  hazardous wa stes are trans ported for  d i s posal to a separate ly  fenced area , Area L ,  l ocated 
ab out 1 . 5  km ( 1  mi l e ) from t he rad i oact i ve waste buri al Area G ,  on  Mes i t a  del Suey .  Presently wi th i n 
th i s  area , deep shafts and shal l ow trenc hes are used for d i sposal of the vari ous  categori es of 
chemi cal s .  Shaft s typi cal l y  measure 0 . 6  t o  1 . 8 m ( 2  t o  6 ft )  i n  d i ameter by 1 5 m ( 50 ft )  deep , and 
al l a re equi pped w i t h  personnel safety covers . Separate shafts  are used for the d i s posal  of d i fferent 
categori es  of wa ste chemi cal . These categori es are :  ac i d s , b ase s ,  organ i c s ,  i norgan i c s , a nd react i ve 
metal s .  Se parate shaft s al so  are used for gas  cyl i nders and drums contai n i ng bul k waste oi l s  and 
sol vent s .  Contai ners of these l atter wa stes are l owered i nto the a ppropr i ate shaft s .  Bul k i norgan i c  
sal t so l ut i o ns are  di sposed of  i nto a sha l l ow trench to  al l ow evaporat i on of the  water content . 
F i l l  d i rt i s  per iod i cal l y  appl i ed to each of the shafts and trenches rece i v i ng wa stes a s  a bas i c  
precaut i o nary mea sure aga i nst f i re or d i s persa l . Where wastes are too l arge or bu l ky for d i s po sal 
i n  the chem i cal di sposal area , d i s posal i s  accompl i shed at the radi oact i ve waste s i te nearby , w ith  
adequate prov i s i o n  for i so l ati on fr�n rad i oact i ve wastes . 

The hazardous chem i cal wa st e  d i sposal area , a s  present l y  fenced , has  a proj ected l i fet ime of at 
l east ten or more years . 

D econt ami nat i on and Decommi s s i on i ng 
Decont ami nat i on and decommi ss i oni ng operat i ons  are carri ed out as the need ari ses to perm i t  use of 

contami nated faci l i t i e s  for di fferent programmat ic  obj ect i ves , to perm i t  re l i nq u i shment of DOE control 
over property , or  to permi t compl ete demol i t i o n of obsol ete faci l i t i e s .  These operat i ons res ul t i n  
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t he generat i o n of so l i d wa ste .  A var i ety of  fac i l i t i e s  or l and areas have  been decontam i n ated i n  the 
past and ad d i t i o na l  s uch  operat i o ns are ex pected in the fut ure . Prel i m i n ary pl an n i ng i dent i f i ed 1 2  

s pec i fi c  fac i l i t i e s  and 4 ons i te l a nd areas a s  l i ke l y  c and i d ates for decontam i n at i o n  o r  decomm i s s i o n i ng 
dur i ng the next decad e . 3-1 1 1C  Four  of the  fac i l i t i e s  have been or are be i ng decontam i n ated or  

decommi ss i oned . Si x of  the  rema i n i n g  fac i l i t i e s  are  no  l onger i n  act i ve us e and have general l y  
l mt- l e'/ Pl co ntaP1 i r.ati o n .  The proj ect s have b2en rough ly  e st i mated t o  cost bet1veen $1 5 , 000 and 

$7 , 500 , 000 wi th  a total of about $ 1 7 , 000 , 000.  The vol ume of sol i d  waste , actual l y  or  po tent i a l l y  
rad i o act i ve ly  c o ntam i na ted , has been est imated t o  range from about 2 50 m3 ( 3 2 5  yd3 ) t o  2 5 , 000 m3 

( 3 3 , 000 yd3 ) for i n d i v i dua l  proj ects and total as muc h  as 40 , 000 m3 ( 5 2 , 000 yd3 ) .  Th i s  wa ste 
wi l l  be s im i l ar to wa ste� al ready d i s posed at the currentl y used Area G ( see preceed i ng sec t i o n ) and 
woul d be equi val ent i n  vol ume to about seven ye ars ' worth of rout i nel y generated sol i d  wa ste . Th us , 
i t  i s  ex pected that the wa stes from ant i c i pa ted decontam i n at i o n  and decomm i s s i o n i ng operat i o ns c an be  
hand l ed by estab l i shed procedures and contai ned wi th i n areas al ready d es i g nated for sol i d  rad i o act i v e 
waste d i sposal . 

I nd i v i d ua l  decontam i na t i o n  and decomm i ss i o n i ng proj ect s  are pl anned i n  deta i l  as t he prog rammat i c  
need s requi re or  a s  fund i ng becomes av a i l ab l e .  Stand ard operat i ng proced ures are prepared and 
rev i ewed fo r al l heal th and safety a spect s .  Env i ronmental effects are cons i dered in assessments as 
appropr i ate ( e . g . ,  Ref .  3-1 1 2 ) .  I n  general , o ne of the goal s of decontam i n at i o n  and decomm i s s i o n i ng 
proj ects at LASL i s  to  red uc e act ua l  or po tent i al ad verse env i ronmental effects by cons i g n i ng 
contam i n ated m ater i al s to  a control l ed d i s posal  area known to have m i n i mal prob ab i l i ty of  perm i tt i ng 
d i s persal of wa ste s .  

I n  the l ast two years , two maj or decontam i nat ion  and decomm i s s i o n i ng proj ect s ,  i d enti fi ed i n  
the si te  pl an , h ave been compl eted and two ot hers are under way . An o l d exper imental i nc i nerator 
fac i l  i ty3-1 1 2A and a fi l ter bu i l d i ng were decommi s s i o ned and the s i tes com pl etel y d econtam i n ated . 
These s i te s  were decontam i n ated to cond i t i ons consi dered as l ow as prac t i c ab l e  to ac hi eve , wh i c h  
resul ted i n  th i s c ase i n  n o  pe netrat ing  rad i at i o n  detectab l e  above  natur al background and detectab l e 

al pha rad i oac t i v i ty at  l ess  than 20 pC i / g  above natural background . The s i tes rema i n  wi t h i n  the 
LASL b ound ary .  

Decontam i na t i o n  operat i o ns have started o n  the o l d  Pl utoni um Process i ng Fac i l i ty and o n  a 
tr i t i um hand l i ng fac i l i ty .  These operat i o ns are i n tended to resu l t i n  s uffi c i ent cl eanup to penn i t  
a l tern at ive  uses o f  the bu i l d i ngs  for other prog rams wi th n o  s i g n i fi c ant expo sures to workers . 
Ne i t her of these fac i l i t i es i s  i n  an area open to the pub l i c .  

S i x  of the rema i n i ng fac i l i t i es are no l o ng er i n  ac t i ve  use and they are : ( 1 ) Wa ter Bo i l er 
Reacto r ,  ( 2 )  LAMPR E Reactor ,  ( 3 )  UHTR EX Reacto r ,  ( 4 )  A i r  Was hers , ( 5 )  Sod i um Storage Tanks , and 
( 6 ) LAPR E- I I Ve ssel . 
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C ontami nated Equ i pment 
Equ i pment or i tems  removed from a potent i al l y  cont ami nated fac i l i ty may ei ther go to a repa i r  

shop s peci fi cal l y  set u p  for hand l i ng onl y th i s type o f  equi pment , o r  i t  may b e  used i n  another 
i nstal l at i o n  handl i ng rad i oact i ve materi al s ,  or  it may be di sposed of i n  the contami nated waste 
d ump .  If  removabl e cont ami nat i on i s  detected , i t  must e i ther be  c l eaned or  the equi pment packaged 
pr ior  to be i ng removed from a control l ed area .  The onl y materi al s or equi pment perm itted to be 
sal vaged are those wi t h  no detectabl e contami nat ion  as measurab l e  by t he most appropri ate portab l e  
i nstrumentati on .  I n i t i a l  ch ec ks  are made at  the po i nt of sal vag e ,  and  rout i ne rechecks are made at  
t he sal vage yeard . 

Gaseous Wastes 
Gaseous wa ste i ncl udes t hose materi al s rel eased to the atmosphere e i ther as  gases  or mi xed wi th  

gase s ,  u sua l l y  a i r .  At  LASL , t h i s  i nc l udes  both  rad i oact i ve and non-rad i oact i ve materi al s .  
Rad i oact i ve mater i al s  are rel eased to the atmos phere a s  the resu l t of rout i ne operat i ons from 

twel ve of the techn i cal  areas . These rel eases are cont i nuous ly  moni tored by part i cu l ate and/or gas  
st ack sampl ers.  The amounts  of wa ste rad i oact i ve materi al s rel eased to  the atmosphere a re sma l l 
enough that envi ronment al concentrat i ons resul t i ng from t he se rel eases are we l l bel ow the DOE 
concentrat i o n gu i des for uncont rol l ed areas for a i rborne rad i oact i ve materi al as measured by the 
rout i ne envi ronmental mon i tori ng program ( s ee Sect i o n  4 . 1 . 2 . 1  and Append i x  H ) .  The wa ste materi al s 
rel eased i nc l ude rad i oact i ve i sotopes of ameri c i um ,  pl utoni um , uran i um ,  tr i t i um ,  i odi ne and argon. 
Smal l quant i t i es of m i xed fi s s i o n  products  are rel eased at faci l i t i es handl i ng i rrad i ated reactor 
fuel ( see Tab l e 3 . 3 . 3-5 ) .  Data  on rel eases of spec i fi c  i sotopes from di fferent tec h n i c al areas  i n  
1978 a re present ed i n  Append i x  H .  

Careful cons i derat i on has been g i ven t o  the sampl i ng programs and the use of part i c u l ate and/or 
gas  treatment systems . There are about  9 0  stacks at  LASL from wh ich  gaseous or ai rborne rad i oact i v i ty 
are rel eased . These stacks  are l ocated i n  14 of the pri nci pal techn i c al areas ( see Tab l e E-XXI  i n  
Append i x  H ) . The em i s s i o n  control s range from s i mpl e hol dup  pri o r  t o  rel ease fo r short- l i ved gases 
to  compl ex fi l trat i on for part i c u l ates . Most treatment systems at faci l i t i e s handl i ng ameri c i um and 
p l utoni um are equi pped wi th  H i g h  Effi c i ency Part i cu l ate Ai r ( HEPA ) f i l ters that remove at l east 9 9 . 7% 
of the part i c u l ates from the stream . Several s uch  systems were i nstal l ed i n  the earl y 1970 ' s ,  and a 
s i g n i f i cant red uc t i on i n  pl utoni um rel eases wa s ach i eved . The New P l utoni um Faci l i ty has  the  most 
el aborate fi l t rat i on system at LASL w i th two compl etel y i ndependent venti l at i o n  exhaust  systems , e ach 
hav i ng a compl ete ly  red undant b ackup  system on standby .  Each of the systems prov i des at l east t hree 
compl ete stages of HEPA f i l t ers i n  seri es for 239Pu g l ovebox systems and at l e ast four stages of 
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HEPA f i l t ers i n  seri es for 2 38Pu  g l ovebox systems . Each  vent i l at i on system has  a compl ete fi re 
detect i on ,  temperature control , and fi re su pres si on system desi gned to perm i t  conti nued operat i on 
i n  t he case of a g l ovebox fi re .  Gaseous rad i oact i ve argon rel eased from the Omega West Reactor has 
a short ( 1 . 8 hou r )  hal f-l i fe ,  wh i c h  reduces i ts envi ronmental impact . Short- l i ved rad i oact i ve gases 
and part i c u l ates generated at LAMPF a re fi l tered and rel eased v i a a tal l stack . No s i gn i fi cant quant i t i es 
of gases  res u l t  from cr i t i cal  as sembl i es because of the short-pul sed nature of the i r  operat i o n .  Gaseous 
t ri t i um and tr i t i ated water vapor  rel eases are reduced , where po ss i b l e ,  by exhaust a i r  treatment systems 
s uch  as  cata l yt i c  converter s ,  mi cros i eve , and ads orbers that col l ect and contai n the tri t i um .  A smal l 
amount of atmos pheri c rad i oact i v i ty i s  rel eased by expl o s i v e  test s .  These rel eases are covered under 
Sect i on  4 . 1 . 2 . 3 .  U sed fi l ter materi al s and other sol i d  wa stes generated by a i r  c l ean i ng operat i ons are 
d i sposed of as sol i d  rad i oact i ve wastes as covered earl i er in th i s sect i o n .  

Cont i nuous  stack sampl i ng i s  conducted at each stack where a i rborne rad i oact i ve emi s s i ons 
rout i ne ly  occur .  The s ampl es prov i de documentat i o n of cumul at i v e  rel ease s .  Some st acks  have 
cont i nuous  mon i tors to suppl ement work pl ace a i r  mon i tors i n  the immed i ate detecti on of abnormal 
rel eases . In most case s ,  stack sampl es are col l ected on fi l ter med i a  for 1 68 hours .  I n  cases where 
gaseous emi s s i ons occur ( e . g . , t r i t i um and act i vat i on gases) , t he mon i tori ng i s  by other tech n i q ue s  
s u c h  as fl ow-t hrough Kanne ch amber detectors . I sok i net i c  sampl i ng tubes are general ly  pl aced 5 - 1 0  
duct d i ameters down stream i n  a st ra ight  run o r  immed i ate ly after a bl ower t o  assure a good m i x i ng and 
a un i form ve l oc i ty prof i l e .  I n  al most a l l cases , the  ANS I  Standard N1 3 . 1- 1969 , "Gu i d e  t o  Sampl i ng 
Ai rborne Radi oact i ve Materi al s i n  Nuc l e ar Faci l i t i e s , "  i s  ful fi l l ed .  The New P l uto n i um Faci l i ty 
ut i l i ze s  spec i al l y  des i gned fl ow cond i t i oni ng u n i t s  i n  each of i ts two stack s to prov i d e  a fl at 
vel oc i ty profi l e  to assu re represent at i ve  sampl i ng by a 1 6-probe i sok i net i c  sampl er. Both cont i nuous  
moni tori ng for Pu  and cumul at i ve fi l t er sampl es col l ect i o n  are performed . The cont i n uou s mon i tor  
t ransm i ts data t o  a co ntrol computer wh i ch s ums emi s s i on act i v i ty da i l y  a n d  i s  programmed to al arm 
at a present l evel  to not i fy cont ro l  room operators and the heal t h  phys i cs office  of h i gher than 
normal stack rel eases . 

Several fut ure reducti ons are expected w i th fac i l i ty mod i fi c ati ons and the construct i on of new 
faci l i t i e s  w i t h  i mproved treatment capabi l i t i e s .  Exampl es of pl anned improvements i nc l ud e addi t i o nal  
H EPA f i l t er systems fo r certa i n re search fac i l i t i es , new tr it i um hand l i ng systems wi th  exhaust- a i r  
treatment and hol dup  system s ,  a nd de s i g n  modi fi cat i ons that reduce the a i r  vol umes av a i l ab l e  for 
act i vat ion  and improve contai nment of sh ort- l i ved rad i oact i ve gases at accel erator fac i l i t i es .  

I n  the l ast ten years ( 1 968-1 9 78 )  there were two reportab l e  ( by c r i ter i a  of chapter 0502 ) 
non-rout i ne or acci dent al rel eases of a i rborne rad i oact i ve materi al . Both i nvol ved tr i t i um and 
are noted as part of Tabl e 3 . 3 . 3 - 5 .  T h e  one occurri ng i n  1976 i s  d i scu s sed i n  Sect i o n 4 . 2 ;  t h e  
one occurri ng i n  1 9 7 7  w a s  descri bed i n  a LASL Env i ronmental Surve i l l ance Report. 3-1 12B 
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TABLE  3 . 3 . 3-5  

ATMOSPHERI C  RELEASES OF  RAD I OACTIV ITY FROM STACKS 
FROM 1 9 74 THROUGH 1 97 7  

Acti v i ty Rel eased ( Curies ) a 

Rad i onuc l i des 1 974 1 975  1 976 1 97 7  

32p 0 . 000074 0 . 000304 

234Th 6 . 6  0 . 0025 0 . 0052  

241 Am , 238pu , ' 239pu 0 . 0008 0 . 00025 0 . 000068 0 . 000 1 27 

233u ,  2 35u ,  238u 0 . 0008 0 . 00092 0 . 00 1 3 0 . 0007  

Mi s sed F i s s i on Products 0 . 00 1 4  0 . 00 1 0  0 . 00 1 7 0 . 0028 

1 3 1 I b 0 . 0047 0 . 00 1 4  0 . 0003 O . OD009 

41 Arb 3 1 2 32 7 339 792 

3H 7488 6200 340l c 2227d 

1 1  c ' 1 3N , 1 50b 5890 481 73e 

a l va l ues are deri ved from con t i n uous mon i tor i n g  data col l ected from exhaust  a i r  
stacks  a t  the LASL wh i ch a re re l ease po i nts from nuc l ear research faci l i t i es . 
See Append ix  H ( pa ge H- 1 02 ) for 1 978 data and further d i scus s i on . 

b ) Note that the ha l f- l i ves of l 3 1 I ,  41 Ar , l l c ,  1 3N ,  and 1 5o range from about 2 
mi n to 8 days ; thus , these nucl i des decay rap i d l y .  

c lAct i vi ty re l ea sed dur ing  ca l endar yea r 1 976 does n o t  i nc l ude acc i denta l  
22 , 000 Curi e tri t i um ( 3H )  re l ease that  occurred on Ju ly  1 5 , 1 9 76 , a t  TA-3 , 
SM-34 Cryogen i cs Laboratory .  

d )Act i vi ty 3el eased duri ng ca l endar year 1 9 7 7  does not i n c l ude 30800 C i  
tri ti um ( H )  rel ease from H P  s i te on October 6 , 1 97 7 .  

e ) Re l eases of  a i r  act i vati on products from LAMPF  have i n creased w i th h i gher 
operati ng power ; see addi ti ona l  i nformat i on in Append ix  H ( page H-29 and H-41 ) .  
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3 . 3 .4 Precaut i onary Procedures 
Heal t h  and safety , mon i tori ng , secur i ty , safeguards , fi re protect i on ,  and emergency procedures 

are es sent i a l  i ng redi ents in t he operat i on of LASL . They are i ntended to preserve the wel l be i n g  of 
L aboratory and rel ated empl oyees as we l l  as the  general pub l i c ,  to protect the  envi ronment and the 
l arge i nvestment in  faci l i t i e s ,  a nd to ma i nt a i n  the secrecy of i n format i on essent i a l  to nat i onal 
defense .  I n  many ways a l l of  these funct i ons are i nterrel ated even  though  there are numerou s areas of 
u n i que res pons i b i l i ty .  
H ea l t h  and Safety 

Hea l t h  and safety i nvo l v es two maj or a reas of concern : pub l i c  heal t h  and s afety , a nd occu pat i ona l  
hea l th  and safety . The pub l i c  safety is  ensured pri mari l y  by contro l l i ng access  and rel eas i ng on ly 
effl uents wh i c h  meet appropri at e  standard s .  The effl uent control measures have al ready been 

d i scu s sed .  The contro l l ed exc l u s i on of the pub l i c  from al l potent i al l y  d angerous techn i ca l  a reas 
prevents i nadvertent exposure to  rad i at i on or rad i oact i ve materi a l s ,  expl os i ve s ,  tox i c  materi al s ,  
and phys i ca l l y  d angerou s s i tuat i ons i nv ol v i ng such t h i ngs as  heavy equ i pment and construct i on .  Th i s  
exc l u s i o n  i s  prov i ded by the same measures as u sed for secur i ty ( guards  and fences ) as  wel l as  
ext ens i ve u se  of s i g n s  that proh i b i t  entry and show the reason , such as  "Danger,  Exp l os i ves"  or  
"Danger , Rad i at i on . "  

Occu pat i onal Hea l t h  and Safety addresses aspect s  of phys i ca l  protect i on for a l l LASL empl oyees , 
i nc l ud i ng impl ement i n g  the prov i s i ons of the F ederal Occu pat i ona l Safety and Hea l th  Act . F i ve primary 
concerns are contro l of rad i at i on hazards , protect i o n  from nonrad i oact i ve toxi c expo sures , i nd u str i a l  
acci dent prevent i o n ,  protect i on from adverse effects of  catastroph i c  acci dent s  i n  nei ghbor i ng 

fac i l i t i e s ,  a nd occu pat i onal med i cal  serv i ces prov i d i ng peri odi c  heal th  check s ,  cons u l tat i o n , 
and on-the-j ob fi rst- a i d  serv i ces . 

Maj or components of the  Heal t h  and Safety programs i nc l ude :  
Hea l th  Phys i c s--measurement and  control of exposure to i oni z i ng rad i at i on ;  personnel mon i tori ng by 
fi l m  and thermo l umi nescent dos imetry b ad ge s ,  whol e body count i ng , l ung  count i ng ,  and uri na lys i s ;  
fac i l i ty mon i tor i ng ;  exh aust st ack  mon i tori ng ; col l aborat i on i n  preparat i on o f  Standard Operat i ng 
Procedures and Emergency P l ans , new faci l i ty des i g n ,  a nd s u perv i s i on of a l l equ i pment decontam i 
nat i o n .  

I ndustr i al Med i c i ne--pre-empl oyment and peri odi c phys i c al exami nati ons , care for m i nor 
i l l nesses and occupat i onal i nj u r i e s ,  personnel counsel i ng and gu i dance , a nd mai ntenance of 
fi rst- a i d  st at i ons at outl yi ng s i t e s .  

Safety--personnel and property protect i on i nc l ud i ng un i que probl ems o f  h i gh expl os i ves , 
trans portat i on ,  l asers , f i re protect i on ,  h i gh temperat ures and pressures ,  l arge i mpu l se  el ectr i c  
current s ,  hydrogen h andl i ng ,  a nd cryogeni cs . (The  Laboratory has earned several nat i onal 
c i t at i ons  for outsta nd i ng s afety experi ence i nc l ud i ng an AEC Award of Meri t in 1973 . )  

I ndustr i al  Hygi ene--recog n i t i o n ,  eval u at i on ,  a nd control of hea l t h  h azards throughout the 
Laboratory and commun i ty ,  i nc l udi ng toxi c chemi cal s ,  aerosol s ,  pa rt i cu l ates , and no i se , and 
prov i s i on of respi ratory protect i ve equi pment and vent i l at i on and a i r c l eani ng equi pment . 

I ndustr i a l  Waste Treatment--treatment of radi oact i ve and chemi cal l y  tox i c  l i qu i d , so l i d ,  and 
gaseous wastes generated by t he Laboratory to e l im i nate any heal t h  or safety h azards  and to avoi d 
contam i nat i ng the envi ronment . 
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Env i ronmental St ud i es- -documentat i o n  and eval uat'fon of env i ronmental effects ; man agenent of 
rout i ne so l i d  wa ste operati ons ; s pec i al research appl i c ab l e  to the Lo s Al amos area in g eol ogy , 
hyd rol ogy , meteorol ogy , b i o l ogy , a nd ecol ogy ; rev i ew of pl anned proj ects to ant i c i pa te and av oid  
or  m i t i gate e nv i ronmental  impacts . 
See Sect i on  4 . 1 . 3  for a more deta i l ed d i sc us s i o n  reg ard i ng rad i at i o n  meas urenents and assessment s .  

Mon i tori ng 
Rout i ne  monitor i ng of rad i at i o n , r ad i oact i ve materi al s ,  a nd chem ical s ub stances i s  cond uc ted on 

the La boratory s i te and in the s urround i ng reg i on to assure compl i ance wi th a ppropr i ate stand ards  and 
to prov i d e  ident i fi c at i on  of any undesi rab l e  trends  shoul d they occur . Th e res ul ts  of these cont i n u i ng 
stud i e s  are reported annual l y  i n  d ocuments d i str i b uted to state and fed eral agenc i es and to i n terested 
perso ns . Recent res ul ts  are s ummari zed in Sect i o n  4 . 1 . 3 . Eac h  of the components of th i s  prog ram i s  
desc ri bed bri efl y .  More deta i l ed desc r i pt io ns o f  sampl i ng methodol og i e s  and anal yt i cal techn i q ues  are 

prese nted i n  the Env i ronmenta l Surve i l l anc e Re ports . 3-6 5 • 3-66 • 3-66A The 1 978 report i s  
i ncl ud ed as Ap pe nd i x  H .  Th i s  monitori ng i s  i n  add i t i o n  to the rout i ne and conti n uous mon itor ing 

cond ucted at spec i fi c  effl ue nt rel ease po i nts  s uc h  as t he rad i oac t i ve wa ste treatment pl ants and the 
var ious stac ks at  nuc l ear research fac i l i t i e s .  The fo l l owi ng desc r i pt i o n  refl ects  the pract i ce  i n  
1976-77 .  Some mod i fi c at i ons were impl emented i n  1 978 and are d esc r ibed i n  Ap pend i x  H. 

Ex po s ure  fr an external pe netr at ing rad i at i o n  ( pr imar i l y  gamma rad i at i o n)  in the LASL e nv i rons i s  
mon i tored by 50 t hermol um i ne sc ent d os imeter ( T LD )  sta t i o ns .  TLD stat i o n  l ocati ons are graph i c al l y  
represe nted i n  F i g ure 3 . 3 . 4-1 . Th ree o f  these stat i o ns are l ocated more than 2 8  km ( 1 7  mi ) from 
the La borato ry b ound ar ies i n  n e i ghb or i ng commun i t ies  of Es panol a ,  Poj oaque , and Santa Fe ( see 
F i g ure 3 . 1 . 5-1 ) .  Si xteen stat i o ns are l ocated wi th i n  4 km ( 2  mi ) of the boundary .  Twe nty-one of 
the  31  on- s i te  dos i meter sta t i o ns are l ocated near LASL n uc l ear fac i l i t i e s in groups of th ree to s i x  
st at i o ns t o  monitor the se kn own sources of rad i at i o n .  Al l TLD stat i o ns are on  a 1 3-week i nteg rat i o n  

cyc l e .  Many TLD mon i tor i ng l ocat i o ns were sel ected t o  reduc e sys temat i c  rad i at i o n d i fferences caus ed 
by va r i at i o ns i n  natural bac kg round . 

Atmos pher ic  rad i oac t i v i ty s am pl es are col l ected at 29 cont i n uous l y o perat i ng ai r sampl i ng stat i o ns 
i n  Lo s Al amos Co unty and v i c i n ity .  Prese nt on- s i te and perimeter stat i o n l ocat i o ns are shown i n  F i g ure 

3 . 3 . 4-1 . Sam pl es a re col l ected b i weekl y .  " Hi -Va l " a i r  sam pl es are used i n  the network .  Ai r fl ow i nto 
the sampl er s i s  s pl i t  to col l ect  atmos phe r ic  aerosol s on a fi l ter and wa ter vapor  for tr i t i um anal ys i s  

on an ad sorbent . Th e fi l ters are anal yzed for gros s- al pha and g ross- beta act i v i t i es and for pl uto n i um ,  
amer ic i um ,  and uran i um concentr at i o ns . Ai r-fl ow rate s t hroug h both s ampl i ng cartr idges are mon i tored 

wi th v a r i ab l e- area fl ow meters , a nd sam�  i ng t imes are recorded wi th  an el ectr i c  c l oc k .  
Tr it i um  anal yses  are perfo rmed o n  b i we ekl y sam pl es from eac h o f  t he 29  a i r  sarnpl ing stat i o ns .  A 

l i qu i d  sc i nt i l l at i o n  coun t i ng techn i q ue i s  us ed i n  conj unct i o n  wi th  measured absol ut e hum i d i ty to g i v e  
the two week average tr i t i ated wa te r v apor concentrat ion  i n  a i r .  

Gr os s- al pha and g ross- beta act i v i t i es o n  the b i l�eekl y a i r  fi l ters from eac h stat ion  are meas ured 
wi t h  a gas-fl ow proport i o nal coun ter on the fi rst and tenth d ay after col l ect i o n .  The fi rst count i s  
used to sc reen the sampl es fo r excessi ve  o r  l ab- rel ated l ev el s  o f  acti v i ty.  Th e second coun t prov i d es 
a record of 1 ong- 1 i ved atmos phe r i c  rad i oact i v i ty .  
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Figure 3 . 3 . 4-1 . Air Samp ler and Themoluminescent Dos ime ter (TLD ) S tations 
for 1 9 7 7  
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After be i ng measured for gros s-a l pha and gross-beta act i v i t i es ,  the  b i week l y  f i l ters from each 

stat i on are combi ned and d i ssol ved to produce compo s i te 6- or 8-week sampl es for each stat i o n .  An 
a l i quot of each sampl e i s  saved for uran i um analys i s ,  and pl uton i um i s  separated from the rema i n i ng 
sol ut i o n .  For 1 1  sel ected stat i on s ,  t h e  pl utoni um sol ut i ons are combi ned t o  re present 1 2  o r  14  week 
sampl es . For each of t hese 1 1  stat i o ns ,  ameri c i um sampl es are meas ured for al pha- part i c l e emi s s i on 
w ith  a sol i d-state al pha  detect i on system . Appropri ate a l pha-part i c l e  energy g roups are then 
. . 2 38 239 241  1 nt eg rated , a nd the concentrat 1 ons of P u , P u , and Am are ca l cul ated . Th i s  techn i que 
d . d . ff . . b t 2 39P d 2 40P u . f f ' 1  . d . d oes not perm1 t  1 erent 1 at 1 on e ween u an u .  ran1 um content o 1 ters 1 s  eterm 1 ne 
from 12 or 14  week compos i tes for each of the 29  a i r  sampl i ng stat i o ns .  The uran i um content of the 
sampl es i s  determi ned by fl uorometri c  techn i ques .  

Surface and  ground 'water rad i oact i v i ty mon i tori ng prov i des a rout i ne surve i l l ance of  the potent i al 
d i s pers i o n of effl uents from LASL operati ons . The surface and g roundwater stat i o ns were l ocated to 
prov i de background l evel s beyond LASL boundari es and to i ntercept any transport of chem i ca l  or rad i o
act i ve contam i nants w i th i n or beyond the LASL boundari es . Water s ampl es are col l ected , ac i d i f i ed ,  
and f i l tered through 0 . 45-rro-pore membrane fi l ters . The sampl es are anal yzed rad i ochemica l ly  for 
d i sso l ved pl utoni um ( 2 38P u  and 239P u )  and tri t i um as HTO , as  wel l  as for d i sso l ved gross-a l ph a ,  
-beta , and - gamma act i v i t i es .  Sel ected sampl es are anal yzed for ameri c i um ( 241Am ) .  A fl uorometr i c 
techn i que i s  used to measure total urani um concentrat i ons . 

Rad i oact i v i ty c oncent rat i ons are determ i ned for water sampl es from s i x  on- s i t e  l ocat i ons that 
are not Laboratory effl uent rel ease areas and from 23  l ocat i ons i n  past and present Laboratory rel ease 
areas ( see F i g ure 3 . 3 . 4-2 . The surface and g round waters i n  these areas are not a source of muni c i pa l , 
i ndustr i a l , or ag ri cu l t ural suppl y  and do not reach the  R i o  Grande except duri ng storm runoff. 

Reg i onal surface waters wi th i n 75 km (46 mi ) of LASL are sampl ed at s i x  l ocat i ons to ascerta i n 
normal l evel s of rad i oact i v i ty i n  waters of the  area ( see F i g ure 3 . 1 . 5-1 ) .  Rad i oact i v i ty concentra
t i ons are al so determi ned for sampl es from s i x  perimeter s urface and ground water stat i ons  l ocated 
<5 km ( 3  mi ) out s i de the LASL boundary ,  from 1 6  wel l s  and 1 gal l ery that furn i sh the water suppl y 
for Los Al amos , and from 5 stat i ons on the d i str i but ion  system ( see F i g ure 3 . 3 . 4-2 ) .  

Mon i t ori ng of sel ected chemi cal qual i ty parameters of surface and g round wat�rs prov i des an 
addi t i onal  means for detect i ng  the potent i al d i spers i on of effl uents from LASL operat i ons . Standard 
methods are used to anal yze sampl es for gross chem i cal  characteri st i c s  and a sel ected l i st of i ons .  
Sampl es are  col l ected twi ce a year from the  same l ocat ions used i n  moni tori ng for  radi oact i v i ty .  

3 3 3 4 . Rout i ne anal yses are performed for Ca , C1 , F ,  Mg , N a ,  CO , HCO , NO , SO , total  d 1 ssol ved 
sol i d s ,  hardnes s ,  conductance , and pH . Water supp ly  sampl es are al so  analyzed for As , Se , and s i l i c a .  

So i l  s ampl es are col l ected by t ak i ng fi ve pl ugs , 7 5  mm ( 3  i n )  i n  d i ameter and 50  mm ( 2  i n )  dee p ,  
a t  the center and corners of  a square 10  m ( 3 3  ft ) o n  a s i de .  The fi ve pl ugs  are combi ned to form a 
compo s i te sampl e for rad i ochem i cal anal yses . Sediment sampl es are col l ected from dune bu i l d-up  beh i nd 
boul ders i n  the ma i n  channel s of peren i al l y  fl owi ng streams . Sampl es from the beds of i ntermi ttent l y  
fl owi ng streams are col l ected across t h e  ma i n  channel . T h e  so i l and sediment sampl es  are analyzed for 
gross-a l pha and g ross-beta act i v i t i es ,  total uran i um ,  and 2 38Pu  and 239P u .  Moi sture di st i l l ed 
from the so i l  sampl es i s  anal yzed for tr i t i um .  

So i l  and sed i ment sampl es are col l ected i n  the same general l ocat i ons a s  the reg i ona l  water 
s ampl es to prov i de data on the normal concentrat i ons of rad i oact i ve materi al s i n  the env i ronment 
beyond the range of possi b l e i nf l uence by LASL operat i ons ( F i gure 3 . 1 . 5-1 ) .  Sampl es are al so 
col l ect ed at offs i te ,  peri meter,  a nd on- s i te stat i ons ( see F i g ure 3 . 3 . 4 . -2 ) .  
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A samp l i ng program wa s i n i t i a ted duri ng 1 975  to eva l uate pos s i b l e  dose comm i tment res u l t i ng from 
the con sump t i on of l oca l ly produced foodstuffs . As an i n i t i a l  obj ect i v e ,  rad i onuc l i de detecta bi l i ty 
wa s estab l i s hed for certa i n  food stuff sampl es col l ec ted dur i ng the fa l l  harves t .  Level s of tri t i um 
ox i de  ( HTO ) , 238 Pu , 239Pu , and uran i um were determ i ned for se l ected samp l es of fru i ts , vegetabl es , and 
cows ' m i l k . Samp l i ng l ocat ions  i nc l uded Los A l amos County and the Rio Grande Va l l ey .  

LASL ma i nta i ns a capa b i l i ty to conduct s pec i a l  mon i tori ng stud ies i n  a l l the a bove a reas . These 
stud i es a re conducted in conj unct i on wi th s i ng l e  ex periments performed by g roups  i n  the tec hn i ca l  
opera t i ng d i v i s i ons of the Labora tory when deemed necessary o r  pruden t .  Spec i a l  s tu d i es are conducted 
to determ i ne the fate of spec i f i c  conta i nments in our env i ronment .  
Secur i ty 

Secu ri ty i nvo l ves three major area s of i nterest  a s  def i ned by DOE-- the protec t i on of c l as s i f i ed 
documents and mater i a l s ,  the protect i on of unc l a s s i f i ed spec i a l  nuc l ear materi a l s ,  and  the phys i ca l  
protec t i on o f  government property . Each of these categori es has deta i l ed req u i rements for p hys i c a l  
barr i ers , personnel i dent i f i ca t i on a nd  access contro l by armed guards , a nd  i ns pect i on schedu l es d ur i ng 
opera t i ng and non-operat i ng hours . 

The phys i ca l  barri ers i n c l ude the bu i l d i ng s  themsel ves and the securi ty fenc i ng tha t s urrounds 
many of the techn i ca l  a rea s . The fenc i ng i s  one of the most v i s i b l e a s pects of many Laboratory a reas 
and serves to protect the publ i c  from enteri ng potenti a l l y  dangerous area s , in add i t i on to i ts sec uri ty 
funct i on . 

The F edera l l y  emp l oyed protect i ve force of armed g uards  prov i des the operat i ona l s i de of secur i ty .  
The un i formed g ua rds  have the ba s i c  m i s s i on o f  contro l l i ng access  to secured a reas by perm i tt i ng onl y 
a uthori zed persons to enter and  of ass u r i ng that a l l c l a s s i f i ed mater i a l  i s  adeq uate l y  safeguarded . 
Beca use of  thei r  rounds dur ing non-work i ng hours , they a l so occa s i ona l l y  detect and report equ i pment 
ma l funct i ons such a s  l ea k i ng p i pes , overheated motors , or vent i l a t i on prob l ems . 
Safeguards and Secur i ty * 

Certa i n  mater i a l s tha t a re u ti l i zed a t  the Los Al amos Sc i ent i f i c  La boratory , part i c u l ar ly  p l u ton i um 
and enri ched ura n i um ,  must  be con s i dered as  targets for i l l eg a l  d i v ers i o n  and mal evol ent u s e .  DOE ha s 
the a uthor i ty and res pons i b i l i ty to i n s ure that i ts contractors protect these ma ter i a l s  aga i n s t  pos s i b l e  
d i vers i on i nto una uthori zed hands and a l s o protect the pub l i c  aga i n s t  pos s i b l e  i l l eg a l  u s e  o f  such  materi a l s .  

Obj ect i ves  of the DOE safeg uards program i nc l ude conti nuous s tudy to ful l y  unders tand poss i b l e  
threats ; devel opment of safeguards to coun ter the range of cred i b l e  threats ; a ssessment o f  safeguards  
effect i venes s ; enforcement  of safeguards req u i rements through admi n i s tra t i v e ,  c i v i l , a nd cr im ina l  procedures ; 

p l ann i ng a ga i nst  a l l  reasonab ly  conce i vab l e con ti ng en c i es ; and , f i na l l y ,  v i g i l ant  cont i nuous  program 
rev i ew to a s s ure that every requ i rement or change i s  recog n i zed and  imp l emented . A l l of these co n s i derat ions  
go i nto the  program for  safeg uard i ng s tra teg i c  nuc l ear mater i a l s ( SNM ) a t  LASL . 

DOE Safeguards and Secur i ty Program 

* 

To prevent s uccessfu l  ma l evol ent acts , DOE uses a n  i n-depth a pproach tha t con s i ders : 
( l ) Deterri ng attempts . 
( 2 )  M i n i m i z i ng poss i b i l i t i es of s ucces s . 
( 3 )  M i n im i z i ng consequences . 

D i rect i ves for safeg uards and secu r i ty ma tters had been ERDA Manua l Cha pters of the 6 1 00 Ser i es 
( � resent ly  these a re be ing  rev i sed to conform wi th  the DOE  d i recti ves system ) . 
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T o  ach i eve thi s , DOE uses a system composed o f  three bas i c  subsystems : phys i ca l  protect ion , mater i a l  
control , and accountabi l i ty .  

( l )  Phys i ca l  protecti on compri s es perso�nel  rel i a b i l i ty determ i na t i ons and a l l meas ures rel ated 
to access contro l , phys i c a l  barri ers , penetrat i on a l arms , and armed protect i ve  response 
and  recovery forces . 

( 2 )  To phys i ca l ly and  adm i n i strat i vely restrict  access to SNM to on ly those persons who have 
been determ i ned to be trustworthy and who have a n  operati onal  need for such  acces s .  

( 3 )  To detect and thwart a ny a ttempt a t  u na uthori zed acces s .  
( 4 )  To ma i n ta i n  a n  adeq uate , wel l -tra i ned , and  equ i pped Protecti ve Force wi th i mmedi ate 

response capab i l i ty .  
( 5 )  To coord i nate w ith  Federa l , s tate , and l oca l  l aw enforcement agenc i es .  
Such systems uti l i ze phys i ca l  barri ers , e l ectron i c  a l arm a nd detect ion systems , personnel access 

contro l procedures , a n  armed secur i ty force , and tra i ned opera t i ng personnel . 
Phys i ca l  Ba rri ers--Much of the Laboratory i s  s u rrounded by barbed w i re fence a nd " No Trespas s i ng "  

s i g ns are posted a s  req u i red by DOE reg u l at i ons . Al l spec i a l  nuc l ea r  mater i a l  protected areas are 
su rro unded by cha i n  l i n k  sec u r i ty fence topped w i th barbed wi re a nd are l i g hted dur i ng hours  of darknes s .  
Roads i ns i de each 'secur i ty area fence are rout i ne ly  patro l l ed by the DOE Protect i v e  Forc e .  Access to 
secur i ty areas i s  contro l l ed by armed g uards on a 24-hour ba s i s .  

Al l persons enteri ng secure area s i n  the Laboratory must  have a n  appropr i a te sec u r i ty badge . 
V i s i tors , vendors , and other nonres i dent personnel must be proper ly  i dent i f i ed , escorted , a nd l og g ed i n  
before bei ng i s s ued a temporary badg e .  

Two-way rad i o  a nd tel ephone commun i cat i on are ma i nta i ned between the ma i n  gate g uard pos ts a nd the 
DOE Protecti ve Force headq uarters . There are add i t i ona l features in the P l ant ' s  protect ion system wh ich  
wou l d  a l ert the  protect i ve force i n  the  event of a n  attempted forced entry . 

I n ternal Sec ur i ty Area s--SNM materi a l  access a reas are bu i l d i ng s  where i n  the q uanti t i es or the 
forms of SNM warrant add i t i ona l  protect ion . SNM Access Area s are i n  b u i l d i ng s  l ocated wi th i n  SNM Protected 
Area s . Doors to s uch  bu i l d i ngs  are l oc ked and a l a rmed , except for rou t i ne entrances dur i ng operat i ng 
hours . The b u i l d i ngs  are patrol l ed dur i ng nonoperati ona l hours by a rmed P l ant Protect ion  g ua rds . 

SNM Protected Area s are surrounded by cha i n  l i n k  s ecu r i ty fences , topped w i th ba rbed w i r e .  These 
fences are l i g h ted du r i ng hours of dar knes s .  Access to these a reas is through g uard pos ts ma nned by 
a rmed g uards . I t  i s  poss i b l e  for an a rea to conta i n  both SN!� and c l a s s i f i ed matter . At LASL , a l l  SNM 
s torage vau l ts meet DOE req u i rements . 

On-s i te Transfers --Phys i ca l  transfers of spec i a l  nuc l ear materi a l  outs i de s ecure fac i l i t i es , or  

between separate bu i l d i ng s , a re made i n  l ocked vehi c l es escorted by a rmed guards  when the  quanti t i es a re 

equa l to or g reater than " S i g n i fi cant Quant i ties " as defi ned by DOE reg u l a t i ons . 
Personnel Access Contro l s - -Only authori zed persons who are proper ly  badged may enter secur i ty area s . 

Uncl eared v i s i tors are i s sued badg es at the ma i n  g a tes after a ppropri a te i denti f i cat i on , bu t cannot go  
i nto secu r i ty areas or SNM a reas un l es s escorted by c l eared and a uthori zed personne l . Records are 
ma i nta i ned of a l l badges i s sued . 

Wi th i n the Laboratory , access to part i c u l ar ly  sens i t i ve a rea s i s  more str i ngently contro l l ed .  Spec i a l  
a rea des i g nator o n  the badge i s  requ i red i n  some cases wh i l e  i n  other a reas an  exchange badge system i s  
requ i red . I n  some areas , access i s  l im i ted to those personnel  i denti f i ed on an access l i s t .  
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Unescorted access to  SNM Access Areas ( bu i l d i ng s ) requ i res a proper DOE  access  a u thor i zat ion  and 
a pprova l for the area . However , add i t i onal  access contro l s  are in effect for SNM s torage areas . For 
examp l e ,  vau l ts  have spec i f i c  cu stodi ans  for l oc k  comb i nat i ons wh i c h  are requ i red for va u l t access , and 
a l l persons  are l ogged in  and out  of the vau 1 ts .  When not attended by authori zed personnel , SNM vau l ts 
are sec ured . V i rtua l ly  a l l  are a l so under a l arm protecti on and the one except i on soon w i l l  be . 

Access to L im i ted Areas req u i res a proper access a uthor i zat i on or cont inuous  escort . Area c l earance 
is not requ i red ;  however , unc l eared personnel must be under con ti nuous  escort due to c l a s s i f i ed i nteres ts . 

Rad i ometr i c Searches--Radi ometri c searches are p l anned for a l l persons , pac kages , bri efca ses , and 
a l l veh i c l es , etc . , enteri n g  or l ea v i ng an SNM- Protected Area . The i n s truments req u i red , both hand -hel d 
and i n-p l ace mon i tors , are on order and shou l d  be del i vered soo n .  At two key faci l i t i e s ,  searches are 
a l ready be i ng accompl i s hed us i ng hand-hel d SNM mon i tors . 

I n  the event a rad i ometr ic  a l arm i s  acti va ted , the Protected Area porta l s  are secured and the person 
or veh i c l e  detai ned by the, g uard unti l cause of the a l a rm cond i t i on can be determ i ned . I f  the cond i t ion  
cannot be  resol ved by  the  g uard , know l edgeab l e operati ng personnel are  broug ht  i n  to reso l ve the prob l em .  
I f  a person or veh i c l e s hou l d  penetrate the Protected Area barr iers i n  a n  una uthor i zed ma nner , the 
perimeter barri er gates wo ul d be secured and the Protec t i ve Force emergency pl an  wou l d  be imp l emented . 
Materi a l s  Contro l 

Mater i a l s Contro l System--Spec i a l  nucl ear materi a l s  ( SNM ) are l ocated i n  spec i f i c  areas throughout 
the Laboratory s i te .  Each area i s  a s s i g ned one o r  more accou nt numbers u nder wh i c h  a l l  transacti ons 
are o bserved and recorded . The areas are under the management of opera t i ng s uperv i sors , c u stod i a n s , or 
other i nd i v i d ua l s res pons i b l e  for the safety , the u se , and the i n terna l  con trol of SNM . These i nd i v i dua l s  
ver i fy and report phys i ca l  i nven tori es of each tra nsfer to o r  from the i r  area s . Mu l t i p l e  copy mater i a l  
trans fer forms are f i l l ed out . a nd s i g ned by the respons i b l e  i nd i v idua l s before eac h transfer . Two cop ies  
are sent to  materi a l s contro l records personnel who  chec k the  correctness of  the  data  and  record the 
tra nsact i o n .  The rece i ver ver i f i es the iden t i f i ca t i on of the materi a l  and in some cases , the quan t i ty 
of SNM .  Tra nsfers are chec ked i ndependent ly  and redundant ly  a s  the mater i a l  moves throug h the fac i l i ty .  

Sys tem Mon i tori ng- -Spec i a l  Nuc l ear Materi a l s are under con ti nua l  acco unta b i l i ty rev i ew .  Transact ions  
are rev i ewed to  ensure  the  va l i d i ty and propri ety of  mater i a l  movement and d i s pos i t i on .  The account i ng 
sys tem and i ts methods of operat ion  are outl i ned i n  appropr i a te DOE d i rect i ves . Ho l ders of spec i a l  nuc l ear 
mater i a l s  operate accord i ng to the esta b l i s hed wri tten procedures . Period i c  rev i ews of the areas are 
made to ens ure that operat i ons are con s i stent wi th establ i s hed d i recti ves and procedures . Forma l manua l s 
comp i l i ng a l l rel evant nuc l ear materi a l  accounta b i l i ty procedures are now i n  prepara t i on . 

I n  addi t i o n , the Laboratory ma i nta i ns a staff whose respon s i b i l i t i es i ncl ude the rev i ew of a l l systems , 
i ncl udi ng the spec i a l  nucl ear mater i a l  control , to ensure that opera t i ons are conducted eff i c i ent ly  and 
accord i n g  to prescri bed methods and procedures . 
Mater i a l s  Accountab i l i ty 

Informati on on a l l DOE-contro l l ed spec i a l  nuc l ear materi a l s  i s  ma i n ta i ned i n  the Nucl ear Mater i a l s 
Management and  Safeguards Sys tem ( NMMSS ) wh i c h  i s  a DOE centra l i zed automat i c  data proces s i ng sys tem 
wh i ch rece i ves and stores perti nent i nformat i on regard i ng nucl ear materi a l s ,  and w h i c h  i s  capa b l e  of 
prov i d i ng i n formati on to a l l DOE orga n i zat i ons when proper ly  pu l sed concern i ng nuc l ear mater i a l s  
i nventory and f i nanc i a l  management programs , nucl ear mater i a l  contract adm i n i strat ion  act i v i t i e s , and 
safeguards ac t i v i ti es . 
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The LASL n uc l ear mater i al s  accoun tab i l i ty organ i za t i o n  mai ntai ns  a com puter i zed nuc l ear mater i al s 
accoun tab i l i ty system . I nfonnat ion  fran the LASL system i s  used as i n put to the NMMSS. The NMMSS a l so 
pr ov i d es report s to the LASL system . Al l source and s pec i al mater i al s  rece i ved at LASL are s ubj ect 
to co ntr� by t he accountab i l i ty organ i za t i o n .  

Accountab i l i ty System--The nuc l ear mater i al s  accountab i l i ty system cons i sts  o f  a doub l e  entry 
account i ng pr oced ure ut i l i zi ng com puter c apab i l i t i e s  for mai ntai n i ng pennanent records of al l i nternal 
and external mater i al act i v i t i es and account bal ances . The acco untab i l i ty system i s  a doub l e entry 
procedure impl emented by the acco un tab i l i ty organ i za t i o n  wi th  i nput data fran operating  perso nnel . 
The computer i zed i n put i s  v er i fi ed by ed i t i ng rout i ne s  to ident i fy fonnat errors ( s uc h  as i nv al i d  
mater i al desc ri pt io n s ) ; any errors a r e  referred bac k t o  the o perat i ng group for c orrec t i o n .  

Th e Nuc l ear Mater i al s Accoun tab i l i ty Computer System i s  now u pd ated ( by b atc h pr ocess i ng )  fonnal l y  
twi c e  a month and i nfonnal l y  more often .  A l es s  detai l ed ,  manual accoun t i ng system i s  a l so mai ntai ned 
for i ndepe ndent b ac k u p  and ver ifi c at i on .  

Pl ans are t o  u pg rade the ent i re  sys tem by us i ng a ded i c ated com �uter wh i c h  wi l l  mai ntai n 
accountab i l i ty r ecord s i n  near- real t ime .  

Materi al Bal ance Accoun ts- -Materi al Bal ance Accounts are  a requi red part of the  accountab i l i ty 
system . Each i nd i v i d ua l  mate r i al b al anc e area or accoun t ,  wh i l e i ndependent i n  i t sel f ,  i s  part of the 
overal l control sys tem . Th e ag gregate of al l materi al i n  th e se parate accounts are com pared month l y  
t o  the amoun t refl ected by the overal l LASL total constr ucted fran off- s i te rec e i pts  and s h i pments and 
other adj ustments to total i nventory ( for  ex am pl e  rad i oact i ve  decay and d i s po sal of co ntam i nated l i qui d 
and sol i d  wa stes ) . 

Twi c e  a year , s pec i al nuc l ear mater i al s  are i nventori ed to chec k the materi al on hand ag a i nst that 
wh i c h  i s  s hown by acco un t i ng proced ures to  b e  on  hand . Th e d i fference between these two qua nt i t i e s  i s  
kn own as " Bo ok-Phys i c al Inventory Di fference" ( BP I D ) . 3-1 1 3  The cond i t i o ns of materi al resul t i ng fran 
proce s s i ng , e rror s i n  mea s urement , a nd many other c i rc umstances can c ause prob l em s  tha t are man i fe sted 
in apparent mate r i al shortages or gai ns . Re prese ntat i v e  sampl es and rel i ab l e  assays are d i ffi c ul t to 
obta i n  for heterogeneous mater i al s .  The m ul t i t ude  of meas urements , e ac h  wi t h  a deg ree of error , c an 
c ause d i fferences  that contr i b ute to the overal l BP I D  s hortage or ga i n .  The processi ng of mater i al s  
often c a us e s  1 i ne ,  tank , a nd g l  ovebox hal dups that are d i ffi c ul t to mea s ure . For ex am pl e ,  the recent 
d ecomm i s s i o n i ng of the pl uto n i um fac i l i ty at  DP-s i te has yi e l ded about 12  kg of pl uto n i um as hol dup 
in  l i ne s  and tan k s .  Est imates o f  t h e  quant i ty of pl uto ni um that m i g ht have been removed t o  wa ste 
b ur i al in years past a s  s urfac e contam i nat i o n on  g l oveboxes , p i pi ng ,  d uct i n g , e tc . ,  i s  cons i stent 
wi th the po ss i b i l i ty that nearl y al l of the cumul at i v e  i nventory d i fference tabul ated to d ate ( as of  
Oc tober 1978 , a pprox imatel y 50  k g )  may in  fact be  attr i b uted to wa ste bur i al . Si m i l ar cons i d erat i ons  
a ppl y  to enri ched ur an i um as  wel l ( total BP I D  as  of  Oc tober 1978 , a p prox imatel y 83  k g ) . 

Meas urement Data Qua l i ty Co ntrol - -At prese nt the qua l i ty of the d ata i s  the res po ns i b i l i ty of  
i nd i v i d ual  grou ps us i ng method s  a ppr opr i ate t o  the ir operat i o ns .  An overal l q ual i ty control program 
for n uc l ear mater i al meas urement d ata i s  now b eing  devel oped . 

I nv entori es--Spec i al nuc l ear mate r i al s are phys i c al l y  i nventor ied as d i rec ted by DOE. Dur i ng an 
i nv entory , a l l operat i o ns are sto pped and the transfer of mater i al is c eased . The areas are c l eaned , 
the mater i al pl aced i n  g ood order and meas ured . Se paratel y i d ent i fi ab l e  i tems are acco un ted fo r usi ng 
the i r  un i que i d ent i f i c at i o n  numbers and a phys i c �  count. 
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A number of i tems ( as d i rected by DOE ) that can be we i ghed or otherwi se remeas ured are chosen for 

veri fi cati on .  The res ul t s  must compare favorab ly  wi th  the res ul ts  of prev i ous val ues wi t h i n  the error 
l i m i t s  of the i nstruments used ; d i screpanc i es are i nvesti g ated immed i atel y .  

I n  add i t i o n  t o  the formal proced ures outl i ned above , v i s ual  check s ,  rev i ew ,  or  act ual  phys i c al 
i nventories  i n  certa i n areas are conducted per i od i ca l l y .  

Reporti ng--Summary report s  of  speci al  nuc l ear materi al act i v i ty a n d  i nventori es are rout i nely 
forwarded to DOE. These reports refl ect the compos i t i o n of end i ng i nventori es , account adj ustments , and 
mater i al  act i v i ty b etween LASL and other DOE faci l i t i es and l i censee s .  

Ap pra i sa l s--At l east once a year , LASL ' s  spec i al nuc l ear materi al s control and management systems 
are subject to appra i s al by a s urvey team from the Al buquerque Operati ons Off i ce of DOE .  These appra i sal s 
cons i st of aud i ts of the materi a l  account i ng system , a 1 00% phys i c al i nventory of al l SNM on hand , and 
a rev i ew of the materi al s management program i nc l ud i ng the forecast i ng and control procedures .  The 

effect i veness of these ALO apprai sal s is assessed by DOE Headquarters . Th i s  assessment cons i st s  of 
rout i ne rev i ews of report s  of the ALO s urveys and may i nc l ude d i rect part i c i pat i ng wi th the ALO s urvey 
team at Los Al amos Sc i ent i f i c  Laboratory .  
P l ant P rotect i on Securi ty Force 

LASL i s  prov i ded guard protect i on  by DOE ' s  Los Al amos Area Offi ce Protecti ve Force .  The Protect i ve 
Force i s  properl y trai ned and i s  equi pped wi th rel i ab l e  commun i cati ons systems , su i tabl e weapons , and 
veh i c l e s .  Back up  manpower is av a i l ab l e  from l ocal l aw enforcement agenc i es wi th whom two-way rad i o  
commun i c at i on i s  ma i nta i ned on a ful l -t ime basi s .  Cont i n gency P l ans cal l for addi t i onal s u pport from 
other l aw enforcement agenci es i nc l ud i ng the F B I  and mi l i tary un i t s .  

Add i t 'i o nal weapo nry i s  sto red a t  al ternate l ocat i o ns .  Emergency power i s  ava i l ab l e t o  the Central 
D i s patch Stat i o ns to ma i ntai n normal operat i ons and commun i cati ons i n  the event of normal power fa i l ure 
or l os s ,  regard l ess of reason .  

Weapons tra i n i ng and qua l i fi c ati on are conducted  i n i t i al ly  and i n  accordance wi th  al l D O E  regu l at i on s .  
Weapon q ua l i fi c at i on i s  part of  t h e  i n i t i al tra i n i ng program , and n o  guard i s  g ranted the authori ty by 
DOE to carry a spec i fi c  weapon unt i l  al l qua l i f i c at i on requ i rements are compl eted . The Los Al amos Area 
Offi ce mai nta i n s  i t s  own pi stol and r i fl e range for trai n i ng .  Certa i n  guards rece ive  addi t i onal  trai n i ng 
on other types of combat weapons av a i l ab l e  at Los Al amo s .  Al s o ,  a l l guards are trai ned i n  ri ot and mob 
control . 

Emergency P l an s--Emergency pl ans have been dev i sed for possi b l e r i ot s ,  demonstrat i ons , sabotage , 
terrori st attack s ,  str i kes , C i v i l  Defens e ,  and natural d i sasters . These pl ans s pec i fy not i fi c ati ons  of 
P l ant and off- s i te personnel , i nc l ud i ng management and other agenc i es , and prov i de gu i dance for necessary 
act i ons as the emergency si tuat i o n may d i ct ate . 

Tests of secur i ty c ommun i cati ons system s ,  both on- s i te and off-s i te ,  are cond ucted to ens ure a 
proper res ponse capab i l i ty i n  t he event of an emergency s i tuat i o n .  Peri od i c  exerci ses  of the 
P rotect i ve  Force are conducted for the purpose of safe ly  and effect i ve ly  eval uat i ng Proecti ve Force 
performance capab i l i t i e s .  

Cont i nuous l i a i son i s  mai ntai ned by the L o s  Al amos Area Off i c e  Safeguards and Secur i ty Department 
wi t h  Federa l , state , and l ocal l aw enforcement agenc i es . Such l i a i son i nc l udes on- and off- s i te meet i ngs  
for  capab i l i ty and mutual support compari sons , and  tours of  the fac i l i ty to acqu a i nt the  vari ous agenci es 
with the securi ty and safeguards programs . 
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F i re P rotect i on 

F i ve Federa l l y  operated fi re stat i ons present l y  serve the LASL c ompl ex . These fac i l i t i es a l so 
serve the commun i ty of Los Al amos as needed . The man power commi tment to LASL f i re protect i o n  was 96 i n  
F Y  7 6  and i ncreased to 1 1 0  i n  F Y  7 7 .  

F i re protect i o n  ph i l osophy i s  based o n  h i g h ly  protec t i ve ri sk cr i teri a stres si ng the i mportance of 
automat i c  supress i on  systems--s pr i nk l ers , i nerti ng , area separat i on ,  or  contai nment w i t h  automat i c  
c l os i ng dev i ces--w i th manual  fi refi ght i n g  res po nse serv i ng a s  a back up  t o  ens ure protect i o n obj ect i ves .  
The obj ect i ve of fi re l os s  prevent i o n  and  control i s  achi eved by assuri ng t hat f i res wi l l  not resu l t i n  
i nj ury to personnel , exposure of the pub l i c  to  hazardous  chem i cal s ,  unaccept ab l e  impai rment of programs , 
or exces s i ve damage to or l os s  of g overnment property . There i s  a cont i nu i ng re-eval uat i o n  of the 
adeq uacy of f i re protect i on by c ooperat i ve effort between operat i ng d i v i s i ons , t he sa fety off i ce , and 
DOE . Th i s  effort has been i ncreased by the add i t i o n  of a three-man F i re Prevent i on I n spect i on U n i t  i n  
t he D OE F i re Department . 

Part ly  b ecause of the age of some LASL faci l i t i e s and the cont i nua l l y  i ncreas i ng repl acement 
va l u e ,  a number of i n adequac i es i n  automat i c  detect i o n  and supres s i on equi pment and water d i stri b ut i on 
have been i dent i f i ed .  Progres s has been made i n  correcti ng these probl ems , and bud get requests have 
been made to  cover the rema i n i ng i tems .  Despi te the d i spersed l ocati ons  of LASL techn i ca l  areas , most 
are wi th i n fi ve-mi nute res ponse t i me zones . 

As a resu l t  of the La Mesa f i re i n  J une 1 97 7 ,  attent i o n  has focused on  fi re safety and protect i on .  
The ma i n  purpo se o f  these measures i s  t o  m i n im i ze t h e  chance spread o f  fi res . I n  add i t i on to s pec i fi c al l y  
mai nta i ned f i rebrea k s ,  g raded d i rt roads th roughout t he Laboratory s i te serve as  fi rebreaks .  Current l y ,  
1 6  km ( 1 0 m i ) o f  6 1  m ( 2 00 ft )  wi de  f i rebreak ex i st .  A s econd l evel  o f  fi re protect i o n ,  fuel break s ,  
i nc l udes secur i ty fences , ut i l i ty r i g hts of way , road s i des , a nd other areas where th i n n i ng ,  cutt i n g ,  
and pru n i ng reduce the fuel l oad and prevent fi res from u s i ng understory and crowded tree cond i t i o ns as  
l adders for fi re creep and crown f i re .  These fuel breaks are al so  areas  used as fi rebreaks i n  emergenc i es .  
C l eared areas al ong the 4 6  k m  ( 2 9  mi ) o f  securi ty fenc i ng prov i de a 6 m ( 2 0 ft ) wi de fuel break i n  add i t i o n  
t o  the roads i de  m i l eage .  

A preemergency pl an i s  now i n  t he  devel opment stage.  Th i s  pl an i d ent i f i es areas of  potent i a l  or  
exi st i ng fuel l oad s and natural features wh i c h  wi l l  enhance fuel break propert i e s ;  defi nes resources for 
f i re f i ght i ng s uc h  as water sources , hel i copter l and i ng areas , and access routes ; a nd recogni zes 
a rchaeol ogy and aesthet i c s ,  wh ere burn i ng i s  preferab l e  to raz i ng ,  and th i nn i ng ret a i ns spec i men  
vegetat i on and pl eas i ng v i ews wh i l e ma i ntai n i ng a funct iona l  f i re protect i on  rol e .  

A t hree-acre demonstrat i on proj ect has  been compl eted on  Camp May Road , and the West Jemez and  
State Road 4 area has recent l y  b een  upgraded by an  extens i ve fuel break proj ect . Adj acent Forest 
Serv i ce propert i es are c l osel y c oo rd i nated , and ha l ftime profes s i onal  consu l t at i o n  serv i ces of a 
forest ranger are prov i d ed by DOE fundi ng .  
Emergency Procedures 

Emergency pl ans have been formul ated to  protect LASL empl oyees from the effect s of operat i onal  
ac c i dent s  a nd natural d i sasters .  Each s i te h a s  a deta i l ed proced ure to  fol l ow i n  c a se  of fi re , 
expl o s i o n ,  rel ease of toxi c materi a l , c i v i l  d i sturbance ,  o r  natural d i saster. Furthermore , a 
county-wi de Los Al amos C i v i l  Defense Organ i zat i o n  i s  prepared to prov i d e  coord i nat i on ,  commun i cat i o n ,  
and ass i stance t o  al l c i t i zens i n  case o f  a n  emergency . The C i v i l  Defense Organ i zat i o n  ma i nta i ns 
emergency shel ters . 
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3 . 3 . 5  Tran s po rtat i on o f  Rad i oact i ve Materi al s  

A var i ety of rad i oact i ve mate ri al s are s h i pped to and from LASL a nd transfe rred between 
t echn i cal  areas at LASL d ur i ng rout i n e  operat i on s .  Offs i te s h i pments , both to and from LASL , are 
carri ed out by commerc i al common carr i e rs i ncl ud i ng truck , a i r  frei ght , g overnment trucks , a nd 
DOE-operated Safe-Secure Trai l ers ( S STs ) . On s i te tran sfers are made i n  trucks by LASL person nel or ,  
i n  t he  case of  most  wa ste s , by  the Z i a Compa ny .  

Numerous LASL g roups are i nvo l ved i n  vari ous  as pects o f  rad i oact i v e  materi al s trans portat i on to 
ass ure compl i a nce wi th appl i cab l e  DOE and De partment of Trans portat i on ( D OT )  reg ul ati ons and g u i d es . 
Areas wh ich are part i cu l arl y emphasi zed i nc l ude  rad i at i on protect i o n , a ppropr i ate  packag i ng ,  s afeg ua rds 
and secur i ty ,  a nd documentat i o n .  

The He al t h  Phys i cs Group ma i nta i ns current cogn i za nce o f  reg ul at i ons and works wi th  LASL s h i ppers 
to determi ne the requ i red packag i ng for al l outg o i ng s h i pment s .  They rev i ew a nd document al l aspects 
of each outg o i ng s h i pment for conforma nce wi th  DOT reg ul at i ons , i nc l udi ng meas urements for rad i at i o n  
a nd absence  of s ig n i fi cant remova b l e  ext ernal contam i nat i o n .  Al l i ncomi ng s h i pments not reg ul ated 
by DOT under 4 9  CFR Sect i on  1 7 3 . 391 , " L im i ted Quant i t i es of Rad i oact i ve  Materi al s and Rad i oact i ve 
Dev i ces , "  compl y wi th  49 CFR ( P a rts  1 71 - 1 79 ) that s pec i fy packag i ng ,  mark i ng s ,  l abel i ng ,  a nd tam per 
seal i ng .  These s h i pments are mon itored at the recei v i ng po i nt for removab l e contam i nat ion  befo re 
be i n g  transferred to the LASL addres see.  Al l veh ic l es  mak i ng del i ver ies of rad i oact i ve s h i pments 
are mon i tored for contam i nat i o n  pr i or  to depart i ng  LASL.  Transfe rs of rad i oact i ve  materi al s between 
LASL t echn i cal areas are i n  conformance wi th  the req ui rements of LASL St andard Operat i ng 
Procedures ( SOP ' s )  or adm i n i strat i ve  control s that are i n  accord wi th  DOE regul at i ons . Even t hough 

t hey d o  not a ppl y to such sh i pments , t he transfer of rad i oact ive  materi al s between LASL t echn i c al 
areas are ,  wherever pos s i b l e ,  e i t her  i n  conformance wi th  the DOT regul at i ons as requ i red for off- s i te 
s h i pments or are under procedures suc h  as those descr i bed above wh i c h  prov i d e  for at l east the max imum 
eq u i va l ent protect i on fo r worke rs and the pub l i c  as t he DOT reg ul at i ons . 

The Nuc l ear Mate ri al s De partment i s  i nv ol ved i n  al l s h i pments of s pec i al Nuc l ear Mater i al s  in 
Strateg i c  Quant i t i es ,  c l as s i f i ed forms , or otherwi se  h av i ng s afeg uards or secur i ty requi rements both 

on- and off- s i te . Transfers of strateg i c  quant i t i es of materi al s between LASL t echn i c al a reas are 
made i n  a spec i al Safe Secure Veh i c l e  ( S SV )  fo l l owi ng secur i ty proced ures . Any tra nsfe rs t hat cannot 
b e  made i n  t he SSV fo r part i cul ar reasons ( e . g . , s i ze )  are carri ed out wi th  the cog n i za nce of the 
Nuc l ear Mater i al s  De partment and fo l l owi ng al l requi red secur ity proced ures . 

Procedures for packag i ng and trans port i n g  so l i d  rad i oact i ve wastes for bur i al or retri evab l e 
storage have been estab l i s hed jo i ntl y by the Heal th  Phys i cs and Waste Management Groups at LASL . 
H i gh l i g hts of these pr ocedures were d i scussed i n  Sect i on  3 . 3 . 3.  

Maj or rel i ance for s afety in the tran s portat i on of rad i oact i ve materi al s i s  pl aced on the 
packag i ng .  Th i s  is  from t he pers pect i ve of both normal ( non- acci dent )  transport to l im i t  ex po s ure 
to rad i at i on and hypothet i cal acci d ent cond i t i ons to l im i t  the probab i l i ty of rel ease of rad i oact i ve 

materi al s .  D OT regul at i o ns ( 4 9  C FR 1 71 - 1 78 )  i nc l ude  packag i ng requi rements that s pec i fy t he amounts 
of d i fferent forms of part icu l ar  rad i o i sotopes that may b e  put i nto g i ven  s pec i fi c at i on conta i ners . 
These reg ul at i o ns are d i scu ssed i n  deta i l  i n  t he U . S .  Nuc l ear Regul atory Commi s s i o n  ( NR C )  f i nal E I S  
on t he Transportat i on of Rad i oact i v e  Mater i al by Ai r and Ot he r Modes . 3-1 1 4  
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Ai r s h i pments of pl uto n i um to and from LASL were term i n ated i n  Apr i l  1 977 .  In the  fut ure ,  a i r  
s hi pments o f  pl uto n i um t o  o r  from LASL woul d be ex pected to res ume onl y i f  mad e  i n  conta i ners cert i f i ed 
as meet i ng a i rcraft c ras h ,  acc ident safety c r i teri a ,  or as otherwi se perm itted for Na t i o nal Sec ur ity 
purposes  i n  accordance wi th  1 0  C FR Part 8 71 , "Ai r Trans portat i on of  Pl uto n i um . "  

Becaus e  tr an sportat i on o f  rad i oact i ve materi al s rel ated t o  LASL o perat i o ns i nc l ud e  a d i vers ity 
o f  i so to pe s ,  package types , q uant i t i es and m i xt ures of  materi al s ,  and modes of tran sport , i t  i s  
i mpract i cal to cons i d er eac h s h i pment separate ly  t o  ev al uate the r i sks o f  normal tran s portat i on and 
po tent i al acc i d ent s .  To est imate the overal l r i s k  from tran s portat i o n  of rad i oac t i ve mater i al s ,  the 
same stat i st i c al approac h ut i l i zed by NRC3-1 1 4  wa s used . Data for nonexempt o utg o i ng , i ncom i ng , 
and on- s i t e  shi pments i n  1978 were summari zed i n to typi c al shi pment categ or i es that spec i fy av erag e 
paramete rs for eac h type of  sh i pment i n  a format s u i t ab l e  for use i n  the computeri zed eval uat i o n  

3-1 1 5  3 1 1 4  proced ure devel oped fo r and used i n  the NRC E I S .  - The summari zed data i s  prese nted i n  
Tab l e 3 . 3 . 5-1 . Eac h  entry g i v es the i so to pe , package type , average cur i e  co ntent of the pac kage ,  
average externpl rad i at i on l evel , av erage number of packages  per sh i pment , av erage number of s hi p;nents 
per year , a nd k i l  aneters travel l ed by eac h  s h i pment broke n d own by two modes of  tran s porta t i o n .  Th e 
d an i nant  tran s portat i o n  modes �".ere truc k and a i r fre i g ht .  The a i r  fre i g ht mode typ i c al l y  i nv ol v es 
truck tran sport for del i very to  and fran an ai rport .  The d i stances i nc l ud e  an al l owa nce for on- s i t e  
tran sfers at  LASL a s soci ated wi th i nc om i ng and out g o i ng off-s i te sh i pment s .  Bec ause of  t h e  d i ffe rent 
forms in wh i c h  records are ke pt for i ncom i ng and outg o i ng s h i pments , c erta i n  d i fferenc es i n  d ata 
presentati o n  were requi red . For outg o i ng trans porta t i o n ,  no  d i sti nct i on wa s made  between sh i pments 
made i n  regu l ar trucks and those mad e i n  DOE -operated SSTs even though a l arg e port i o n  of  the 
pl uto n i um and uran i um s h i pments were mad e in SSTs . Th i s  ha s the resul t of  i nc rea s i ng est imated 
ri s ks b ecause no cred i t  i s  i nc orporated i n  the anal ys i s  for the extra safe ty a fforded by SSTs . For 
certai n  cate g or i es of  i nc om i ng s h i pments , the package type i s  i nd i c ated as I CV .  These c ateg or i es  of  
s h i pments were  mad e pred ani n antl y o n  SSTs . Th e ICV des i g nati o n  refers to package i n tegr i ty parameters 
us ed i n  the NRC a nal ys i s  tec hn i q ue for i nteg rated conta i ner veh i c l es . 3-1 1 4  The anal ys i s  for LASL 
s h i pments assumed these parameters as an  estimat i o n  of the extra protect i o n  beyond DOT reg ul at i on  
type pac kag i ng afforded by the  SST. No carg o  a i rcraft shi pments are  i nd i cated i n  the  i ncom i ng 
categ ory b ecause documentat i on of s h i pment m ode by c ommerc i al carr i ers i s  not ma i nta i ned at LASL 
( s uc h  documenta t i o n  i s  the res po ns i b i l i ty of  the sh i pper) . Th erefore , a l l i ncom i ng s h i  p;nents �".ere 
a ssumed to be made  by truc k , a s  a conservat i v e  approac h ,  b ec ause that �«J ul d rnax im i ze both the normal 
and ac c i dent case tran sportat i o n  r i sk ( see Ch a pter 6 of ref. 3-1 1 4 ) .  

The data fo r ons i t e  s h i pments refl ect transfer of rad i oact i ve materi al s between  techn i c al area s 
a nd of wa ste materi al s to the so l i d wa ste d i s posal  area . As noted earl i e r ,  an al l owa nce for on s i te 
tran sfers of  offs i te i ncom i ng and out g o i ng s h i pments wa s i nc l uded in the total d i stances fo: s uc h  
s h i pments . The data i n  Ta b l e 3 . 3 . 5 -1 we re used to prefo rm  the anal ys i s  o f  tran sportat i o n  acc i dent 
ri sks d i sc ussed l ate r i n  Sect i o n  4 . 2 . 14.  
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TABLE 3 . 3 . 5-l 

SHIPMENT PARAMETERS FOR STANDARD SHIPMDITS
a 

c AIR FREIGHTb TRUCK 
Package Curies/ External 

d PackAges/ Shipmen t s /  bo /  Packages/ Shipment s /  bo/ 
Material � Package Radiat ion Shiemen t Year Shiement Shiement Year Shiemen t  

OUTGOING 

Am-241 BPU 3 . 97 0 . 40 l l 3  1900 
Be- 7 ,  Fe-55 A 0 . 009 o . oo l 5 1 9 00 
Pu analog e BPU 0 . 049 0 . 1 3 l 10 5100 
Co- 60 A 0 . 2 5  o .  67 l 7 2 7 00 
H-3 B 11570 0 . 00 l 17 1000 
Mixed f i s sion produc t s  BPU 2409 0 . 01 l 6 1600 
Pu02 ( 8 6 .  5% Pu- 2 3 9 ,  BPU 3 08 6  0 . 08 6 18 2200 

12% Pu-240 , 
l .  5% Pu-241 

Pu-2 3 9  (weapons grade) BPU 1111 0 . 24 2 s 900 
U-235 (93% enriched ) B 0 . 217 0 . 02 l 6 800 
U-235 (specia l  form) I 0 . 26 0 . 00 l 14 7 00 
U-2 35 IPU 1 1 4 7 0  o . oo l l 1300 

U (depleted) I 0 . 162 0 . 04 7  l 149 1100 

INCCMING 

Am-241 ICV 1 . 158 0 . 0  l 8 0  1300 
C-14 A 0 . 13 0 . 02 l 7 1300 
Co-60 B 9 . 0  0 . 67 l 2 1300 
H-3 B 4 1 7 5  0 . 2 0  l 80 1300 
Ir-19� B 88 1 . 3  l l 1300 
P-32 A 0 . 1 2 0 . 2  l 12 1 3 00 
Pu-238 (80% enr iched ) ICV 6 7 7  o. o l 80 1300 
Pu- 2 3 9  ( 1 0% enri ched ) ICV 6288 0 . 0  l so 1300 
Pu-242 (907. enric hed ) ICV 0 . 0028 o . o  l 80 1300 
U-2 3 5  ( 9 3 %  enr iched ) ICV 0 . 481 0 . 0  l 80 1300 
U- 2 3 7  A 3 . 7 5 1 . 0  l l 1300 
U (depleted ) A 0 . 014 1 . 5  l 80 1300 
U (norma l )  A 0 . 00102 1 . 5  l 80 1300 
U-2 3 3  ( 9 57. enr iched) B 0 . 03 6 2  0 . 2  l 8 0  1300 

ONSITE-WASTES 

Am-241 A 0. 002 o . o  l 81 9 . 5  
Co- 5 7 ,  Co- 6 0 ,  Cs-1 3 7  A 0 . 009 o . o l 6 9 . 5  
H-3 A 2015 5 . 0  l 29 9 . 5  
Mixed a c t iva t ion produc t s  A l .  7 3 6  2 . 0  l 44 9 . 5 
Mixed f i ss ion produc t s  A 23 . 4  2 . 0  l 5 3  9 . 5  
Pu- 238 DRUM 0 . 05 2 . 0  l 9 7  9 . 5  
Pu-239 DRUM 0 . 153 2 . 0  l 146 9 . 5  
Pu-239 ( 9 37. ) , Pu- 240 ( 7 % )  DRUM 0 . 402 2 . 0  l 4 3 9  9 . 5  
Pu-239 (87% ) .  Pu-240 (13%) DRUM 1 . 063 2 . 0  l 120 9 . 5  
Pu-239 ( 5 0% ) .  Pu-2 4 0  ( 5 0% )  DRUM 2 . 7 3 5  2 . 0  l 1 8  9 . 5  
Pu-238 (heat source) DRUM 5 8 .  2 . 0  3 30 9 . 5  
U (d epleted ) A 0 . 038 o . o  l 18 9 . 5  
U-23 3 ,  + U-235 A 0 . 003 o . o  l 34 9 . 5  
U-238 A 0. 001 o . o  l 3 1 5  9 . 5  

ONSITE-TECHNICAL AREA TRANSFERS 

u (93% enriched) B 0 . 098 0 . 02 l 3600 9 . 5  
Pu-238 B 1 2 2 5  2 . 0  l 1800 9 . 5  
Pu-2 3 9  ( 8 6 . 5� ) . Pu-240 ( 1 2 % ) . B 1487 2 . 0  l 1800 9 . 5  Pu-241 ( 1 . 5% )  

& )
Averag es and typical values developed from 1978 data f o r  shipments related to LASL oper a t ions .  

b )
Air freight shipmen t s  are assumed to include truck transfers totaling 1 6 0  bo to a nd  fro. a irpor t .  

c )  
Pac kage type refers specif ically to t he package integr ity parameters based o n  ac tual teats (Tabl e  5- 8  i n  ref . 3-113) 
u t i l ized in performing the risk analysis.  Types A and B refer to general spec i f ic a t ion container s ;  BPU refers t o  
a 2R container inside a 6M ; ICV refers to integrated conta iner vehicle which w a s  assumed for t h i s  analysis to 
appro x ima t e  shipment in approved packages carried by SST; DRUM refers to was t e  d isposal drums which were modeled 
as Type A containers . 

d )
External r ad ia t ion is the measured max imum external dose rate in mrem/hour at 3 feet from any ex t ernal surfac e .  

e )  
Plutonium analog represen t s  a grou ping o f  alpha emit t ing radionuc l ides such as cal ifornium, einsteinium ,  polonium, 
and thorium, which for purposes of t h i s  analysis were modeled as plutonium. 
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4 .  POTENTIAL I MPACTS OF THE PROPOSED ACT ION 

Env i ronmental i mpact s ,  bot h benefi c i al and ad verse , have a vast scope . Th i s  chapter assesses  the 
actual and probab l e  envi ronmental i mpacts of DOE ' s  prev i ou s  and cont i nu i ng act i v i t i es at Los Al amos ,  
New Mex i c o ,  on those env i ronmental feat ures characteri zed i n  Ch apter 3 .  

F i rst cons iderat i on i s  g i ven  to  primary i mpact s ;  the  d i rect resu l t s  of  t he  exi stence and operat i on 
of LASL . Next , the  potent i al consequence s of acc i dent s are ana lyzed .  F i nal l y ,  the secondary ,  o r  
i nd i rect , i mpacts o n  t h e  adjacent commun ity and t h e  northern New Mexi co regi on are eva l uated .  

Summary o f  C hanges 

The fol l owi ng summar i ze s  the changes and u pd at i ng of materi al  wh i ch have been made in th i s  chapter as  
a resu l t  of the revi ew and comment on the D E I S .  

Primary I mpacts .  Upd ated i nformat i on on water use  shows a decrease i n  per cap i ta consumpt i on .  
Water qual i ty has  not ch anged s i gn i fi cant l y .  The reader i s  referred to  Append i x  H for addi tonal 
detai l .  Add i tional  reference and d i sc u s s i on of general b i ol og i cal  behavi or of rad i onuc l i d es i s  
i nc l uded.  The reader i s  referred to Append i x  H for recent data on moni tori ng resu l ts for dose assess
ment s .  D at a  o n  1 9 7 6- 1 9 78 rad i at i on expo sure o f  LASL workers was added . The L aboratory part i c i pati on 
i n  the Formerl y Ut i l i zed S i te s  Remed i al Act i on Program ( FUSRAP ) i s  d i scussed . B ecause programs and 
faci l i t i es change , new faci l i t i es approved or proposed for FY 79-82 a re summari zed . 

Potent i a l I mpact of Acc i dent s .  Standard Operat i ng Procedures ( SOPs ) f or  fac i l i t i es and operat i ons 
pos i ng s i gn i f i cant haza rds  are noted as  are emergency response pl ans for the Laboratory .  Some addi 
t i onal i nformat i on on h i storic  acci dent s ,  more detai l ed bases for eva l u at i ons , decontami nat i on 
procedure s ,  and costs are i ncorporated by bri ef summary .  Pub l i c l y  avai l ab l e  documents and new 
references are c i ted .  

Secondary I mpacts .  Upd ates on popu l at ion  growt h ,  l and devel opment , and area economi cs  refl ect no 
s i gn i f i c ant changes from the projected . Laboratory EEO stat i st i cs for 1 9 79 deta i l  the range of empl oy
ment for m i nori t i es by c ategory and sal a ry l eve l . 

Rout i ne  mon itori ng for rad i at i on and radi oact i ve or chemi cal  substances i s  conducted on the 
L aboratory s i te  and in the surroundi ng reg i on to determi ne compl i ance wi th appropri ate standard and 
permi t early i dent i fi cat i on of po ss i b l e  undes i rab l e  t rend s .  Resu l t s  and i nterpretat i on of the data 
for 1 9 78 on penet rat i ng radi at i on ,  chemi cal , and rad i ochem ica l  qua l i ty of ambi ent a i r ,  surface , and 
g round water ,  mun i c i pal  water s u ppl y ,  soi l s ,  and sediments , food , and a i rborne and l i qu id  effl uent s  
a re i nc l uded i n  Append i x  H .  Compari sons wi th appropri ate standards and regu l at i ons  or w ith  background 
l eve l s from natural or  other non-LASL sources prov i de a ba s i s for conc l ud i ng that envi ronmental effect s 
att ri butab l e  to LASL operat i ons are mi nor and cannot be cons idered l i ke ly  to resu l t  i n  any hazard to 
the popu l at i on of the a rea . Resu l t s  of several speci a l  stud i es  prov i de  documentat ion  of some uni que 
envi ronmental cond i t ions i n  the LASL envi rons .  
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The mon i tor i ng resul t s  for rad i at i o n and rad i oact i v i ty are as fo l l ows : 
1 .  Penetrat i ng Radi ati on .  No  measurements at regi onal or  peri meter l ocati ons i n  the  env i ron

mental network for any c al endar  quarter showed any stat i st i c al l y  d i sc ern i b l e i nc rease i n  

rad i at i o n  l evel s that coul d b e  attri buted to LASL o perat ions . Th e LAMPF network showed an 
i ncrease of 1 3 . 7  ± 1 . 4 mrem/yr at the LASL boundary north of the LAMPF fac i l i ty .  

2 .  A i r .  Dur i ng 1 9 78 , n o  stat i st i cal l y  s i g n i fi c ant d i fference was observed between the atmos
pheri c concentrat i ons of g ross al pha ,  g ros s beta , ameri c i um ,  pl uto n i um ,  and uranu im  measured 
at sampl i ng l oc at i ons al ong the Labortory per imeter and those mea sured i n  d i stant area s .  
Th i s  i nd i cates Laboratory c ontr i but ions t o  concentrat i ons  o f  the se contami nants were l ess  
than the l ocal vari ab i l i ty i n  background l evel s .  Tr i t i ated water vapor ( H TO ) concentrat i ons  
at perimeter and onsi te stati ons were about three and four t imes  hi g he r ,  respect i vel y ,  than  
reg i onal backg round HTO l evel s and are attr ibut ab l e to the Laboratory ' s HTO stack  effl uent s .  
El evated l ev el s ,of a i rborne act i v i ty from the short- l i ved fi s s i on  products  were detected for 
short period s  of t ime fo l l owi ng nuc l ear atmospher i c  detonat i ons  by the Peopl e ' s Repub l i c  of 
Ch i n a  on March 14 and December 1 4 .  

3 Surface and Ground Waters. The resul ts  of the 1 9 78 rad i ochem i c al qual i ty anal yses of water 
from reg i onal , perimeter ,  water suppl y ,  a nd onsi te non-effl uent rel ease areas i nd i cate no 
effect from effl uent rel eases from LASL. Waters in the ons ite  l i qu i d  effl uent rel ease areas 
conta i n  trac e  amounts of rad i oact i v i ty .  These ons i te waters are not a source of i nd u str i al , 
ag r icu l t ur al , o r  mun i c i pal  water suppl i es .  

4 .  Soi l s  and Sedi ment s .  The number o f  so i l  and sed iment stat i o ns wa s i ncreased thi s year over the 
number 1 n  1 9 7 7 .  A s ampl e from one so i l  st at ion  in the reg i onal net conta i ned 1 3 7cs and 
2 39Pu i n  excess of n atural fal l out . Three so i l  sampl es from perimeter st at i ons contai ned 
1 3 7cs  and one stat i o n  contai ned 2 39Pu i n  excess of natural fal l out . The concentrat i ons  
were l es s  than  10  t imes worl dwi de fal l out l ev el s .  E i ght other per imeter sed iment sampl e s ,  

. . 241 238 2 39 al l from a former rel ease are a ,  c onta1 ned concentrat 1 ons  of Am ,  Pu , a nd Pu 
above fal l out l eve l s .  F i v e  ons i te so i l  stations  conta i ned ac t i v i ty above normal fal l out and 
are near Laboratory act i v i t i es .  Sed iment sampl es that contai ned act i v i ty g reater than fal l 
out were from effl uent rel ease area s .  

5 .  F oodstuffs . Frui t and vegetab l e  sampl es col l ected i n  the v i c i n i ty of  LASL s howed n o  apparent 
i n fl uences from Laboratory o perat i ons  except for peach tree l eaves col l ected at an ons i te 
l ocat i on near a fac i l i ty that em i ts t r i t i um .  

6 .  R ad i oact i ve E ffl uent s .  Ai rborne rad i o act i ve  effl uents rel eased from the  LASL operat i o ns i n  
1 9 78 were typi c al of rel eases dur i ng the l ast several year s .  The greatest change wa s an 
i nc rease in act i vat i on  prod ucts  from h i gher power operat ion  of the l i near acce l e rator at 
LAMPF . L i qu i d effl uents from three wa ste treatement pl ants contai ned rad i oact i v i ty at l evel s 
wel l  bel ow c ontrol l ed area conc entrat i o n  g u i d e s .  

Chem ic al anl ays i s  are al so a pa rt of  t he  st ud i es t o  determi ne t he  chemical  qual i ty of water. 
Chemi c al anal yses  of surface and g round waters  from reg i onal , per imeter ,  and ons i te noneffl uent 
rel ease areas  vari ed sl i g htl y from prev i ous  years , but showed no s i g n i fi c ant c hange .  The chemi cal 
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q ua l i ty of water fran the mun i c i pa l  s uppl y for the Lab oratory and commun i ty meets the stand ards se t 
by the EPA a nd New Mex i c o  Env i r onmenta l  Improvement Di v i s i o n  ( NME I D ) . An al ys es fran on s i te effl uent 
rel ease area s i nd i c ated th at  some const i t ue nts  were h i g her than i n  natural l y- occurrng 1va ters ; however , 
these waters are not a source of mun ic i pa l , i nd ustr i al , or ag r i cul t ur al s uppl y .  An al yses  v�re per
formed for 3 3  p a rameters rel ated to wa ter qual i ty .  Th e federal l y-owned wel l fi el d prod uc ed water 
for the Labor atory and County , wh i c h  met al l appl i c ab l e  EPA s tandard s .  

No nrad i o act i ve effl uents i nc l ud e  a i rborne and l i qu i d  d i sc harg e s .  Ai rb orne effl ue nts fran the 
a s ph al t pl ant ; beryl l i um s ho p ;  gaso l i ne storage and combust i o n ;  power pl ant ; gases  and vol at i l e  c hem i 
cal s ;  wa ste expl os i v e  b urn i n g ;  l ead pour i n g ;  and dyn am i c  te st i ng d i d  not resul t i n  any mea s urab l e  or 
theoret i cal l y  c al cul ab l e  deg rad at i o n  of a i r  qual i ty .  A s i n g l e  NPDES  perm i t  for 1 0 4  i ndustr i al d i sc harge  
po i n t s  and 1 0  s an it ary sewage  treatment fac i l i t i e s  took effect i n  m i d-October.  After the new penn i t  
took effect , 6 o f  the 1 0  s ant i t ary sewage treatment fac i l i t i e s  exceed ed one o r  more o f  the EPA perm i t  
l im i t s  i n  one o r  more months and 1 8  of the 1 0 4  i ndustr i al outfal l s exceed ed one o r  more l im i t .  C: i  g ht 

of those res po ns i b l e  for the l argest number of dev i at i o ns are sc hed ul ed for al ready funded correc t i v e  
meas ures t o  be  carr i ed out i n  1 9 7 9-80 .  

An env i ronmenta l  eval u a t i o n  of rad i at i o n  d ose i nc l ud es some i ncrements of rad i at i o n  d oses ab ove 
natur al and worl dv1i d e  fa l l out backg round l evel s are rec e i v ed by Los Al amos Coun ty res i d ents as a 
res ul t of LASL o perat i o ns . Th e l argest est imated d ose at an occu p i ed l oc at i o n  \va s 3 . 8  mrem or 0 . 76% 
of the rad i at i o n  pr otec t i o n  standard . Th i s  est imate i s  b ased on bound ary d ose mea s uranents of a i r

borne effl uents fran the pr oto n accel erator at TA-53 . Ot her m i nor ex po s ure pa thways s uc h  as d i rect 
rad i at i o n  fran an ex per imental fac i l i ty and two un l i ke l y  food path1vays may resul t in doses to  sev er al 
m rem/yr . No s i g n i fi c ant expo s ure pathways are b el i eved to ex i st for rad i oac t i v i ty rel ea sed i n  
treated l i qu i d  wa ste effl ue nts . The rad i oact i v i ty i s  ab sorbed i n  the al l uv i um  before l eav i ng th e 

LASL b oundar ies  and some i s  tran s ported offs i te  wi th  stream channel sed iments dur i ng heavy runoff. 
The total po pul at i o n  d ose rec e i ved by res i dents  of Los Al amos County i n  1 9 78 \va s e st im ated to be  
1 0 . 5 man- rem or ab out 0 . 4% of the 2400 man- ran to the same po pul at i o n  fran backg round rad i at i o n  and 
0 . 5% of the po pul at i o n  d ose due to med i c al ex po s ure .  As no s i g n i fi c ant pathways coul d be ident i f i ed 
out s i d e  the County , t he 1 0 . 5 man- ran dose al so  re presents the po pul at i o n  d ose to the i n hab i tants  l i v i ng 
wi th i n an 80 km rad i us of LASL wh o rec e i v e  an est imated l l  , 900 man- rem dose fran bac kground rad i at i o n .  

4 .  l PR IMARY IMPACTS 

The d i rec t i m pact of the Lab oratory' s o perat i on i nc l ud es the effects on  wa ter qua l i ty and quant i ty 

and a i r  qual i ty .  A d i sc u ss i o n of chem i c al measurements and assessment has  been i nc l ud ed to pr ov i d e  a 
b ro ad er pers pect i v e  on l i qui d and g aseous effl uents rel eased . The d i rec t  impact of the l and used for 

the LASL reserv a t i o n  and some of the known i nfl ue nces stud i ed by l aboratory ecol og i sts  are desc ri b ed .  
The use of other res ources , s uc h  as energy , mate r i al s  fo r the construc t i o n  of fac i l i t i e s ,  and s uppl i e s  

for cond uc t i ng researc h ,  i s  s ummar i zed . A d i scuss i o n o f  t h e  aesthe t i c  i mpac t i s  i nc l ud ed .  Fi nal l y  the 
i mpacts of fut ure construc t i o n  are ant i c i pated . 



4 . 1 . 1  Water Qu ant ity and Qual i ty 
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Total water cons umpt i on in Los Al amo? County was about 6 . 6  mi l l i on cub i c  meters (l . 7  b i l l i on 
gal l on s )  duri ng 1 9 7 6 .  V i rtua l l y  al l t h i s  water i s  from the deep g roundwater reservoi r underl yi ng the 
Paj a ri to P l ateau and i s  pumped by the three federal l y-owned wel l f i el ds ( see F i g ure 4.  l . l - 1 ) wh i ch are 
operated by Z i a C o .  ( s ee Sect i on 3 . 3 . 1 ) .  The aqui fer has  not been des i gnated a so l e source water supp ly  

by the EPA under the C l ean Water Act .  In  add i t i on to supp lyi ng the water needs of  LASL , the Federal 
Government i s  under cont ract to  furn i s h  water to  meet the demands of the county of Los Al amos .  About 
1 60 ,000 cub i c  meters ( 5 1 mi l l i on ga l l on s )  were obt ai ned dur i ng 1 976 from a groundwater col l ect i on 
ga l l ery i n  Water Canyon .  About one-t h i rd of the total product i on ,  2 . 30 mi l l i on cub i c  meters ( 608 

m i l l i on gal l on s )  was used i n  the tech n i cal  areas of the La boratory ,  DOE offi ces , and Z i a operat i ons i n  
1 9 7 6 .  The ot her two-t h i rd s ,  4 . 30 mi l l i on cub i c  meters ( l  . 1 4  mi l l i on gal l on s )  was sol d t o  the co unty 

and commerci al  u sers . The rate  of water use i n  re s i dent i a l  areas i s  somewhat h i gh er than nat i ona l  
average s ,  but typi cal  of  reg i ons where extens i ve l awn i rri gat i on is  pract i ced .  Water i s  recyc l ed where 
poss i b l e .  Most of the cool i ng water for the DOE el ect ri c generat i ng p l ant i s  supp l i ed by effl uent from 
the nearby sani t ary treatment pl a nt .  The effl uent from a county operated sewage treatment pl ant i s  
used duri ng the s ummer for i r ri gat i o n  of the gol f course and l awn s at several of the school s .  

The three wel l f i el ds conta i n a total of 1 5  we l l s ,  fi ve i n  the Los Al amos F i e l d ,  seven i n  the 
Guaje F i el d  and three in  the Paj ar i to F i el d ( see F i g ure 4 . 1 . 1 - l ) .  The wel l s  and supply system are 
ma naged to eff i c i entl y supp ly  the water ,  cons i deri ng econom i c  and hydrol og i c  cond i t i ons . The operat i on 

of wel l s  and boosters on the di str i but i o n  system i s  restr i cted to off-peak el ectr i cal  l oads , genera l l y  
from 4 p .m .  to  8 a . m .  Th e we l l s  are pumped a t  rates t o  a l l ow max imum yi el d and st i l l  ens ure t he  l ongev i ty 
of the wel l f i el ds .  

The  Los  Al amos we l l  f i el d and the Guaje wel l f i el d are the  ol dest wel l f i el ds ( compl eted i n  the  
l ate 40s  and  ear ly  50s )  and h ave experi enced cumul at i ve water l evel decl i nes of  1 2  to 1 7  m (40 to  88  
ft ) , at average annual rates of  0 . 3  to  1 . 2 m/year ( l  to  4 ft/year) . I n  1 967 annual pumpage l i m i t s  of 
l .5 to 1 .9 x 1 06m3/year ( 400 to 500  x 1 06 gal /year)  were adopted for the  two f i el d s .  S i nce then there 
has  been ei ther a revers al or decel erat i on of water- l evel decl i nes i n  most of the wel l s ,  i nd i cat i ng 
that these wi thdrawal s can  be ma i nta i ned . Decl i nes i n  the next 1 0  years are proj ected at 3 to 6 m ( 1 0  
t o  20 ft) for most of the wel l s  under current product i on 

The Paj a r i to Wel l f i el d , compl eted i n  the m i d  to l ate 60s  has experi enced decl i nes of 3 to  7 . 3  m 
( 1 0  t o  24 ft) at average annual rates of 0 . 4 t o  l m/year ( 1 . 3 t o  3 . 3  ft/year) wi th expected addi t i ona l  
decl i nes of 4 .6  to  7 . 6  m ( 1 5  to  2 5 ft ) i n  the next 10  years . 4- l  

Reg i onal water l eve l  trends in  the ma i n  aqui fe r h ave been mon i t ored s i nce 1 960 i n  a test we l l  
l ocated about 3 . 5  km ( 2 . 2  mi ) southwest of one of the Paj ar i to F i e l d  supp ly  wel l s .  ( The Pajari to 
F i el d  has the l arge st pump i ng rates  and provi des about 40% of the total water suppl y . )  The water 
i n  t h i s  test wel l has  decl i ned about 0 . 9  m ( 2 . 9  ft ) from 1 9 60 t hrough 1 9 78 , wi th most of the del i ne ,  
0 . 7  m ( 2 . 2  ft ) , occurri ng before 1 9 66 when the h i ghest produc i ng wel l i n  the Pajar ito  F i el d  was 

compl eted . Thu s ,  there appear to be on l y  very m i nor effects on the ma i n  aqui fer on a reg i onal bas i s .  
Even i n  the  i mmedi ate v i c i ni ty of the we l l  fi el ds ot her test we l l s  have shown n o  s i g n i fi cant water 
l eve l  change s .  The maximum drawdowns at  the pump i ng supp ly  wel l s  are about 2 - 3% of the est i mated 
total aqui fer t h i ckness of 1 200 m (3900 ft ) .  
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Figure 4 . 1 . 1-1 

Los Alamos Wel l  Fields 

The three f ie lds of  water supply we lls for Los Alamos are dep icted 
(diagonal shading) in relat ion to Los Alamo s County . Two of the fields--Los 
Alamos and Guaj e--are located entirely in Santa Fe County in Los Alamos and 
Guaj e Canyons . The Paj arito Field is located in both Santa Fe and Los Alamos 
Count ies . New wells will probably be drilled in the vicinity of the Paj arito 
Field . The main aquifer is under artesian condit ions (cross-hatched )  where 
basalts form an overlying conf ining layer . The piezometric contour lines show 
the general decline of the water table down toward the Rio Grande indicating 
the general eas tward movement of water in the main aquifer . The locat ions of 
other test and observat ion wells used to de termine water levels and for moni
toring are shown (dots ) . 
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The Water Canyon Gal l ery i s  l ocated we st of S-S i te .  The gal l ery furn i shes part o f  the supp ly  to 
the techn i c al area and i s  a v al uab l e  part of the system , contr i b ut i ng as  much annual product i on as 
some of the l ow yi el d we l l s  i n  the Lo s Al amos and Guaj e F i el d .  

The ex i st i ng wel l fi el d s  and suppl y system were barel y ad equate t o  meet the 1976 demand . However , 
t he  demand decreased i n  1977  and 1 978 a p parentl y rel ated to i ncreased water cost s .  I t  i s  ex pected 
that consumpt i o n  wi l l  st i l l i ncrease i n  the fut ure wi th  g rowth of t he commun i ty and the Laborato ry ,  
though  probab l y  not a t  the rate s proj ected i n  1976 .  Two new h i g h-yi el d wel l s  are pl anned t o  b e  added 
i n  the Paj ar i to F i el d  by 1982 . These add i t i o nal  wel l s  wi l l  su ppl y both commun i ty and techn i c al areas 

4-2 fo r peak d emand and prov i d e  for future g rowt h .  Add i t i o nal  storage capac i ty i s  b e i ng pl anned for 
the techn i c al areas to meet ant i c i pated growt h ,  s i nce the prese nt storage capac i ty wi l l  be defi c i ent 
by 2 . 5  x 1 04m3 ( 6 . 5  x 1 06 gal ) by 1982 . 4-2 

The ex i st i ng storag-e fo r the county of Los Al amos i s  barely adequate fo r present demands . To meet 
t he commun i ty d emand and fi re protect i on requi rement s an add i t i onal  7 . 6  x 1 02m3 ( 0 . 2 x 1 06 gal ) 
storage reserv o i r i s  now o n  North Mesa for operati onal purposes .  The ul t imate storage requi rement 
there i s  est i mated at 2 . 9  x 1 04m3 ( 7 . 7 5 x 1 06 gal ) to meet the proj ected i nc rease in ho us i ng 

by 1982 . 4-4 

The water r i g hts  establ i shed wi th the New Mex i c o  State Eng i neer for product i on from the three 
wel l  fi el ds  and gal l ery total 6 . 8  x 1 06m3 ( 5 540 ac re-feet ) annual l y  for pumpage of g round water from 
the aqui fer i n  the R i o  Grande Ba s i n .  The water r i ghts  prov i d e  a means o f  control l i ng water wi thd rawa l s 

i n  the i nterconnected natural water systems  ( s urface and g round water )  for protec t i o n  of al l users . 
The proj ected d�nand for pumpage wou l d have exceed ed the l ong-estab l i shed water r i ghts  for the wel l  
f i el ds  and gal l ery by 1977 .  However add i t i o nal water r i ghts  to surface \'later in  the  R i o Grande were 
ac qu i red i n  1976  to offset the effects of pumpage over and above the 6 . 8  x 1 06m3/year l eve l . 

6 3 These add i t i o nal  s urface water r i ghts  amount to 1 . 48 x 1 0 m ( 1 200 acre-feet)  annual l y .  They 
were acqui red from the San J u an-Chama D i v ers i on  Proj ect and are to be used i nd i rectl y to offset the 
effect of pumpage of g round water i n  exces s  of water r i ghts  of 6 . 8  x 1 06m3 ( 5540 acre-feet) on the 
R i o  Grande .  The  dete rm i nat i o n  of  effect i s  based on  the  ea stward movement of g round water i n  the mai n 
aqui fer wi th  some d i sc harge i nto the R i o  Grande from seeps and s pr i ng s  i n  Wh i te Rock Canyon ( see 
Sect i o n  3 . 1 . 2 ) . The a s sumpt i o ns are that pumpage of g round water u p  to the rate of 6 . 8  x 1 06m3 

( 5 540 acre-feet )  have no effect s  on the amount of water i n  the R i o  Grand e  not a l ready accounted for 
i n  the al l oc at i o ns of water r i g ht s  by the New Mex i co State Eng i neer . Pumpage i n  excess of that amount 
i s  i nferred to have the effect of reduc i ng the natural d i scharge from the aqui fer i nto the R i o  Grande .  
The recentl y ac qu i red s urface water r i ghts  c a n  then be  rel eased to offset any suc h  reduct i o n and 
ma i nta i n fl ow i n  the R i o  Grande down stream wi th no net chang e .  Because movement o f  water i n  the 
aqu i fer i s  s l ow the total  effect of pumpage on the r i ver wi l l  i nc rease gradua l l y  and be del ayed froo1 
the t ime pumpage beg i ns to  exceed the 6 . 8  x 1 06m3/yr ( 5540 acre-feet ) l evel . The net effect on 
t he r i ver due to the i ncreased produc t i on wi l l  be offset by rel ease of the  recentl y acqui red s urface 
water r i g ht s  of 1 . 48 x 1 06m3 ( 1 200 acre-feet ) . 

The St ate Eng i neer ' s offi c e  has computed the amount of water that wi l l  be requ i red to offset 
t he decrease  i n  g roundwa ter d i scharge to the R i o  Grande as the resul t of the esti mated i ncreases 
i n  pumpage .  The net effect wa s determi ned us i ng aqui fer characteri st i c s  of 2 040 m2/day 

2 ( 50 , 000 g/d/ ft ) for tran sm i ss i v i ty and 0 . 10 a s  a storage coeffi c i ent , a cred i t  of 44% for return 
fl ow from rel ease of effl uents , a nd the proj ected i ncreases i n  produc t i on above the l ong- stand i ng 
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wa ter r i g hts  of 6 . 8  x 1 06m3 ( 5 540 acre- feet) . Th us , the pr oj ected add i t i onal pumpage i n  1980 
i s  1 . 08 x 1 06m3 (875 acre-feet ) , however the net effect on the r i ver i n  th at year wi l l  be onl y  
0 . 063 x 1 06m3 ( 5 1 -ac re feet)  wh i c h m ust  be  rel eased from storage a t  Ab i qui u Re serv o ir  ( see 

Ta b l e  4 . 1 . 1-1 ) .  By the year 2 02 5  the annual proj ected add i t io nal pumpage is est imated to be 
6 3 3 . 58 x 1 0 m /year ( 2 900 ac re- feet ) . The proj ect i o n  beyo nd the year 1995 a s sumes no i nc reases 

in demand based on stab i l i za t i o n  of us age .  Th us , the  rec entl y acqui red wa ter r i ghts  shoul d be  
adequa te un t i l  somet ime afte r the  year 2 000. Bec ause of the  dec l i ne in wa ter use exper i enced in 

1977 and 1 978 ,  the  proj ect io ns made i n  1976 now a ppear to be  too h i g h .  It i s  l i ke l y  that the 
proj ected effects wi l l  occur at l ater t imes , s ub j ect to ac tual growth of the commun ity.  

Th e effects on  wa ter qua l i ty i n  the  Ri o Grande res ul t i ng from s ubst itut ing  San Juan-Chama 
s urface wa ter for g round wa ter i nfl 01v wi l l  be i n s i g n i fi c ant . Even i f  the ful l 1 200  ac re-feet/yr 
of g round wa ter d i scharge red uc t i o n  i s  reached i t  woul d amount to about 0 . 1 5% of the av erage annual 
fl ow in the Ri o Gr ande at Otowi . 

The general qua l i ty of  water from the wel l fi el ds , gal l ery and d i str i b ut i o n  sys tem show l ow 
conc entrat i o ns of const i tue nt s ( see Tab l e  4 . 1 . 1-2 ) . 4-5 I n  g eneral , the qual i ty of  the g round water 
has not changed dur i ng the pe r iod of pr oduc t i o n .  The onl y s i g n i fi c ant changes have been a g rad ual 
i ncrea se in arese n i c  fr om wel l LA-6 , a nd an i nc rease of about 1 0% in TDS from the Paj ar i to Wel l s . 
( See Ap pend i x  H ,  pages H-3 5 and H-3 6 ,  fo r deta i l ed anal yses . )  Al l const i t ue nts  from the 1 5  we l l s  now 
i n  use are bel ow the max imum perm i s s i b l e  contam i nant l ev el . 4-6 Wel l LA-6 has been pl aced on stand by 
to be  used onl y i n  emergency ( wa ter s uppl y for fi re or d i saster) bec ause of h i g h  arsenic  conc entrat ions . 
The vol ume of wa ter from the other fi ve wel l s  i n  the Lo s Al amos fi el d wa s not s uffi c i ent to d i l ute  the 

arse n i c  concentrat i o ns fran wel l LA-6 to meet acceptab l e  l ev el s  in the d i str i b ut i o n  sys tem . The 
l ev el s at  po i nt of d i str ibut i o n  were at or ab ove the l im i t s  of 0 . 050 mg/t for arse n i c .  A s er i e s  of 
tests were made to estab l i s h the zo ne yi el d i ng the hi g h  arse n i c  concentr at i o n  to the wel l .  It wa s 
d eterm i ned that the ent i r e  pa rt of the aqui fer yi el d i ng water to the wel l co nta i ned hi gh  arsen ic  
concentrat i ons ( range 0 . 140 to  0 . 200 mg/ t) .

4-6A The wel l has  been off the l i ne s i nce earl y 
August 1975 .  

Th e nat ur al rad i oac t i v i ty content of the water s uppl y is  mea sured to as sure compl i ance wi th 
s tandard s and ver i fy abse nc e  of co ntami n at i o n .  For the most rec ent report i n g  per iod ( 1 976 ) ,  the  
max imum val ue i n  rel at i on to  st andards wa s for gros s- beta rad i oact i v i ty at <2%  of the concentrat ion  
gu ides .  The next h i ghest wa s 1 37cs  at about 0 . 1% ;  a l l others ( tr i t i um ,  uran i um ,  pl uto n i um ,  and 
gros s-a l pha rad i oac t i v i ty) were a fe1v h undredths to a few ten thousandths of a percent of the  
conc entrat i o n  gu i d es ( see Sect i o n  4 . 1 . 3 ) .  No s i g n i fi c ant c hanges from prev i ous per iods  were noted . 
E ffl uent Re l eases 

The onl y  two industr i al wa st e d i scharges cons i d ered to have any potent i a l  for ad verse env i ronmental 
effects are the effl uents fr om the two pl ants trea t i ng rad i o act i v e  l i qui d wa stes . The operat i o n of 
these pl ants \va s d esc r i bed in Sec t i on 3 . 3 . 3. The character i st i c s  of the treated effl uents rel eased i n  

1976 f r om  t h e  two pl ants are pr ese nted i n  Tab l e  4 . 1 . 1-3 . Th e cumul at i v e  rel ea ses through 1975  from 
the pl ants are cov ered in s ubseque nt materi al in th i s  sect i o n  in connect i o n  wi th d i sc us s i o n  of the 

effects on  wa ter and sed iment qua l i ty i n  the c anyo ns rec e i v i ng the effl uent s .  The quan t i t i es of 
rad i oac t i v i ty and chem i c �  contam i nants rel eas ed are ex pected to decl i ne i n  the fut ure because of 
prog rammatic changes and wa ste treatment im provements now i n  pr el im i n ary pl ann ing . 
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TABLE 4 .  l .  1 - l  

P ROJECTED PUMPAGE I N  EXCESS O F  6 . 9  x 1 06 m3/ Y EAR AND COMPUTED N ET EFFECT O N  R I O  GRANDE 

Year 

1 980 

1 985 

1 990 

1 995 

2000 

2025 

P roj ecteda 
P umpage I ncrement 

m\ 1 o6 ( acre-feet ) 

l .  08 (875 ) 

2 . 44 ( 1 975 ) 

3 . 24 ( 2625 ) 

3 . 58 ( 2900 ) 

3 . 58 ( 2900 ) 

3 . 58 ( 2900 ) 

a ) As s u111es no i ncrease i n  demand beyond year 1 995 . 

Net Effectb 
on R i o  Grande 

m3x 1 06 ( acre -feet ) 

0 . 06291 ( 5 1 ) 

0 . 28247 ( 22 9 )  

0 . 56 1 2 3  ( 45 5 )  

0 . 83877 ( 680 ) 

l .  08423 (879 ) 

l .  86996 ( 1 5 1 6 )  

b ) Vo l ullle o f  s urface water necessary to offset decrease i n  r i ver fl ow caused by pumpage wh i ch 
exceeds 6 . 8  x 1 06 m3 ( 5541 . 3  acre-feet ) .  



4-9 

TABLE 4 . 1 . 1 -2 

CHEMI CAL QUAL ITY OF  THE LOS ALAMOS WATER SUPPLY WELLS AND GALLERYa , f 

Const i tuent Year Samel ed Mi n .  Max .  Ave . b + S . d .  w!�:r
D�������dsc 

Arsen i c  1 9 77 <0 . 001  0 . 054 0 . 0 1 3 ± 0 . 0 1 5  0 . 05 
B i ca rbonate 1 9 77  48 284 1 02 ± 5 5  
Ba r i  urn 1 9 77 <0 . 5  0 . 5  ± 1 . 0 
Boron 1 9 74 <0 . 025 0 . 6 3 0 . 1 2e ± 0 . 1 8  
Cadm i um 1 977 <0 . 001 <0 . 00 1  0 . 0 1 0 
Ca l c i um 1 9 77 7 26 1 5  ± 6 
Ch l ori de 1 9 77 2 1 6  7 ± 5 
Chromi um 1 977 <0 . 000 1  0 . 0 1 75 0 . 0064 ± 0 . 0048 0 . 05 
Copper 1 972 <0 . 0 1 0 . 04 <0 . 02 ± 0 . 0 1 
Cyan i de 1 972 <0 . 01 <0 . 0 1 <0 . 0 1 
Fl uori de d 1 977 0 . 04 2 . 44 0 . 532 ± 0 . 6 1 1 2 . 0 
I ron 1 9 72 0 . 0 1 0 . 1 3  0 . 05 ± 0 . 03 
Lead 1 977 <0 . 001  0 . 0 1 1  0 . 002 ± 0 . 003 0 . 05 
Magnes i um 1 9 77 <l  9 4 ± 3 
Manganese 1 9 72 < 0 . 0 1  <0 . 0 1  <0 . 0 1 
Mercury 1 977 <0 . 00002 0 . 00037 0 . 000 1 7 ± 0 . 0001 1 0 . 002 
N i ckel 1 974 <0 . 1 <0 . 1  <0 . 1  e 

N i trate ( as N )  1 977 0 . 1  0 . 4  0 . 3  ± 0 . 1  1 0  
Potas s i um 1 9 72 30 96 62e ± 24 
Sel en i um 1 977  <0 . 002 <0 . 002 0 . 0 1 
S i l ver 1 977 <0 . 00025 <0 . 00025 0 . 05 
Sod i um 1 9 77 6 1 26 29 ± 30 
Su l fate 1 9 76 <0 . 1 29 . 7  5 . 5e ± 7 . 2  
Z i nc  1 972 <0 . 01 0 . 02 <0 . 0 1  
Tota l Di sso l ved 
So 1 i ds 1 977 1 08 438 200 ± 92 
Hardness 1 977  22  1 00 52 2 3  
Surfactan ts 1 972 <0 . 05 <0 . 05 <0 . 05e 

pH Un i ts 1 977 7 . 7 8 . 4  8 . 0  ± 0 . 2  
Conductance , 11mho/cm 1 2 0  880 266 1 85 
a A 1 1  res u l ts i n  mg/ t ,  except where noted . 
bAverage of 1 -2 samp l e s from each of 1 5  we l l s  and one g a l l ery .  
cE PA I n ter im  Pri mary Dr i n k i n g  Wa ter Standa rds . 4-5 
dF l uori de concentrat ions  based on a verage dai l y  max i mum temperature . Publ i c  Hea l th Servi ce pub l i ca t i on 
956 g i ves 1 . 0 mg/ t  opt imum , range from 0 . 8  to 1 . 3  mg/t recommended and 
mg/ t as  grounds for rejection ) .  

twi ce the optimum ( i . e . , 2 . 0  

eDoes  not i nc l ude ga l l ery .  Ana l ys i s  not performed .  
fRefer t o  Append ix  H ,  page H-9 1 , for mos t recent data . 
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TABLE  4 . 1 . 1 -3 

CHEMICAL AND RADI OCHEM I CAL QUAL ITY OF TREATED EFFLU ENTS  I N  1 976b 

Type of Activity 
3

H 

89Sr 

90Sr 

137
Cs 

238
Pu 

239
Pu 

241
Am 

U, Total 

Constituent 

Alkallility (Phenol. ) 

Alkallility (Total 
Ammonia 
Cadmium 
Calcium 

Central Waste Treatment Plant 
39. 90 Mill6��it�ters Discharged 

Average 19 76 Concentration 

4687 � 10-
6 �Ci/m1 

23 � 10
-9 �Ci/m1 

105 X 10-9 �Ci/m1 

4837 � 10-9 �Ci/m1 

187 � 10-9 �Ci/m1 

26 � 10-
9 �Ci/m1 

29 � 10
-9 �Ci/m1 

2 . 3  1'&/ 1  

Plutonjum Processing Facility Plaot 
4 . 70 Million Liters Discharged 

Average 1967 Concentration 

185 � 10-6 �Ci/m1 

11 � 10-9 �Ci/m1 

96 � 10
-9 �Ci/m1 

221 � 10-9 �Ci/m1 

37 � 10
-9 �Ci/m1 

47 � 10
-9 �Ci/ml 

27 � 10-9 �Ci/mt 

2 . 7  �g/1 

Central Was te Treaoment Plant 

J1J3 / 1  

"'3 1  1 
�/1 

"'' 1 
� / 1  

� Max � 
<3 

220 

<0. 1 

<0.001 

<2 

595 

1260 

11 . 0  

0 . 008 

131 

83 <3 

570 1190 

2 . 6  8 . 0  

<0 . 001 0 . 001 

21 <2 

Chemical OJcyogen Demand 
Chloride 

� / 1  
mg / 1  

1'&/ 1  

1'&/ 1  
llflho/cm 

\l&IL 
�/1 
�/1 

mg/1 
�g/ 1 
JIJ3/1 

1'&11 
mg/1 

<8 

26 

79 

190 

0. 218 

0. 480 

4389 

0 . 595 

0 . 13 

44 

44 2 7  

64 4 

Chromium (hexavalent) 
Chromium (Total) 
Conductivity 

Copper 
Cyaoide 
Fluoride 
Hardness (Total 
Lead 
Magnesium 
Mercury 
Nitrate 
pB 
Phosphate 
Sodium 
Solids (Total) 

Zinc 

0 . 007 

<0. 004 

42 7 

0. 018 

<0. 004 

0 . 68 

6 

<0 . 00 1  

< 1  

<0. 001 

3 . 5  

6 . 7  

<0 . 02 

165 

732 

<0. 001 

a )  See Secti on 4 .  1 . 3  for exp l ana t i o n .  

330 

0 . 2 32 

8 

0 . 140 

356 . 5  

11. 6 

22 . 6  

2000 

3430 

0. 130 

0. 04 0 . 004 

0 . 1 2  <0. 004 

2000 2 541 

0 . 16 0. 017 

<0 . 0 1  

4. 5 4 . 4  

54 4 

<0 . 04 <0. 001 

1 <1 

<0 . 005 <0.001 

90 38 

7 . 2  

1 . 2  < 0 . 02 

450 420 

1520 1998 

<0 . 02 <0.001 

b )  See Appendix  H ,  pages H-28 , 29 , and 1 0� for 1 978 data . 

Uncontrolled Area 
Concet!.t_£a ti�uide8 

3 , 000 X 10-
7 �Ci/mi 

3 , 000 X 10
-9 �Ci/mt 

300 X 10-
9 �Ci/ml 

2 0 , 000 > . ,-
9 �Ci/mt 

5 ,000 � 10-
9 �Ci/mt 

5 , 000 X 10
-9 �Ci/mt 

4 , 000 � 10-
9 �Ci/ml 

60 , 000 �g/1 

2210 

3550 

191 . 0  

0 . 041 

81 

214 

233 

0. 034 

0 . 55 

13,860 

0 . 276 

125 

204 

0 . 252 

5 

0 . 004 

972 

12 . 0  

16 . 16 

2040 

9916 

0. 175 

470 

1300 

40 

<0 . 003 

13 

109 

96 

0. 018 

0 . 038 

5860 

0. 09 

32 

34 

0 . 02 

1 

<0 . 001 

420 

0 . 8  

1010 

4570 

<0 . 04 
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The P l utoni um P rocess i ng Faci l i ty P l ant wi l l  be recei v i ng smal l er quant i t i es of waste as research 
. 

operat i ons are moved to the new P l utoni um P roce ss i ng Faci l i ty duri ng the next two years . After that 
it i s  ant i c i pated that ot her resea rch programs wi l l  cont i n ue to generate wa stes for treatment but the 
pl ant wi l l  onl y need to be operated i ntermi ttent l y .  

The Cent ral Waste Treatment Pl ant wi l l  i n i t i al l y  rece i ve s l i ght ly  l arger quant i t i es of waste 
as  operat i ons  at the New P l u toni um P rocess i ng faci l i ty g et underway . However,  maj or improvements to 
t he Central P l ant a re now be i n g  pl anned . The fi rst phase improvements ,  funded i n  FY  1978 ,  i nc l ude 
repl ac i ng the present ol d i nd u stri al  wa ste col l ect ion  l i ne wi th 6 , 000 m ( 20 , 000 ft ) of new doub ly 

encased l i ne i nc l ud i ng automat ic  l eak moni t ori ng . The second phase ,  pl anned for FY  1981  fund i ng ,  wi l l  
i nc l ude upgrad i ng of the treatment pl ant to i nc l ude new fi l t rat i on ,  i on exch ange , and other processes 
to improve the qual i ty of the effl uent a s  regards  both rad i ochem i cal  and chemi cal  qua l i ty .  A proposal 
for FY 1982 fundi ng wou l d construct so l ar ponds for total evaporat i o n  of the fi nal t reated effl uent so 
that no l i qu i d  wi l l  be rel eased to Mortandad Canyon.  About 50  C i /year of 3H wou l d be evaporated wi th 
the water and al l other rad i oact i v i ty woul d end up  on res i due wh i c h  wi l l  be handl ed as  sol i d  waste . 
S imi l ar improvements are be ing  pl anned for both pl ant s .  

Thus i t  i s  expected that rel ease of effl uents wi l l  cont i nue at about present l evel s for another 
4 to  6 years ,  a fter wh i ch time there wi l l  be no further d i sc harg e .  Al l wastes wi l l  then be reduced 
to sol i d  form fo r hand l i ng accord i ng to sol i d  wa ste procedures . 

Wi th  these improvements taken a s  assumpt i ons i t  can be proj ected that addi t i onal  rad i oact i v i ty 
rel ea sed to Mortandad Canyon ( from the Central Wa ste Treatment P l ant)  may i nc l ude another 7 5  mCi of 
pl utoni um , 1 200 mC i of ces i um ,  a nd 30  mCi of stront i um based on the 1976  rel ease s .  

Of t he t e n  maj or  san it ary sewage treatment faci l i t i e s ,  o n e  pract i c es total water reu se ( t he 
Ma i n  Tec h n i c al Area pl ant ) , several have not d i sc harged cont i nuou s ly  dur i ng the peri od J ul y  1975  
to December 1976  (Ancho West , Paj a ri to S i te ,  and the  Reactor Devel opment S i te pl ant s ) , and one 
began operat i o n  dur i ng that peri od ( WA-S i te pl ant ) . Al l of these fac i l i t i es are operated under 
the prov i s i ons  of the NPDES system . Analyt i cal  determ i nat i ons on effl uent sampl es  are shown i n  

Tabl e 4 . 1 . 1-4 for the most recent compl ete report i n g  peri od . At the present t i me the EPA i ntends 
to consol i d ate the ex i sti ng san i tary sewage  treatment pl ant NPDES permi ts  wi th a permi t i s sued 
for the operat i on of i ndu stri al  wa ste d i sc harges . These treated sani tary waste d i sc harges  can 
be expected to cont i nue at about current l evel s for the forseeabl e future.  

Effl uent I mpact � Canyons 
The three canyon areas i nto wh i ch wa stes have been di sc harged a re the subj ect s of cont i nu i ng 

stud i es on the chem ical and rad i ochemi cal qual i ty of water and sed iment s .  The stud i es i nc l ude those 
conducted for mon i tori ng purposes  as wel l as spec i al i nvest i gat i o ns regard i ng the behav i or  of l ow

l evel contami nants i n  the envi ronment . Rel ated ecol og i cal  stud i es i n  the canyons  a re descr i b ed i n  
Sect i on 4 . 1 . 5 .  The canyons wi l l  cont i nue to recei ve l ow l evel s of contami nat i o n .  These l evel s of 

contami nat i on are not del eteri ous  to heal t h .  No further operat i ons a re expected to add s i g n i fi cant l y  
to such l ow l evel but st i l l  mea surab l e  amounts o f  rad i oact i v i ty .  The canyons , wi t h i n  the control l ed 
areas of LASL , wi l l  cont i n ue to be used as st udy a reas to prov i d e  knowl ed ge about l ow l evel s of 
rad i onuc l i d es and the i r  i nterrel at i onsh i p s  to vegetat i o n  and an ima l s i n  the l ocal ecosystems .  
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TABLE 4 . 1 . 1 - 4 

LASL TECHN I CAL AREA S EWAGE TREATMENT PLANT EFFLUENT L IM ITATI ONS 
(NPDES ) AND 1 976

a DATAd 

30-Day 
B iochemical 

Oxygen 
30-da� Flow Demand 

Technical Area 03 
Avg (mgd) Max (mgd) Avg (mg/ £) 

NPDES Permi t Limitb 0 . 9 0 2 . 25 30 
1976 Data c 0 . 284 o .  7 7 4  34 

Technical Area 09 
NPDES Permit Limit 0 . 001 0 . 0025 30 
1976 Data c 0 . 0025 0 . 0035 2 

Technical Area 16 
NPDES Permit Limit 0 . 10 0 . 2 5  30 
1976 Data 

c 0 . 0056 0 . 0092 9 

Te chnical Area 18 
NPDES Permit Limit 0 . 002 0 . 005 30 
1976  Datac 0 . 0040 0 . 0071 59 

Technical Area 2 1  
NPDES Permit Limit 0 . 01 7  0 . 0425 30 
19 76 Data 

c 0 . 0056 0 . 00 7 3  64 

Technical Area 41 
NPDES Permit Limit 0 . 009 0 . 22 5  30 
1976  Data c 0 . 0014 0 . 0063 14 

Technical Area 46 
NPDES Permit Limit 0 . 005 0 . 0125 30 
1 9 76 Datac 0 . 0037 0 . 00 7 7  5 

Technical Area 48 
NPDES Permit Limit 0 . 0033 0 . 00825 30 
1976  Datac 0 . 0008 0 . 00100 3 

Technical Area 53 
NPDES Permit Limit 0 . 009 0 . 0225 30 
1976  Data c 0 . 026 0 . 0298 65 

�at.ional P ollutant Discharge E liminat ion Sys tem 

bThe above 9 p lants are all operat ing under Interim NPDES Permit Limits . 

30-Day 
Total 

Suspended 
Solids 
Avg (mg/ £) 

30 
19 

30 
1 

30 
5 

30 
36 

30 
2 7  

30 
2 

30 
2 

30 
1 

30 
90 

cAvg data are averages over 12 months (12/1/75 - 11/30 / 7 6 )  of 30-day averages reported to EPA monthly . 
Max data are individual maxima for the total 12 month period . 

dFor 19 78 data , refer to Appendix H ,  pages H-39 , 106 , and 10 7 .  
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The  canyons i nc l ude P uebl o ,  Los Al amo s ,  and Mortandad , a nd are shown i n  F i g ure 4 . 1 . 1-2 . Puebl o 
Canyon recei ved untreated rad i oact i ve wastes between 1944 and 1 95 1 , and treated rad i oact i ve effl uents 
between 1951 a nd 1 9 64 .  L o s  Al amos C anyon h a s  recei ved treated effl uents s i nce 1952 a n d  di scharges 
wi l l  probab ly  cont i n ue unt i l  about 1980 . Mortandad Canyon has recei ved treated rad i oact i ve effl uents 

s i nce 1963  and di scharges wi l l  cont i nue unt i l  about 1980 when it is ant i c i pated that some type of 
evaporat i on technol ogy wi l l  el i m i nate l i qu i d  effl uents from the  Cent ral Waste Treatment P l ant . F i g ure 

4 . 1 . 1-2 i ndi cates the l ocati on of former and current maj or di scharge  po i nts  as wel l as the vari ous 
s ampl i ng l ocati ons and test ho l e s  ut i l i zed to deve l op i nformat ion  on the envi ronmental cond i t i ons . 

I n  the two canyon areas present l y  rece i vi ng treated effl uents ( U p per Los Al amos and Mort andad) 
t he bas i c  cond i t i o ns are s i mi l ar .  Under typ i c al dry cond i t i on s ,  t he effl uent st ream fl ows on the 
surface for d i stances of about 0 . 3  to  0 . 5  km ( 0 . 2  to 0 . 3  mi ) before i nfi l t rat i ng i nto the channel  
al l uv i um .  Duri ng per i ods  of prec i p i tat i on runoff or snow mel t th i s  d i stance may be extended . I n  
Los Al amos Canyon and i ts tr i butary Puebl o Canyon ,  heavy prec i pi tat ion  may res u l t  i n  fl ow al l the  
way to the R io  Grande about four t i mes a year .  Al l fl ow in  Mort andad Canyon si nce at  l east 1960 has  
i nf i l trated i nto the  a l l uvi um before reac h i n g  the DOE  boundary some 5 km ( 3  mi ) downstream from the 
d i sch arge po i nt .  

The effl uents and natural run off i nf i l trate i nto the al l uv i um ,  rech arg i ng the shal l ow perched 
water bod i es .  The maj ori ty of  t he rad i oact i v i ty i s  adsorbed onto the sediment s .  The adsorpt i o n , 

coupl ed w i th d i l ut ion  by nat ural runoff , resu l ts  i n  very l ow concentrat i ons of radi oact i v i ty i n  the 
water conta i ned wi th i n  the  al l uv i um ,  only fract ions of a percent of concentrat i on g u i des appl i cab l e  to 
d ri nk i ng water.  Water in these canyo ns is not used for i ndustri al or domest ic  supp l y .  As the water 
moves down stream , i n  the fo rm of surface fl ow and as groundwater in  the  al l uv i um ,  concentrat i ons 

decrease .  
The  adsorp t i on of  the rad i onuc l i des resu l ts i n  a bu i l dup on  the sedi ment s near the di scharye 

po i nt .  However ,  transport of the sediments by sn owmel t  and summer storm runoff events tends to 
red i stribute the sed i ments and adsorbed rad i onuc l i des over a wider area . The h i g hest concentrat i on of 
rad i onuc l i des i s  associ at ed w i t h  s i l t- and cl ay-s i zed part i c l e s  i n  the sed i ments.  However , these 

smal l part i c l es make up l ess  than 1 0% of the  mass  of the  al l uv i um .  Therefore ,  most of the rad i oact i v i ty 
i s  associ at ed wi th  t he l arger- s i zed sediment part i c l es .  The l arger part i c l es are trans ported as bed 
l oad that moves more sl owly  than  t he suspended mater i al and travel s sh orter d i stances downstream wi th  
each runoff event . The amount of materi a l  moved w ith  each  runoff event vari es g reatl y ,  d epend i ng on 
the fl ow rat e ,  the vol ume of runoff ,  the l ocat i on wi t h i n  t he' canyon ,  a nd other factors . Th i s  trans port 
process produces an i rregu l ar vari at i on in rad i onuc l i de concentrat i ons i n  the sed iments wi th i n the 
various canyons and is  respons i b l e  for some offs i te transport of radi oact i v i ty in  the case of Puebl o 
and Los Al amos Canyons . Th i s  phenomenon i s  i l l u strated i n  Tabl es 4 . 1 . 1- 7 ,  4 . 1 . 1- 1 2 ,  and 4 . 1 . 1-2 1 .  
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Figure 4 . 1 . 1-2 

S C A L E  

I 2 3 km 
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Canyon Water and Sediment Samp ling Locat ions with Current and Former Maj or 
Effluen t Discharge Points 
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I nformat i o n  on these processes and envi ronmenta l  qua l i ty measurements has  been gathered over 
many years . I nformal  stud i es of radi onuc l i des i n  P uebl o and Los Al amos Canyons were conducted i n  
t he 1940s . 4-8 •4-9 Stud i es were made on the hydrol ogy and c hemical and rad i ochemi c al qual i ty 
of water i n  the c anyons by the U . S .  Geol og i ca l  Survey between 1 963 and 1969 . 4-1 0  t hrough 4-1 9 

LASL-conducted envi ronmental survei l l a nce programs and s pec i al stud i es have contri buted ot her 
data . 4-23 t hrough 4-3 5  Var ious  stud i es h ave demonstrated that storm runoff i s  an operat i ve 
mechan i sm i n  trans port of rad i onuc l i des  i n  the canyons . 4-20 through 4-29 

I n format ion  on the type s and q uant i t i es of rad i oact i v i ty rel eased to the three canyon areas has 
been compi l ed from esti mates and offi c i al record s .  Duri ng the early years e i t her no record s  or very 
l i m i ted i nformat i o n  was ke pt on quant i t i es of rel eases . Thus , many of the val ues  used for early 

4-23 peri ods are on ly estimate s .  I n  more recent years i ncrea s i n g ly  d etai l ed i nformat i o n  has  been 
recorded . Howeve r ,  a l l tot al s must be cons idered est imates when they i n c l ude earl i er peri ods .  

The fo l l owi ng s ect i o ns prov i de bri ef s ummar i es of the patterns of water movement , h i stori ca l  and 
present chemi cal  and rad i ochemi ca l  qua l i ty cond i t i ons , e st imated i nventori es of rad i oact i v i ty ,  a nd 
i nformation  on transport processes  for each of the th ree canyon systems . These s ummari es  are based on 
rel evant i nformation  from the prev i ous ly  c i ted references as  wel l as  some unpubl i s hed dat a .  For more 
recent data see the Envi ronmental Surve i l l ance Report for 1978 ,  Appendi x  H ,  pages H-18 through H -24 ,  
H-32 t hrough H-34 , H-93 t hrough H-95 , a n d  H-99 through H-1 0 1 .  

Dur i ng  1978 ,  exten s i ve add i t i ona l  f i el d sampl i ng and measurements were compl eted i n  Acid-Pueb l o  
a nd Lower Los Al amos Canyon under auspi ces of the  DOE Formerly Ut i l i zed S i tes Remed i a l  Act i o n  Program 
( FUSRAP ) .  The rad i ol og i cal  resurvey resu l ts  and i nterpretat i on wi l l  be pub l i shed by DOE i n  a deta i l ed 
report . 

Puebl o Canyon 

Stream fl ow i n  the uppe r  and l ower reaches of Puebl o Canyon ( see F i gure 4 . 1 . 1-2 ) i s  now perenn i a l  
because of  treated sewage effl uent rel eased from two commun i ty san i tary treatment pl ant s .  Th i s  fl ow 
d oes not reach the confl uence wi th Los A l amos Canyon except duri ng  runoff from s ummer showers or 

s ubstant i a l snow mel t .  The effl uent i nfi l t rates i nto  the stream channel and recharges water perched 
i n  the al l uv i um above the tuff and a smal l body of water perched i n  the P uye format i o n  near the mid
reach of the canyon .  The effl uent in the l ower reach of the canyon recharges an aqu i fe r  in the basal t 
that d i sch arges i n  Los Al amos Canyon bel ow the confl uence wi th  Pueb l o Canyon .  

The  l aboratory i ndustr i al  effl uents were rel eased i nto a smal l tri butary of  P uebl o Canyon known 
as Ac id  Canyon start i ng i n  1 944. The di scharge po i nt wa s about 650  m ( 2 100 ft ) from the confl uence 
wi th  Pueb l o .  The concentrat i ons of chemi ca l s and rad i ochemi cal s were h i gher in the water in Ac id  
Canyon duri ng the peri od of  d i scharge of  untreated ( 1 944-1951 ) and  treated ( 1 951-1 964) effl uents.  The 
concent rat i ons genera l l y  d ecreased in Puebl o Canyon because of d i l ut i on by the san i t ary sewage  pl ant 
effl uents .  
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The chemi cal  q ua l i ty o f  water i n  Pueb l?  Canyon has been i nfl uenced l argel y by effl uents from the 
t hree san itary treatment pl ants ( t he two current l y  operated County pl ant s :  P ueb l o ,  started i n  the  

mi d-40s , a nd Bayo , started in  1963 ; a nd the Central P l ant operated from the l ate  40 ' s  unt i l  1966 ) . 
The vo l ume of i ndustri al  effl uents rel eas ed i nt o  the canyon was smal l compared t o  t he san itary 
effl uents . 

The surface and shal l ow ground water i n  the a l l u v i um cont ai ned some h i gh concentrati ons of 
f l uor ide  and n i trates dur i ng t he operat i on of t he i ndustri al  treatment pl ant from 1954 t o  1964 ( see 
Tabl e 4 . 1 . 1- 5 ) .  S i nce 1964 t he fl uor ide  and n i trate l eve l s  have genera l l y  d ecl i ned . Ch l or ides have 
i nc reased , poss i b l y  b ecause of l each i ng and runoff from sa l t used for de i c i ng of t he street s in t he 
commun i ty .  The rad i oact i ve substances rel eased i nto Ac i d  Canyon wi th the untreated effl uents ( 194 5 to  
1 95 1 ) i nc l uded an  e st imated 3 . 8 C i  of  tri t i um ,  0 . 1 5 C i  of 239Pu , <0 . 001 C i  of 89sr , a nd 0 . 048 C i  
of 90s r .  Rad i oact i ve materi a l s rel eased from t he i ndustr i a l  waste treatment pl ants ( 195 1 -1964 )  
i nc l ude an estimated 1 4 . 8  C i  of  tr i t i um ,  0 . 027  C i  of  239Pu , <0 . 01 C i  of  90s r ,  <0 . 001 C i  of 235u ,  
and 0 . 067 C i  of un i d ent i f i ed  al pha  act i v i ty .  Ot her mi nor amounts of rad i onuc l i d es may have been 
rel ea sed w i t h  t he effl uents . The est imated total amount of pl uto n i um rel eased i nto  Ac i d  and Pueb l o 
Canyons i s  about 0 . 1 7 C i . 

Earl y stud i es d etected pl uton i um i n  t he surface fl ow of Pueb l o  Canyon .4-9 Moni tori ng data from 
Pueb l o  Canyon i s  summari zed for per i ods 19 58-1 964 , 1970 , a nd 1976 i n  Tabl e 4 . 1 . 1-6 . There was l i tt l e  
i f  any detectab l e  pl uton i um i n  surface or shal l ow groundwater i n  P ueb l o Canyon after  1964.  However ,  
s urface water i n  Ac id  C anyon st i l l  conta i ns measurab l e  pl uto n i um ( 1976  d ata ranged from <0 . 0 5  t o  
1 . 9  pC i / £ )  i nd i cati ng some red i s so l u t i o n  o f  pl uton i um prev i ou s ly  ad sorbed o n  sed iments i n  t he canyon .  

Anal ys i s  for pl uton i um on sed iments were not rout i ne ly  made before 1970 .  Gross- a l pha  act i v i ty 
on sed i ments i n  Ac i d  Canyon ranged from 34 t o  2900 pC i / g  between 1954 and 1961 . Deta i l ed stud i e s  
of pl uto n i um and ces i um o n  sed i ments have been conducted i n  connect i o n  wi t h  t rans port a nd  ecol og i cal 
researc h . 4-2 5 • 4-26 Tab l e  4 . 1 . 1- 7  s hows some of the  data from these stud i es for pl utoni um and 
ces i um concentrat i ons at var ious  d i stances down t he canyon ,  a nd depth d i str i b ut i ons  for pl utoni um. 
The d i st ances t o  t he 640 m ( 2100 ft ) stat i on are i n  Ac i d  Canyon ,  t he ba l ance extends down t o  the 
j unct i on wi t h  Los A l amos Canyon .  

Some deta i l ed stud i es have  attempted to  defi ne trans port by runoff. Duri ng the  snowme l t  runoff 
i n  the spri ng  of 197 5 ,  t he vo l ume of water , sus pended sed ime nt s ,  and pl uton i um concentrat i ons  were 
measured at the mout h  of Pueb l o  C anyo n .  The vo l ume o f  water passi ng  the st at i o n  wa s about 3 , 400 m3 

( 9 . 0  x 1 05 gal ) from Apr i l 1 9  t hrough 2 5 .  The water carri ed about 1 , 7 00 k g  ( 3 , 748 l b ) of suspe nded 
sediments .  The amount of p l utoni um carri ed i n  so l ut i on wa s 1 . 4 �C i . Th i s  runoff combi ned w i t h  t hat 
from Los Al amos Canyon .  

An i nventory and rel at i v e di str i but i o n  of pl uton i um i n  four segments o f  Ac id-Pueb l o Canyon 
wa s estimated from sedi ment pl utoni um data and i s  presented i n  Tab l e  4 . 1 . 1-8. Ca l cul at i ons b ased 
on 1970 s ampl es  i nd i cated t hat about 18 . 1 mCi rema i ned i n  the 1 0 . 3  km ( 6 . 4  mi ) sect i on of st ream 
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TABLE 4 .  1 . 1 -5 
RANGE OF SELECTED CHEM I CAL CONSTITUENTS I N  SURFACE AND 

SHALLOW GROUND WATER IN ALLUV I UM IN PUEBLO CANYON ( a l l un i ts mg/ £ )  

l 95 4- l 964a 1 970 1 9 76 
1 3  - 47 22 - 44 5 - 65 

0 . 8  - 3 . 3 1 . 0 - 1 . 4 0 . 4  - 1 . 0 
2 - 1 5 3 40 - 6 1  5 . 7 - 69 

Tota l D i s s o l ved So l i ds 1 90 - 542 341 - 402 273 - 442 

aper i od  o f  re l ease of  i ndustri a l  e ffl uent s .  bsee Append i x  H ,  pages H-93  through 9 5  fo r deta i l ed 1 9 78 data . 

TABLE 4 . 1 . 1 -6 

l 978b 

1 9  - 40 
0 . 3  - 0 . 9  
< 2  - 26 

1 84 - 482 

RANGE OF RAD I OACTI V I T Y  CONCENTRAT I ONS IN SURFACE AND SHALLOW GROUND WATER 
IN ALLUV I UM OF PUEBLO CANYON 

Un i ts 1 958- 1 964 1 970 � l 9 78a 

Gross  a pC i / £  < 1 -4 0 . 1 - 1 2  O . l - 1 5  
Gross  s pC i / £  4-25 8 . 1 -35  3 . 3-25 
1 37 Cs  pC i /£ <8 . 0  <40 
239p u pC i /£ <0 . 5 - l l <0 . 05 <0 . 05 <0 . 04 
90s r  pC i / £  <3 . 3-7 . 4  <2 
3H pC i / £  < 1 000- 1 5 , 000 1 000-8000 900- 1 9 , 000 
Tota l u l19/  9- <0 . 4- 1  . 5 <0 . 4-4 . 0  0 . 1 -50 

asee Append i x  H ,  pages H-93  through H-95 , fo r deta i l ed 1 9 78 data . 
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TABLE 4 . 1 . 1 - 7 

RAD IONUCL I DE CONCENTRAT IONS ON  SEDH1ENTS I N  AC ID-P UEBLO CANYON I N  l 9 73a 

Tota l P l uton i um Concentrat ion  ( p C i / g ) 
Depth ( em )  l 37Cs D i s ta nce from Concentrat ion  

Wa ste Outfa l l 0-2 . 5 2 . 5- 7 . 5 7 . 5- 1 2 . 5  Rema i nder (QC i /g) 

- 1 00 me o. 1 22 o .  1 3 7 0 . 36 
0 1 6 . 6  8 . 52  0 . 02 
20 m 1 6 . 8  1 . 5 
40 m 5 . 78 8 . 72  1 1 . 4 28 . 7  0 . 74 
80 m 6 . 2 1 6 . 60 2 1 . 1  505 1 4  
1 60 m 8 . 6 1  1 0 . l 20 . 4  l . l 
320  rn 8 . 28 7. 92 1 0 . 8  1 2 . 3  1 . 5 
640 m 7 . 86 1 2 . 4  l 0 . 4  1 9 .  l l . l  
2 .  56 km d 36 . 3  369 2250 0 . 3 1 
5 . 1 2  km l .  39 0 . 6 1 7 l .  65 0 . 2 0  
l 0 .  2 km 0 . 401 0 . 5 1 8 0 . 435  0 . 33 

asee Append i x  H ,  pages H- 1 00 and 1 0 1 , fo r 1 978 data . 
bThe depth o f  the rema i nder sect i on var ied  from 1 2 . 5  to 30 em maximum . 
CNega t i ve d i s tances represent backg ro und l ocat i on s  upstream from the waste o utfa l l s .  
dExtens i ve add i t i ona l  resamp l i ng i n  th i s  part of the channel comp l eted i n  1 9 78 a s  p a rt of the FUSRAP 
p rog ram showed no sediment concentrat i ons  g re ater than 3 . 3 pC i / g .  

TABLE  4 . 1 .  l -8 

AC ID-PUEBLO CANYON PLUTON IUM I NVENTORY  AND D I STRIBUTION 

Meters Downstream Tota l Tota l 
from P u (mC i ) Pu (mCi ) 

Was te-Outfa l l F e b .  1 970 % Tota l  Oct .  1 972 % Total 

0-4(!0 4 . 6 25 2 . 4  2 1  

480- 2 , 600 8. 7 48 4 . 3 37  

2 , 600- 6 ,()00 2 . 3  l 3  2 . 3  20 

6 , 800- 1 0 , 280 2 . 5  1 4  2 . 6  22 

Total 1 8 . 1 l 00 1 1 . 6 l 00 
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channel downstream from the former wa ste-outfal l to the confl uence wi th  Los Al amos Canyon .  Th i s  va l ue 
represented about 1 1% of the estimated i nput of 1 70 mCi from 1943 to  1964 .  I n  1972 , the  cal cul ated 
i nventory wa s 1 1 . 6  mC i for the same sect i ons of stream channel . The d i fference between the 1970  and 
1 9 72 i nventori es i nd i cates an annual  l os s  from thi s stream sect i o n  of about 2 . 2  mC i /year,  o r  rough ly  
1 3%  of  t h e  i nventory p er  year .  T h e  l os s  appears to have been l arge ly  from t he  u pper reaches of 
the canyo n ,  where the stream channel i s  narrow , preci pi tou s ,  and eas i l y  scoured . The i nventory of 
pl uto n i um attached to sed iment part i c l es i n  the l ower sect i ons , 2 . 6  to 1 0 . 3  km ( 1 . 6 to 6 . 4  mi ) ,  i s  
apparentl y at steady-state , w i t h  annual ga i ns equal i ng l os se s .  

The 1 37cs  sed iment i nventory for Ac i d-Pueb l o Canyon was approx imatel y 4 . 1  mCi i n  1 972 of 
wh i ch about 3 . 1  mC i i s  attr i butab l e  to worl d-w i d e  fa l l out background based on average preoutfal l 
concentrat i o ns of 0 . 38 pCi / g .  Few sed iment sampl es from th i s canyon contai ned above-background l evel s 

1 37 ' 1 37 of Cs . Thus , the amount of C s  re l eased to the canyon was e i ther smal l or i t  has s i nce been 
tran sported down stream by storm runoff . 

� Los  Al amos Canyon 
The Los Al amos Canyon drai nage area extends to the fl ank s and crest of S i erra de  l os Va l l es 

and enters t he R i o  Grande to the east . Maj or tr i butari es are Guaj e ,  Puebl o ,  a nd D P  Canyons ( see 
F i g ure 4 . 1 . 1-2 ) .  I n  the u pper reac h of the canyon ,  we st of the DOE boundary on  the fl ank s of the 
mounta i n s ,  pe ren n i al s urface fl ow occurs . Surface fl ow across the pl ateau wi t h i n  the DOE reservat ion  
i s  i nterm i ttent.  There is  some mi nor rel ease of s an i tary and cool i ng tower effl uents from two techn i
ca l  areas i n  the  canyon .  Larger quant i t i es of treated san i tary and  i nd u stri al waste are rel eased 
i nto a tri butary ,  known as DP C anyon ,  north of Los Al amos Canyon .  On ly  wi th  maj or snowmel t or s ummer 
showers does s urface ru noff reach the R i o  Grande . The effl uents and runoff from prec i p i tat i on recharge 

a smal l body of  shal l ow groundwater i n  the al l uv i um .  As the water i n  the al l uv i um moves downgradi ent 
part i s  l ost to evaporat i on and i nf i l trat i on i nto the underl yi ng vol cani c rocks  or sed i ment s .  

Three nuc l ear reactors have been operated a t  Omega S i te i n  L o s  Al amos Canyon :  the Water Bo i l er ,  
C l ement i ne ,  and the Omega West Reactor (OWR ) .  No contami nat ion  i s  known t o  have been rel eased from 
Cl ement i ne ( 1 948-1952 ) .  The ma i n  cont ami nat i o n  rel ease from the Water Bo i l er ( 1 945-1 974 )  wa s the 
dump i ng of once-through coo l i ng water ( 3  gpm) i nto the canyon st ream bed . Th i s  i rradi ated water 
conta i ned a barely detect ab l e  amount of acti v i ty ,  predomi nant ly  1 5-h  24N a .  Between 1956  and 1 963 , 
rad i oact i ve effl uents from the OWR process water system were dumped i nto the stream bed at a maxmi um 
rate of about 1 5  cur i es/yr . The pr i nc i pal act i v i ty wa s 1 5-h  24N a ,  but  smal l amounts  of 5 1cr ( 28d ) , 
6 5zn ( 244d ) , a nd 1 24sb ( 60d ) were al so re l eased . From 1963 to 1 968 , the  rad i oact i ve l i qu i d  
effl uents were al l owed t o  decay i n  h o l d - u p  tanks and were d i l uted t o  envi ronmenta l l y  acceptab l e 
l evel s before bei n g  dumped i n  the stream bed . Si nce 1 968 , t he OWR l i qu i d  effl uents have been 

239 tran s po rted to TA-50 for d i s posal . There i s  no record of any rel ease of P u  or  tr i t i um from 
operat i ons at Omega  S i te .  
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The tri bu tary DP Canyon dra i ns only a sma l l a rea and s u rface fl ow i n  i t  is i nterm i tten t ,  con s i s t i n g  
ma i n l y  of the treated i ndustr i a l a n d  san i tary effl uents , w i th occa s i ona l  runoff from prec i p i ta t i o n .  
I n  1 95 2  a treatment p l ant was cons tructed t o  handl e l i q u i d  wastes from the techn i ca l  area o n  the mesa 
between DP  and  Los Al amos Canyon s .  Treated effl uents from th i s  p l a n t  and a sani tary sewage treatment 
p l ant  are re l eased i nto DP Canyon . The effl uents i nf i l tra te i n to the a l l u v i um of DP Canyon , wh i c h  i n  
turn adds recharge to water i n  the a l l u v i um of Los Al amos Canyon . 

The chem i ca l  qua l i ty of water i n  the sha l l ow a l l u v i a l  aqu i fer i n  upper Los Al amos Canyon has 
shown a s l i ght  decrease in f l uorides and an  i nc rease in n i tra tes from 1 96 6  to 1 9 76 ( see Tab l e  4 . 1 . 1 -
9 ) .  Ch l or i de and TDS have remai ned near ly  constant . The qua l i ty of the effl uents re l ea sed from the 
waste treatment p l ant  dom i nate the q ua l i ty i n  the sha l l ow aqu i fer in Los Al amos Canyon . 

The est i mated i nventory of rad i oact i ve mater i a l s  re l eased to DP Canyon from 1 95 2  through 1 975  a re 
shown i n  Ta b l e 4 .  l .  l - 1 0 .  ( See Tab l e 4 .  l .  l -3 for 1 976 re l eases . )  Env i ronmental  samp l es o f  water from 
s urface f l ow and the sha l l ow a l l u v i a l  aqu i fer show that concentrat i ons vary from year-to-year because 
of d i fferi ng amounts of storm runoff wh i ch  d i l ute the i ndu stri a l  effl uents i n  the aqu i fer . Rad i on uc l i des 
in water from Los Al amos Canyon above the j unc t i on wi th DP Canyon were near backg ro und l eve l s ; be l ow 
the j unct i on the concentrat i ons show the effect of effl uents from DP Canyon . The rad i o nuc l i de concentra t i ons  
in  the shal l ow aqu i fer  decrease downg rad i ent i n  the  ca nyon as  the rad i onuc l i des are ads orbed on sed i ments 
of  the a l l u v i um .  Tab l e  4 .  l . l - 1 1  shows ranges of va l ues observed duri ng the l ast  decade . Deta i l ed 
stud i es of p l utoni um and ces i um on sediments have been conducted i n  connecti on w i th trans port and 
eco l og i ca l  research . 4-25 • 4- 26  Tab l e 4 .  1 .  l - 1 2  shows some of the data from these stud i es for pl utoni um 
and  ces i um concentrat i ons at vari ous d i sta nces down the ca nyon , and depth d i s tr i b ut i on  for p l uton i um .  
The d i s tances to the 1 . 28 km ( 0 . 8  mi ) stat i on a re i n  DP Canyon , the ba l ance extends down Los Al amos 
Canyon to near the j unct i on w i th Pueb l o  Canyon . 

I n  1 96 7  a study was made to determ i ne runoff vo l ume , sus pended sed i ment  l oad , and  amou nt  of 
rad i oact i v i ty ca rri ed out of DP  Canyon by storm runoff . 4-27 Prec i p i tat i on in the dra i nage area dur i ng  
the  s ummer resu l ted i n  23 runoff events that carri ed out  about 88  x 1 03 k g  ( 1 94 x 1 03 l b ) of  s u spended 
sed iments in 36 . 8  x 1 03 m3 ( 9 . 7  x 1 06 g a l ) of wa te r .  About 74 � C i  of g ross-a l pha emi tters and a bout 
40 x 1 03 �Ci  o f  g ros s-beta em i tters were carr ied out of  the ca nyon in so l u t i on . About 3 1  x 1 03 �Ci of 
90sr as  we l l  a s  traces of 239Pu  and 241 Am were carr i ed in sol ut i on . The s us pended sed iments ca rr i ed 
about 70 �C i  of g ross-a l pha and  1 1 . 3  x 1 03 �C i  of g ross -beta emi tters i nto Los Al amos Ca nyon . 

The vol ume of water , su spended sed iment , a nd bed l oad  tra n sport out  of Los  Al amos Canyon from the 
confl u ence wi th DP Canyon to the confl uence w i th Pueb l o were mea sured dur i ng the s pr i ng runoff of 
1 973 .  Dur i ng 62  days a bout 425  x 1 03 m3 ( 1 1 2  x 1 06 g a l ) of runoff fl owed i n  Los  Al amos Canyon a t  the 
confl uence wi th Puebl o Canyon .  I t  carr i ed about 21 0 x 1 03 kg  ( 463 x 1 03 l b )  of  suspended sediments 
a nd 2 , 880 x 1 03 kg ( 6349 x 1 03 l b )  of bed l oad sediments out of the rea ch of Los A l amos canyon be l ow 
D P .  About 1 0  �C i  of p l uton i um wa s ca rri ed i n  so l u t i on , 270 �C i  w i th the sus pended sed i ments , and  550  �Ci  
wi th the bed l oad  sed iments . Some of th i s  probab ly  reached the R i o  Gra nde and the rema i n der was 
depo s i ted in bed sed iments in l ower Los Al amos Canyon be l ow the junct i on wi th Pueb l o  Canyon . 

Est ima ted i nventor i es of pl uton i um on sediments i n  two sect i ons of DP-Los A l amos Canyon a re 
presented i n  Tab l e  4 .  l .  l - 1 3 .  The pl uto n i um i nventor i es i n  May and Aug u s t  1 968 refl ec t  the s torm 
runoff transport phenomenon . The i nventory i n  May shows the bu i l dup  of p l uton i um dur i ng the fa l l -
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TABLE 4 .  l .  l -9 

RANGE OF SEL ECTED CHEM I CAL CONST ITU ENTS I N  SHALLOW GROUND WATER I N  
THE ALLUV IOM OF U P PER LOS ALAMOS CANYON 

( a l l u n i t s  in mg/ £ )  

1 966 1 9 70 1 976 
39 - 86 1 4  - 52 7 - 68 

<0. 1 - 1 6  <0 . 1 - 8 .  0 

l .  8 - 40 1 . 8 - 40 

Tota l D i s so l ved So l i ds  257 - 660 208 - 5 1 2 

0 . 3  - 2 . 4  

0 .  4 - 1 08 

224 - 582 

aSee Append i x  H ,  pages H-93 through 95  for detai l ed 1 978 data . 

TABLE 4 .  1 . 1 - 1 0  

I NV ENTORY O F  RAD I ONUC L I DES RELEASED  I NTO DP -LOS ALAMOS CANYON 
l 95 l - 1 977a 

Rad i onuc l i de 
241 Am 
1 37Cs  
3H 
238Pu 
239Pu 
89sr  
89-90sr 
90sr 
235u 

U n i denti f i ed Al pha 

U n i dent i f i ed Beta-Gamma 

aSee Append i x  H ,  page H - 1 03 for 1 978 data . 
bCorrected for decay through December 1 97 7 .  

b Amount  (Cur ies ) 
0 . 00 1  

0 . 0 1 8  

36 . 03 

0 . 00 1  

0 . 032 

<0 . 00 1  

0 . 04 1  

0 . 006 

<0 . 00 1  

0 . 0 1 5  

0 . 5 5 1  

l 9 78a 
24 - 5 1  

0 . 2  - 3 . 2  

<2 - 39 

280 - 507 



Gross a 

G ross  8 
1 37cs 
238pu 
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TABLE 4 . 1 . 1 - 1 1  
RANGE O F  RADI OACT I V ITY  CONCENTRAT I ONS I N  SHALLOW GROUND �lATER I N  

ALLUV I UM O F  DP-LOS ALAMOS CANYON 

( a l l u n i ts in pCi / £  except as  noted) 

1 968 1 972 1 9 76 1 9 78a 

< 1  - 1 1  < 1  - 9 0 . 2  - 8 . 0  2 . 2  - 6 . 6  
1 0  - 1 03 2 - 239 8 . 9  - 440 9 - 222 
<240 <350 < 1 6  4 - 40 

<0 . 05 - 0 . 1 1  <0 . 05 - 0 . 46 <0 . 05 - 0 . 38 <0 . 1 4 
239pu <0 . 05 - 0 . 1 5  <0 . 05 - 0 . 55 <0 . 05 - 0 . 1 6 < 0 . 04 - 0 . 26 
90s r  < 1  - 5 6  1 - 1 1 1  
3H < 50 , 000 - 1 80 , 000 < 1 000 - 259 ,000 2000 - 43 , 200 1 000 - 21 , 000 
Tota l u <0 . 4  - 2 . 4  )J g/t <0 . 4  - 5 . 5  )J g/t <0 . 4  - 4 . 9  ]J g/t 0 . 4  - 4 . 2 ]Jg/t 

asee Append i x  H ,  pages H-93 th ro ugh 95 , for deta i l ed 1 978 data . 

TABLE 4 .  1 . 1 - 1 2  
RAD IONUC L I DE CONCENTRAT I ONS 0�! SEDIMENTS I N  DP-LOS ALM10S CAN YON I N  1 9 73c 

Tota l P l uto n i um Concentrat ion  ( p Ci / g ) 

D i stance from 
Depth ( em )  

Was te Outfa l l 0- 2 . 5 2 .  5-7 . 5 7 . 5.- 1 2 . 5  Rema i ndera 

- 1 00 mb 0 . 036 0 . 036 0 . 044 0 . 051 

0 957 1 640 

20  m 24 . 8 1 6 . 4  2 . 63 

40 m 1 8 . 2 1 1 . 4 0 . 488 

80 m 1 0 . 4  1 . 87 0 . 831  

1 60 m 0 . 332 2 . 25 0 . 369 0 . 328 

320 m o .  1 96 0 . 252 0 . 225  2 . 34 

640 m 0 . 344 0. 481 0 . 445  

1 .  28 km 0 . 864 0 . 878 0 . 644 1 .  78 

2 . 56 km o .  1 83 0 . 0904 o. 1 1 4 

5 .  1 2  km 0 . 599 o .  1 86 

aThe depth o f  the rema i nder sect i o n  var ied from 1 2 . 5  to 30 em max imum . 
bNegat i ve d i s ta nces represent background l ocat i ons  ups tream from the water outfa l l s . 
csee Append i x  H ,  pages H - 1 00 and 1 0 1 , for 1 978 data . 

1 37 Cs Concentrat ion  
(eC i /g) 

o .  3 1  

1 700 

1 90 

5 . 9  

49 

24 

1 5  

5 1  

1 3  

3 . 6  

1 . 6 
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TABLE 4 .  1 .  1 - 1 3  

LOS ALAMOS CANYON PLUTON I UM INV ENTORY AND D ISTR I BUT I ON 

Meters Downs tream Pu (mC i ) Pu (mC i ) P u (mC i ) Pu (mC i ) 
from May % Aug % Feb % Oct % 
Was te-Out fa 1 1  1 968 Tota l 1 968 Tota l 1 970  Tota l ill.L Tota l 

0- l , 800 3 . 9 78 0 . 4  2 7  4 . 6  81 3 . 2  86 

1 , 800-6 , 600 1 . 1  22  1 . 1  73 1 . 1  _1_9 _ 0 . 5  1 4  

Tota l 5 . 0 1 00 1 . 5 1 00 5 . 7  1 00 3 . 7  1 00 
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wi nter-spr i ng months , and the Augu st  i nventory represents the res i dua l after the summer ra i nfa l l 
season . The p l uton i um l osses  from the secti on of Los A l amos Canyon from the confl uence wi th DP Ca nyon 
to the DOE boundary apparentl y equa l ed ga ins , s i nce the i nventory rema i ned re l a t i ve ly  consta n t .  The 
i nventory es t imate i n  February 1 970  was 5 . 8  m C i , wh i c h  represented about 20% of the cumu l at i ve 28 . 4  
mCi  rel ea sed to the canyon a t  that t ime . About 1 2 % ( 3 . 7  mC i ) of the cumu l a t i ve 3 1 . 7  mCi i nput  rema i ned 
i n  October 1 97 2 .  The i nventory est imates for a l l three years i nd i ca ted that yea r-to-year l osses  
a pprox imate ly  eq ua l  g a i n s , even thoug h one  yea r ' s l os ses may occur  wi th i n  a s hort t ime per i od . The 
net l o s s  of p l uton i um from May 1 968 to February 1 970 was about 1 . 25 mCi /year , ba sed on i n ventory and 
current re l ease  from the p l a nt .  T he  net  l oss  from February 1 9 70  to  October 1 972 was 1 . 8 mC i /year 
wh i c h  wa s ba sed on i nventory and cu rrent rel ea ses . The avera ge  of the two rel at i ve l os s  rates was 
a bout 1 . 5  mC i /m  or a bout 23% of the i nventory i n  the sed iments and re l ea ses  d ur i n g  the year .  A s imp l e  
mathemat i c a l  model pred i cts that bac kg round l evel s  ( < 0 . 0 1 p C i /g ) wou l d be a c h i eved a bout 1 0  years 
after term i na t i on of effl uent rel eases  a t  current rates . The estimated i nventory of  1 37cs  on sed i ments 

i n  DP and  Upper Los A l amos Canyons was a bout 1 54 mC i  i n  1 97 2 .  About 84% wa s wi th i n  1 . 8 km ( 1 .  l m i ) of  
the  outfa l l i n  D P  Canyon . 

Lower Los Al amos Canyon 
The stream f l ow i n  l ower Los Al amos Canyon be l ow the confl uence wi th Puebl o i s  i n termi ttent . 

Th i s  reach  of the canyon has recei ved effl uent res i dua l s tra ns ported out of both u pper Los Al amo s and  
Pueb l o Canyons ( see F i gure  4 .  1 .  l - 2 ) .  Three sed iment s ampl i ng sta t i ons , l ocated off-s i te i n  the l ower 
reach  of Los A l amos Canyon between the j u nct ion w i th Pueb l o Canyon and the R i o  Gra nde , were samp l ed i n  
1 970  a nd aga i n  i n  1 976 .  The tota l P u  ( 238Pu and 239Pu ) i n  1 970  for the three samp l e  s ta t i ons  ran ged 
from 0 . 3 7  to 0 . 60 pC i / g  wi th an  average of 0 . 45 p C i /g . I n  1 976 , the tota l pl uton i um a t  the same 
stat i ons ranged from 0 . 088 to 0 . 01 9  pC i /g wi th an average of 0 . 1 4  pC i / g .  Tre concentrat i ons i n  1 976 
ranged from about 2 to 8 times reg i ona l  l evel s attri bu tab l e to worl dwi de fa l l ou t . 4-46 About 1 60 mCi 
p l uton i um from Aci d-Puebl o a nd 30  mCi  pl uton i um from DP-Los Al amos have l i ke l y  been trans ported i nto 
or throug h  th i s  l ower reach over the past 3 0  years . The i n ventory es t i mates and  rel a t i ve d i s tr i bu t i on 
of p l u to n i um i n  l ower Los A l amos Canyon i n  1 968 and 1 970 a re presented i n  Tabl e 4 .  l . l - 1 4 .  I t  i s  
apparent that l i ttl e o f  the 1 90 m C i  p l utoni um from the upper port i ons of Ac i d - Pueb l o  a n d  DP-Los Al amo s 
rema i ns i n  the l ower segment . The 1 968 data refl ect s ummer storm trans port w i th 2 . 3  mC i present i n  
May decreased to a bout l mCi  i n  Aug u s t .  The i nventory i n  February 1 970  was 3 . 1  mCi . The est imated 
average annua l  p l u ton i um l oss  due to sed i ment trans port in th i s  l ower reach  i s  a bout 53% per year 
ba sed on the i nventory data and  i nput of a bout 2 m C i /yr from Puebl o a nd a bout  0 . 5  mC i /yr from upper 
Los Al amos Canyon .  A s i mp l e  mathemat i ca l  model u s i ng these a s s umpt i ons  pred i cts backg round l eve l s of 
< 0 . 0 1  p C i / g  wou l d  be reached a bout 1 0  years after effl uent re l ease i s  term i na ted . The est imate of 
1 37 cs on sed iments i n  l ower Los A l amos Canyon from the confl uence of Puebl o a nd Los A l amos Canyons to 
the R i o  Grande i n  1 972  wa s 1 0 . 2  mCi . The tota l 1 37cs i n ventory for the Ac i d -Pueb l o-DP -Los Al amos 
Canyon sys tem , i nc l u d i ng l ower Los A l amos Canyon , was about 1 68 mCi . About 92% was i n  the upper Los 
Al amos Canyon , wi th l es s  than 3%  i n  Ac i d- Pueb l o Canyon , and about 6% i n  l ower Los A l amos Canyon . 

Sed iment sampl es from the R i o  Grande have not conta i ned concentrat i ons  of p l u ton i um a bove de
tectab l e l im i ts ( 0 . 0 1  p C i / g ) .  Th i s  i s  not s urpr i s i ng con s i deri ng that sed i ment l oads pa s s i ng Otowi 
br idge  on the Ri o Gra nde averaged 2 . 2  x 1 09 kg/yr ( 4 . 8  x 1 09 l b/yea r )  d ur i ng  a recent 21 year peri od 
of record .  The capa c i ty for d i l ut i on of rad i oa ct i v i ty wi th sed iments as it enters the R i o Grande i s  
l arge .  
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TABLE  4 . 1 . 1 - 1 4  

LOWER LOS ALAMOS CANYON PLUTON I UM I NV ENTORY AND D I STR I BUT I ON 

Pu (mCi ) Pu (mCi ) Pu (mCi ) 
May % Aug % Feb % 

Segment (m) 1 968 Tota 1 1 968 Tota l 1 9 70 Total 

0- 4 , 800 1 . 6  62 1 . 0  . 98 2 . 0  65  

4 , 800- 7 , 200 0. 7 38 <0. 02 . 2  1 . 1  35 

Tota l 2 . 3 1 00 1 . 0  1 00 3 . 1  1 00 
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Mortandad Canyon 
Mortandad Canyon heads on the Pajari to P l ateau wi thi n the DOE reserva t i on and i s  tri butary to the 

R i o  Grande ( see F i g ure 4 .  l .  l - 2 ) .  The Centra l Wa ste Treatment Pl ant re l eases  effl uent i n to thi s canyon . 
The pl ant  began operati on i n  1 963 .  The stream i n  the upper reach  of the canyon i s  perenn i a l  beca use of 
the rel ease of these i ndu str i a l  effl uents and coo l i ng wate r .  Storm runoff per iod i ca l l y  adds to the 
f l ow .  

The fl ow from the effl uents and i nterm i ttent storm runoff rec harges a sma l l body o f  water i n  the 
a l l u v i um that i s  perched on the u nderl y i ng tuff . As the water in the a l l u v i um moves ea s tward , steady 
l osses to evapotrans p i rati on and m i nor l osses  i nto the tuff occur  so that the water i n  the a l l u v i um i s  
l im i ted and does not extend to the DOE boundary .  Stud i es o f  the geol ogy a n d  hydrol ogy o f  the canyon 
were made before i ts u s e  as an  effl uent rece i v i ng area . 4-3 7 • 4-38 

A water ba l ance for the canyon has been kept s i nce  1 96 1  u s i ng data from gag i ng stati ons and 
observat i on hol es i n  the a l l u v i um .  I n  general , the  l osses  due to evapotrans p i ra t i on and  seepage i n to 
the underly i ng tuff a re a bout equa l  to i nf l ow from effl uents a nd storm runoff. Thus the aqu i fer rema i ns 
a bout the same s i ze ,  w i th about 20 x 1 03 m3 ( 1 4  ac re-feet ) of water i n  stora ge .  The rate of  movement 
of water in  the a l l uv i um and  the hydro l og i c  conduct i v i ty ha ve been meas ured u s i ng tr i ti um and ch l or ide  
i o n  a s  tracers ( see Tab l e  4 .  l .  l - 1 5 ) .  The tota l trave l  t ime  from the  eff l uent outfa l l to  the  eastern 
edge  of the a q u i fer was about 390 days . 4-49 

The DOE boundary l i e s  a bout 5 .  l km ( 3 . 1  m i ) east of the effl uent outfa l l . S i nce stud i es i n  the 
canyon began  in 1 960 , there ha s been no s urface fl ow in the canyon that has reached the boundary .  Thus 
there has been no transport of rad i onuc l i des  in  storm runoff to the bounda ry .  The vol ume of ru noff i s  
l ow due to the sma l l dra i nage a rea of the canyon . I n  add i t i on , the unsaturated a l l uv i um i n  the l ower 
part of the canyon i s  h i g h l y  permeab l e and ab l e to reta i n  a l l runoff that ha s occurred for the past 1 7  
years . 

The i nd u str i a l  effl u ents rel eased i nto the canyon have a l tered the qua l i ty of  water i n  the sha l l ow 
aqu i fer .  The water has changed from s l i g ht ly  a c i d  ( p H  -6 . 8 ) to a l ka l i ne ( pH - s )  because  of the a l ka l i n i ty 
of the effl u ents . Concentra t i ons of many chem i ca l s  have i ncreased s i nce 1 96 2 ,  a l though not cons i s tently 
wi th time ( see Ta b l e 4 .  l .  l - 1 6 ) .  The  l a rgest i nc rease has been in  n i trates . 

Tab l e  4 . 1 .  l - 1 7  compares  the mas s  of chem i ca l s re l eased i nto the canyon from 1 963 through  1 974 wi th 
the i ons i n  s o l u t i on i n  the aq u i fer i n  1 962  and  1 974 .  The estimate of res i d ua l s in  s o l ut i on in  the 
aqu i fer is  about l to 6% o f  the tota l in  the eff l u ents rel ea sed after 1 962 . 4-40 The l os s  of chem i ca l s  
i s  the resu l t  o f  upta ke by vegeta t i on , adsorpti on o r  prec i p i ta ti on of c hem i ca l s wi th a l l uv i um mater i a l s , 
or l osses  w i t h  water i nto the under l y i ng tuff . 

I n  a dd i t i on to these stud i e s ,  mon i tor i ng  of mercury concentra t i on s  i n  the Mortandad Canyon stream 
c ha nnel and bank s o i l s  a s soc i ated w i th the eff l u ent has been i n i t i ated . Samp l es were col l ected from a 
1 00 m (330 ft ) segment of  the stream bed l ocated 1 50 to 250 m ( 500 to BOO ft ) bel ow the outfa l l  and 
were ana l yzed for mercury u s i ng a f l ame l e s s  atom i c  absorpt i on procedure . 4-41 I n i t i a l  res u l ts i n d i cate 
that concentra t i ons  of mercury a re present at  l eve l s we l l  above the 1 2  ± 9 ppb that were measured i n  
bac kg round samp l es ( see Tab l e  4 . 1 .  l - 1 8 ) .  Al thou g h  there i s  a h i g h  var i abi l i ty i n  so i l  mercury concen
trat i ons , it appears that th i s  e l ement may be concentrated preferenti a l l y  in stream ban k  s o i l s .  
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TABLE  4 . 1 . 1 - 1 5  

MORTANDAD CANYON RATES OF ALLUV IAL WATER MOV EMENT 
AND HYDRAUL I C  CONDUCT I V ITY  

Canyon Vel oc i ty of Tracers Hydra u l i c  Conduct i v i ty 
(m/day) Locat ion  

Upper 

M i dd l e 

Lower 

Type of  U n i t  

Coarse Sand 

S i l ty-Sand-C l ay 

S i l ty-Sand-C l ay 

(m/day ) 

1 8  1 41 

5 50 

2 7 . 6  

TABLE 4 . 1 . 1 - 1 6  

RANGE OF SELECTED CHEMI CAL CONCENTRAT I ONS I N  SURFACE AND SHALLOW GROUND WATER I N  
ALLUV I UM OF  MORTANDAD CANYON 

( a l l un i ts in mg/ � )  

l 962a 1 965 1 970 1 976 

Ch l or i des 6 - 9 2 - 53 5 - 25  5 - 3 1  

F l uori des <0 . 1  - 0 . 4  <0 .  1 - 2 .  7 <0 . 1 - l .  4 <0 . 3 - 1 . 8 

N i trates 0 . 9  - 9 . 2  2 .  6 - 1 27 1 3  - 576 48 - 202 

Total D i sso l ved So l i ds 1 43 - 6 1 0  2 32 - 645 234 - 1 735 222 - 892 

aP ri o r  to re l ease of  i ndustri a l  effl uents . 
bsee Appendi x H ,  p ages H-93 through 95 , for deta i l ed 1 9 78 data . 

1 978b 

1 2  - 39 

0 . 3  - 2 . 6  

2 - 1 1 2  

462 - 1 340 



Consti tuents 

Ca l c i um 

Magnes i um 

Sod i um 

Carbonate 

B i ca rbonate 

Ch l or i de 

F l uor i de 

Ni trate 
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TABLE 4 . 1 . 1 - 1 7  

MASS INVENTORY OF CHEM I CALS RELEASED AND I N  STORAGE 

Ki 1 ograms x 1 o3 
Effl uents , TA-50 I n  Storage 

1 963- 1 974 1 962  1 974 

35 0 . 2  0 . 5 

1 . 8 . 08 . 1  

1 74 . 6  3 . 6  

84 0 0 

1 53 1 . 8 4 . 8  

31 . 1 . 6  

1 . 3  . 01 . 02 

1 45 . 06 3 . 9  

Tota l D i s so l ved So l i d s  642 6 . 4  1 4 . 9  

TABLE 4 . 1 . 1 - 1 8  

MERCURY CONC ENTRAT I ONS I N  MORTANDAD CANYON SO I L  Sa 

Stream Channel {n = 1 0 }  
Deptn {em) Hg (ppb )  cv6 Hg 

0 - 2 . 5 99 1 . 4  

2 . 5 - 7 . 5  74 0 . 62 

7 . 5 - 30  75  0 . 60 

a Bac kground mercury l evel s i n  canyon so i l s  a verage 1 2  ± 9 ppb ( n  = 1 0 ) .  
bCoeff i c i ent of var i at i o n , s tandard dev i a t i o n  

a verage 

Stream Bank 
(ppb )  

1 50 

1 70 

1 20 

(n = 40} 
cv6 

0 . 92 

1 . 3 

1 . 9 
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The estimated amounts of rad i oact i ve materi al s rel eased i nto  Mort and ad Canyon are shown i n  Tabl e 
4 . 1 . 1 - 1 9 .  The concentrat i ons  of  rad i onuc l i d es i n  surface fl ow a nd  shal l ow water i n  the a l l uv i um have 
general l y  i nc reased a s  effl uent rel ease has cont i nued ( see Tab l e 4 . 1 . 1 -20 ) . Th e tabl e shows the s h i ft 
. d . f 2 39p 238P ft 1 968 t t . . 2 38P b . t d 1 n  om1 nance rom u to u a e r  as more was es con a 1 n 1 ng u were e 1 ng reate • 

An estimate i n  1972  of pl ut oni um i n  so l ut i on i n  the aqu i fer wa s 19 . 2  �C i , or  l es s  than 1% of the 
cumul at i ve 2 1 . 9 mC i rel eased between 1963 and 1972 . The maj ority of the pl uton i um is adsorbed on 
sed iments i n  the channel or aqui fer .  

Spec i al core sampl es fran ho l es dri l l ed through the al l uv i al aqu i fer  i n  the m i d-reach of  Mortandad 
Canyon were col l ected i n  1978 i n  an attempt to l earn more about pos s i b l e  downward movement of contam i 
nant s .  Rad i ochemi cal anal yses for pl uton ium and ces i um showed n o  detectabl e act i v i ty i n  the t uff 
beneath the aqui fer.  Some tri t i um wa s meas urab l e in  mo i st ure d i st i l l ed from sampl es taken at depths  
down to 8 m ( 2 6  ft )  beneat h  the  aqui fer .  

Measurements for tri t i um i n  s ampl es  from the  stream connected aqu i fer  in  the al l uv i um of  Mortandad 
Canyon were f i rst  made in 1966 . Tri t i um was present from l i q u i d  waste rel eased i n  early operat i o ns of 
t he Central Waste Treatment P l ant ( 1963  through 1966 ) or  from a nearby tech n i c al area wh i ch d i sc harged 

untreated waste i n  the l ate 1 9 50s  and early 1960 s .  I n  F ebruary 1 9 6 7  t h e  water i n  storage i n  t h e  l ower 
c anyo n contai ned about 9 . 3  Ci of tr i t i um .  I n  May 1969 about 1 . 2  C i  o f  tri t i um rema i ned i n  storage .  

Twenty curi es o f  tr it i um di sc harged i nto Mortandad Canyon  i n  November 1969 were used t o  determi ne 
the d i spers i o n  and movement of water in the shal l ow al l uv i al aqu i fer .  I t  took  388  days for the peak 
concentrat i on to  move 3 ,000 m ( 1 0 ,000 ft) from the effl uent outfal l to  the eastern end of the aqui fer .  
The  peak c oncent rat i on decreased from 7 7 , 7 00 pC i /m£ to  3 10  pC i /m£ . Ground water i n  storage conta i ned 
about 0 . 9  Ci of tri t i um before the rel ease of the 20 C i . About 3 . 9  C i  of tri t i um rema i ned i n  storage 
at the end of 1970 .  The rema i n i ng 1 7 . 0  C i  were l ost by  ev a potran s p i rat i on ,  i nfi l trat i o n  i nto  the  

. 4-40 underl yi ng tuff, or rema i ned suspended wi th so i l  moi sture above the aqu1 fer .  
Deta i l ed studi es of pl utoni um and  ces i um on sed iment s have  been conducted i n  c onnect i on wi th 

t ransport and eco l og i cal research . Tabl e 4 . 1 . 1 -21  shows some of the data from these stud i es for 
pl uto n i um and ces i um co ncentrat i ons  at var ious  d i stances down the canyon ,  and depth d i str i b ut i ons for 
pl uton ium .  Al l of the stat i ons  are wi t h i n  DOE property . At the DOE boundary the concentrat i o ns are 
b ackground . 

An esti mated i nventory of pl uto n i um i n  sed iments wa s made i n  1970 and 1972  ( see Tab l e 4 . 1 . 1-22 ) .  
The February 1970 i nventory esti mate was 18 . 5  mC i wh i ch  c ompares w ith  cumul at i ve  i nput of 2 2 . 3  mC i 
through 1969 . The October 1972 e st i mate wa s 40 mC i ,  wh i c h  compares c l osel y wi th  the cumul at i ve i n put 
of 4 1 . 5  mC i through 1972 . Changes  in the rel ati ve d i str i b u t i o n  of the pl uton i um between the two sect i ons 
are i nd i cat i ve of red i str i b ut i o n  by storm runoff. Data show that pl uton i um on sed i ment s i s  conta i ned 
wi thi n the DOE boundary ,  l es s  than 5 . 1  km ( 3 . 2  m i ) bel ow wa ste outfa l l . 4-23 • 4-24 • 4-40 The esti mated 

i nventory of 1 37cs  on sed i ments wi th i n  30  em ( 1 ft )  of the surface for October 1972  wa s 319 mC i . Th i s  
accounts  for about o ne-t ent h of the tot al wh i ch was rel eased i n  the canyon . 4-2 3 The ces i um has apparent l y  
moved t o  a dept h g reater than 30  e m  ( 1 ft )  wi t h i n  the al l uv i um because there i s  no  ev i dence o f  surface 
tran s po rt past the DOE b oundary .  
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Gros s  
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238Pu  
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3H 
Tota l u 
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TABLE 4 . 1 . 1 - 1 9  

I NV ENTORY O F  RAD IONUCLIDES RELEASED I NTO MORTANDAD CANYON 
- 1 963- 1 97 7  

Amount  a 
Rad i onuc l i de ( c ur i es ) 

241 Am 0 . 00 7  
1 37 C s  0 . 848 
3H 2 5 1 . 1 5  
238Pu  0 . 05 1  
239 Pu 0 . 039 
89sr <0 J lO l  
90sr 0 . 295  
235u 0 . 002 
238u <0 . 00 1  

Un i denti f i ed A l pha 0 . 039 

U n i denti f i ed Beta-Gamna 8 . 36 

aCorrected for decay through December 1 9 77 , see Append i x  H ,  p age  H- 1 03 for 
1 978 data . 

TABLE  4 . 1 . 1 -20 

RANGE O F  RAD I OACT I V I TY CONCENTRAT IONS IN SURFACE AND SHALLOW GROUND l�ATER IN 
ALLUV IUM O F  MORTANDAD CANYON 

( un i ts i n  pC i / £  except as  noted ) 

1 968 1 972  1 976 1 978a 

< 1  - 1 0  < 1  - 26 1 - 70 1 2  - 325  
5 - 364 32 - 7 1 4 1 8  - 2800 1 8  - 790 

<240 - 2 70 <350 - 1 330 <8 - 32 <30 - 75 
<0 . 05 - 0 . 59 <0 . 05  - 1 6 . 0  <0 . 05 - 43 . 3  < 0 . 1 4  - 1 9  
<0 . 05 - l .  26 <0 . 05 - 2 . 67 <0 . 05 - 8 . 3 <0 . 08 - 3 . 8  

<2 . 0  - 99  <3 - 80 
<50 , 000 - 360 , 000 900 - 1 83 , 000 25 ,000 - 3 , 300 ,000 95 , 000 - 382 , 000 

0 . 4  - 3 . 1  \19/ £  0 . 2  - 1 2 . 4  \19/£  0 . 4  - 7 . 8  \19/ £  4 . 3 - 32 )l g /£  

asee Appendi x H , pages 93 through  9 5  for  deta i l ed 1 9 78 data . 
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TABLE  4 . 1 . 1 -2 1  

RAD I ONUCL I DE  CONCENTRAT I ONS I N  SED IMENTS IN  tiDRTANDAD CANYON I N  l 973c 

Tota l P l uton i um Concentrat ion  ( p C i / g ) 
·Depth ( em )  l 3 7Cs  D i s ta nce from Concentrat ion 

Wa ste Outfa l l  0- 2 . 5  2 .  5 -7 .  5 7 . 5- 1 2 . 5  Rema i ndera (eci ;gl 
- 1 00 mb 2 . 69 o .  77 1  0 . 1 1 7  2 . 0  

0 1 29 274 390 2200 

20 m 1 58 1 89 70 . 9  5 1 0  

40 m 259 234 1 1 6  530 

80 m 6 1 . 6  33 . 3  1 6 . 9 630 

1 60 m 1 04 84 . 6 1 2 . 5  1 200 

320 m 70 . 8 59 . 0 27 . 4  6 . 68 290 

640 m 3 2 . 7 3 1 . 4  31 . 3  320  

l .  28 km 1 3  . . 8 1 8 . 2 1 3 . 0  9 . 64 90 

2 . 56 km 9 . 04 6 . 97 2 . 26 9 1  

5 . 1 2  km o. 1 1 4 0 . 079  0 . 065 0 . 1 05 0 . 57 

a The depth of  the rema i nder sect ion  var i ed from 1 2 . 5  to 30 em max i mum . 
bNegati ve d i sta nces represent background l ocati ons upstream from the waste outfa l l s .  

csee Appendix  H ,  p ages H- 1 0 1  for 1 978 data .  

TABL E  4 . 1 . 1 -22  

MORTANDAD CANYON Pu  I NV ENTORY AND D ISTR I BUT I ON 

Tota l Pu (mCi} 
Meters Downs tream Feb % Oct % 
from Waste-Outfa l l 1 970  Tota l 1 972  Tota l 

0 - 1 , 460 1 5 . 8  85 28 . 2  7 1  

1 ' 460 - 5 ' 1 00  2 . 7 1 5  l.l& 29 

Tota l 1 8 . 5 1 00 40 1 00 
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The maj or trans port of rad i onuc l i d es i n  the canyon is by storm runoff.  The i ncreased devel opment 

of Laboratory fac i l i t i es ,  b u i l d i ng s , a nd park i ng areas i n  the dra i nage area wi l l  cont i n ue to i ncrease 
the vol ume of storm run off ,  hence tran s po rt i ng contami nants further down t he canyon .  St ud i es are bei ng 

made of methods to i ncrease i nf i l trat i on i nto the unsaturat ed al l uv i um  wi th i n  the DOE reservat i o n  to 
prevent run off from reach i ng the boundary .  
Perched a n d  Ma i n  Aqu i fer j_!J. Rel ease Areas 

The pe rc hed aq u i fe rs i n  t he Puye Cong l omerate a nd basal t ic rocks bel ow Puebl o a nd Los Al amos 
Canyo ns l i e at depths  ran g i ng from 30 to 5 5  m ( 1 00 to 180 ft )  bel ow the canyon bottoms . These aqui fe rs 
exh i b i t  chem i cal  qual i ty s im i l ar to the surface a nd al l uv i al waters i n  Pueb l o  and Lo s Al amos Ca nyo ns . 
Th ere i s  some tr it i um detectab l e  i n  s ampl es from one test wel l i n  the m i d -reac h of Puebl o Canyo n 
that i s  compl eted i n  t he perched aqu i fer. No detec tabl e rad i oact i v i ty has been noted i n  sampl es from 
othe r test wel l s  or  from Basal t Spr i ng .  ( See Append i x  H ,  pages H-89 , H-90 , a nd H-93 , fo r data from 
1 9 78 s ampl es . )  

The ma i n  aqui fe r i s  at depths of 228 to 2 93 m ( 7 50 t o  960 ft )  bel ow the three canyo ns that have 
or are now rec ei v i ng i ndu str i al effl ue nts . The chem i cal  q ua l i ty of water i n  t he ma i n  aqui fe r i s  qu i te 
d i fferent than that fo und i n  s urface water or the pe rched aqui fe r ,  a nd i nd i cates no recharge from the 
s urface water or perched aqu i fe r. ( See Ap pend i x  H, pages H-91 t hrough H-95 for 1 9 78 data . )  Chem i ca l  
and rad i ochem i c al qual i ty of water i n  t he ma i n  aqui fer  has  rema i ned constant fo r 30 years . The re i s  
no i nd i c at i on of any c ontam i nat ion  from the rel ease of i ndustr i al effl uents ( see Sect i o n  3 . 1 . 2 ,  
Hyd rol ogy) • 

4 . 1 . 2  Ai r Qua l i ty 

Ai r qual i ty i s  cons i dered good i n  Lo s Al amos . Rad i oact i v i ty d ue to Laboratory effl uents i s  a 
smal l i ncrement over natural b ackground and wo rl dwi de  fal l out ( see Sect ion  4 . 1 . 3  for dose eval uat i on ) . 
Al l meas urements of rad i oact i v i ty i n  amb i ent a i r  are smal l fract i o ns of DOE Co ncentrat i on G u i des . 
Meas urements of nonrad i oact i ve  po l l utants are not rout i n el y  made .  Some meas urements by the NME IA 
of s u s pend ed part ic u l ates and su l fur d i ox i d e  i nd i c ate the a i r  i s  we l l  wi th i n  s tate a i r  q ual i ty 
standard s .  Rout ine  emi s s i ons  from the DOE  powe r pl ant ; DOE veh i c l e s ,  a nd the beryl l i um s ho p  are 
a l l wi t h i n  appl i c ab l e  s tandards . Period i c  atmos pheri c d i s persal  of nonrad i oac t i ve materi a l s by 
expe riments wi th chem i c al expl os i ves have been eval uated and are not bel i eved to res ul t i n  any 
ad verse effects . I t  i s  expected that fut ure improvements to effl uent control s wi l l  resu l t i n  
further red uct i ons o f  rad i oact i ve materi al s .  No fut ure programs are expected t o  s ubstant i al l y  
al ter a i r  qual i ty .  

Some smal l amounts o f  rad i oac t i ve materi al s are rel eased from stacks of nuc l ear research 

fac i l i t i es ev en afte r extreme l y  c areful air c l ean i ng .  Th ese rel eases are al l at l evel s wel l bel ow 
the DOE concentrat i o n  g u i d es fo r breat h i ng a i r ,  ERDA Ma nual Chapter 0 524 ,  as d ocumented by cont i n uous  
part icu l ate or gas sampl ers i n  eac h  s tac k .  The rad i oact i ve  materi al s i nc l ude  tri t i um ,  m i xed f i s s i o n  
products , a nd i s otopes of n i trog e n ,  a rg on , t hor i um ,  phos phorus , pl uto n i um ,  uran i um ,  c a rbon , oxygen , 
i od i ne ,  a nd rub i d i um .  
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Rad i oact i ve  mate ri al s are  rel eased to  the atmos phere from 12  of the techn i c al a reas as the 

resul t of rout i n e  operat i on s .  I n  each l ocat i on where t hese rel eases are mad e ,  t he ex h aust sys tems 
are equi pped wi t h  s u i tab l e a i r  fi l trat i on systems to remove part i c l es . Ma ny of the sys tems have H i g h  
Effi c i ency Part i c ul ate Ai r ( H EPA ) fi l ters , wh i ch  remove a t  l east 9 9 . 9 7% o f  the part i c ul ates from the 
a i r  s tream . Gaseous rad i oact i v e  materi al s from operat i on of the Omega West Reactor are conta i ned 
for del ayed rel eas e .  Befo re 1 9 74 ,  g a seous  f i s s i on prod uct s  from the Water Bo i l er were vent ed . No 
s i g n i fi cant quant i t i es of g ases  res ul t  from cri t ic al a ssembl i es today b ec au se of the s ho rt- pul sed 
nature of the i r  operat i on .  Gaseous tr i t i um or tr i t i ated water vapor rel eased from tri tu im  hand l i ng 

fac i l i t i es are control l ed by c ont a i nment and operat i ng procedures to the extent that concentrat i ons 
are bel ow DOE c oncentrat i o n  g u i des  for breat h i ng a i r ,  ERDA Ma nual Ch apter 0 524.  Recovery sys tems are 

empl oyed to recyc l e  t r i t i um where po s s i b l e .  Some pa rt i cu l ates c onta i n i ng natural or depl eted ura ni um 
and thori um are rel eased from h i g h  ex pl o s i ves tests . Because of the l ong h al f l i ves , there i s  onl y 
a smal l amount of rad i oact i v i ty i nv ol ved ,  a nd these materi al s are covered l ater i n  th i s  sect i o n .  

Propo sal s fo r future improvement o f  fi l trat i on and c ontrol sys tems i nc l ud e  addi t i o nal  doub l e  
H EPA f i l ters fo r some of the prese ntl y used research l ab oratori es . Wh en t he new Pl uto n i um P roces s i ng 
Fac i l i ty i s  compl eted , pl utoni um rel eases wi l l  be  further red uced by fi l trat i o n  sys tems d es i g ned to 
meet more s tr i n g ent cr ite ri a .  Some tri t i um res earch i s  n ow l ocated i n  a new fac i l i ty equi pped wi th an  
ox i d i z i ng mi cros i ev e  tr i t i um rec overy exhaust  a ir  treatment system t o  red uce a i rborne tr i t i um rel eases . 
P l ans for the Tr i t i um System Test Assemb l y  al s o  i nc l ude  s i mi l ar t r i t i um recovery syst ems des i g ned i n  
accordance wi th  i nfo rmat i o n  g a i ned from wi thi n LASL a nd other  DOE resea rch fac i l i t i e s .  

Conc entrat i ons  o f  atmos pheri c rad i oact i v i ty a re meas ured a t  29  cont i nuousl y operat i ng ai r 
s ampl i n g  stat i ons  i n  Los Al amos  County a nd vi c i n i ty ( see F i g ure 3 . 3 . 4-1 ) .  Th ese stat i ons  are l ocated 

on  Laboratory l and , a l ong the Laboratory perimeter , a nd i n  res i d ent i al  areas . These l ocat i ons  al s o  
serve  as  TLD monitori ng l ocat i on s .  Atmos phe ri c aeroso l s are col l ected by fi l t rat i on ,  a nd atmos pheri c 

water vapor  i s  s imul tan eousl y c ol l ected wi th des iccant s ampl ers .  Al l a i r  s ampl es are col l ected over 
two-week peri od s .  Tr i t i um ox i d e  ( H TO )  concentrat ions  in  the atmospheri c water vapo r  s ampl es al l ow HTO 
concentrat i ons  i n  amb i ent a i r  to be cal c ul ated . A s ummary of atmos pheri c rad i oact i v i ty mon i tori ng 
dat a  for 1976  i s  prese nted i n  Tab l e  4 . 1 . 2-1 . Data for 1 9 73 t hrough 1975  i s  g i ven  i n  Appe nd i x  E .  

An nual ave rage HTO c oncentrat i ons  for certa i n ons i t e  l ocat i ons ra nge u p  t o  ten t imes average above 
b ac kg round atmospher i c l evel s ,  but  st i l l l es s  t han 0 . 0 1 %  of the DOE c oncentrat i on g u i d e  for breat h i ng 
a i r  ( see Tab l e 4 . 1 . 2-2 a nd Sect i o n  4 . 1 . 3 ) .  Gros s-al pha  and gros s-beta  act i v i t i es of the atmos pheri c 
aeroso l  sampl es are rout i n e ly  d eterm i ned . Sys temat i c  s pat i al vari at i ons  ( resul t i ng from Laboratory 
ope rat i ons ) i n  these g ross rad i oact i v i ty c oncentrat i ons  hav e  not been observed . Act i v i t i es of 2 38Pu , 
239P u , 241Am , a nd ura n i um are al s o  determi ned on compo s i ted aerosol f i l ters . I n  general , pl uton i um ,  
ameri c i um ,  a nd uran i um atmos phe ri c  concentrat i on meas urements are c l ose to the i r  respect i v e  m i nimum 
detect i o n  l im i ts , wh ich are wel l bel ow DOE Concentrat i on Gu i d es . Spat i al vari at i ons for these  nuc l ear 
s pec i es have  not been observed . The con centrat i ons compa re c l osel y wi th  reg i onal average backg round 
atmos pheric  rad i oact i v i ty c oncentrat i on s  ( see Tab l e  3 . 1 . 5-1 ) .  



4-34 

TABLE 4 . 1 . 2- 1  

ANNUAL SUMMARY OF  1 976 ATMOSPHER IC  RAD I OACT I V I TY MON I TOR I NGe 

Type of 
Number and Type of Analysis 
SamEling Locations Performed 

3 regional a gross a 

15 perimeter b gross a 

1 1  on-site c gross a 

3 regional gros s  s 

15 perimeter gross s 

11 on-site gross s 

3 regional tritiated 

15 perimeter tritiated 

1 1  on-site tritiated 

3 regional 238Pu 

15  perimeter 2 3 8Pu 

1 1  on-site 238Pu 

3 regional 2 3 9
Pu 

15  p erimeter 2 3 9Pu 

1 1  on-site 2 3 9Pu 

3 regional Uranium 

1 5  perimeter Uranium 

1 1  on-site Uranium 

a)
28-44 km from the LASL boundary . 

b)
0-4 krn f rom the LASL boundary . 

c)
Within the LASL boundary . 

d ) Percent of concentration guides . 

Mean Radioact ivit;l:: Concentration 

1 . 4  X 10-lS ).!Ci/m£ 

1 . 3  X 10-lS ).!Ci/m£ 

1 . 3  X 10-lS ).!Ci/m£ 

6 1  X 10-lS ).!Ci/m£ 

65  X 10-lS ).!Ci/m£ 

6 5  X 10-lS ).!Ci/m£ 

H
2

o 15 X 10-12 ).!Ci/m£ 

H2
o 23 X 10-12 ).!Ci/m£ 

H2
o 60 X 10-12 ).!Ci/m£ 

<0 . 1  X 10-18 \.!Ci/m£ 

0 . 4  X 10-1 8  ).!Ci/m£ 

0 . 9  X 10-l8 ).!Ci/m£ 

4 . 1  X 10-1 8  ).!Ci /m£ 

5 . 2  X 10-18 ).!Ci/m£ 

22 . 5  X 10-1 8  \.!Ci/m£ 

6 1  p g/m 
3 

5 9  p g/m 
3 

60 pg/m 
3 

% cc d 

2 . 3  

2 . 2  

0 . 1 

0 . 2  

0 . 2  

0 . 00 7  

0 . 01 

0 . 01 

0 . 00 1  

<0 . 0001 

0 . 0005 

0 . 00007 

0 . 008 

0 . 009 

0 . 0009 

0 . 0 008 

0 . 00 0 7  

0 . 0 0003 

e) see Appendix H, page H-16 for summary and pages H-80 through 84 , for detailed data for 197 8 .  
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TABLE 4 . 1 . 2- 2  

DOE RAD I OACTI V I TY CONCENTRATI ON GU I DES ( CGs ) 

CONCENTRAT I ON GU I DES FOR UNCONTROLLED AREASa , b 

CG for Ai r CG for Water 

Nuc l i de (f1C i /m2 } (f1 C i /m2} ( nC i / 2 )  
3H 2 X 1 0- l 3 X 1 0-3 3000 
7Be 2 X 1 0 -3 2000 

l l  c . l 3N , 1 50 3 X 1 0-8 

41 Ar 4 X 1 0-8 

89sr 3 X 1 0- 1 0  3 X 1 0-6 3 
90srd 3 X 1 o- 1 1  3 X 1 0- 7 0 . 3  
1 3 1 I d l X 1 0- 1 0  3 X 1 0 -7  0 . 3  
1 3 7 Cs  5 X 1 0- 1 0 2 X 1 0-5 20  
238pu 7 X 1 0- 1 4  5 X 1 0-6 5 
239pud 6 X 1 0 - 1 4  5 X 1 0-6 5 
24i Am 2 x l a- 1 3  4 X 1 0-6 4 

(eg/m3}c � 
U , natural e 9 X 1 06 2 X 1 0-5 60 

l . 8 ( I CRPe ) 

CONCENTRATI ON GU I DE FOR CONTROLLED AREASa , b  

3H 
7Be 

Nuc l i de 

l l c , l 3N , 1 50 
41 Ar  
89sr  
90sr  
1 3 1 I d 
l 3 7c5 
238Pu  
239P ud 

241 Am 

U ,  natural e 

CG for A i r  
(f1C i /m2} 
5 X J 0-6 

X 1 0-6 

2 X 1 0-6 

3 X 1 0-8 

l X 1 0-9 

4 X 1 0-9 

x 1 o-8 

2 X 1 0- 1 2 

2 X 1 0- 1 2  

6 X 1 0- 1 2  

(pg/m3}C 

2 .  l X 1 08 

CG for 
(f1C i /m2} 
l X 1 0 -l 

5 X 1 0-2 

3 X 1 0-4 

l x l o- 5 

3 x l o-5 

4 X 1 0-5 

l x 1 o-4 

X 1 0-4 

X 1 0-4 

5 X 1 0-4 

vlater 
(nC i / 2 }  
l X 1 05 

5 x 1 o4 

300 
l 0 
30 

400 
1 00 
1 00 
1 00 
(mg/ 2} 
1 500 

60  ( I CRPe ) 
aTh i s  t a b l e  con t a i n s the most re s t r i c t i ve CGs for n u c l i des of maj or i n tere s t  at LASL ( E RDA 

Man u a l  C h a p t .  0524 ,  Annex A ) .  
beGs a p p l y  t o  ra d i o n uc l i de concen t ra t i ons i n  excess o f  that occu rri ng n a t u ra l l y o r  due to 

fa 1 1  out . 
cone c u r i e  of nat ura l u ra n i um i s  eq u i va l e n t  to 3000 kg of natural uran i um .  Hen ce , uran i u�

3 ma s s e s  may be conve rted to the DOE " u ran i um spec i a l  c u r i e "  by u s i ng the factor 3 . 3 x 1 0-

� C i / pg.  
dof the poss i b l e  a l pha and beta emi t t i n g  ra d i o n u c l i de s  re l eased by LAS L , 2 39 pu a n d  1 31 1 ,  

respe ct i ve l y ,  have t h e  most res t r i ct i ve CGs . The CGs for these s p e c i e s  a re u s e d  for the 
g ro s s - a l p h a  and gross -beta CGs , re s pe c t i ve l y .  

eFor p u rposes of t h i s  rep o r t ,  concentra t i o n s  of t o t a l  u ran i um i n  w a t e r  a re compared t o  t h e  
I C R P  recorrmen ded va l ues wh i ch cons i de r  chemi cal tox i c i ty .  



4-36 

. 4 4-36 Temporal var i at i on s  i n  ons i te beta act i v i ty are shown i n  F 1 g ure . 1 . 2-1 . The ye ar-to-year 

atmospher i c  gros s-beta act i v i t i es fo r the past t hree years i s  depi cted . Th e sl i g htl y h i gher beta 
act i v i t i es i n  1974 and 1 976 we re attr ib uted to  fa l l out from atmos pheri c test i ng by n on-part i c i pants  
i n  the  nuc l ear atmos phe ri c test i ng moratori um .  Some i n crease usual l y  occurs  earl y e ac h  cal endar  year 
a s  a resul t of the  m i x i ng  of the stratosphere wi th the tropos phere . Th i s  i ncrease i s  e v i dent for the 
1974 and 1 97 5  dat a .  The b eta act i v i t i es for 1973  a nd 1 976 , however , were rel at i vel y l ow ,  and the 
c haracteri st i c  s pr i ng  max imum wa s absent . 

The i nventory of rad i oac t i ve atmos pher ic  rel eases b efore 1973 ( see Tab l e 4 . 1 . 2-3 ) wa s made on the 
b a s i s of stac k sam pl i ng through December 1972 . 4-42 Th e absence of stack sampl i ng prog rams dur i ng the 
earl y years of the Laboratory and cont i nu i ng unconta i ned tests wi th  h i g h  expl o s i v e s  i nv ol v i ng natural 
or depl eted uran i um prevented preparat i on of a com pl ete i nventory .  In  general , t he i nventory c overs  
rel eases dur i ng the per i od from 1 948 t hrough 1972 for pl uto n i um , 1961 t hrough 1972 for m ixed fi s s i o n  
prod uct s ,  a nd 1 96 7  t hrough 1 972 f o r  other rad i onuc l i d e s  s uc h  a s  t r i t i um ,  235u ,  a nd 2 38u .  I n ventor i e s  

. . 1 31 88 1 33 1 35  4 1  1 1  1 3  1 5  o f  short- l 1 ved nuc l 1 d e s  s uc h  a s  I ,  Rb , Xe , Xe , Ar ,  C ,  N ,  and 0 (whose  
hal f- l i v e s  range from about 2 mi nutes t o  8 days ) were not i nc l uded , s i nc e  they dec ay rapi d l y  a nd  have 
l i ttl e b i ol og i c al s i g n i fi c anc e .  Th e act i v i ty v al ue s for 2 39Pu  i nc l ude c ontribut i o ns  from 241 Am and 
other  al pha emi tter s assoc i at ed wi th  the 239Pu . Data s i nce 1973  i s  b a sed on actual  stack sampl i n g .  

Probab l e  rel eases o f  rad i oact i v i ty t o  the atmos phere dur i ng the next 2 5  years are l i ke l y  t o  b e  
l es s  than rel eases t o  date.  Fo r ex ampl e ,  i f  rel eases of pl uton i um were to cont i nue at the 1976 rate 
for 2 5  years , t he cumul at i ve  amount woul d be l es s  than  1 . 5% of the total pl uto ni um rel eased before 
1976 .  Co n struct i o n  and u se of a new pl uton i um fac i l i ty wi th  extens i ve fi l trat i on equi pment i s  ex pected 
to s i g n i fi c ant l y  reduc e pl uto n i um em i ss i o n s .  At the 1 976  rate , t r i t i um rel eases over 2 5  years wou l d 
be ab out the same as the total befo re 1976 .  New treatment equi pment and  construct i o n  of new fac i l i t i e s  
for tri t i um research a r e  ex pected t o  s i g n i fi c antl y reduc e  tr i t i um rel eases from the 1976 l eve l . 

Some non- rad i oac t i ve mater i al s u sed or est imated to be produced i n  rout i ne Laboratory operat i on s  
h a v e  t h e  potent i a l  fo r a t  l east part i a l  rel ease to t h e  atmosphere . The val ue s i n  Tab l e 4 . 1 . 2-4 
represent e i ther total q ua nt i t i es checked out of chem i cal warehouse stock , or est imated total po ss i b l e  
prod uct i on o f  byproduc t s  dur i n g  u se o f  c hem i c al s .  Si nce most of the mater i al s such a s  so l vents are 
u sed in rel at i vel y smal l q uant i t i es i n  a wi de vari ety of Lab oratory operat i on s  l ocated throug hout the 
s i t e ,  i t  i s  not kn own how muc h  of the materi al s may actual l y  be rel eased to the atmosphere. Wi th i n 
the wo rk areas c oncentrat i o n s  are c ont ro l l ed and checked by i nd ustri al hyg i ene perso nnel to be wi th i n  
occu pa ti onal heal t h  standard s .  Most atmos phe ri c rel eases are from fume- hood o r  bu i l d i ng exhaust 
systems wh i c h  prov i d e  d i l u t i o n .  No amb i ent a i r  mon i to ri ng i s  performed for the se s ub stances b ecause 
i n  the concentrat i o ns rel eased they are not con s i dered to prese nt any hazard . An attempt wa s made 
to  measure some of the ma i n  organ i c  materi al s i n  evi ronmental a i r  sampl es  but none coul d be detected . 
The anal yses d i d  i d ent i fy some hydrocarb ons  a s soci ated wi th  gaso l i ne combust i o n  by automob i l e s  but at 
very l ow c onc entrat i on s .  

The potent i al l y  most s i g n i fi c ant nonrad i oact i ve rel ease i s  from t h e  beryl l i um fabri c at i on sho p .  

Howeve r ,  exhaust s from th i s l ocat i on are fi l tered and cont i nuous ly  moni to red t o  assure that the 
rel eases are wi t h i n  standards . Mea surements have shown that t he beryl l i um i n  stack g a ses  i s  l e s s  
t h a n  10% of  the  ambi ent a i r  standard s  o f  0 . 01 �g;m3 ( averag ed over 3 0  days ) estab l i shed by t he 
New Mex i c o  Env i ronmental Improvement Agency and approved by the E PA . 4-43 
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78 
CH I NESE NUCLEAR ATMOSPHER I C  TESTS 

A. 26 JUNE 1973 2-3 MT 

B 17 JUNE 19':ii 0.2- 1 MT 

C. 26 SEPTEMBER 1976 - 0.2 MT 
D 17 NOV EM BER 1976 - 4 MT 
E. 17 SEPTEMBER 1977 - 0.02 MT 
F. 14 MARCH 1978 - 0.02 MT 
G. 14 DECEMBER 1978 - 0.02 MT 

F i g u re 4 . 1 . 2- 1  

Average mon th l y  l on g - l i ved g ros s-beta rad i oact i v i ty over the past 6 years 
for ons i te ,  p e r i me ter , and offsi te s amp l i ng l ocat i ons . See Ap pe n d i x  H , 
pages H- 1 2 through 1 4  a n d  78 fo r more curren t  dat a .  



Radionuclides c 

238p 239 p u ,  u 
235 u 
238u 

Mixed Fis s ion P roducts 
1 3 1 1 

88Rb 
1 3 3Xe , 1 35Xe 
41Ar 
3

H 
238u 
n

c ,  1 3N ,  15 0 

4 - 3 8  

TABLE 4 . 1 . 2-3 

ATI�OSPHER I C  RELEASES OF RAD I OACT I V I TY 

Cumulat ive Radionuc lides Released to the Atmosphere 

Prior to 19 73a 

Mixed Fiss ion Products 

235u 
2 3 8u 

238Pu 

239 Pu 

120 , 000 

0 . 006 

0 . 0 86 

0 . 005 

0 . 056 

1 . 2  

Atmospheric Releases of Radioac t ivity from Stacks 

During 1 9 7 3  through 19 76
b ,  f 

19 7 3  
(Curies ) 

0 . 14 kg 

0 . 0 0 8 7  

0 . 00 1 2  

0 . 0 140 

0 . 0042 

0 . 00 1 3  

210 

2 70 

6129  

0 . 2 1 

1974 d 

(Curies ) 

0 . 0008 

0 . 0008 

0 . 0014 

0 . 00 4 7  

3 1 2  

7488 

19 75 
(Curies ) 

6 . 6  

0 . 00025 

0 . 0009 

0 . 0010 

0 . 0014 

2 37 

6200 

a) All values in curies , decay corrected . 

19 76 
( Curie s )  

0 . 000074 

0 . 00 25 

0 . 000068 

0 . 00 1 3  

0 .  0017  

0 .  000 3 

339 

340le 

5 890 

b) Values are derived from cont inuous moni toring data of all s tacks at  LASL which are release points 
from nuclear research facili t ies . 

c) From 19 73 , 19 74 , 1975 , and 19 76 Radioac t ive Eff luent and Di scharge Mon itoring Rep orts . 

Note tha t the half-lives of 1 3 11 , 88Rb , 
1 3 3

xe , 135xe , 41Ar , 
1 1c ,  1 3N ,  and 15 o range from ab out 

2 min to 8 days ; thus , these nuclides decay quickly . 
88 133 135  

d)  Rb , Xe , and Xe releases were el iminated because of the shut down of the \,Ta ter Boiler Reactor . 

e) Activity released during calendar year 1976 , does not include accidental 2 2 , 000 Cur i e  trit ium ( 3H) 
release that occurred on July 15 , 19 76 , at TA-3 ( SM- 34 Cryogenics Laboratory) . 

f) Data for 1 9 7 7  in T able 3 . 3 o 3-5 , data for 1 9 7 8  included in Appendix H ,  pages H- 2 8  through H- 32 and H-10 2 .  
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TABLE 4 . 1 . 2-4 

MAX IMUM POTENT IAL RELEASES OF  NONRAD I OACT IVE  SUBSTANCES TO THE ATMOSPHERE AT LASLa , c 

Material 

Solvents 

Trichloroe thylene 
Methyl chloroform 
Freons 
Acetone 
Perchloroe thylene 
Kerosene 
Chloroform 
Methanol 
Methylene dichloride 
Toluene 
Carbon tetrachloride 
Benzene 

Gases 

Sulfur hexafluoride 
Ammonia 
N itrogen oxides 

Me tals 

Cadmium b Beryllium 

Total Amounts Used or Produced 
Dur ing 1 9 7 5  

1 6 , 200 
2 5 , 800 
15 ' 000 
12 , 400 

1 , 020 
5 , 940 

480 
1 , 460 

300 
1 , 180 

240 
110 

10 , 300 
3 , 180 
7 , 200 

0 . 008 
0 . 00001 

lb 

35 , 85 0  
5 6 , 900 
3 3 , 050 
2 7 , 300 

2 , 2 50 
13 , 100 

1 , 050 
3 , 200 

6 70 
2 , 600 

540 
240 

2 2 , 80 0  
7 , 000 

15 , 900 

0 . 02 
0 . 00002 

a ) These quanti ties are based on usage . Not all of the ma terials are released as discussed in the 
text because they may be chemically consumed or transf ormed to solid or liquid wastes . 

b ) Computed release from beryl lium shop stacks ; additional amounts are released by uncontained 
explosive test shots . 

c) . See Append�x H ,  pages H-36 t hrough H-38 , for 1 9 7 8  data that includes est imates of actual rather 
than potential releases . 
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A b atch p l ant fo r pav i ng materi a l rel eases some combu st i on products from nat ura l  gas burned 
for dryi ng cru shed rock aggregate .  The exhaust from the dryi ng process  i s  d i rected through a water 
scrub ber to  control mos t  of the part i cu l ates from the crus hed rock . I n  co l der weat her t h i s  may 
re su l t i n  a s team p l ume . Depe nd i ng on the type of asph al t used , t here can al s o  be srn�e re l ease 
of pet rol eum-based vo l ati l e  so l vents used in the proce s s .  Exhaust emi s s i ons  were sampl ed i n  
Se ptember 1 977 . The average part i cu l ate emi s s i o n  from the st ack was 0 . 0 11  gr/SCF , o r  1 . 8 l bs/hr .  
Al though a p l ant th i s  s i ze i s  not requ i red to  meet the g i ven st andards , the  measurement was  l es s  
than  the new source perfo rmance standard o f  0 . 04 gr/SCF s pec i f i ed i n  the Federal Regi ster of 
March 8,  1 974 , page 9309 , and New Mexi co ' s  standard of 35  l bs/hr .  i n  E I A  Standard No .  501  of 
J une  2 6 ,  1 971 . 

The power pl ant and steam p l ants  al l rel eas e combu st i on products from burn i ng natural gas for 
4-44 4 4 5  the  bo i l ers ( see Tab l e  4 . 1 . 2-5 ) .  ' - Based on heat i nput rates ne i ther the power pl ant nor 

steam p l a nts  are requ i red to  meet emi s s i o n  standards for n i trogen d i ox i de ( N02 ) . 4-46 However , 
a l l the pl ants do meet - the standards accord i ng to stack gas  meas urements .  The N02 stack em i s s i on 
l evel  estab l i shed by the New Mex i co Env i ronmental Improvement Agency and approved by the Env i ronmental 
P rotect i on Agency i s  248 part s  pe r mi l l i on ( ppm ) , and measu rements show average l evel s of 30 p pm i n  
rel eas ed gase s .  Because of the neg l i g i b l e  sul fur i n  natural gas ,  the  su l fur d i oxi de ( S02 ) emi s s i o ns 
are essent i al l y zero , a s  confi rmed by act ual measurements . The fue l o i l  used i n  emergency s i t uat i ons 
i s  a l ow sul fur di esel grad e ,  so it presents no so2 emi s s i on prob l ems . Fut ure potent i a l changes i n  
fuel use  are d i scussed i n  Sect i o n  4 . 1 . 6 .  

LASL purchases rough ly ha l f  the el ectri c i ty i t  uses from the Publ i c  Serv i ce Company of New Mex i co 
( PSCNM ) and the Bureau of Rec l amat i o n .  The purch ased PS CNM power comes from vari ous generat i ng stat i ons  
on  the i r  northern New Mex i co power gri d ,  but ma i n l y  from the i r  San  J uan  Power Pl ant i n  the  Four Corners 
Area. The Bureau of Recl amat i o n  powe r is hydroel ect r i cal ly  generated by t he Co l orado R i ver Storage 

P roj ect . S i nce no atmospheri c emi s s i ons  emanate from the hydroel ectr ic  power stat i on ,  the only 
emi s s i ons to  be consi dered are those from the PSCNM ' s  San  J u an Power Pl ant . Present l y  the San  J uan  
P ower P l ant has  one un i t  i n  operat i on .  Th i s  un it  h as a 100% capac i ty of 326 meg awatt s ,  but i s  operated 
at an  annual average 80% capac i ty fact or.  E s t imates of emi s s i ons due to LASL consumpt i on are presented 
i n  Sect i o n  4 . 3 . 2 .  

Cool i ng towe rs for the power and steam pl ant s , a nd some experi mental fac i l i t i es such  a s  LAMPF a nd 
the Omega West Reactor ,  rel ease heat and water vapor to the atmo sphere .  Because o f  spaci ng and the  
rel at i ve ly  sma l l s i ze of  these un i t s , they do not  produce any obs ervab l e  effect s as ide  from condensati on 
p l umes duri ng col d weather. 

The Z i a  Company mai ntai ns a fl eet of veh i c l e s  for LASL , DOE , a nd i tsel f .  Dat a on emi s s i ons  from 
t hese veh i c l es fo r the l ast fi ve years are i n  Tabl e 4 . 1 . 2- 6 . 4-47 Exhaust em i s s i o ns test i ng for 
carb on monoxi de ( C O )  and hydroca rbons ( HG )  i s  part of Zi a ' s rou t i ne veh i c l e mai ntenance program . Each 

t ime a veh i c l e  i s  serv i ced , i ts exh aust em i s s i ons  are meas ured to  determi ne if they meet the Federal 
standards . I f  they do  not , then ma i ntenance on the veh i c l e  i s  done to bri ng emi s s i ons i nto  compl i ance 
with the federal standards  for that model year.  
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TABLE 4 . 1 . 2- 5  

EST IMATED ANNUAL EM ISS IONS OF  LASL POWER AND STEAM PLANTSc 

Fiscal Year 
1 9 7 2  1 9 7 3  

Volume Natural Gas 
4-44 7 3 , 132 81 , 749  

3 Consumed (m x 10 3
) 

Part iculates (160) a 1 1 , 700b 
13 , 100 

50
2 (9 . 6)  700 800 

N0
2 (2880)  2 1 0 , 600 2 35 , 400 

HC (ll2 0 )  81 , 900 9 1 , 600 

Organic Acids ( 9 6 0 )  7 0 , 200 7 8 , 5 00 

Aldehydes (160) ll , 700 13 , 100 

Annnonia ( 8 )  600 700 

a ) Emis sion factors for natural gas combustion (kg/106 m3
) .  

b)All annual emissions in kg , to nearest 100 kg . 

(Jul� 1 to June 
1 9 7 4  

8 3 , 5 42 

13 , 400 

800 

240 , 600 

93 , 600 

8 0 , 2 00 

1 3 , 4 00 

700 

c)
See Appendix H ,  pages H-36 through H-3 8 ,  for the mo st recent informa t ion . 

30)  
1 9 7 5  

71 , 89 9  

1 1 , 500 

700 

207 , 100 

80 , 500 

6 9 , 000 

1 1 , 500 

600 

1 9 7 6  

7 5 , 703 

12 , 100 

700 

2 18 , 000 

8 4 , 800 

7 2 , 700 

1 2 , 100 

600 
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TABLE 4 . 1 . 2- 6  

ESTIMATED ANNUAL EXAUST EM ISS I ONS O F  LASL V EH I CLESa 

Units 1 9 7 2  1 9 7 3  1 9 7 4  1 9 7 5  1976  

Gasoline Used 9, 2 , 311 , 214 2 , 5 15 , 8 98 2 , 301 , 9 9 7  2 , 414 , 5 99 2 , 944 , 865 

Distance Traveled km 7 , 65 6 , 000 7 , 84 7 , 000 8 , 061 , 000 8 , 2 5 6 , 000 9 , 0 5 3 , 00 0  

Kilometers p e r  Li t er km/9- 3 . 31 3 . 12 3 . 50 3 . 42 3 . 0 7 

co ( 2 7 . 2 7  g/km) Metric Ton 2 08 . 8  2 14 . 1 2 19 . 9  2 25 . 2  2 4 7 . 0  
(MT) 

HC - Exhaust ( 2 . 66 g/km) MT 2 0 . 4 2 0 . 9 2 1 . 5 2 2 . 0  2 4 . 1 
- Evaporation ( 0 , 81 g/km) 6 . 2  6 . 3  6 . 5  6 . 7  7 . 3  

NO ( 2 . 9 8 g/km) MT 2 2 . 8  2 3 . 4  2 4 . 0  2 4 . 6  2 6 . 9  
X 

so ( 0 . 12 g/km) 0 . 9 1 . 0 1 . 0  1 . 0  1 . 1  
X 

Particulates 
- Exhaus t ( 0 . 24  g/km) kg 1 . 8 1 . 8 1 . 9 1 . 9 2 . 1  
- Tire Wear ( 0 . 4 3  g/km) kg 3 . 3  3 . 4  3 . 5  3 . 6  3 . 9  

a) See Appendix H ,  page H-3 8 ,  for update on dat a .  
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Combu st i o n  products from gove rnment veh i c l e s  can be est i mated as about 10% of the total fo r 
Los  Al amos  County , based on fuel consumpt i on of about 2 . 5  x 1 06 £ ( 647 , 935  gal ) annual l y ,  a s  compared 

to a co unty-wi de total esti mated cons umpt i on of about 1 . 8 x 107 £ ( 4 , 884 , 300 gal ) annual l y .  Th i s  

esti mate i s  based on an average da i l y  veh i c l e  t ravel i n  1973  i n  Los Al amos County of 293 , 534 km £ 
4-48 

. 
4 49 ( 181 , 991  mi l es )  a nd an average of 5 . 0  km/ ( 1 3 . 6  m i / ga l ) . -

Bes i des gasol i ne eva po rat i v e l osses  from veh i c l es ,  there are al so  l osses  i n  storage and 

d i str i but i o n  of fue l . Tab l e 4 . 1 . 2-74-47 
shows esti mates of annual  gaso l i ne evapo rat i ve l osses .  

Al l l arge compres sors have  muffl ers or noi se su ppress i on and  emi s s i ons are m i n i mal . Where the 

a i r or gas be i ng  compressed may be contam i ned , i t  i s  c l eaned by appropr i ate f i l t rat i on or  absorpt i o n  

before enteri ng the pump. 

Vacuum system pumps hand l i ng rel ati ve ly  non-tox i c  materi al s are vented to the  l oca l house 

vent i l at i on or to out s i de a i r . The amount of o i l mi st  i s  m i n im i zed by prope r mai ntenance of the 

pump and temperature control . I f  the  vacuum pumps hand l e  tox i c  chemi cal s ,  the effl uent from the 

pump i s  c l eaned by fi l t rat i on or abso rpt i on pri or  to be i ng vented i nto  the vent i l at i on system wh i ch 

has add i t i ona l  a i r  c l ean i ng .  

Peri od i c �� .. . E::�per_:_i_fl1�nts conducted wi th convent i onal  expl o s i ves at f i ri ng s i tes  remote from 

occup i ed Laboratory s i tes and res ident i a l areas rel ease the combu st ion  products of the expl o s i ves  and 

cert a i n ot her mate r i a l s .  I n  1 9 76 about 1020 k g  ( 2250 l b ) o f  depl eted urani um was d i s pe rsed i n  these 

tests . Nonradi oact i ve mater i a l s i nc l uded about 26  k g  ( 35 l b ) of beryl l i um , 19  k g  ( 42 l b ) of l ead , 

a nd 36 k g  ( 79  l b ) of mercury .  Combu st ion  product gases and some part i cu l ates are wi dely d i s pe rsed by 

atmos ph eri c c i rcul at i o n ,  but a re not measured by the a i r moni tori ng network . Most of the debri s and 

part i cu l ates from these experi ments are depo s i ted on the g round c l ose to the fi ri ng s i t e .  An e st imated 

100 , 000 kg ( 220 , 000 l b ) of natural and depl et ed urani um have been u sed i n  dynami c ex peri ment s du r i ng 

the h i story of LASL . Most of th i s  i s  d i stri buted over the so i l  a round the expe ri mental a reas on 
4-50 

Laboratory prope rty . 

An exper imental  and theoret i c al study was done to descri be the atmospheri c d i s pe rs i on of debri s 

from the above dynam i c  experi ments wi th h i gh exp l os i ve s .  Experi mental meas urements of a i rborne debri s 

we re then u sed to est i mate the theoret i cal  cont r i but i on of dynami c  experi mentat i on to atmospheri c 

concent rat i ons  of d i s pe rsed materi al for a ty p i c al year i n  the Los Al amos env i rons . Annual  atmo spheri c 

co ncent rat i on est i mates we re obt a i ned u s i ng the measured aeroso l i zed val ues and through the use of a 

t i me- i ntegrated ve rs i o n  of the Gaus s i an puff model . Tabl e 4 . 1 . 2-8 gi ves  resu l t s  at two d i stances on 

an annual  bas i s .  

A nat i ona l  emi s s i o n  standard fo r H g  i s  1 w g/m3 averaged over one day . The t i me i nt egral 

for a hypotheti cal s i ng l e experi ment cons umi ng a total of 1 6 . 4  k g  of Hg ( 1976 month ly  max imum) i s  

0 . 8  w g-d/m3 (80% of standard ) .  Atmos pheri c urani um concentrat i ons  have  been rout i ne ly  measured 

at LASL by a 26 stat i on a i r sampl i ng netwo rk . The s pat i a l average concent rat i on for urani um i n  1976 
3 was 0 . 06 ng/m • The expected l evel s of urani um due to the resus pens i o n  of cont i nenta l  dust i s  

0 . 08 ng;m3 (� a  fact or  of 2 ) .  Actual s ampl i n g  resu l ts  for ai rborne urani um ( 0 . 06 ng;m3 annual  

average ) for 1976 are cons i stent wi th the theoret i cal  anal ys i s  because the aeroso l i zat i on perce ntages 

and crude di spers i on  model used do not underesti mate dynam i c  experi ment at i on contr i but i ons ( cal cu l a

t i ona l  est i mate s ranged from 0 . 04-0 . 10 ng/m3 ) .  
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TABLE 4 . 1 . 2- 7 

ESTIMATES OF ANNUAL GASO L I NE EVAPORATI VE LOSSES AT LASLb 

Gasoline Used 

Evaporat ion from 195 , 000 2 
combined total capac i ty 
s torage tanks 3 4_47 ( 0 . 025 kg/day - 10 2) 

Evaporation from vehicle 
filling service 
( 1 . 10 kg/10 3 2 pumpe d)  

Evaporation from splash 
unloading to 
s torage tanks 
( 1 . 15 kg / 2) 

Gasoline sp illage loss 
from vehicle f illing 
service 
( 0 . 06 7  kg/ 2) 

TOTAL 

Units 

2 

a 
kg 

kg 

kg 

kg 

kg 

Fiscal Year (Julz: 1 to 
1972  1 9 7 3  1974 

2 , 311 , 2 14 2 , 515 , 898 2 , 301 , 9 9 7  

1 , 800 1 , 800 1 , 800 

2 , 500 2 , 800 2 , 500 

2 , 650 2 , 9 00 2 , 650 

1 5 0  2 0 0  150 

7 , 100 7 , 7 00 7 , 100 

a ) Op  cit . , Compilation of Air Pollutant Emis s ion Facto r s ,  Sec tions 4 . 3  and 4 . 4  
gasoline is 0 . 7 kg/ 2 .  

b) See Appendix H ,  page H-38 , for upd ate o f  informat ion . 

June 30) 
1975  

2 , 414 , 599 

1 , 800 

2 , 6 50 

2 , 800 

200 

7 , 4 50 

(Density of 

1976 

2 , 944 , 865 

1 , 800 

3 , 200 

3 , 400 

2 00 

8 , 6 00 
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TABLE 4 . 1 . 2-8 

CALCULATED ATMOSPHER I C  CONCENTRAT I ONS OF ELEMENTS USED 
IN DYNAM I C  EXPER IMENTSc 

Element 

Uranium (D-38)  

Be 

Hg 

Pb 

TOTAL 

1 9 7 6  Annual 
Usage (kg) 

1023 

25 . 5  

3 6 . 1 

18 . 6  

a ) Based on experimental measurement . 

b ) Assumed percentage aerosolize d .  

Percent 
Aerosol ized 

a 2 

c) S ce Appendix H ,  pages H-3 7 , H-38 , and H- 1 04 , for update . 

Annual Avg .  Cone . 
(ng/m3 ) 

0 . 1  0 . 04 

0 . 000 7 0 . 0002 

0 . 05 0 . 02 

0 . 02 0 . 08 

0 . 1 7 0 . 0 68 

Appl icable 
S t andard 
(ng/m3 ) 

9000 

10 
( 30 day avg . )  

None 

None 

10 , 000 
(For total heavy 
me tals N > 2 1 )  



4 . 1 . 3  Chem i ca l  Measurements and As ses sment 

General B i o l og i cal  Behav i or of Rad i onuc l i des 

4-46 

Al though many d i fferent rad i oact i ve materi al s have been u sed or  produced at LASL , primary i nterest 

i n  the potent i a l envi ronmental i mpact focuses on  t r i t i um ;  the  f i s s i on products 90Sr and 1 37Cs ; the 

act i vat i on products 41Ar ,  1 1 C , 13N , 1 50 ; pl utoni um and uran i um .  Thi s is because of the quant i t i es i n  

wh ich  these i sotopes a re used o n  a rout i ne bas i s  o r  the cond i t i ons  of use  wh i ch may resu l t i n  l i m i ted 

rel ease to the  env i ron s .  The fol l owi ng i s  a general condensat i on and d i scu s s i o n  of a vol um i nous 

l i terature reg a rd i ng these i sotope s .  The primary concern wi t h  these materi al s as potent i a l  heal th 

hazards ari ses from thei r rad i oact i v i ty and the accompany i ng emi s s i on of i on i z i ng rad i at i o n .  I t  i s  

the rad i at i on that produces the potent i a l for heal th effects and not the  chem i cal  tox i c i ty of the 

e l ement . 

Tri t i um i s  an i s otope of hyd rogen  and chem i cal l y  behaves s i m i l ar to hydrogen wi t h ,  however ,  some 

s l i ght d i ffe re nces due to  mass effect s .  It  i s  rad i oact i ve wi th a hal f- l i fe of 1 2 . 26 years and , upon 

decay , em i t s  a very l ow-energy beta part i c l e  wi th an  average energy of  0 . 0057 MeV . Because of the 

s ho rt range of the beta part i c l e ,  t ri t i um outs i de of the body present s  no probl em , and a rad i at i on 

dose can onl y be i ncurred i f  i t  i s  take n i nt o  the body . Even here ,  the l ow ene rgy requi res that a 

l a rge quant i ty ,  i n  terms of radi oact i v i ty ,  be i n  the  t i ssue rel at i ve to other rad i oact i ve materi al s .  

F o r  exampl e ,  the rad i at i on dose de l i vered by a g i ven  act i v i ty o f  tr i t i um i n  a t i ssue i s  about 1 %  of 

that del i vered by the same act i v i ty of  137cs i n  the s ame t i s sue .  Tri t i um ca n be i ncorporated i nto  

a ny of  the orga n i c  mol ecul es found i n  the body of  man or in  nature . However,  the most  common forms  of  

rel ease are  as hydrogen gas or as water.  The  tri t i ated wate r can be absorbed by the body by i nha l at i on 

or i ngest i on ,  a nd a s i g n i f i cant fract i o n  can be absorbed through the s k i n from an atmosphere conta i n i ng 

t r i t i um mo i st ure . I n  the hyd roge n form the tr i t i um enters the body on ly  by i nha l at i on wi th a l ow 

retent i on caused by exch ange of the tri t i um wi th the hydrogen i n  the water mol ecu l es i n  the body and 

some d i rect so l ub i l i ty of the hydroge n .  For  t h i s  reaso n ,  t ri t i um retent i o n  and hazard a re much l owe r 

i f  the materi al  i s  hydrogen gas rather than water.  However ,  the tri t i um wi l l  s l owly  co nvert to water 

by exchange or oxi d at i on so  that re l eases to the atmosphere wi l l  be i n  the form of water at l ong t imes 

and d i sta nces after rel ease ( tens to hundreds of m i l es ) . Tr i t i um i s  not concent rated by b i ol og i cal  

mechan i sms , a nd the behav i or of the wat er fo rm i n  the env i ronment i s  s i mpl y that of d i l ut i on by the 

var i o u s  sources of water ,  e i ther free or in  the t i s sues of pl ants or an i mal s .  The rad i at i on dos es 

cal cu l ated from th i s materi al are those i n  a mas s  of free water ,  s i nce most t i s sues are primari l y  

water.  The maximum permi s s i b l e body burde n ,  for occu pat i onal  exposure , g i ven by t h e  I CR P  a n d  NCRP , 
4-51  4-52 4-53 i s  1 mCi ( 1 000 ]J C i ) a nd i s  based on a who l e  body rad i at i on dose of 5 rems/year .  ' ' The 

effects of chroni c tr i t i um expo sure a re a s sumed to  be the same as those for who l e  body radi at i o n ;  
4-54 4-77 i . e . , var i ous  type s of cance rs and po s s i b l e  genet i c  effect s i n  l ater generat i ons  may occur.  ' 

I t  has  been po stul ated that i ncreased genet i c  damage coul d resu l t from the di srupt i on  of a gene by 

the decay of a tri t i um atom i ncorporat ed i n  a mo l ecu l e ,  but experiments have shown such efforts to  

b · t t · 1 t "  t th d f d1" rect rad1" at 1· on . 4-53A e un 1mpor an  1 n  re a 1 0n o e amage rom 
90  1 3 7  

The primary fi ss i on products encountered a t  Los  Al amos a re Sr  and Cs i n  the l i qu i d 

waste streams and the t reated effl uents d i sc harg ed to the ons i te canyo n s .  
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Stront i um-90 i s  a beta emi tter w ith  a hal f- l i fe of 2 7 . 7  years and an average beta energy of 
0 . 20 MeV . I t  al so  h as a rad i oact i ve daughter ,  90v ,  wh i ch h as a hal f- l i fe of  64 hours  and  emi t s  a 

beta ray of 0 , 93 MeV average energy . S i nce the ha l f-l i fe of the daughter i s  re l at i ve ly short compared 
t o  ma ny metabol i c  and env i ronmental proces ses , t he daughter i s  u sua l ly cons i dered to be i n  equi l i bri um 
wi th  the parent so that both beta rays are cons i dered to be emi tted for each of the 90sr  di s i ntegra
t i ons . In many of i ts chemi cal  propert i es , stronti um i s  s imi l ar to  cal c i um so that its  behav i or i n  
the envi rons and i n  t he body fo l l ows that of cal c i um ;  that i s ,  t hose i tems i n  the food chai n wh i ch 
are norma l l y  h i g h  i n  cal c i um wou l d be expected to al so  accumul ate 9 0sr .  S i nce mi l k  i s  an i mportant 
source of ca l c i um i n  the human d i et ,  i t  has a l so been a maj or contri but ion  to the 9 0sr  burden of 
humans from fal l out . Est imates of the potent i a l damage must re ly  on an ima l  stud i es and compari son 
wi th  materi al s such as  rad i um that depo s i t  i n  the body i n  a s i mi l ar manner. The primary s i t e  of 
depos i t i on in the body i s  in bone ,  wh i ch i s  the maj or reservoi r of cal c i um .  The pri mary effect of 
s tront i um at the h i gh l evel s used i n  animal stud i es has been bone cancer ,  al though l eukem i a s  have a l so  
been prod uced . I t  i s  i nd i cated by the Un i ted Nations Sc i ent i f i c  Commi ttee on the Effects of Atomi c 
R ad i at i ons  that s i ng l e l arge doses of such materi al s i n  animal s produce mai n ly  bone cancers , whereas 
cont i nuou s doses or s i ng l e l ow-l eve l  doses produce mai n ly  l eukemi a ,  presumably because of a d i fference 
i n  the rad i at i on dose rate to t he sens it i ve  t i s sues . 4-54 The max imum permi s si b l e  body burden for 
occu pati onal workers of 2 �Ci wa s deri ved ori g i nal l y  by comparat i ve an imal stud i es ( us i ng 89sr ,  a 
s hort er- l i ved i sotope) w ith  rad i um . 4-51  Later recommendat i ons by the Federal Rad i at i on C ounci l have 
i ncorporated con s i derat i ons of the dose to the bone marrow and bone i n  compari son t o  the effects of 
external radi at i o n .4-55 • 4-56 

Cesi um-137  h as a ha l f- l i fe of 30 years and emi ts  beta rays wi th  mean energ i es of 0 . 1 7 MeV (93 . 5% )  

and 0 . 43 MeV ( 6 . 5% ) . I n  addi t i o n ,  i t  emi t s  a 0 . 66  MeV gamma photon i n  84% of the di s i ntegrat i ons .  As 
a resu l t of the gamma , i t  can produce s i g n i fi cant external rad i at i on exposure if present at h i gh  l evel s 

on or i n  the ground .  Th i s  i s  norma l ly not a probl em ,  however ,  because of the l ow l evel s encountered i n  
a l l but acci dent cond i t i on s .  Measurements of 137cs from fal l out i nd i cate that l evel s on the ground 

of about 0 . 1  � C i /m2 wi l l  produce a gamma dose rate of approx imatel y 4 mR/year.  ( A  mR i s  1 / 1 000 of 
a Roentgen ( R ) ,  wh i ch i s  a measure of photon rad i at i on exposure i n  ai r .  Ces i um i s  a member of the 
al ka l i ne eart h  fami l y  and tends to behave l i ke sodi um and potass i um ,  both e l ements necessary for 
pl ants and ani mal s .  I t  i s  found i n  the human di et i n  mi l k  a nd meat and i n  somewhat l es ser  quant i t i es 
i n  fru i ts , veget ab l e s ,  a nd grai ns .  Al t hough i t  i s  normal ly  t i ed to the soi l so t hat i ts avai l ab i l i ty 
for uptake through roots i s  l ow ,  there are s peci al  c i rcumstances i n  sa ndy soi l s  w ith  l ow exchange 
c apaci ty where such upt ake can be s i g ni fi cant . Ces i um-137  d i stri butes wi del y  throughout the body 
and resu l ts i n  essent i a l ly  un i form who l e body rad i at i on . 4-51 From experi ence wi th  external 
penetrat i ng rad i at i on one wou l d expect the primary effect to be l eukemi a fo l l owed by mi scel l a neous 
other cancers associ ated wi th  rad i at i on exposure wi th the frequency of occurrence expected to i ncrease 
wi th  i ncreas i n g  quant i t i es of 1 37cs i n  the body . 

Another  fi s s i on product ,  gaseous 13 1 I ,  i s  rel eased i n  smal l quant i t i es from the Mai n Tech n i c al 
Area . I t  has several p athways to man ,  i nc l udi ng di rect i nha l at i on ,  depo s i t i on on l eafy vegetabl es 
cons umed by man , a nd i ngest i on of mi l k  from cows or goats eat i ng vegetat i on on wh i ch 1 3 1 I has  been 
depo s i t ed .  Si nce the primary food source of i nfant s  i s  m i l k ,  th i s  can be the cri t i ca l  pathway when 
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d a i ry an imal s are nearby . Iod i ne conc entrates i n  the thyroid . Th us , i f  the primary food source i s  
c ontam i nated wi th 1 3 1 I ( a  b eta-gamma emi tter wi th  an ei g ht-day ha l f  l i fe ) , t hat c oncentrates i n  the 
rel ati vel y smal l thyro id of an i nfant , the dose to the i nfant thyroid  can b e  substant i al compared to 
the dose to an adu l t thyroid from the same i od i ne rel ease .  

Argon  i s  a nob l e gas  that i s  present a s  a trac e  el ement i n  a i r .  When expo sed to  neutrons , some 
of  the pr imary n atural i sotope ( 99 . 6% 40Ar) c aptures a neutron and becomes rad i oact i ve 4 1Ar. Th i s  

act i vat i o n  produc t ,  41Ar , i s  a beta-gamma emi tter wi th  a 1 . 8  hour ha l f- l i fe .  Si nc e 4 1Ar i s  a nobl e 
g a s ,  i t  does not reac t  read i l y  wi th othe r  materi al s to form chemic al compounds . Th us i t  rema i n s  i n  
gaseous fo rm and i s  a source of external rad i at i o n  onl y to those expo sed tb o r  immersed i n  a c l oud of 
t he g a s .  Because of i ts short hal f- l i fe the potenti a l hazard passes  qu ickl y .  Th us , o n ly  those l i v i ng 
o r  work i ng near such a source are potenti al  receptors of a rad i at i o n  dose from 41Ar . For a LASL 
sourc e ,  t he onl y popul ati o n  at r i sk i s  t he popul at i o n  of Los Al amos  County .  Wi th  the energet i c  g amma 
from 4 1Ar decay ( 1 . 293 MeV i n  9 9% of t he d i s i nteg rat i ons ) , the expo sure i s  a who l e b ody exposure and 
woul d affect the b ody i n  the manner as j ust descr i bed for 137cs . 

Si m i l arl y ,  c arbon , n i trogen , a nd oxygen i n  a i r  b ecome act i vated through var ious  med i um energy 
react i ons  c aused by the 800 MeV proton beam and associ ated part i c l es at LAMPF . The act i v ati on  products 
1 1c ,  1 3N ,  a nd 1 5o a re al l po s i tron emi tters wi th  hal f l i ves o f  2 0  mi nute s ,  1 0  mi nute s ,  and 1 2 2  
second s ,  respect i vel y .  As a po s i tr on sl ows d own , i t  i nteracts wi th  a free el ectron . As a resul t of  
t he i n teract i o n  the po s i tr on and el ectron are anni h i l ated and two 0 . 51 1  MeV photons  a re c reated . 

As the act i vated a i r  i s  exhausted out t he stack at LAMPF , i t  d i ffuse s wi th  amb i ent a i r  and 
primari l y  b ec omes a source of external whol e-body rad i ati on  to those expo sed to or immersed i n  the 
c l oud . As wi th  41Ar ,  t he potent i al haza rd passes qui c kl y  due to the short ha l f  l i ves wi th  the 

Los Al amos County popul ati o n  be ing the onl y popul at i o n  at r i s k .  
Urani um i s  a natural l y  occurr i ng materi al wh i c h  i n  nature cons i sts of about 99 . 3% 2 38u ( hal f- l i fe 

about 4 . 5 x 1 09 ye ars ) , a bout 0 . 7% 235u ( hal f- l i fe 7 . 1  x 1 08 years ) , and a neg l i g i b l e  mass o f  the 
daughter  of 2 38u ,  234u ,  wh i c h  is equal to the 238u i n  un i ts o f  act i v i ty .  Al l of these i sotope s  a re 
a l pha emi tters and form t he beg i nn i ng of a seri es of rad i oact i ve decay products  that end i n  a stab l e  
l ead i soto pe . In spi te o f  wi d e  use of urani um i n  var ious  c ommerc i al products , by far the g reate st 
d amage to human he al t h  has occurred from these decay products that have been separated from the uran i um 
ore , pa rt i cul arl y 226Ra and 2 22Rn . I n  general , b i ol og i cal concentrat i on  of urani um al ong food c ha i n s  
does not seem t o  occur , a nd the c h i ef effects noted wi th pl ants o r  animal s are attr i b uted t o  the 
chem i ca l  toxi c i ty of  urani um rather than  the rad i ati ons . 4-51 Near rel ati ve ly  l arge pi eces of debri s ,  
( up to several k i l ograms ) ,  pl ant toxi c i ty may occur at so i l  concentrati ons near 5 0  p pm  ( 50 � g U / g  so i l ) 
near the roots , a nd acute tox i c i ty may occur at l eve l s ten times th i s . 4-50 At the occupati o na l  l eve l  
in  human s ,  the  chem i c al toxi c i ty and effect on  k i d ney funct i on is  a consi d erat i o n .  At t he l ower l evel s ,  
t hese changes seem to b e  revers i b l e  i n  that they d i sappear when expo sure stops .4-5 1  However ,  at  
t he env i ronmental l evel s ,  t he rad i at i on  wi l l  be the impo rtant factor.  

As i nd i c ated in  l ater sect i o ns , pl uto n i um contr i b utes t he l east amount o f  i nd i v i dua l  and 
po pul at ion  d ose at LASL . However ,  s i nce there i s  some controversy wi th  reg ard to the toxi c i ty and 
sa fety aspects of pl uton i um , a more deta i l ed d i sc u s s i o n  i s  presented . 
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P l uto n i um does not exi st to any s i g n i fi c ant deg ree as  a n atural el anent.  It i s  made i n  n uc l ear 
reactors and cons i st s  of several i sotopes wi th the compo s i t i o n  of any m i xture  dependent upon the exact 
method of prod uc t i o n .  The character i st i cs of the maj or i sotopes  are g i v en in Tab l e 4 . 1 . 3-1 . The 
maj or ity of the pl uto ni um handl ed in past years at  LASL has b een e i th er weapo ns-grade or he at- source 
pl uto n i um .  I n  the we a po ns-grade materi al , t he pred ani nant i so tope i s  239P u , wi th  smal l fr ac t i o ns of 
238Pu , 240P u , a nd 2 41P u .  Th e  he at- source pl uto n i um act i v i ty consi sts of ab out 85% 238P u .  I n  fut ure 
years i t  may b e  ex pected that m i x t ur es c o ntai n i ng h i g her fract i o ns of the 240 ,  241 ,  and 2 42 i sotopes 
used in pr ograms studyi ng the use of pl uton i um as a reac tor fuel wi th h i gh i rrad i at i o n  l ev el s .  However 
on  an act i v i ty b as i s ,  the  b i ol og i c al effects of the var i ous i sotope s are general l y  s i m i l ar .  Si nce the 
emi ss i o ns fran pl uton i um are mai nl y  al pha part ic l es ,  wh i c h  pe netrate t i s s ue onl y 50 �m ( 2  x 1 0-3 i n ) ,  

there i s  no conc ern wi th  extern al rad i at i o n  under env i ronmental cond i t i o n s .  Th us , the  effects of 
pl uto n i um can  o ccur onl y if  the pl uto n i um enters the b ody . Pr imary routes of entry are by i ng e st i o n  
and i n ha l ati on si nce absorpt i o n  through i ntac t  s ki n i s  l ow .  The quant i t i es that  coul d conce i v a b ly  b e  
absorb ed fran ope n wounds  at  the conc entrat i o ns fo und i n  the env i ronment i s  smal l .  Ingest i o n  i s  us ua l l y  
cons i dered to b e  o f  rel ati ve l y m i nor importance b ecause pl uto n i um i s  poorl y absorbed fran the g ut of 

d . 1 4-51 ' 4-6 7  d t h  t f f " 1  t 1 t . 1 4-5 7 Th d . . . t . man an an 1 ma s an e rans er ran so 1  o p an 1 s  ow. us , 1 sc nm 1 n a  1 0 n  
factors occur at eac h step o f  the terrest r i al food c ha i n s .  Th i s  conc l us i on i s  g eneral l y  accur ate 
a l though  there are some d ata that i nd i c ate that i ngest i o n  may contr i b ute a somewhat h i g her fract i o n  

4-6 6  t h a n  was pr ev i ous l y  thought .  I n  f i e l d exper iments , contam i nat i on  of pl ants occurs pr imari l y  fran 
4-58 the external depo s i t i o n  resul t i ng fran res us pens i o n  rather than root uptake . Compl ex i ng agents , 

for exampl e those used i n  fert i l i zers , may i nc rease the uptake i n  p l ants resul t i ng i n  po ss i b l y  h i g her 
i ngest i o n  thr ough the se food chai n s .  There is some specul at ion  that the smal l fr ac t i o n  of pl uto n i um 
i ncorporated into meat or pl ant food s may b e  more read i l y  absorbed fran the gut . 4-58A ,  4-588 • 4-58C 

Exper iments o n  thi s are i n  pr og res s at Battel l e  Northwest b ut resul ts  are not yet avai l ab l e .  Th e  
uptake of p l uto n i um fran t h e  g ut o f  very young an imal s ( newb orn t o  several days ) i s  cons i d erab l y  h i g her 
than for ad u l t s .  However , t h i s  i nc reased u ptake l asts onl y a s hort t ime and occurs dur i ng a per iod of 
1 i fe where expo s ure  to the e nv i ronment i s  smal l .  

Co nc entrat i o n  of pl uto n i um occur s i n  the food cha i n s  i n  the mar i ne e nv i ronment. 4-61 Th i s  i s  

primar i l y  b ec ause of the strong ad sorpt i o n  of the pl uton i um on d i atoms and al gae  wh i ch s erve as a food 
source for h i g her forms s uc h  as f i s h .  Even here , however , t here i s  ab out a factor o f  t e n  dec rease i n  
conc entrat i o n  for each troph i c  l eve l  start i n g  wi th  the pr imary c oncentrato r ,  d i atoms o r  al gae . 4-62 

Invest i g at i o ns cont in ue o n  al l of these factors b ut resul ts  to d ate st i l l i nd i c ate that i n ha l at i on  i s  
4-63  the more important pathway .  

I n ha l at i o n  occurs W1 e n  the pl uton i um on g round or  othe r s urfaces b ecomes resus pended i n  the 
a i r  by wi nd s or mechan i cal means . Th i s  i s  a compl ex pr ocess wi th  many v a r i ab l es s uc h  as so i l  
char acter i st i c s ,  so i l  mo i stur e ,  a nd terrai n .  St ud i e s  of resus pe ns i o n  are be i n g  mad e  wi th  a n um ber 

. 4-64  o f  d i fferent systems i nc l ud i ng tracers , s o i l s ,  a n d  areas contam i n ated wi th pl uto n 1 um .  Prese nt 
i nd i c at i ons are that the pl uton i um stab i l i ze s  i n  the so i l  wi th t ime so that the resus pe ns i o n  dec reases , 
rapi d l y at fi rst and then at a decreas i ng rate wi th the passage of t ime . Eval uat i o n  of t h i s expo s ure  
route has  b een ev al uated by several stud i es4-61 • 4-63  a nd wa s i nc l ud ed i n  t h e  pr opo sed gu i d ance by 
the  EPA o n  pl uto n i um i n  so i l s . 4-1 2 1  
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The d i rect ass es sment of  the effects of  p l uton i um on humans cannot be  done s i nce there has never 

been a c ase of cancer in  man  known to be caused by pl utoni um .4-64 Local i zed l es i on s  res u l t i ng from 
4-6 5  4-66 pl uton i um im bedded in the s ki n  by wounds have occurred but none have progressed to cancers . ' 

These are the most severe react i ons that have been found i n  humans to d ate .  The types of cancer that 

a re of potent i a l  concern, a s  i nd i cated by human experi ence wi th 226Ra and animal experiment s wi th  
p l uton i um ,  a re bone cancers and l i ver cancers from p l uton i um  absorbed i nto the body and l ung cancers 
from pl utoni um depos i t ed i n  the l ung  and reta i ned there for l ong peri ods of t ime .  

The l ymph nodes in  the l ymphat i c  system dra i n i ng the l ung  acc umul ate pl utoni um c oncentrat i ons  
many t imes that of other t i ss u e .  However ,  the I CRP has  exam i n ed th i s  questi on and does not consider 
these nodes to be s uffi c i ently rad i osens it i v e  to  requ i re cons i derat i on as a sens i t i ve organ .4 -67 

The pos s i b i l i ty of g enet i c  effects as  a res u l t of pl utoni um in the gonads has been a recent 
4-79 concern . The fol l owi ng excerpt from the Rocky F l ats Draft Envi ronmental Impact St atement 

s ummari zes th i s  poss i b i l i ty.  
"Effects in  testes or ovar i es at  the cel l ul ar or t i ssue  l eve l  have been observed only 

fo l l owi ng  p l utoni um doses  muc h h i g her than the doses wh i c h  wou l d  have resul ted i n  other ev i d ences 
of toxi c i ty .4-68 • * 4-69 Wh i l e  stud i es of mul t i - generat i on genet i c  effect s have not been performed , 
a n  i nvest i g at i on of cytogenet i c  effects i n  the testes of h amsters showed no s i g n i f i c ant i ncrease  i n  
the frequency o f  chromosome aberat i ons  after cal c ul ated rad i at i on doses of 1 and 4 rads . 4- 70 The 
exposures empl oyed in t h i s  st udy woul d res u l t in s i g n i f i c ant l i fe shorten i ng and cancer i nd uct i o n ,  
s u g gest i ng that genet i c  r i s ks a re smal l compared to s omat i c  r i sks . Stud i es o f  ch romosome aberrat i ons 
i n  the germ cel l s  of mal e mi ce  after protracted exposure to 239Pu , w i th  doses rang i ng from 14 t o  
44  rads showed s ig n i fi cant effects , i n  agreement wi th  pred i ct ions based on prev i ou s  st ud i es wi th  

g amma ray and  neutron ex posures and assumed RBE and  d i stri but ion  factors . 4-71 Recent stud i es i n  
m i ce  h ave i nd i cated that the c r i t i ca l  spermatog on i al stem cel l s  of the test i s  may recei ve a 2 t o  2 . 5  

t i mes h i g her dose from depo s i t ed pl uton i um than the average for the testi s ,  due t o  i nhomogenei t i es of 
d i stri but ion . 4-72 However,  the total  depos i t i on of pl utoni um i n  the gonads i s  l ow ,  i n  a l l an ima l  
s pec i es stud i ed ,  so  that even a l l owi ng for preferent i al exposure of stem cel l s ,  the dose  t o  these 

4-73 cel l s  wou l d  not be expected to exceed the total body average . "  
I n  a recent paper Grahn et a l . 4-73A studi ed domi nant l etha l mutat i on  rate and rec i procal 

chromosome trans l ocat i ons in mi c;-i nj ected wi th 239P u  and exposed to gamma rays and fast neutrons .  
They showed that the domi nant l ethal mutat ion  rate i s  i ndependent of total o r  accumul at i n g  doses 
wi th  t h i s  effect dependent pr imari l y  on the dose rate or quant ity of pl utoni um in the testi s .  They 
concl uded that pl uton i um does not prov i d e  an unsual  or unexpected genet i c  threat . Th e mutagen i c  

60  effi c i ency rat i os for pl uton i um compared to cont i nuous Co  gamma i r rad i at i on ranges from 1 3  for 
dom i nant l etha l s to about 40 for rec i procal c hromosome transl at i ons i f  the dose- rate from pl utoni um 
i s  expressed as the average to the ent ire  mas s of the gonad . Because of uneven d i stri but ion  i n  the 

testi s ,  the  actual RBE for the effect i veness of the a l pha  part i c l es woul d be even l ower .  

*Reference numbers have been changed to conform wi th numberi ng i n  th i s  doc ument . 
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4-73B 238 Ba rn hart and Cox meas ured the RB E of Pu  al pha part i c l es  i n  v i tro us i ng one l ocus of a 
-7 Ch i nese hamster cel l l i ne CHO. Li near sl opes for dose versus mutat i ons gave sl ope s of 4. 79+0 . 50x1 0 

-7 for al pha pa rt i c l es  and 1 . 3q:0 . 23x1 0 for x- rays i n  the i n i t i al port i ons of both c urves .  These val ues 
were based upon v i ab l e  cel l s  rana i n i ng  at the e nd  of the expe r iment so that an  RBE b ased u po n  total 
i n it i al cel l s  coul d be l o� r  th an  the i nd i c ated 3 . 7 .  

Brandon4-73C has  been ex am i n i n g  the b l ood of both ura n i um m i ners and pl uto n i um workers for 
c hromosomal ab errat i ons . Hi s i n i t i al data have shown apparent changes i n  both g rou ps , b ut the 
s i g n i fi canc e of th i s change in terms of heal th are unknown . It i s  al so noted that the pl uto n i um 
workers rec e i ved unknown qua nt i t i es of neutron rad i at i o n  that coul d have affected the resul t s .  

Es t im ate s o f  effects  i n  bone have been d er i ved from stud i e s  o f  humans Wh o  had s i g n i fi c ant burdens 
of 2 26Ra and 224Ra ( rad i o act i ve  mate r i al s that d epo s i t  in the bone as  d oes  pl uto n i um )  and compara-

4-74 t i v e  st ud i e s  wi th  a n imal s ,  us i ng both rad i um and pl uto ni um ,  at h i g h  l ev el s of ex po sure.  Th e 
c urrent maximum perm i s s i b l e  body b urden for occupat i o nal ex po s ure to pl uton i um of 0 . 04 \lC i  wa s d er i v ed 
i n  the l ate 1 940s by c ompar i son  of the effects of pl uto n i um wi th those of rad i um  i n  rodent s .  The 
rad i um val ue used for th i s  purpose of 0 . 1 i s  that quant ity f i x ed i n  the body that had prod uc ed bone 
c anc er i n  human s .  La ter ex periments wi th beag l es  at  the Un i v ers i ty of  Ut ah  hav e e s se nt i al l y  c onfi rmed 
th i s c oncl u s i o n  for pl uto n i um ,  a l though there are some que st i ons ranai n i ng on the exact beha v i o r  of 
l 0 h b l 0 d 4-75 l 0 0 p uto n i um 1 n  t e one over  a ong per 1 o  • These ex periments  a so i nd i c ated that , 1 n  add i t 1 on  

to the bone canc ers prod uc ed wi th body b urdens �l l ab ove the max imum perm i ss i b l e  body b urden , an  
occ as i o nal l i ver c ancer is  al so  prod uc ed .  There is  s pecul at i o n  that the se l i ver  c anc ers may b ec ome 
of g reater importance at l ower expos ur e  l ev el s and l onger l i fet imes , s uc h  a s  those of the human.  The 
i rrad i at i o n  of l ung ti ss ue by i n so l ub l e  mater i al s  depos it i ng i n  the l ung  and ranai n i ng there for l ong 
per i ods  of t ime i s  under study wi th d og s  at Battel l e  North�st . In the i n i t i al g rou p ,  the  quant it i e s  
of pl uto n i um i nhal ed were s o  g reat that the maj or i ty of d og s  d i ed o f  rel at i vel y ac ute c hanges  l ead i ng 

to f i b ros i s and pul monary i ns uffi c i ency . However ,  those d og s  that surv i v ed thi s per i od d i d  s how a very 
h i g h i n c i d ence of l ung canc er. Add i t i o nal  dogs at l o� r  expo s ure l ev el s are now be i n g  observed .  The 
c urrent stat us of the i n hal at i on st ud i e s  us i n g  beag l e  d og s  i s  g i ven i n  the annual report of the Pac i fi c  

4-75A 239  0 North�st Laboratory .  For  beag l es exposed to P u  ox 1 de  about 90 months pr ior  to report i n g , 
no deaths from l ung tumors have been noted wi th l ung burdens l es s  than 5 . 3  nCi / g ,  some 300 t imes 
g reater than the occupat i onal l im i t  for rad i at i on workers .  For ex pos ures  to  238P u  ox i d e  and t imes  
of ab out 6 0  months , d eaths d ue to l ung  tumors have not occurred at l ung  burdens l es s  than about 
53 nCi / g  or 3 000 t imes the occupa t i o nal l im i t .  These st ud i es a re cont i n ui ng . Ot her ex per iments 
vli th  rel at i v el y h i gh d oses  by various  i nvest i g ators wi th m i c e ,  r ab b i t s , a nd rats hav e i n d i c ated that 
l ung cancer c an be prod uc ed  by i nhal ati o n  of l evel s of pl uto n i um h i g h  compared to those in e stab l i s hed 
l 0 0 4-76 1 m 1 ts . Current l im i t s on  pl uto n i um ex pos ure  in the l ung  are based u po n  cal c ul ated rad i at i o n  
do se s  l im i ted by t he  observed effects  from external rad i at i o n .  
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Est imates of the max imum ri sk for product i on of cancer and  genet i c  effects by  rad i at i o n  have  been 
deri ved by several g roups . 4-7 7 • 4-7 8  These have been a ppl i ed to pl uton i um and compared to the r i sks 
deri ved from an imal experiments i n  several env i ronmental impact statement s .  4-63 • 4-79 

There have been que sti ons rai sed as to the adequacy of the present stand ard s for pl uton i um .  The 
Natural Resources Defense Coun c i l  has pet i t i oned the government for a red uct i on i n  l evel s permitted 
based u po n  a hot part i c l e hypothe si s . 4-80 Th i s  hypothe s i s has been rev i ewed by a number of i nd i v i dua l s 

. . 4-81 t hrough 4-85 . and sc i ent i f i c  org an 1 za t 1 o ns and has been reJ ected by al l .  Gofman has po stul ated 
that c i g a rette smok i ng destroys the c i l i a  i n  the b ronch i  l ead i ng to retent i o n  of pl uton i um parti c l es 

i n  these areas fo r l ong t imes wi th  resul t i ng i nc rease i n  dose and probab i l i ty of  c ancer. 4-86 Th i s  
t heory has  b een reb utted by several i nd i v i dua l s who po i nt out a n umber of untenab l e assumpt i o ns i n  the 
h . 4-87 4-88 l l  l h l l  . l l . . ypothe s 1 s .  ' Marte po stu ates t at very sma pa rt 1 c  es of natura rad i oact 1 v e mater1 al s 
i n  tobacco smoke are res po ns i b l e  for the carci nogen i c i ty of tobacco smoke and , by a nal ogy , c oncl udes 
that pl utoni um part i c l e s  sho u l d do the same thi ng . 4-89 Th i s  theory i s  unsupported by ev i dence and 
i g nores the kn own chem i c al carc i nogens i n  tobacco . Morgan ha s proposed a reduc t i on in the max im um 
permi s s i b l e  body b urden b ased on the mul t i pl i c at i on of four factors . 4-90 However ,  t here i s  no  
ev i dence to show that h i s propo sed factors are i ndependent of each other as woul d be requ i red for 
hi s a ppl i cati on .  The fi rst factor of these i s  b ased on data from beag l e  dogs that show the toxi c i ty 
rat i o  to be 16  rat her than the current val ue of 5 . 4-91 However ,  Morgan does not consi der the 
d i fference caused by the present ICRP  e st imate of 4 5% depo s i t i on i n  the b one4-67 a s  c ompared to 
the 9 0% assumed at the t i me of the ori g i nal standard devel opment . 4-51 Hi s second factor of 2 i s  
b ased on the comparat i v e  s urface-to-vol ume rat i o  i n  the b eag l e  and man. Hi s ass umpt i o n  that the 
man has a smal l er s urface-to- vol ume rat i o  woul d l ead to a h i g her dose and therefore a h i g her r i sk 
of c ancer.  However ,  l ater d ata have shown that th i s d i fference does not ex i st . 4-92 H i s t h i rd 
factor of 1 0  i s  b a sed on a more rap i d  depo s i t i on rate of pl uton i um i n  man than that i n  the dog l ead i ng 
to a hi gher dose to the cri ti c al s urface cel l s  of the bone i n  man . Howeve r ,  t he g reater l i fe s pan  of 
man than the dog wi l l  l ead to dec rea sed i nfl uence of th i s  factor.  Ot hers have cal c ul ated th i s effect 

. 4-93 4-94 us 1 ng on l y  h uman d ata and have concl uded that the present stand ard s  a re reasonab l e .  ' Th e 
fo urth factor of 4 ar i se s  from a compar i son  of earl y effects i n  the l ungs  of  baboons and dog s . 4-95 

The extrapol ati on of the se effect s ,  wh i ch  d i d  not i nv ol ve  cancer , from l ung t i ssue to bone i s  compl etel y 
unfo unded . 

I n  concl u s i o n ,  t he prese nt pl uton i um standards  are wel l supported and the c al cul at i o ns and dose 
r i sk  assessment s presented for pl utoni um i n  the E I S  were b ased u pon methodol ogy and current standards . 
Howeve r ,  i n  keep i ng wi th g ood sc ient i f i c  and p ub l i c  heal t h  pri nc i pl es ,  stud i es of the b ases for the 
standard wi l l  cont i nue at LASL . 

An i nd i v idua l  i sotope of i n terest i s  241Am .  Th i s  i sotope resul ts  from the decay of 241P u , 
wh i c h  i s  a l ow-energy b eta emi tter .  When pl uto n i um i s  chem i c al l y  p ur i fi ed , t he 241Am i s  separated 
and can appear i n  effl uents . In pl utoni um cont a i n i ng s i g n i fi cant quant i t i es of 241P.u , the amount 
of 241Am wi l l  i ncrease ( through rad i oact i v e  decay)  in the m ixture wi th  the pas sage of t ime. Si nce 
241Am i s  an al pha em i tter , t h i s resul ts i n  a net i ncrease i n  the rate of al pha emi s s i o n ,  wi th a 
max imum reached i n  about 7 0  ye ars after separat i on .  The behav i or of 241Am i n  the envi ronment i s  
not wel l kn own , but  the few experiments conducted i nd i cate that i t  may b e  more sol ub l e than pl uto n i um 
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and , t herefore , more ava i l ab l e  to  pl ants and a n i mal s . 4-96 The effect of th i s  materi al i n  animal s 

has not had extens i ve s tudy , but  i t  i s  general ly  a s s umed that the effects are s im i l ar  to those of 
pl uton i um .  Most of the pl uton i um u sed at LASL h as been rel ati vel y l ow i n  241 Pu . 

As wa s noted i n  the i nd i v i dua l  d i sc u s s i ons , a l l of the expe ri ence  wi th  the effects of these 
rad i o i soto pes has occurred at ex perimental l y  adm i ni st ered l evel s ,  a nd res ul t i ng rad i at i on  doses we re 
wel l above even the occ u pa t i onal l ev el s .  To d i sc u s s  the po s s i b l e  effects at l owe r l eve l s ,  i t  i s  
nec es s ary t o  ext rapo l ate the data , o ften by several factors of te n .  Some years ago i t  wa s as s umed , 
for the purpo se of sett i ng standard s  of exposure , t hat  the response , o r  effect on huma ns , fo l l owed a 
l i nea r rel at ionsh i p wi th no thres ho l d .  Th at i s ,  for a g i v en effect , the i nc i d ence of the effect wa s 

propo rt i onal to the dose a nd there wa s an effect , n o  matter how l ow the dos e .  It was al so  a s sumed 
that for a g i v en dos e ,  e ffects  were i ndepe ndent of the dose rate .  It  i s  imposs i b l e t o  ei ther veri fy 
or  d i sc ard t h i s  hypothes i s fo r the l ow l evel s of dose i nvol v ed i n  env i ronmental expo s ures . For  l ow 
LET rad i at i on , there i s  some mount i ng ev id ence of a smal l er effect for some types of cancers when 
the rad i at i on i s  rece i ved at l ow dose rates al though some theories and data s uggest the oppo s i te .  Th e 
so-cal l ed l i near  hypothe si s i s  used as the most pes s i m i s t i c  bas i s  fo r estimati ng effects . I n  pract i c e ,  
the em i s s i ons are control l ed t o  the mi n imum l evel s that c a n  b e  pract ical l y  ac h i eved .  Occupat i ona l  
standard s ,  wh ich  are bel i eved t o  represe nt a mi nimal r i s k  to  the worke r ,  a re bel ow the l evel s at wh ich 
effects have been not ed . The po pul at i on  stand a rds are 1/10t h  to 1 /30t h  of these l ev el s .  For DOE 
operat i ons , t he ex pos ure gu i d el i nes are impl emented i n  terms of Rad i at i o n  Protect i on St andards and 

Concentrat i on Gu i d es wh i c h  set l im i ts fo r the content of rad i oact i v i ty i n  water or  a i r  s uc h  that 
occupa t i onal or cont i nuous  ex posure woul d not res ul t i n  exces s i ve  doses . The Concent rat i on Gu i des 
a re documented i n  ERDA Ma nual Chapter 0 524. Es timat i on of pos s i b l e  effects i n  the popul at i on  wo ul d 
requi re extrapo l at i ons over a ra nge of doses  of a thousand to a m i l l i on t i mes the l eve l s noted i n  
the env i ron s .  Current i nfo rmat i o n  does not j ust i fy such  an extrapo l at i o n ;  but , even i f  done o n  the 
l i nea r no-thresho l d  assumpt i o n ,  i t  i s  c l ear that the r i s k  of add i t i ona l  cancer from t h i s  source i s  
very l ow .  

As wi th rad i oac t i ve mate ri al s ,  ma ny stab l e  el ements are used at LASL .  Fo l l owi ng i s  a br i ef 
d i sc u s s i on of general tox i col og i cal cons i derat i ons fo r those el ements that a re u sed i n  s uc h  qua nt i t i es 
or ways as to permi t l im i ted rel eas e to the env i ronment . I n  al l cases , LASL compl i es wi th OSHA a nd 
EPA s tand ards . 

Acute res p i ratory d i seas e res u l t i ng from ex pos ure to beryl l i um h as been recog n i zed s i nce the 
1 930s . Dermat i t i s  and sk i n ul cers we re al s o  observed in acute beryl l i um po i son i n g .  I n  most cases 
of acute ex pos ure compl ete recovery takes pl ace , wi th rest and removal from expos ure , wi thi n one to 
three weeks . Wi th othe rs ,  t he recovery period is as l ong as fo ur months . W i t h  s ome , t he effect i s  
fatal •4-96A The amount of beryl l i um requ i red t o  prod uce acute po i son i n g  i s  es t imated a t  25  t o  4 5  
m i crog rams pe r  cub i c  meter of  a i r  fo r some per i od o f  t ime . I n  o n e  reported accid ent res ul t i ng i n  
symptoms , t he ex po s ure l asted 2 0  mi nutes at 45 m ic rograms pe r  cub i c  meter.  Th ree types of sk i n  l es i o ns 

that may fo l l ow expos ure to beryl l i um compounds are acute dermat i t i s ,  ul cerat i on ,  a nd g ranul oma s .  Th ei r 
occurrence depe nds  on the nature of sk i n contact .  The chron i c  effects of ex pos ure to beryl l i um h ave  
been descr i bed a s  a vari ab l e  l atent peri od between l ast  ex posure and the onset o f  beryl l i um d i seas e .  
The l atent pe ri ods may b e  a few weeks t o  more than t e n  years . Th ere i s  g reat i nd i v i dua l  vari at i on i n  
huma n react ion  to beryl l i um ex posure.  Ve ry sl i g ht ex po s ures may prod uce the symptoms of the d i sease .  
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In some c ases the b eryl l i um content of the a i r may have been as l ow a s  0 . 1 �g per c ub i c  meter of a i r .  
' 

The New Mex i co 30-day av erag e  atmospheri c concentrat i o n  stand ard as adopted for EPA g u i d ance i s  0 . 01 � g  
. 4-4 3  pe r  c ub 1 c  meter .  

Cadm i um  enters the body mai nl y through i ngest i o n  or i nhal ati o n .  Sk i n  pe netrat i o n  by  so l ub l e  
c adm i um  compounds can  take pl ace ,  b ut th i s expo s ure  i s  neg l i g i b l e .  Da i l y  i ntake by food i n  the US i s  
e st imated at 4 t o  6 0  mi c rog rcrns pe r  d ay ;  fru it  h a s  the 1 owest c admi urn 1 evel • She 1 1  fi sh  and k i d ney and 
l i v er of an imal s have  the h i g he st concentrat i o n .  Ai r concentrati ons range from l ess  than 0 . 001 t o  
0 . 05 �g;m3 • The amount i nhal ed depends on  the v ol ume of ai r ( av erage i s  20 m3 /day) and the amb ient 
conc entrat i on of cadm i um .  The normal ai r concentrat i ons from stud i es cond uc ted i n  Phoen ix , Ar i zona  
and Dal l as ,  Texas  i nd i c ated 0 . 006  �g;m3 a nd 0 . 005 �g; m3 , respec t i v el y . Cadmi um i s  found i n  c i g arettes , 
1 to 2 �g per c i g arette . Te sts i nd i c ate 0 . 1  t o  0 . 2  �g cadm i um  per c ig arette i n  the mai n stream of the 
smoke . Cadm i um  concentr at i o n  i n  water has been reported at 1 � g/ .Q,  (1  p pb or l es s ) . A c adm i um  ox i d e  
d ose that res ul ted i n  two human deaths wa s cal cul ated t o  be  a pprox imatel y 2 , 500 mg;m3-mi nute . Th i s  
represe nts an expo s ur e  to 1 00 mg/ m3 for 2 5  mi n utes or  5 0  mg/m3 for 5 0  mi n utes . As 1 i ttl  e as 14 . 5 mg 
of c adm i um  take n oral l y  by man has c aused nausea and vomi t i ng , b ut as m uc h  as 326 mg wa s not fata l . 
Th i r teen  to 1 5  p pm  of c adm i um i n  pops i c l es has s i c ke ned ch i l dren as has 67 p pm  i n  punch and 5 30  p pm i n  
gel ati n .  Emphysema ha s been found crnong mal e workers  chron i c al l y  expo sed to cadm i um  ox i d e  dust i n  an 
al kal i ne b attery fac tory in Sweden .  Ex po s ur e  concentrat ions ranged from 3 to 1 5  mg/ m3 • In fatal 
c ases  of acute c adm i um  po i so n i ng , patho l og i c al changes hav e been found in the k i d neys . Prol onged 
expo s ur e  to cadm i um  ox i d e  dust has g i ven ri se to renal damag e  in factory worker s ,  wi th prote i n ur i a  as  

the most common c l i n i c al sympto n .  I n  workers s uffe r i ng acute c adm i um po i so n i ng a s  a resul t of  tox i c  
expo s ure  to cadm i um ox i de  fume s ,  m i c roscop i c  c hanges  were ev i d ent i n  the 1 i ver .  I ncreases i n  serum 
gamma g l obul i n  have a l so  been reported i n  several exposed i n d i v i d ua l s .  Anem i a  ha s been observed i n  
c adm i um  workers expo sed to c adm i um  ox i d e  dust o r  fume . Anem i a  h a s  al so  been found i n  experimental 
animal s expo sed to c adm i um .  Sys tematic  adm i n i strat i on  o f  c admi um has c aused acute test i c ul ar necros i s  
i n  a number of an imal s pec i es .  Al though  hi gh concentrat i o ns have been found i n  te st i c u l ar t i s s ue i n  
o cc u pat i o nal l y  expo sed humans ,  the same nec ros i s  has not  been  reported i n  human s .  Cadm i um  has  been 
s hown to cause hyperten s i on  in an imal s ;  however , ev i d ence i s  st i l l l ack i ng for associ at i ng hypertensi on  
wi th c adm i um  expo s ure  in  humans . 

Mercury i s  wi d el y  d i str i buted i n  so i l , d ust , a nd water .  Food conta i ns  trac e  amounts , b etween 
0 . 005 and 0 .  2 5  p pm .  The average " normal " val ue for mercury i n  ur i ne i s  between 0 . 4  mg and 1 0  mg/ l i ter . 
Mercury i s  al so ex creted in sal i v a ,  sweat , a nd m i l k .  Mercury c om po unds are read i l y  absorbed oral l y ,  
b y  i n ha l ati o n ,  o r  by any parenteral route and by m ucous  membranes .  Metal l i c mercury i s  not read i l y  
absorb ed  i n  the g astro i ntest i n al system .  Va pors o f  metal l i c mercury are tox i c .  A s tream of ai r 
pa ss i ng over a 1 0  cm2 s urface becomes 1 5% saturated at room temperature and conta i n s  3 mg of merc ury 
per c ub i c  meter of a i r . Acute expo s ure  to mercury c om po unds at h i g h  l eve l s c auses a vari ety of  
g astro i ntesti n al symptoms and  a d rop i n  ur i ne out put . I n  fatal cases syncope , c onv ul s i ons , or  
unconsc iousness  prec ed e  death . On the b asi s of several i nvest i gat i ons and an adequate safe ty marg i n ,  
t he current i nd us tr i al thres hol d l im i t  v al ue of 0 . 05 mg mercury per cub i c  meter wa s establ i shed . The 
U. S .  Food and Drug Admi n i st rati o n ' s i nter im g ui d el i ne for mercury i n  fi sh  i s  no more than 0 . 5  p pm .  
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Lead dust and the dust and fumes of al l but the most i nsol ub l e  l ead compounds ( s ul fi d es , 
chromates )  are read i l y  absorbed on i nhal at i o n  and , to a l es ser deg ree , i ng est i on .  Lead and i t s  
i norgan i c  compo unds are not ord i nar i l y  absorbed through the sk i n .  The fi rst d etectab l e  c l i n ic al 
symptom of excess i v e  l ead absorpt i o n  i s  an i nc rease i n  the l ead content of the ur i ne ,  fo l l owed 
'Jy an i nc rease of l ead i n  the b l ood .  The earl y symptoms of l ead i ntox i cat i on  are most commonl y 
g astro i ntest i n al d i sorders , const i pa t io n ,  abdom i n al pai n ,  a norex i a ,  and perhaps i nterm i ttent vomi t i ng .  
Central nerv ous system man i fe stat i ons and changes i n  b l ood cel l morpho l ogy may al so occur . Th ree 
h und red m i c rog rams ( 3 00 ]Jg) of el anental 1 ead i s  cons i dered to be  the max im lJll da i l y  perm i s si b l e  i ntake 
from al l so urces for c h i l dren to prevent acct.rnul at i o n .  Lead acc umul ates i n  b one and teeth . 

Fi ne l y  d i v i d ed  ant imony i s  strong ly  i rr i ta t i ng to t i s s ue s  and mucous membranes .  Th e l ethal dose 
i s  b etween 1 00 and 2 00 mg. Ch ron ic  antimony po i son i n g  i s  s i m i l ar to chron i c  arsen i c  po i so n i n g . Ac ute 
ant imony po i so n i n g  from i ngest i on prod uces  g astroi ntest i nal symptoms that may occur co ncurrent wi th or 
b e  fo l l owed by hemorrhag i c  ne phr it i s  and he pat i t i s .  
Ca l cu l ated and Meas ured D oses 

As d i sc ussed el sewhere in  th i s  report ( see Sect i o n  3 . 3 . 3 ) ,  Lo s Al amos Sc i ent i fi c  Laboratory 
o perat i o ns resul t in the r� ease of smal l quant i t i e s  of rad i o act i v e  m ater i al s  to the env i ronment . 
Rad i ol og i c al dose e st imates are prov i d ed  for the s i g n i fi c ant expo s ure pathways among tho se d i ag rammed 
i n  F i g ure  4 . 1 . 3-1 . Do se c al cul at i ons are based on co nservat i ve  model s ( model s that are more l i ke l y  to 
overest i mate than underest imate the act ual dose ) and are i ntended to a ppl y to the av erag e adul t un l es s  
otherwi se stated . Spec i fi c  perso ns wi l l  rece i ve  h i gher o r  l ower doses depend i ng u pon the i r  ag e ,  l i v i ng 
hab it s ,  food preferences , o r  rec reat i o nal act i v i t i es . So urce terms ( amount of mater i al rel eased ) are 
b a sed on actual rel ease meas urements , a nd dose est imate s  are b ased on mon itor i ng data from LASL rad i o
l og i c al surve i l l anc e programs ( see Sect i o n  3 . 3 . 4 )  and theoret i c al cal cul at i o ns .  In th i s  sect i o n ,  
annual  doses t o  i nd i v id ua l s are expressed i n  m i l l  i rem ( mrem) . The mran i s  equal  to 1 /1 000 of a rem 
and is a un i t  that perm i t s  compar i son  of rad i at i o n  doses from di fferent type s of rad i at i o n  ( s uc h a s  
g amma rays , a l pha pa rt ic l es , a nd ne utrons ) that prod uc e d i fferent degrees of  d amage i n  human t i ss ue 
for a g i ven amount of absorbed energy . Fo r X-rays the t i s sue dose i n  rem i s  sl i g htl y smal l er than 
the Ro entgen ( the rad i at i o n  expo s ure  un i t  i n  ai r) . Po pul at i o n  doses are g i v en i n  man- ran , wh i ch i s  
an ex press i o n  for the s ummat i o n  of who l e body d oses to i nd i v i dua l s i n  a grou p ,  e . g . ,  i f  1 , 000 peopl e 
were eac h exposed to 0 . 001 ran or tl'.{) peopl e each rece i ved 0 . 5  rem , the popul at i o n  dose i n  each case 
i s  o ne man- ran .  

The rad i o i soto pes rel eased to the atmos phere from Laboratory operat i ons  hav i ng a potent i al for a 
s i g n i fi c ant rad i ol og i c al im pac t are : ( 1 ) 3H ( a  rad i oact i v e  i sotope of hyd rogen) , ( 2 )  41Ar ( a  nob l e 
gas ) , ( 3 )  1 31 r ,  ( 4 )  238Pu  or 239Pu , a nd ( 5 )  a i r act i vat ion  prod uc ts 1 1c ,  1 3N ,  a nd 1 5o .  

Dose c al cul at i o nal  model s are i nc l uded i n  Append ix  H ( pages H-40 t hrough H-42 a nd H-73 ) .  
Atmospheric  effl ue nt doses v.e re c al cul ated from env i ronmental meas urements except for 4 1Ar , wh i c h  
wa s c al cul ated from theoret i c al d i spers i o n .  Tab l e  4 . 1 . 3-2 g i ve s  m ax im um i nd i v i dua l  and boundary d ose 
c al cul at ions wh i c h  are b ased on 1978 data . As c an b e  seen from the data , the act i v ated a i r  prod uc ts 
11 1 3  1 5  41 . C ,  N ,  and 0 ,  amd Ar , c ontnb ute the bul k of  the rad i at i on expo s ure at the b oundary 
and to the max imum i nd i v i dua l . Tr it i um and 239Pu  c ause i n s i g n i fi c ant expos ure to the publ i c . 
Cal cul at i o ns for other i sotope s  rel eased i n  effl uents resul ted i n  doses <0 . 01% of the RPS and are 
not i nc l uded in i nd i v i d ual and po pu l at i o n  d ose est imate s .  
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TABLE 4 . 1 . 3-2 

CALCULATED BOUNDARY AND MAX I MUM I N D I V I DUAL DOSES 
FRot·1 A I RBORNE RAD I OACT I V ITY  

Maximum t1ax imum 
Boundar,l Dose I n d i v i dual  Dose 

Cri ti ca l  Dose Dose 
O rgan Locat i on {mrem/,z:r ) Locat i on {mrem/,z:r � 

Who l e  Body TA-54 0 . 0 7 1  A i rport 0 . 029 
Who l e  Body Res tau rant 1 4a Restaurant 3 . 8  

N .  o f  TA-53 N .  of TA-53  
Who l e  Body Bounda ry N .  1 . 2 Apts . N .  of  0 . 7  

of TA-2 Stack  TA-2 Stack 
Lung TA-54 0 . 024 Bandel i e r  0 . 0079b 

aEst imated from TLD measurements J une-Dec . 1 9 78 .  

%RPS 
0 . 0058 
0 .  76 

0 . 1 4  

0 . 00053 

bFor a 50 yr.  dose commi tment ,  bone becomes the cri ti cal  o rgan . A maximum i nd i v i dual  wou l d  
rece i ve a 5 0  yr .  dose commi tment to bone of 0 . 53 mrem . 
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Popul at ion  d ose est imate s  from the 1 978 atmosphe r i c  effl ue nts are g i ven  in  Tab l e 4 . 1 . 3-3 where 

they are compared to natural and med i c al sources
·

of rad i at i o n .  
. 1 1  1 3  1 5 

The cal cul ated 8 . 4  man-ren from atmosphe n c  C ,  N ,  and 0 i s  probab l y  h i gh bec ause i t  

i s  s ubj ect t o  many of  t h e  same uncerta i nt i e s  tha t caused boundary d ose cal cul at i o ns to overest imate 

actual  doses from these i so to pe s  by a fac tor of 9 .  Th e whol e-body po pul at i o n  dose to the est imated 

1 05 , 000 i nhab itants  of the 80 km c i rcl e around Lo s Al amos  becaus e of LASL o perat i ons  i s  e st i mated to 

be 1 0. 5 man- ren , wh i c h  i s  the po pul atio n dose to Lo s Al amos Co unty i n hab i tant s .  

Di spers i o n ,  d i l ut i o n ,  a nd decay i n  trans i t  reduc e  i sotope concentra t i o n  t o  very smal l fr ac t i o ns 

of the co ncentra t i ons  i n  Lo s Al amos so as to make expo s ur e  und etec tab l e and theoret ical l y  a very smal l 

fr ac t i o n  of the est i mated 1 0. 5  man- ren . For ex ampl e ,  1 1c ,  1 3N ,  and 1 5o hav e conc entrat i o n s  more 

than 1 00 , 000 and 2 , 000 , 000 t imes l owe r in Es pano l a and Santa Fe than i n  Lo s Al amos , respec t i v e l y .  

Sim i l arl y ,  41Ar co ncentrat i o ns a re 600  and 2300 t imes l owe r i n  Es panol a and Santa F e  than i n  

Los Al amos , res pec t i vel y .  Th us , the total est imated po pul at i o n  dose attr i b utab l e  to Laboratory 

e ffl uents s ums to 1 0 . 5  man- ren or 0 . 088% of the b ackground dose ( 1 1 , 900 man- ren ) to the po pul a t i o n  

wi th i n an 80 km rad i us ,  o r  0 . 44% o f  the po pul at i o n  dose t o  Lo s Al amos Co unty res i d ents from natural 

rad i at i o n  or  0 . 52% of the dose of  county res id ents from med i c al rad i at i o n .  In  fact , county res i d ents 

wo ul d rec e i v e  more dose fr an a i rl i ne travel than from Lab oratory o pe rat i o n s .  Note that the po rt i o n  

of  the po pu l at i o n  dose due to 4 1Ar and 1 1c ,  1 3N ,  a nd 1 50 waul d b e  i nc l uded i n  the ov eral l 

extern al penetrati ng rad i at i o n  dose  measured by the thermol um i nesc ent dos i meters . 

Al 1 Laboratory 1 i qu i d  effl ue nts are rel eased to the env i ronment o n  Laboratory prope rty . 

The onl y pathway fo r ex po sur e  to the pub l i c  from these rad i oac t i v e  l i qu i d  effl uents i s  by wa ter 

runoff tran s po rt i n g  them i n  wa ter and sed iment b eyo nd Lab oratory b oundar ies and ev entua l l y  to the 

R i o  Grand e .  Th i s  can occur by surface runoff , c aused by heavy th understorms  or s pr i ng s now mel t 
. . 238 239 1 37 ( see Sect 1 0 n  4 . 1 . 1 ) . It 1 s  kn own tha t smal l amoun ts of ' Pu and C s  hav e b een tran s ported 

ff . t . d .  t 4-2 4, 4-98 
Al h l . h h l d 2 38 239 o - s 1  e 1n se 1men s .  so , t ere are ocat 1 o ns  t at av e ac cumu  ate ' Pu and 

1 37cs i n  sed iments i n  s i g n i f i c ant conc entrat i o ns abov e b ackground . Th ese l ocat i o ns are stream 

channel s that  formerl y rec ei v ed l i qui d wa ste effl ue nt from Lab oratory o perat i o ns . Some of t h i s l and 

i n  Pueb l o  Canyo n wa s rel ea sed by the AEC and i s  now access i b l e  to the publ i c . Bec ause of the natural 

charac te r i st i cs of  these l ocati ons  ( i so l ated and rugged ) any pe rson exposed to th ese co ntam i n ants wo ul d 

l i kel y b e  ex posed fo r onl y short pe r iods  and thus woul d rec e i ve <1 mren from s uc h  an ex po s ur e .  Al so , 

b ec ause of l ocati o n ,  i t  i s  un l i ke l y  that someo ne wo ul d gathe r sand from these stream beds to use i n  

gardens , s a nd boxes , conc rete , e tc .  Th ese canyo ns o f  i nterest hav e b een the subj ect o f  ec ol og i c al 

stud i e s  s i nc e  1 972 and  th us are b e i n g  cl ose ly  mon i tored ( see Sec t i o n  4 .  1 . 1 ) .  

In  l owe r Lo s Al amos  Coun ty , wh i c h  c ros ses the Sa n I l defo nso Pueb l o Re serv a t i o n ,  some rad i o

act i v i ty has  acc umul ated i n  the stream channel sed iments and bank s o i l s from transpo rt out of 

Ac i d-Pueb l o  and uppe r  Lo s Al amos Ca nyo n ( see Sect i o n  4 . 1 . 1  and Ap pe nd i x  H ,  pages H-2 0 -H -2 5 and 

H- 1 00 -H - 1 0 1 ) .  Bec ause c attl e are at t i mes  grazed in th i s  part of  Lo s Al amos  Canyo n ,  a food cha i n  

an al ys i s  wa s made to est imate po tent i al expo s ur es .  The l argest po tent i a l  upt a ke wo ul d occur 

d ur i ng the years 1..il en  s pr i ng sno�el t resul t s  i n  cont i nuo us fl ow i n  the stream channel  for an 

extend ed per iod . Som e of  the data ut i l i zed in the anal ys i s were col l ected for the rad i ol og i c al 
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TABLE 4. l .  3-3 
1 978 \o/HOLE BODY POPULAT I ON DOSES 
TO LOS ALAMOS COUNTY RES I DENTS 

Exposure Mec han i sm 
Atmospher ic  Tri t i um ( as HTO ) 
Atmospher i c l l c , l 3rl , l 5o 
Atmospheri c 41 Ar 
Total  Due to LASL Atmospher ic  Re l eases 
Cosm i c  and Terrestri a l  Gamma Rad i ati ona 

Cosmi c  Neutron Radi ati on 
('c, 1 7  mrem/yr/person ) 

Sel f I rradi a t i on from Natural I s otopes i n  the Body 
(�24 mrem/yr/person ) 

Average Due to Ai rl i n e  Trave l 
( 0 . 22 mrem/ hr  at 9 km ) 

Tota l Due to Natura l  Sources of Radi a t i on 

Medi cal  Expos ure 
(�1 03 mrem/yr/person ) 

Who l e-Body Pop u l ati on Dose 
(man-rem) 

0 . 23 
8 . 4  
1 . 9 

1 0 . 5  
1 570 

330 

4 70 

l 3  
2383 

2020 

aca l cu l at i ons are based on measured (TLD) data . They i n c l ude a 1 0% reduct i on i n  
cosmi c rad i a t i on due t o  s h i e l d i n g  by structures and a 40% reduction i n  terrestr i a l  
rad i a t i on d u e  t o  s h i e l d i ng by s tructures a n d  sel f-sh i e l d i ng  by  t he  body . 
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s urvey conducted under the FUSRAP prog ram ( see Sec .  4 . 1 . 1 )  and wi l l  be  pub l i shed in  a deta i l ed repo rt 
of that wo rk . The b a s i c  assumpt i ons i n  the anal ysi s i nc l ude a b eef steer obt a i n i ng al l i ngested water 
and vegetat i on fo r 3 months dur i ng each of two years from the l ower Los Al amos Canyon .  The water i s  
cons i dered to have 5 pCi / l  of 239Pu  i nc l ud i ng that o n  s u spend ed sed iments ( based on mea surements from 

the 1975  s pr i ng snowmel t ) , a nd the b ank so i l s 2 pCi / g  of 239Pu  ( based on measurements fo r the FUSRAP 
study ) . Uptake model i ng parameters were b ased on experimental stud i es . 4-98A Fi fty year dose commi tt
ments to a human adu l t eati ng the ent i r e  l i ver of the 2-year-o l d steer were cal cul ated to be  3 x 1 0-5 

-3 mrem who l e  body d ose  and 1 . 3  x 10 mrem bo ne dose . These doses are l arger than wo ul d be cal cul ated 
fo r cons umpti on of al l other meat from the steer. 

Tran sport of rad i oact i v i ty o n  sed iments from Los Al amos Canyon i nto the R i o  Grande i s  not resul t i ng 
i n  any d oses stat i st i c al l y  h i gher than tho se due to worl dwi d e  fa l l out . Th i s  i s  confi rmed by the 
measurements of water , sedimen t ,  a nd fi sh from the R i o  Gr ande down stream from the confl uence wi th Lo s 

Al amos Canyon i nd i cati ng no act i v i ty at l evel s stat i st i c al l y  h i gher than present from worl dwi d e  
fa l l out . 4-2 3 • 4-34 • 4-3 5 • 4-3 6 • 4-99 Thus food crop i r ri gat i on , dr i nk i ng water , f i sh consumpt i o n ,  

etc . ,  a re not cons i dered to be  s i g n i fi c ant expo s ure pathways t o  the publ i c .  Ap pend i x  H ( pages H-2 5  
through 28 )  prov i d es the most recent data o n  mon i tori ng resul ts  i n  these pathways . 

The two mai n sources of pub l i c  expo s ure to d i rect rad i ati o n  are the Cri t i c al As sembl i e s  Test S i te 
and LAMPF . Cr i t i cal as sembl y te sti ng occurs  on a reg ul ar ,  but  i nterm i ttent bas i s .  Short expo s ures 
a re made wi th a Cockroft-Wa l ton  accel erator and vari ous  c r i t i c al assembl i e s .  Other assembl i es ,  s uch  a s  
God i v a ,  a re operated i n  short bursts  ( l asti ng fract i ons o f  a second ) . Di rect rad i at i o n  measurenents 
by thermol um i nesc ent dos imeters ( see Sect i o n  3 . 3 . 4 )  have i n d i cated the h i g hest i nteg rated expo sures 
occur near the Cri t i cal  Experiment F ac i l i ty at Paj ari to S i te . 4-2 3 • 4--3 5 Extens i v e neutron and 
gamma measurements dur i ng numerous  tests l ed to the estimate of 1 1 2 0  mrem/year at the most expo sed 
l ocat i o n  on Paj a r i to Road , a ma i n  thoroug hfare b etween Lo s Al amos and Wh i te Rock . 4- 1 00 As s um i ng a 
pe rson made 1 5  round tri ps per week d u r i ng the t imes tests were bei ng conducted at Paj ari to S i te ,  at  
an  average speed of  40  mph past the s i te ,  the cal cul ated dose  i s  about l mren/year . The  test  schedu l e 
fo r cr i t i c al assembl i es i s  arranged to av o id bursts d ur i ng the t ime school buses  pass the s i te .  

D i rect  rad i ati on  from LAMPF to the popul ace i s  very smal l a s  measured a t  the c l osest s i te 

boundary .  Gamma rad i at i o n  measurements wh i l e LAMPF i s  operat i ng are i nd i st i ngu i shab l e from back
groun d .  Neutron measurements i nd i c ate the s i te boundary d ose  from LAMPF wi l l  b e  o n  the order of 
0 . 2  mrem/yr ��hen LAMPF reaches ful l powe r .  

TLD measurements i nd i cate the Cr i t i c al As sembl i es Te st S i te ( TA-18 )  prov i d es t he l argest dose  at 
a l ocati on poten t i al l y  occu p i ed by a member of the pub l i c .  Th us , i t  i s  expected that doses  to menbers 
of the pub l i c  from the Van de Graaff and Omega Reactor wi l l  be l e s s  than that from TA-18 .  

Anothe r potenti al pathway of  ex po sure to man  i s  through i nge st i o n  of foods contami nated by 
Laboratory effl uents or operat i o ns . Vegetati o n sampl i ng i n  offsi te areas i nd i cates on ly  b ackground 

l evel s of pl utoni um , t r i t i um ,  uran i um ,  a nd cesi um . Th u s ,  c onsumpt i o n  of s uc h  vegetat i o n or an imal s 
feed i ng on s uc h  vegetat i o n  does not c ause a s i g n i fi c ant impact on human s .  There are areas ons i te 
that are not ava i l ab l e to the pub l i c  fo r use but are u sed by an imal s fo r fo rage ;  e . g . ,  honeybees 

4-99 4-101 have been kn own to fo rage at ol d wa ste d i s po sal areas and depo s i t  tri ti um in the i r  honey .  ' 

I f  one were to consume 2 . 25 k g  ( 5  l b ) of honey per ye ar ,  the dose from the tri ti um i n  honey from a 
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h i v e  on Laboratory prope rty at  the max imum conc E!ntrat i o n  of 3 , 000 pC i / m  of water i s  0 . 12 mrsn/year . 

An imal s known to freq ue nt s uc h  ons i t e  areas , s uc h  as d eer , have  been sampl ed . The onl y r ad i o ac t i v i ty 

observ ed i n  Lo s Al amos deer has b een 1 3 7cs i n  musc l e .  I f  o ne were t o  co nsume deer meat onl y 
( 1 10 kg/year  or 2 4 3  l b/ year )  contam i n ated to the max im um concentrat i o ns mea s ured ( 1 . 8  p C i / g ) fran 

deer g razi ng i n  these Laboratory areas , the  i nd i v i d ua l  whol e body d ose wo ul d be 3. 9 mrem/year .  A 

t heoret ic al cal cul at ion  i nd ic ates the max imum dose fr an 1 31 I effl ue nts wo ul d be 0 . 02 mrsn to the 

thyro id  of an i nfant vklo d ran k g oats m i l k  fran a goat past ured in Paj a r i to Ac res . 

The v i ewpo i nt on  est imated he al th effects  as expressed by the Na t i o nal  Coun c i l  on Rad i at i o n  

Protect i o n  and Measurements i s ,  " The  NC RP conti n ue s  t o  hol d the v i ew that  r i s k  est i mate s  for 

r ad i ogen i c  c anc ers at l ow d oses and l ow d ose rates d er i ved on the bas i s of l i near ( propo rt i o nal ) 

extrapo l ati on  fr an the r i si ng po rt i o ns of the dose i nc id enc e c urve at h i g h  doses and hi gh  d ose 

rates , a s  d esc r i bed and d i sc us sed in s ub seque nt sect i o ns of th i s  repo rt ,  c annot be expected to 

prov i d e  real i st i c  est i mates  of the actual r i sks fran l ow 1 ev el , 1 ow-LET ( 1  i near energy t r an sfer) 

rad i at i o ns , and  have suc h a high prob ab i l i ty of ov erest imat i ng the actual r i s k  a s  to be of on ly  

marg i nal val ue ,  i f  any , for  pur po ses  of  real i st i c  r i sk-benefi t eval ua t i o n . "4 -1 01 

De s pi te th i s  warn i ng ,  the  fo l l owi ng est imates  of r i sks  are mad e based on the r i s k  

factors prov i d ed  by the I n te rnati onal Comm i s s i o n  o n  Rad i o  1 og i c al Protec t i o n  ( I C RP ) i n  I C  RP 

Pub l i cati on 2 6 . 4-1 01A 
The av erage total dose fran natural rad i at i o n  sources i n  Lo s Al amos 

County i s  about 1 20 mrem/yr . Th e total stochast i c  ri s k  of  canc er fran un i form whol e body 

i rrad i at i o n  fo r i nd i v i d ua l s i s  1 x 1 0-4 per rem . The canc er r i sk due to natural b ac k g round 

i n  Lo s Al amos for an i nd i v i d ual i s  0 . 1 2  x 1 0-4 per ye ar , or the prob ab i l i ty of i nj ury by 

canc er i s  between  zero and 1 i n  8 3 , 000 per year .  The averag e  who l e  body d ose  attr ibutab l e  to 

LASL o perat i o ns fo r an i nd i v i d ual 1 i v i ng i n  th e Lo s Al amos to1m s i te is ab out 0 . 8  mrem/yr , and 

i n  Wh i t e  Rock ab out 0 . 1 mrem/yr . Th e added r i s k  of i nj ury by c ancer i s  est imated as between 

zero and 1 i n  1 2 , 000 , 000 per ye ar  fo r the town s i te and between  zero and 1 i n  1 00 , 000, 000 per 

year  fo r Wh i t e  Rock d ue to LASL act i v i t i es .  Th e normal i nc i d enc e of canc er occurr i ng i n  an 

i nd i v i d ua l  is 1 i n  405 per ye ar  fo r the New Mex i c o  po pul at i o n . 4-1 01B Ot her est imates of r i s k  

coul d be mad e fo r othe r types of  i nj ury , b ut the r i sks  are ev en smal l er .  

I n  summary , t h e  1 arg est dose that coul d hav e been rec e i ved by an i nd i v i d ua l  beyo nd the LA SL 

bound ary as  a resul t of LA SL ope rat i o ns i n  1978 wa s l es s  than 0 . 8% of the  annual  dose 1 im i t ;  t h i s 
1 1  1 3  1 5  due to C ,  N ,  a nd 0 .  The average whol e body d ose to Lo s Al amos re s i d ents res ul t i ng 

fran LA SL ope rat i ons  wa s l es s  than 0 . 1 6% of the i n d i v i dual  dose l im i t ,  o r  0 . 45% of the po pul at i o n  

dose l im i t .  Th us , ne ither  the d i rec t  atmosphe r i c  rel eas es nor any poss i b l e pathways resul t i ng 

fran rel ease of 1 i qu id  effl ue nts have 'any s i  g nf i c an t  impact .  

Some wo rkers at LASL d o  rece i v e  rad i at i o n  doses  at l evel s hi g he r  than the general publ i c .  

Th i s  i s  to b e  ex pected fr an the nature o f  some of the work i nv ol v i ng rad i o act i ve mater i al s  and 

rad i at i o n  pr od uc ing  equi pment.  Al l LASL prog rams are conduc ted wi th the safety and heal th of the 

workers be i ng  of paramoun t importance reg ard l ess  of whether the po tent i al ha za rds i n v ol ve  rad i at i o n ,  

tox ic  chem i c al s ,  o r  phys i c al hazard s .  In  part i c ul ar , a l l ope rat i ons  are cond uc ted wi th the i ntent 

of m i n im i zi ng ex po s ures  to rad i at i o n  and keepi ng  al l ex po s ures a s  l ow as pr ac t i c ab l e  a s  requi red 

by DOt po l i cy .  Ac tual ex pos ur es are  measured by b ad ge or other dos i meters for al l workers i n  

1 oc at i o ns vkl ere the re are poten t i al s for above bac k g round ex po sure .  The dos imetry meets al l 

requi rements of DOE regul at i ons vkl i c h  were estab l i s hed to meet the Fed eral rad i at i o n  pr otec t i o n  
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st andard s  i mpo sed on al l Federal agencies . Further chec ks  for po s s i b l e  i n hal ati o n  o r  i ngest i o n  of 
rad i oact i ve materi al s are carri ed out on  empl oyees worki ng in c i rc umstances where s uc h  expo s ure m i g ht 
occur . These checks i nc l ude b i oassays by means of uri ne sampl i ng and i n- v i v o  whol e body c ount i ng .  
The b i oassay program exceeds the requi rements of a forthc om i ng Heal th  Phys i c s  Soc i ety - ANS I standard 
enti tl ed , " I nternal Do s imetry St andard s  for Pl uto n i um . "  

I n  1978 , worker  exposures were typi ca l  of the two prev i ou s  years though sl i g htl y l ower as  
i nd i cated in  Tabl e 4 . 1 . 3-4 . Al l l ab oratory s i tes m a i ntai ned expo s ures wi thi n the whol e body 
l im i t s  of 5000 mrem/yr and 3 000 mrem/quarter. 

An acc i d ental expo s ure occurred on May 4,  197 9 ,  when tr it i um wa s rel eased dur i ng an exper iment 
in the Cryogen i c s  Fac i l i ty .  The rel ease ca used a LASL empl oyee to rece i ve a rad i at i o n  expo sure of 
ab out 13 rems  wh i ch exceed s  the De partment of En ergy an nual expo s ure st andard of 5 rem s .  Te n other 
Laboratory empl oyees  at the fac i l i ty recei ved measurab l e exposures that were l es s  t han 0 . 6  rem . 
4 . 1 . 4 .  Land Use 

The env i ronmental impact of l a nd use  at Lo s Al amos m ust be ev al uated in terms of prev i ou s ,  as 
wel l a s  pre se nt and future l and u se .  Farmi ng by prehi storic I nd i ans and by Span i sh and Ang l o settl ers 
before the Laborato ry ' s e stab l i shment i n  1 943 created open g rassy areas on the mesa s ,  wh i c h  have 
not compl ete l y  returned to natural vegetati on pa tterns .  F i g ure 4 . 1 . 4-1 s hows the c l ear ev i d ence 

of prev i ou s  ag r i c ul t ur al act i v i t i es even after 30 years of d i fferent use . Approx imatel y 15 km2 

( 3 , 600  acres) of present Laboratory l a nd s were used for ag r i c ul ture ,  wh i l e  most of the rem a i n i n g  areas 

were heav i l y  used for g razi ng and l og g i ng . Th i s  prev i ou s  g razi ng al so affected the natural veg etati o n  
a s soc i at i ons , b u t  t he proh i b i t i on of g razi ng s i nce the earl y 1 940 ' s  ha s al l owed many of t he se areas 
to  reg a i n  the i r c arryi ng  capac i ty for wi l d l i fe .  Hun t i n g  and trappi ng were al so done o n  the Paj ari to 
P l ateau d ur i ng the earl y 1900 ' s .  There wa s a l so a conva l esc ent cam p ,  wh ich  wa s l ater purchased by 
As hl ey Pond . Th i s  became the Lo s Al amos Boys Ranc h ,  and a few ranch b u i l d i ng s  are sti l l  stand i ng .  

Si nce the Laboratory ' s d eve l opment , somewhat more l and i s  now used and the character of present 
2 use i s  now urban rather than ag ric u l t ur al . Present l y  some 6 km ( 1 , 600  acres) have been devel oped 

wi th  b u i l d i ng s ,  parki ng l ots , a nd roadways i n  the techn i ca l  areas .  As c an be  seen i n  F i gure  4 . 1 . 4-1 , 
much  of th i s devel opment has occurred i n  o l d farm i ng fi el d s .  The Laboratory has  m i n im i zed vegetati on 
c l ear i ng ,  a nd areas around bu i l di ng s  have been l eft to natural vegetati o n  wherever po ss i b l e .  Vegetat ion  

c l eari ng , neces sa ry to sati sfy fi re and secur i ty protect i o n  regu l ati ons , d oes i ncrease eros i on  i n  some 
area s .  Some c l eared areas exi st fo r parki ng and storage or are the resul t o f  construct i on  requ i rements .  

I n  some o f  t he dynam i c  testi ng area s ,  zo nes have been c l eared near expl os i ve  detonat i on po i nt s  to 
red uc e  fi re hazard s .  Omega West and W-S i te in Lo s Al amos Canyon have experi enced some i so l ated rock 
fal l s  i n  the pa st wi th  no  d amage .  However ,  t he po ss i b i l i ty of rock fa l l s  near the f ir ing  po i nt may 
necess i tate i t s  rel oc at ion .  Some sol i d  rad i o act i ve waste d i sposal areas have been , or wi l l  b e ,  a l l owed 
to return to natural vegetati ve cover .  However , a s  a res u l t of  both  pre-Laboratory and current uses  
of the l and ,  l es s  than 20% i s  no  l anger i n  a natural state .. Tab l e 4 . 1 . 4-1  s ummari ze s  t he present 

l eve l  of devel opment of the La boratory ' s techn i cal areas , total i ng 1 6  km2 (4 , 000 acres ) . 



Ca l endar 
Year 

1 9 76 

1 9 7 7  

1 9 78 
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TABLE 4 . 1 .  3-4  

RAD IAT ION  EXPOSURES FOR  LOS ALAMOS WORKERSa 

N o .  of persons 
us i ng 

Dos i meters 

5 386 

562 1  

7402 

Si te-\�i de Annual  Exposures 
Tota l Average 
Dose Dose 

(Man - Rem) ( mrem/pe rson ) 

400 

445 

372 

74 

79 

50 

19 78 Dose D i str i but ion 

Proport i on of  
Workers u s i ng 
Dos i meters ( % )  

74 . 9  

1 5 . 7  

6 . 7  

2 . 7  

0 

Who l e  Body 
Dose ( mrem) 

none detecta b l e  
above b ackground 

< 100 

100 - 499 

500 - 3999 

>4000 

Max i mum 
I ndi v i dual  
Dose ( mrem) 

<4000 

<5000 

<4000 

aDos es above background to a l l  personnel  ut i l i z i ng dos i meters duri ng 
year i nc l u d i n g  LASL , Z IA , DOE emp l oyees , and  v i s i tors . 



These two aer i a l  photos of the Los 
Los Al amos a rea were ta ken a bout 
40 years  apart . They cover a l most  
i dent i ca l  a reas and show the  tra n 
s i t i ons  i n  l a nd use . ( Or i en ta t i on 
i s  wi th north a t  the top . ) The 
darker hor i zonta l l i ne runn i ng  acros s 
the m i dd l e  of each i s  Los A l amo s 
Canyon . Near the r ight  edge , north 
of the canyon , As h l ey Pond s h ows a s  
a dark  ova l  s hape . I n  t he  upper 
m i dd l e  i s  an a rea now form i n g  a 
res i den t i a l  area that used to be 
c l ea red fo r fa rm i n g .  I n  the m i ddl e ,  
j u st  south of the canyon , i s  the 
South Mesa techn i ca l  a rea . At the 
l owe r l eft i s  an i rregu l a r area that 
was  c l ea red fo r farm i n g  and i s  now 
partly occup i ed as a tech n i c a l  s i te .  
Somewhat more l and i s  now used fo r 
l aboratory acti v i t ies  than p rev i ous l y  
used fo r fa rm i ng and  the cha racter of  
p resent  use i s  urban rather than 
ag r i c u l tura l . It  is  i n te res t i n g  to 
note the c l ea r  e v i dence of  ag r i 
cu l ture use even after 3 0  yea rs o f  
d i fferent  use . 
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F i gure 4 . 1 . 4- l  

Compara t i ve aer i a l  photographs o f  the 
Los Al amos are a .  
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TABLE 4. 1 .  4 - 1  

LASL TECHN I CAL AREAS 

Land Aret�. (km2l Employee Number of 

Site Desl&nation Developed Buildt�.ble Total Area Population Buildinge Princ12al Facilit;i or Use 

Omega Site 0 . 02 0. 04 0 . 09 26 1 Omega West Reactor 

&in Tectu1lcal Area 0. 56 0. 33 1 . 08 2634 36 Administration Bldg. , Van de Graff, 

(South Mesa) ahop a ,  warehoue aa , CTR hcilitie1 

Two-HUe Mesa 0. 02 o. 09 0 . 11 

Ancho West 0 . 09 0 . 16 0. 37 26 Non-destructible teatina 

Ancho East 0 . 16 0 . 14 o. 30 24 E:zploaivea development 

K-S ite 0 . 04 0 . 1 2  0 . 17 Explosives testing 

Q-Site 0 . 10 0 . 12 0. 24 Firing site 

R-S ite 0 . 81+ 1 . 46 2 .  9 1  8 5  PHERIIEX 

s-st ce l. 21+ 1 . 4 3  2 .  8 5  2 6 3  1 2  High explosives 

Paj11rito Site o .  04 0 . 0 4  0 . 1 6  3 6  Pajarito Laboratory 

DP-S i t e ,  E�Uit & Welilt 0 . 19 0 . 0 9  0 .  3 8  2 1 0  12 Old Plutonium Proceallini Facility 

TI>-Site 0 . 08 0. 06 0 . 1 9  6 3  Shops 

Magazine Area A O . O B  o .  0 6  0 . 18 Firing Site 

RP-Site o. 09 o. 65 0. 92 16 Energy s tudies 

Ten-Site L.ti.boratory 0 . 0 5  o. 04 0 . 11 153 Laaer and nuclear safeguards 

Kappa �j l c 0. 61 1 . 11 2 . 23 25 High explosive 

Magazine Area C 0. 22 0 . 2 2  Explosives atoraa;e 

Ancho C11.11yon 0 . 40 o. 2 0  1 . 2 1  3 6  

OF-Site 0 . 05 0 . 1 1  0 . 18 30 

W-Site 0 . 03 0 . 03 O . OB 101 

Re�:�lth llasearch Labon.tory 0 . 02 0 . 01 113 

WA-Site 0 . 11 o. 08 o. 23 134 UI!TREX 

Radiochemistry 0 . 02 0 . 03 0 . 07 70 

Liquid WKate Disposal 0 . 01 0 . 0 3  0.  04 49 

Radiation Exposure Facility 0 . 02 0 . 0 2  0 . 06 Animal holding facility 

Reac tor Development Site 0 . 0 2  0 .  04 o. 09 8 

Meson Physics Facili')' o. 26 0 . 45 0 . 9 3  339 Clinton P. Anderson Meson Physics Facility (LAMPP). Materials diapoaal araaa. 

Ketlita del 1\uey Area 0 . 18 o. 38 0.  77 

New Plutonium Procesaina; o. 05 0 . 05 Under construc t ion 
l�:�cilit.I 

Subterr�nlil 1\,.aalt 0 . 0 2  0 . 07 Abandoned 

35 To�a1 
Ho c .  d ry  rock a;eothenul reaearch 

5. 54 7 . 33 16 . 3 2  4456 1 2 2  
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As d i scu s sed earl i er in  Sect i o n  3 . 2 . 1 ,  the  natural  topography has  affected devel opment patterns 
( see F i g ure 4 . 1 . 4-2 ) .  General l y ,  devel opment ha s taken pl ace on  the mesa top s ,  res u l t i ng in the 
maj or i ty of the fac i l i t i e s  bei ng centra l i zed i n  a few maj or  tech n i c al area s .  Al though tech n i c al areas 
are scattered about the LASL reservat i o n ,  l ocat i on i s  general l y  i n  res ponse to  spec i fi c  s i t i ng needs 
such  as secur i ty ,  s afety , or topographi c requ i rement s .  

Pre sent DOE l and hol d i ngs  co nst i t ut i ng the LASL reservati on  are 9 5  km2 ( 2 3 , 500 acres ) i n  

L o s  Al amos  County a n d  1 6  km2 (4 , 000 acre s )  i n  Santa F e  County ( t he Otowi Sect i o n ) . Al l the present 
LASL operati ng techn ica l  areas a re i n  Los Al amos  County .  

Two former tech n i c al areas were l ocated  o n  l and rel eased from federal control i n  the 1960 ' s .  
The ori g i nal ma i n  techn i c a l  area of the Laboratory ,  known as  Techn i cal  Area One ( TA-l ) ,  wa s l ocated 
on l a nd around Ashl ey Pond , wh i ch  i s  now owned part l y  by the county and partl y by pri v ate i nterest s .  
The ori g i nal Laboratory faci l i t i e s  were constr ucted and used from 1 943 t hrough 1965 .  Work carri ed on 
i n  the faci l i t i e s  resu l ted i n  varyi ng degrees of rad i oact i ve contami nat i o n  of some bu i l d i ngs , waste 
hand l i ng system , a nd l and . Re search work was g radua l l y  moved from TA-l , wh i c h  wa s immed i atel y adj acent 
t o  the t own s i te ,  t o  new Laboratory fac i l i t i e s on the other s i de of a maj or canyon from the town s i te .  
The new faci l i t i e s  were rel oc ated to  prov i d e  for consol i d at i o n  o f  central Laboratory bu i l d i ng s  and 
g reater phys i c al separat i on  of the Laboratory from res i dent i a l and commerci al areas . When vacated , 
the obso l ete TA-l fac i l i t i e s  were decontam i nated and demol i shed . Maj or operat i ons to remove st ructures 
began  i n  1954 and cont i n ued i ntermi ttent l y  through 1965 . I n  1 966 the l and occu p i ed by TA-l was 
rel eased to  Los Al amos County o r  pr i vate i nterests because i t  wa s s i ted in a central area u seful 
to the fut ure devel opment of the town s i te and because it wa s con s i dered that res i dua l  rad i oact i ve 
contam i n at i o n  d i d  not present any heal th  or safety hazards . Deve l opment of both pub l i c  faci l i t i e s  
a nd  commerc i al estab l i shments beg an  short l y  after d i sposal  and cont i n ues  to t he  present . 

I n c reased concern over rad i oact i ve contam i nat i o n  at extreme ly  l ow l eve l s ,  i . e .  essent i al l y  
detectab l e  l evel s ,  l ed the AEC ( now DOE ) to request rad i o l og i cal  s urveys o f  v a r i o u s  former AEC 
l ands re l eased to  the publ i c ,  i nc l ud i ng the rema i n i ng undevel oped port i on of TA- l u s i ng modern , 
more sens i t i ve techn i q ue s .  

F i e l d  measurements and sampl i ng i n  the former TA-l a rea were i n i t i ated i n  1974 . Rad i at i o n  
measurements showed n o  expos ures above the range o f  natural background . However ,  so i l  s ampl es showed 
some uran i um and pl utoni um contam i nat i on i n  l oca l i zed smal l spots i nd i cat i ng the pos s i b i l i ty of 
addi t i o na l  subs urface contam i nat i on .  Exten s i ve expl oratory excavat i o n  d i d  fi nd some subs urface 
contam i nated l i qui d waste l i nes . Ful l deta i l s  of f i nd i ng s  and the decontam i nat i o n  resul t s  are 

d . . t 4-102 D . . d k d h presente 1 n  an extens 1 ve re po r • econtam1 nat 1 o n wa s un erta en to re uce as muc as 
pract i c ab l e  any rema i n i ng q uesti on about potent i a l safety or  heal th  impl i c at i ons of the res i dua l  
contam i nat i o n found  dur i ng the  s urvey . A total of  approximatel y 1 4 , 600 m3 ( 1 9 , 130  yd3 ) of  
c ontami nated or poten t i al l y  c ont am i nated materi al  ( so i l  and structural debri s )  wa s removed from 
the TA-l excavat i o ns and bur i ed at the LASL so l i d  rad i oact i ve wa ste d i sposal  s i t e .  However ,  i t  
i s  imposs i b l e  to g i ve absol ute assurance that a l l contami nat i o n  wa s found . Al l l i ke l y  sources 
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of contami nati o n  in the rema i n i ng undevel oped port i o n  of the former TA-l a rea were i nvesti gated . 
Al l contami nat ion  found was removed to the l owest l evel s found pract i c ab l e  to attai n ,  g i ven due 
cons i derat i on to any po tent i a l  heal th or safety hazards as wel l as the costs of further act i o n .  
I t  i s  conce i vab l e that ot he r peopl e o r  agenc i es mi ght , i n  the future ,  fi nd detect ab l e  contami nat i o n ,  
a l though i t  i s  h i g h ly  un l i ke ly  that any heal th hazard wou l d b e  encountered . Based o n  experi ence 
g a i ned dur i ng t h i s  operat i on ,  i t  i s  cons i dered l i ke ly  that pockets of contam i n ated so i l  wou l d have 
been greatl y d i l uted by normal construct ion  act i v i t i es ,  thereby mi n im i z i ng any potent i a l  for expos ure.  
Some evi dence g a i ned dur i ng th i s  operat i on i nd i cates that there are some potent i a l l y  contami nated 
s pots  i n  the prev i ou s ly  deve l oped port i ons of the TA-l are a ,  b ut  i t  i s  unl i ke ly  that they coul d i n  
any way cause concern because o f  probab l e  d i l ut i on by earthwork associ ated wi th t h e  construct i on of 
new b u i l d i ng s  and new l a ndscapi ng and the fact that no i n strumental i nd i cati ons of contam i nat i o n  were 
found on port i ons of the rel and sc aped but unbu i l t  areas .  I t  i s  bel i eved that  the TA-l a rea i n  i t s  

. 4-1 02 present cond i t i on poses no r1 sk to human heal t h .  
A s econd former LASL tech n i c al area wa s l ocated i n  a po rt i o n  o f  Bayo Canyo n now owned by 

Los Al amos Coun� .  Te st i ng operati ons wi th h i gh expl os i ves  i nvol v i ng rad i oact i ve tracer materi al s 
res ul ted i n  the contami nati o n  of some of the l and w ith  9 0s r .  A maj or c l eanu p  wa s undertaken i n  1963 
to remove res i dua l  h i gh expl os i ve and rad i oact i ve contam i nat i o n ,  and the area wa s subsequent ly  tur ned 
over to the county .  Some res i dua l  stront i um contam i nat i o n  i s  kn own to rema i n  at depth i n  the v i c i n i ty 
of wa ste d i sposal p i t s  used duri ng  the operati onal peri od but not compl etel y excavated dur ing  cl eanu p .  
Present knowl edge i nd i cates tha t  there are n o  heal th o r  safety probl ems associ ated w i t h  t h e  current 
recreati ona l  u se of the l and . The area wa s s ubj ected to a s pec i al i ntens i ve resurvey as part of the 
DOE Formerly  Ut i l i zed S i te s  Remed i al Acti on Program ( FUSRAP ) .  The resul ts of that work showed that 
no one i s  recei v i ng rad i ati on expos ures detect ab l e  above natural background under present cond i t i ons 
of use due to the rema i n i n g  res i dua l  contami nat i o n .  Hypotheti cal eva l uati ons of potent i a l future use 
sc enar i os i nc l ud i ng re s i d ent i a l  devel opment show that some i nd i v i dual s pract i c i ng extens i ve  garden i n g  
coul d rece ive  doses as  much a s  2 5% above natural background after a per iod of  many years . The ful l 
deta i l s of the rad i o l ogi cal survey and eva l uati on wi l l  be pub l i shed by DOE i n  a report i n  the FUSRAP 
s eri es .  A fo l l ow up study wi l l  eva l uate po ss i b l e ma nagement opt i ons for  the Bayo Canyon area . 

Port ions of Puebl o Canyon and a sma l l tr i butary known as Acid-Pueb l o Canyon conta i n  some 

res i dua l  rad i oact i ve contami nati on rema i n i ng from the rel ease of La boratory effl uents before 1 964 
( see Sect i o n  4 . 1 . 1 ) .  The l and , prev i ou sl y  ent i rely DOE control l ed ,  i s  now part l y  county-owned l a nd 
and partly DOE-control l ed .  Ac id-Pueb l o Canyon and the upper port i o n  of Pueb l o Canyon are on county 
l a nd . Pueb l o Canyon then cros se s the DOE-control l ed Puebl o Canyon Tract and Otowi Sect i o n .  Present 
i nfo rmat i on deri v ed from rout i ne survei l l ance and spec i a l  ecol ogy stud i es i nd i cate that there are 
no heal th or safety prob l ems  ar i s i ng from the res i dua l  contami nat i o n .  The area wa s reeva l uated 
by extens i v e  add i t i o na l  fi el d measurements and sampl i ng as  pa rt of the DOE FUSRAP program. The 

resul t s  i nd i cate no s i g n i fi c ant expo sures are l i ke ly  to b e  rece i ved under present cond i t i o ns of use . 
Hypotheti cal ev al uati ons of potent i a l  fut ure uses i nc l ud i ng res i dent i a l  devel opment show that some 
exposures above background cou l d occur . The ful l deta i l s  of the rad i o l og i cal survey and i nterpretat i on 
wi l l  be publ i shed by DOE i n  a report i n  the FUSRAP seri es . A fol l ow up study wi l l  eva l uate pos s i b l e 
management opt i o ns fo r the Pueb l o  Canyo n area. 
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2 4-1 03 The Puebl o Canyon tract compri ses 0 . 38 km (95 acres ) of l a nd . I t  abuts the Ot owi 
Sect i o n  at i t s  east boundary and i s  surrounded by Los  Al amos Co unty control l ed l ands on i t s  other 

boundari es . Th e P ueb l o Canyo n tract wa s not i nc l uded i n  the 1967 l and transfer to  Los  Al amos  County 
because i t  i nc l uded an emergency l and i ng stri p for the Los Al amos Ai rport. By 1972 the emergency 
l and i ng stri p was no l o nger used , a nd the AEC dec l ared the Pueb l o Canyo n tracts i n  excess to th e i r  
need s .  However , w ith  trace quant i t i es o f  rad i oact i v i ty rema i n i ng i n  Ac id-Pueb l o and Pueb l o Canyons , 
i t  i s  des i rab l e to retai n the Pueb l o Canyon tract i n  the st udy area s i nce  the stream channel fl ows 
through the trac t .  A rad i oec ol ogy study program wa s i n i t i ated by LASL i n  1972 . 

The port i o n  of the Otowi Sect i o n  that i s  present l y  under DOE adm i n i strat i ve control  i s  l oc ated 
i n  Santa Fe  County and encompasses 16 km2 ( 4 , 000 acres ) .  The sect i o n  i s  cros sed by New Mex i co St ate 
Road 4 ,  the ma i n  acces s road to Los Al amos , a nd by the DOE-owned Ea st Jemez Road , wh i ch al so  accesses 
Los  Al amos  and LASL . Th e stream channel from Pueb l o Canyon al so traverses the Otowi Sect i o n  and 

. 4-1 03 empt i e s  i nto Los  A l amos Canyon at the southeastern corner of the sect 1 o n .  
A 1 3 . 2  k v  power d i str i b u t i o n  l i ne al so  traverses the Otowi Sect i o n .  I n  add i t i o n , the D O E  water 

suppl y l i ne and two booster stat i ons from the Los Al amos Wel l F i el d  supp lyi ng water to  LASL and the 
Los  Al amos  commun i ty are l ocated adj acent to St ate Road 4 on the sect i on .  I f  a repl acement we l l fo r 
the Los Al amos we l l  fi el d wi l l  be needed i n  the fut ure ,  i t  i s  des i rab l e  that i t  be l ocated wi th i n the 
Ot owi Sect i o n .  

Of  the West ern and Northern Per imeter tracts  trans ferred to the  GSA for d i s posal , 4 . 9  km2 

( 1 , 2 10  acres ) st i l l  rema i n  under GSA cust ody . Th i s  area contai ns Rend i j a  Canyon and other port i ons 
of  the Western Per imeter, wh i c h  may b e  su i tabl e fo r future res ident i a l deve l opment .  The "Wood l ot "  
l oc ated i n  the Western Perimeter area , c ompri s i ng approx imatel y 0 . 06 km2 ( 14 acres ) ,  h a s  been 
dec l a red ex ces s and i s  pr esent l y  bei ng transferred from DOE control to  GSA for d i s po s i t i o n . 4-1 03 

As s ummar i zed i n  Sect i o n  3 . 2 . 1  a nd shown on F i gure 3 . 2 . 1-3 , any further expans i o n  i s  constrai ned 
because of adj acent l and ownersh i p  and ex i st i ng deve l opment and the phys i c al characteri st i c s  of 
cont i guous  l and areas . Th erefo re ,  e s sent i a l l y  al l future g rowth of the Laboratory i s  expected to  
be confi ned to the ex i st i ng reservat i o n .  

Because of t he  extremel y rough topography of t he  Laboratory l ands , the amount of  b u i l dab l e l and 
i s  a pr i nc i pal devel opment constrai nt .  Of the total DOE l and ava i l ab l e ,  49 km2 ( 1 2 , 000 acres ) or  
44% i s  con s i d ered bu i l dab l e .  Th i s  i nc l udes l a nd wi th g rad es up  t o  20% ,  wh i ch i s  an  abso l ute max imum 
b " l d b l  l F t d f 1 5% 1 · t · · 4-1 04 u 1  a e s ope . or mos purpo ses g ra es o , are a more rea l S  1 c  max 1mum . 

U s i ng the growth proj ect i o ns presented i n  Sect i o n  2 . 2 . 3 ,  the  est imated devel oped area shou l d be 
ap prox i matel y 20 km2 (4 , 900 acres ) , o r  1 8% of the total Laboratory l and area . However ,  the type , 
t i m i ng , a nd q uanti t i es of req u i red new fac i l i tes are essent i a l l y  unpred i ctab l e ,  and LASL must prov i d e 
for an unknown amount of future deve l opment . I n  the past , however , the process  of mak i ng actual  l and 
use deci s i ons at LASL has  l arge l y  b een ad-hoc , i n  response to fac i l i t i e s  requ i rements as they were 
generated by the budget i ng proces s .  Each new proj ect has been treated as an i ndependent ent i ty .  
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To  use the  l and and faci l i t i es effi c i entl y ,  LASL i s  d evel op i ng a Master P l a n . 4-1 04 I t  i nc l udes 
a comprehen s i ve i nventory of natural resources , ex i st i ng  s i te devel opment , a nd s upport i n g  fac i l i t i es 
and serv i c es .  Maj or l and u se  constrai nts and opportun i t i es a s  we l l  a s  present and potent i al l and use  
prob l em s  or confl i ct s  are i d ent i fi e d .  The  Master P l an ' s g u i d el i nes are ori ented towards protect i ng 
the envi ronment , reduc i ng the im pact  of n atural d i sasters , a nd mi n im i z i ng deve l opment cost s .  An 
ong o i n g  pl ann i ng procedure i s  establ i shed to prov i de an annual update of obj ect i v e s  and make yearl y 
recommendat ions to LASL manag ement for short-term act i ons .  

I n  vi ew of t he prev i ou s  ag ricu l t ural uses  of the  area , t he US So i l  Conservati on Serv i c e  wa s 
contacted . Based on the So i l  Survey for Los Al amos County ,  i t  was determi ned that there are no prime 
or un i que farml ands l ocated wi t h i n  the LASL reservati o n .  

Sand and grave l s h ave been t aken from depo s i t s  i n  the L o s  Al amos area ,  resul t i ng i n  the removal 
of a few j un i pe r ,  p ino n ,  and ponderosa  pi ne tree s and a s l i ght change in the topography .  Because the 
s i tes  are i n  i so l ated canyons  i n  the areas of restr i cted acces s ,  the aesthet i c  effect i s  m i n imal . 

Conti nued operat i on of the Laboratory ,  i nc l ud i ng proposed expan s i o ns , wi l l  not change the 
qual i tati ve  nature of short-term u se s  of the envi ronment and natural resources . There wi l l  be 
some add i t i onal  l and committed to structures . Some l and , due to presence of potent i a l l y  hazardous 
mater i al s , wi l l  be mai ntai ned under appropri ate contro l s for the foreseeabl e future.  

Many easements  are hel d by the Federal Government in  Los Al amos County and Northern New Mex i co 
for ut i l i ty r i g ht s- of-way . They are bas i c al l y  no d i fferent from tho se a s soci ated w ith  any commun i ty 
ut i l i ty system , except they stem from the hi storic fact of the fac i l i t i e s  havi ng been ori g i nal l y  

con structed for the Federal Government i n  the earl y d ays o f  Los Al amos .  Hundreds of  easements exi st 
i n  Los Al amos County for the water suppl y and d i str i but i on  systems , n atural g a s  d i str i b ut i on ,  e l ectr ic  
power d i str i but i o n ,  ste am di str i but i o n ,  a nd other fac i l i t i e s .  Outs i d e  L o s  Al amos  County easements are 
hel d by the Federal Government fo r r i g hts-of-way for the water supp ly system , an el ectr ic  power trans
mi s s i on  l i ne ,  a nd a natural gas transmi s s i o n  pi pel i ne .  The general nature of these faci l i t i es and 
the i r  r i ghts-of-way were d i scu s sed in Secti on 3 . 2 .  

4 . 1 . 5 .  Ecol ogy 
A general assessment of the effect s of LASL operat i ons  on the natural envi ronment must f i rst 

con s i d er those  impacts  that are read i l y  observed and general l y  can  be  eas i l y  quant i f i ed and second l y , 
those impacts  that are not eas i l y  observed and are general l y  very d i ffi c ul t to quant i fy.  Unfortun atel y ,  
many man-rel ated impact s o n  natural systems fal l i nto the l atter category .  Further compl i cat i ons 
a r i se i n  a s se s s i ng LASL impacts on  the surround i ng natural envi ronment in that the Laborato ry has 
general l y  d evel oped areas that were formerl y u sed for ag r icu l ture ;  thus , most devel oped areas were not 
c l i max pl ant commun i t i es befo re Laboratory devel opment i n  1 942 ( see F i g ure 4 . 1 . 4-1 ) .  The l atter fact 
coupl ed wi th the l ack  of ecol ogi cal data especi a l l y  from those years  before the Laboratory ' s exi stence 
a nd up to 1 972  (when comprehens i ve ecol og i c al  stud i es were begun ) demonstrate the general l y  l im i ted 
basi s ava i l ab l e for assess i ng t he envi ronmental impact of Laboratory operat i o ns .  
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As sess i ng the impact of the Laboratory ' s  phy s i ca l  deve l opment  i n vol ves  the eco l og i ca l  concept of 

n i che , or  the  manner in  wh i c h  the natural  resources of an  ecosys tem are funct i ona l ly  u sed by i ts 

components . Gene ra l l y ,  a l l a va i l a b l e  n i ches are norma l ly  occ up i ed by the va ri ous  p l an t  and a n i ma l  

s peci es  adapted to f i l l  them . When t h e  habi tat i s  des troyed for project  deve l opment , t h e  i mmob i l e  

s pec i e s  occupy i ng the habi tat a l so wi l l  be des troyed .  I f  any a n i ma l s move i n to undevel oped a rea s , 

compet i t i on for the l im i ted food and  cover wi l l  eventua l l y l ead to the death of i nd i v i dua l s  unt i l the 

popu l a t i on is s tab i l i zed a t  the  carry i ng capac i ty of the rema i n i ng habi ta t .  I n  add i t i on ,  s ome spec i es 

may be temporar i l y  o r  permanent ly  d i s persed because  of noi se and h uma n acti v i ty a s s oc i a ted w i th 

cons truct i o n .  

Converse l y ,  habi tat favorab l e t o  certa i n  wi l d l i fe c a n  i nc rease a s  a res u l t of c l ea ri ng ,  depend i ng 

upon  the nature and l ocati on of the deve l opment  acti v i ty .  The area where grass  and  browse s pec i es can 

g row may be i nc reased , produc i ng more food for wi l d l i fe .  Th i s  i ncreased edge effect  e s pec i a l ly  bene f i ts 

b i rd and sma l l mammal  s pec i e s .  Th i s  wou l d ,  i n  turn , probab ly  bene fi t ra ptor i a l  hawks o r  other a n i ma l  

spec i e s  dependent upon  t h e  b i rds a n d  sma l l mamma l s  for food . L i kew i se , open i ng of  dense forests  

p roduces ha bi ta t  that s hou l d benefi t b ig  game if  not accomp l i shed on l arge con ti nuous  a rea s . However , 

these bene fi c i a l  effec ts may be negated i f  act i v i t i es i n  the a rea confl i ct wi th the normal beha v i or of 

wi l d l i fe s pec i e s  or  i f  ba rri ers a re created that i n h i b i t  wi l d l i fe movemen t .  

Approx imate ly  1 5  km2 ( 3600 acres ) of l and was ded i cated to agr i c u l tura l uses  i n  those a reas 

confi scated for Laboratory use in  1 942 and mos t of the rema i n i ng areas we re heav i l y used  fo r g raz i ng 

and l og g i ng .  Bu i l d i ng s ,  par k i ng l ots , and  roadways i n  the La boratory ' s tec h n i ca l  a reas curren t ly  

occ u py a tota l a rea of  6 km
2 

( 1 600  acres ) ,  much  of w h i c h  i s  l oc ated i n  o l d agr i cu l tural  a reas . T he  

rema i nder  was  prev i o u s l y  t i mber and g ra z i ng l a nd s .  Less  than 20% o f  La bora tory l a nd has been d i s tu rbed 

because  of  pa s t  and present  l and use ( see F i gure 4 . 1  . 4- l ) .  

Restri cted access  a nd the  proh i b i t i on of  hunt i ng i n  Laboratory a reas  a l so  a ppears to have had 

some benefi c i a l  a s pects for some w i l d l i fe .  Large areas that rema i n  re l at i ve l y  und i s tu rbed serve a s  

nes t i ng and breed i ng a reas for s pec i es that are i n to l erant o f  human encroac hmen t .  The predatory cats , 

hawks , and fa l cons  occurr i ng  on the LASL s i te are exampl es . The a pparen tl y l a rge numbers of  predatory 

spec i es attest  to the d i vers i ty and  abu ndance of food . S i nce  g raz i ng has been p ro h i bi ted on Laborato ry 

g rounds  s i nce  the ear ly  1 940s , many a reas  are return i ng to the i r  natural  vegeta t i ve a s soc i a t i on s  and 

are thereby rega i n i ng carry i ng capa c i ty for wi l d l i fe .  I n  add i t i on , a f i re on  the  wes tern marg i n  of 

the p l ateau created o pen a reas wi th shrubs  and  g rasses  that now s upport i ncrea s i ng numbers of e l k .  

Labora tory fenc i ng has  e l i m i na ted on ly  a sma l l port i on o f  the tota l  res erva t i on from u s e  by 

l a rg e ,  free- roam i ng a n i ma l s ,  s i nce few fenced areas a re comp l ete l y  enc l osed . I t  i s  known that s ecu ri ty 

fences do b l ock  the d i rect movement of deer i n  some l ocati ons ; howeve r ,  there a re very few a reas  on 

the Labo ra to ry from wh i c h  deer have been exc l uded becaus e  access to most a reas i s  ga i ned thro u g h  guard 

g ates o r  by movement around the fence .  The  encl osed a reas a re free ly  used  by l a rge mamma l s  such  as  

deer  and  coyotes , e spec i a l l y on the wes te rn marg i n  of the  p l a teau (see  F i g ures  3 . 1 . 4- 5 and  3 . 1 . 4- 6 ) . 

I n forma t i on from approx imate l y  200 res i ght i ng s  of 28 ma rked Laborato ry deer ( 2 0  adu l t fema l es ,  4 

adu l t  ma l es ,  l j u ven i l e  fema l e ,  3 j u ven i l e  ma l es ) demons tra tes the seasona l movement of  th i s  s pec i e s  

t o  l owe r e l evati ons  dur i ng  the fa l l  and wi n te r .  I n  addi ti on , the res i ght i ngs i nd i cate that  i nd i v i dua l  

deer restr i c t  the i r  movements  to  one or two mesa  tops  and that  ma l e  deer move over cons i derab ly  l a rger 

a reas than do  fema l es . I t  a l so  a ppears that j u ven i l e  ma l es roam over a l arg e r  a rea t han  do adu l t 
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ma l es ,  wh i ch may be a ref l ect ion  of  d i s persa l in  j uven i l es .  The tes t i ng  of exp l os i ves undoubted l y  

fri g htens s ome deer from the immed i ate area , however , ma ny deer become accl i mated to the tes t i ng a nd 

have been observed essent i a l ly  i g nori ng  the exp l o s i ons . Bes ides  the i mmed i ate effect of destruct i on 

of habi ta t ,  construct ion  act i v i t i e s  p robably decreas e  deer use i n  the nearby v i c i n i ty for a whi l e . I t  

s hou l d  b e  noted that because  of  the l ack  o f  hunt i ng , Laboratory deer become acc u s tomed t o  reg u l ar 

human act i v i t i es and  are q u i te tame and  genera l l y und i s tu rbed by mos t  La boratory ac t i v i ti es .  

Many o f  the w i l d l i fe s pec i es i n  the area have o n l y  a l i m i ted fea r o f  humans ; bea r ,  coyotes , mu l e  

deer , raccoon s ,  and  s kunks  are commo n l y  observed ons i te and i n  adjacen t res i den t i a l  areas . Auto 

co l l i s i on s  w i th deer occur  freq uen t l y ,  res u l t i n g  i n  50 to 75 deer morta l i t i es per year i n  pa s t  years . 

Deer dens i ti es have dropped con s i dera b l y  from popu l a t i on h i ghs  i n  the ea r l y  1 960s . Dens i t i es i n  

the po nderosa p i ne commun i ty type o n  the Labora tory have decreased  from approx i ma t e l y  2 2  deer/ km
2 

( 58 deer/m i
2

) i n  the fal l of 1 96 5  to rough ly  9 deer/ km
2 

(23  deer/m i
2

) i n  the fa l l of 1 9 76 . Re prod uct i ve 

s u ccess  appears to have decreased over the l a s t  1 5  years ba sed on herd c l a s s i f i cat i on cou n ts . Duri ng  

the fa l l  of  1 965 a pproximately 60  fawn s were observed for  every 1 00 does  s i g hted , whereas , in  the fa l l 

o f  1 97 6  o n l y  38 fawn s were observed for every 1 00 does . Present data are not s uffi c i en t  to d eterm i ne 

whether these d i fferences are rea l . Es timates based o n  pe l l et g roup  cou nts from 1 1 4  samp l i n g  p l ots 

i nd i cate that there are pres ent ly  1 084 ± 4 1 6  deer (p � 0 . 05 )  res i d i ng on  1 03 km
2 

of Labora to ry and 

nea rby U . S .  Fores t Serv i c e  l a nd .  A general decrease  in  mu l e  deer reproducti on s uccess  has been 

observed s ta tewi d e .  

Deer pop u l a t i o n s  i n  New Mex i c o  have fl uctua ted from a l ow i n  t h e  m i d - 1 920 ' s  t o  pop u l a ti on h i ghs  

i n  the  ear ly  1 960 ' s .  I t  now a ppears tha t  deer popu l a t i o n s  i n  the northern part of the s ta te , i nc l ud i ng 

Los Al amo s ,  may be decreas i n g . 4- 1 05 The rea sons for these  fl uctua t i on s  a re u n known . However , s ev era l 

factors may be i nvo l ved s ta tewide i nc l u d i ng d i sease , poach i ng ,  over-hunt i n g ,  predat i on , poor range 

qua l i ty ,  and  a l os s  of  hab i ta t .  

Stud i es c u rren t l y  underway a t  L o s  Al amos a r e  a i med at obta i n i ng basel i ne data on  d eer  numbers and 

hab i tat req u i rements in  order to a s sess  the mag n i tude and poss i b l e causes  of a ny future changes i n  

popu l a t i o n  dens i ty .  Deer tagg i ng and rad i o - te l emetry s tud i es are pro v i d i ng i nforma t i on on l oca l  

movemen ts , m i g ratory movements , feed i n g  a rea s , fawn i ng area s , and the  react i ons of deer  to vari ous  

Laboratory act i v i t i es and  s tructures . 4-1 06 The data  ga i ned from these  s tud i es w i l l  be i nc orpo ra ted 

i nto p l a nn i ng for futu re LASL devel opmen t .  

E l k pop u l at i ons i n  the Los Al amos area appear to be i n crea s i n g .  Hab i ta t  impro vemen ts through 

f i re and  l og g i ng have res u l ted in  the des truct i on of o l d -forest commun i t i es and  the creat i on of  d i sc l i max 

( s econd g rowth ) a reas w h i c h  a re favored by e l k .  A few area s o f  the Laboratory ,  wh i c h  were once  c l eared 

for a g r i c u l tural  purposes and  are now abandone d ,  are show i ng  s i gns  o f  i ncrea s i n g  e l k  use . 

The rel a t i v e  abu ndance and  d i s tr i bu t i o n  of sma l l mamma l spec i e s  a re presented i n  Tab l e  4 . 1 . 5- l  a s  

a func t i on of  e l e va t i o n  a nd hab i ta t . 4- 1 0 7  Th i s  abu ndance i ndex (number o f  a n i ma l s  captured per 1 00 

l i ve trap n i g hts ) i nd i ca tes  the rel a t i v e  trapab i l i ty of s pec i es i n  a reas where they occ u r  and  for a 

part i c u l a r  s pec i es prov ides  a general  i nd i ca t i o n  of abundance . The h i ghest  va l ue of rel at i ve  a bundance 

( i . e . ,  34 ) wa s observed for the montane vol e at the 2900 m ( 9500 ft ) e l evati onal  s i tes . Th i s  spec i es 

di sappears from study s i te ecosys tems at l ower e l eva ti on s  and other spec i es a s s ume promi nence .  The 

rel a t i ve abundance of a l l the rema i n i ng spec i e s , wi th few except i ons , a veraged l es s  than three 

i nd i v i dua l s  per  1 00 trap n i ghts . 
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TABLE 4 . 1  . 5- l 

RELAT I VE ABUNDANCE AND D I STRI BUTI ON OF  SMALL MAMMALS I N  THE LASL ENVI RONS 

E.levatico 
. 

2865 
2. 5 

6 . 4  

2560 10 

2255 0 . 9  

1950 o. 9 

1645 6 . 1  

2135-2190 1 . 1  

!01�2090 1. 3 

1755 0 . 2  

2000-2190 11 

1 . 1  

• •  7 
2 . 0  

1 . 3  
o.  7 2 . 2  2 . 1  

4 . 7 6 . 6  2 . 3  

2 . 6  0.8 

1 . 0  1 . 2  

LO 1 . 6  

1 . 6  3.1 2 . 7  2 . 4  2 . 2  0 . 3  

1 . 8  2 . 2  2 . 5  2 . 2  3 . 0  0 . 6  

0 . 3  6 . 0  5 . 5  2 . 2  3 . 0  

6 . 6  3.0 

0 . 6  

0 . 5  

3 . 2  

34 15 
13 8 . 6  

0.4 0 . 5  

0 . 5  

0 . 1  

0 . 9  

0 . 2  

0.6 

0 . 2  

37 14 

1 . 3  o. 7 0 . 3  0 . 3  0 . 6  22 2 . 1  

0 . 3  1.8 0 . 9  3.4 

0 . 2  0.3 2.0 3 . 2  

3 . 8  2 . 8  

0 . 3  0 . 4  1 3  1. 9  

0 . 04  0 . 0 1  0 . 2  0 . 1  7 . 4  4 . 9  
0 . 1  0.2 5.8  4. 6  

0 . 2  0.3 8.6 2 . 8  

14 7. 7 

a)NI.Illlber of animals ca.pt.u.rel per 100 t:rap ni&bt.a. 
b) Stand.an:l deviati.cm. 
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Because  of the i r  w i despread occurrence and somewhat  u n i form abu nda nce throughout  the  Los A l amos 

area s , the deer mouse and l east  c h i pmunk  may be usefu l  as  i nd i cators of  habi ta t perturbances res u l t i ng  

from natural  and man-cau sed events . I nd i ca t i ons of t h i s poten t i a l  are ev i dent for  the deer mouse  

s i nce  t he i r  re l at i ve abundance in  d i s tu rbed hab i tats averaged abo u t  a factor o f  1 0  h i gher than i n  

d .  b d t . " l  l t "  4- l O? u n  1 stur  e areas a s 1 m 1 a r  e eva 1 on s .  

LASL o perat i ons  represent a m i n ima l  i mpact upon b i rd commun i t i es when one co n s i ders the re l a t i on

s h i p of  endangered spec i e s  to tes t i ng  l ocat i ons  and the  obse rved res ponses  of the major i ty o f  b i rd 

s pec i es to Laboratory act i v i t i e s .  W i th i ncreased eco l og i ca l  i nput  to eng i nee r i n g  programs to promote 

better l a nd use  prac t i ces  and  management procedu res , LASL must be co n s i dered to have a pos i t i ve d i rect 

effect upon  the maj or i ty of  b i rd communt i es . The i nd i rect effect , mos t l y  the attrac t i on  of a s ub

s tant i a l  h uman popu l at i on , has been  l arge l y  negat i ve .  Unt i l recen t l y , th i s  l a tter a s pect o f  LASL  had 

not reached a ser i ous  po i nt .  O n e  pa i r  o f  pereg r i ne  fa l cons  ha s occupi ed an  eyr i e  i n  the LASL en v i rons  

t ha t  may be  ser ious ly  i mpacted by  act i v i t i es t hat  are  outs i de d i rec t Laboratory pa rti c i pa t i on . The  

i ncrea s i ng human hous i ng p rob l ems have  ca used encroachment  u pon habi tats  imme d i a te l y  adjacent to the 

p ereg r i ne fa l con eyri e and thereby i ncreased poss i b i l i t i es for human d i scovery and res u l ta nt  destruct i o n  

of the b i rds .  LASL ha s a s pec i a l  endangered spec i e s  perm i t to s tudy the fa l co n .  A twe l ve -yea r h i story 

of reproducti ve pe rformance  of  the fa l cons  has  been obta i ned by coopera t i on of a l on g - t i me Los Al amos 

res i dent  and rel ated to other fa l con eyr i e s  i n  the Rocky Mounta i n  e n v i ronmen ts . Th i s  eyr i e had an  

outstand i ng record of  p rodu c i ng 30  f l edg l i ng fa l cons  du r i ng the per i od 1 964- 1 9 7 1  but then began  a 

p er i od of  reduced product ion  du r i n g  1 9 72- 1 9 73  and no p roduct i on du r i n g  1 974- 1 97 6 .  L i m i ted data from 

one  unhatc hed egg  from the 1 973  eyr i e  showed tha t i t  con ta i ned  h i g h  l eve l s of DDT ( 960  p pm )  i n  the 

l i p i d  frac t i on  and  that the egg she l l was about 20% t h i nner  tha n the average for o ther  North Ame r i can 

pereg r i ne fa l con eggs  a t  the same t i me .  These symptoms of pes t i c i de poi s o n i ng  p re s uma b ly  resu l ted 

from the i nges t i on  of g ra n i voro u s  b i rds at the Mex i ca n- Cen tra l Amer i can wi n teri ng g rounds  of the 

fa l cons , where there cont i nues  to be wi des pread DDT u s e .  I nqu i r i es abo u t  pest i c i de use i n  the Los 

Al amos env i rons  by severa l respon s i b l e  ag�nc i es have res u l ted i n  nega t i ve  respo nses  a l though  the 

Fores t Serv i ce is  p res ent ly  cons u l t i ng i ts reco rds of poss i b l e  pes t i c i de use in  co n tro l l i n g  p i nebark  

beetl es  and  tussock  mo th s .  

I t  i s  d i ff i c u l t to genera l i ze o n  the spec i f i c  effec t of a n  act i v i ty wi thout s p ec i f i c  knowl edge of  

the  s i te and  of  the  w i l d l i fe popu l at i ons  at  the  s i te s .  The i mpact can b e  eva l uated when  the spec i e s  

popu l at i on a n d  the i r  hab i tat req u i rements are known . P l ans  then can be d i rected to mi t i gat i ng adverse 

i mpacts o n  the w i l d l i fe present a t  each s i te .  Ongo i ng eco l og i ca l  studi es i n  t he  Los Al amos a rea are  

des i g ned wi th th i s  a pp l i ca t i on i n  m i nd .  

An  i mpact tha t  i s  read i l y  observed , b ut  d i ff i cu l t  to  quant i fy ,  i s  the resul t of l i q u i d  effl uents 

rel ea s ed to the e n v i ronment from Laborato ry s ewage  and  i nd u s tri a l  sources . I t  i s  obv i ou s  that these  

effl uents have effected dramat i c changes  in  the rec i p i ent  ecosy s tems . However , quanti f i ca t i on of  

these  c hanges  i s  d i ff i cu l t  and  has  not been do ne  for  mos t  a reas beca u s e  o f  the  l ac k  of base l i ne da ta . 

I n  add i ti on ,  a s s e s s i ng the rel at i v e  bene f i t  or detriment of thes e  l i qu i ds on p l a n ts and  a n i ma l s  

commu n i t i e s  i s  genera l l y  subj ect i ve .  The added wa ter has obv i ou s l y  been detr imenta l  t o  those s pec i es 

that have decreased i n  importance or been e l i m i nated . Convers el y ,  add i t i ona l wa ter has  been benefi c i a l  

t o  those  spec i es that h a v e  s urv i ved or  become e s tab l i s hed i n  the a ffected area s . 
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P l ant spec i es such  as  catta i l s  and  s evera� mes i c  s i te s h rubs  and g ra s ses have  rep l aced the xer i c  

s pec i es found i n  t h e  s em i - a r i d  c l i mate . The l us h  veg etati on wou l d a pp ea r  to be attract i ve to herbi voro u s  

wi l d l i fe a n a  secondari l y  t o  carni vorous spec i es , a l though  res u l ts  of eco l og i ca l  stud i es i n  t h e s e  a reas 

a re not s u ffi c i en t l y  conc l u s i ve to va l i date t h i s  observa t i on . 

The  ta s k  of e va l uati ng the impact of chem i ca l  contam i nants on the LASL ecosystems i s  d i ff i c u l t  

wi th  p resent data . Com p l i cat i ng facto rs i nc l ude mi n i ma l  quanti ta t i ve data , the number of rad i oacti ve  

and s ta b l e s pec i es rel eased to  the e n v i ronment , the concurrent re l ease  of var i o u s  orga n i c  and i norg a n i c  

c hem i ca l s ,  and  t h e  n umerous  d i fferences i n  p hys i ca l  forms  and  chem i c a l  a n d  b i o l og i ca l  behav i or of  the 

rad i onuc l i d es and  s ta b l e  e l emen ts . I n  addi t i on , the l ow concentra t i o n s  of chem i ca l s in  the rec i p i en t  

ecosystems  produce effects t h a t  cannot be measure d .  T he pers i s tence of  some of  the  chemi ca l s i n  the 

env i ro n111ent req u i res l ongte rm s tudy of  bu i l dup  and ava i l a b i l i ty to b i o ta before quant i tat i ve eva l u a t i on 

i s  pos s i b l e .  

I n  the ear ly  1 970 ' s ,  the Laboratory recog n i zed  the need to g reat ly  expa nd  the e n v i ronmenta l  

moni tor i ng program a n d  t o  i n i ti ate comp reh en s i ve eco l og i ca l  s tu d i e s  t o  determ i ne t h e  fate of chem i ca l s 

rel eased to the env i ronmen t .  The  eco l og i ca l  stud i es have genera l l y  dea l t wi th  rad i oact i ve con s t i tuents 

of  l i qu i d  e ffl uents re l ea sed to t hree  canyons .  

As d i scus sed earl i e r  i n  Sect i o n  4 .  1 . 1 ,  a rad i onucl i de i nventory i n  the so i l s  and  b i ota of l i q u i d  
. 3 1 37 2 38 239  241 

waste  d 1 sposa l  a reas was made to document amo unts  of  H ,  Cs , Pu , P u , and Am . Stud i es are 

underway to determ i ne the  pa thways , mechan i sms , and  rates of tra n s port of these mater i a l s  between 

components of  the  canyon ecosys tems rep resented  by Ac id- Puebl o ,  DP - Los Al amos , and Mo rtandad Canyons . 

These stud i es were co u p l e d  w i t h  quan t i tat i ve s urveys of the so i l s  and bi ota to prov i de a ba s i s  for 

compa rtmen tal  a na l y s i s o f  p l uton i um and other rad i oacti ve  and  s tab l e  e l ements in the study eco sys tems . 

The  p re l im i nary res u l ts of these stud i es have revea l ed that tr i t i um ,  i n  the form of tr i t i a ted  

water , i s  present at  l eve l s abo ve background in  the  s o i l s  and bi o ta of Los Al amos and  Mo rtandad Canyons . 

Max i mum l evel s are i n  the  effl uent wa te r ,  about 600 p C i /ml . T h i s  i s  about 20% of the d r i n k i ng wa ter 

concentra t i on g u i de for uncontrol l ed a reas .
4-99  There i s  no i nd i ca t i o n  that the tr i t i um concen trates 

as  it passes  from source  to rec i p i en t  b i ota . 

Tri t i um was observed i n  free roam i ng honey bee co l on i es p l aced i n  the canyon fo r research purposes . 

Max i mum l evel s i n  bee body moi sture were about 1 0  n C i /ml , compared to 1 00 n C i /ml i n  s u rround i ng mesa

top vegeta t i o n  and  1 000 n C i /ml in p l ants grow i ng above one  o l d  so l i d  waste  buri a l  g round . So u rces of 

these h i g he r  concentrati o n s , wh i ch are attri bu ted to gaseo u s  effl uents o r  so l i d  was te s , a re in a reas  of  

res t r i c ted access  to the  g eneral  pub l i c .  W h i l e  no b i o l o g i ca l  concentra t i on occ urs , the  tri t i um p i c ked 

up by the  ho ney bees i s  a l so trans ferred to the  honey , p rov i d i ng a poten t i a l  pa thway fo r transfe r  to 

huma n s .  Ca l cu l a t i ons  under worst-case assump t i on s  demons trate t h a t  rad i a t i o n  doses  t o  a h uman i nges t i ng 

tr i t i um contami nated honey wou l d  be l es s  than 0 . 1 percent of permi ss i b l e  exposu res to the  g enera l 

popu l a t i o n .  Furthermore , p r i vate p roduct i on of honey i s  a very m i no r  enterp r i s e  i n  Los Al amo s  Co u n ty .  

Tne l i q u i d  e ffl uent has  res u l ted i n  m i n o r  contam i na t i on i n  canyon stream channe l  s o i l s  and , to a 

much  l esser  deg ree , b i o ta ,  pr imari l y  i n  o ns i te area s . 4-26 • 4-28 • 4- 1 08 thro u g h  4- l l O  Max imum l eve l s of  

3 nC i  
1 37

cs/g , 0 . 3 5  n C i  
238Pu/g , and 0 . 1 5  nC i  239

Pu/g have  been  measured  in  i nd i v i dua l  so i l  sampl e s  

from t h e  narrow ( <1 m )  s tream channe l s n e a r  the  was te effl uent outfal l s .  However , concentrat i ons  i n  

s o i l s  decrea s e  rap i d l y  wi th d i s tance be l ow the  effl uent outfa l l s  to l eve l s  compa rab l e wi th  wor l dw i d e  

4-25 
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fal l ou t .  Concentrat i o ns a t  a ny one l ocat i on are a t  l east a factor of  1 0  l ower i n  vegetat i o n  a nd at 
l east 1 00 t imes l ower i n  rodent s  tha n i n  correspond i ng soi l sampl es . Control l ed rad i onu c l i d e  u ptake 
stud i es with pl ants  and ani mal s have further emphasi zed the l ack of b i omag ni fi cat i o n  of 1 3 7cs , 238Pu , 
a nd 239Pu  by canyon wi l d l i fe .  

Mu l e deer frequent i ng the canyon areas and presumably d ri nk i ng the effl u ent water exh i b i ted 1 3 7cs 
concentrat i o ns of up to 1 .8 nCi / k g  mu sc l e ,  wh i ch  i s  s l i ght l y  el ev ated over l evel s in control deer 
s ampl es . Th i s  does represe nt a potent i a l  transfer pathway for 1 37cs to humans , a l though  cal cu l at i o ns 
read i l y  show that i t s  i mportance  from a rad i at i on dose as pect i s  ext remely  mi nor . Leve l s of pl uton i um 
i n  deer and other l a rge mob i l e speci es are general l y  not detectab l e .  

The al l uv i al so i l s contai n v i rtua l l y  al l o f  the 1 3 7cs and pl utonium i nventori ed i n  the canyon 
ecosystem s .  An exampl e of the rel ati ve amou nt s of pl uton ium  i n  so i l s ,  vegetat i o n ,  a nd rodents  from 
Mortandad a nd DP-Los Al amos Canyon i s  g i ven i n  Tab l e 4 . 1 . 5-2 . Vegetat i on conta i ns l es s  than 0 . 1% of 
t he total pl utoni um i nventory ,  a nd rodents accou nt for l es s  than 0 . 0000003% of the total . 

An ex perimental veg etab l e  ga rden wa s recent l y  establ i shed i n  a contami nated port i on of Mortandad 
Canyon to ev al u ate  the potent i al for food cha i n t ransfer  of rad i onu c l i d es a nd toxi c stabl e el ements  to 
humans .  The resu l t s  of these experiments wi l l  be  u s eful i n  eva l u at i ng the i mportance of l ow l evel soi l 
rad i onuc l i de concentrat i o ns shou l d Los Al amos l a nd-use pract i ces  change and , i n  add i t i o n ,  wi l l  prov i d e  
criteri a for estab l i sh i ng rad i onuc l i de  concentrat i on standards  for so i l s .  

The hazard s  resu l t i ng from i nha l at i on of wi nd-b l own contam i nated sediment s  appears t o  be a l ow 
order possi b i l i ty i n  the canyo ns becau se of the general l y  moi st cond i t i o n  of the al l uv i um and the 
dense vegetat i on cover overh ang i ng and growi ng adj acent to the stream ch annel . However,  h i g hest 
concentrat i ons of pl utoni um i n  grou nd dwe l l i ng rodent s  from the canyo ns are measu red i n  l u ng and pel t 
t . . d . t . th t . b . t . l 4-109  1 ssue s ,  1 n  1ca  1 ng a resu s pens 1 0 n processes may e 1mpor ant on a m 1 c ro-sca e .  

E l ev ated rad i at i on doses , primari l y  from 137cs , c a n  b e  measured i n  the immed i ate wa ste ou tfal l 
areas i n  the canyons .  A study was conducted near t he  waste outfal l i n  DP-Los Al amos Canyo n to measure 
rad i at i o n doses i n  smal l grou nd- dwel l i ng rodents  i nhab i t i ng the a rea .4-1 1 1 The resu l ts of the study , 
wh ich  was accompl i shed through the impl antat i on of thermol umi nescent dos imeters i n  the rodents , 
demonstrated that re l at i ve ly  h i g h  doses were a ssoci ated w ith  rodent speci es most i nt imately a ssoci ated 
w ith  the contami nated area becau se of habi tat preferences and mob i l i ty .  Whol e body rad i at i o n  doses 
averag i ng abou t 9 rad s/year were measured in certai n s peci es . Th i s  exceeds the rad i at i on dose due to 
natural b ackground by a factor of about 5 0 .  Resu l t s  of a great many stu d i es on  rad i at i o n  effects 
i n  Laboratory animal s demonstrate that expo sures of 9 rad s/year a re fa r bel ow the doses that cause 
observab l e effects . Fu rthermore , those areas exh i b i t i ng el ev ated rad i at i o n  b ack grou nd s  are i n  
restr i cted- access l ocati ons on the LASL reservat i o n  where i t  i s  h i gh ly  u n l i ke ly  that an  i nd i v i dua l  
person  wou l d rema i n  fo r any s i g ni fi c ant t ime . Thu s ,  i t  i s  improbabl e that a nyone , i nc l ud i ng empl oyees 
authori zed to be i n  suc h  areas , i s  recei vi ng doses approach i ng any appl i c ab l e gu i del i nes . 

Stud i es are underway to determi ne rad i at i on doses to free- rang i ng mul e deer throu gh the u s e  of 
thermol umi nescent dos imeter packages i nserted i nto track i ng col l a rs pl aced on  the deer. Such  stud i es 
are the onl y real i st i c  way of  ev a l u at i ng rad i at i o n  doses to l arge a nima l s that per i od i cal l y  wander 
i nto cont ami nated areas . 



4- 78 

TABLE 4. l .  5 -2  

RELAT I V E  D I STR I BUT I ON OF PLUTO N I UM IN  MORTANDAD AND  DP-LOS ALAMOS CANYON 
ECOSYSTEM COMPONENTS NEAR THE EFFLU ENT OUTFALLS 

Mortandad DP-Los Alamos 

Ecosys tem Component nCi/m2 % of Total nCi/m2 % of Total 

Soil (depth) 
0 - 2 . 5 em 2100 - 27 12  -6 

2 . 5  - 18 em 5 700 -73 200 -94 

Live Vegetat ion 

Grass 0 . 6 7  9 X 10-3 0 . 16 8 X 10-2 

Forb 0 . 009 1 X 10-4 

Rodent 2 X 10-5 3 X 10-7 3 X 10-5 2 X 10-7 
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I nformat i o n  on the 241Am content of canyon ec osystem components i s  l im i ted b ecau se of the 
p robl ems  encou ntered i n  devel op i ng a re l i ab l e anal yt i c al proced ure for thi s el ement i n  e nv i ronmental 
matri ces . The l i m i ted amount of d at a  ava i l ab l e i nd i cates that l eve l s of 241Am i n  so i l s  and b i ot a  
a re l ower th a n  correspo nd i ng pl utoni um concent rat i ons becau se of  t he  l esser amou nts  of  241Am i n  
l i qu i d  effl u e nts a nd  i t s  very l ow b i oavai l ab i l i ty .  

Other stu d i es were i n it i ated o n  mercu ry i n  the canyons and depl eted u rani um  on mesa top si tes 
u sed for expl os i ve  experiments . The res u l ts of the stud i es i nd i cate mercury i s  e l evated i n  canyon 

so i l s  as a resu l t  of l i q u i d  effl u ent rel eas e ,  a nd stream bank soi l s  appear to be a maj or depos i t i on 
l oc i  for mercury rel at i v e  to stream-channel so i l s .  Merc ury appears to be more mob i l e  than  1 37cs 

in the canyons becau se of bas i c  d i ffe rences i n  t ra nsport behavi or .  
Stud i es on depl eted u ra n i um i n  fi ri ng s i te a reas i nd i cate that the  most read i l y  observed effect 

of test exp l o s i ons on adj acent nat i ve  pl ant commu n i t i es i s  the resu l t  from the bl ast a nd resu l ta nt 
f i res rather than from the chem i c al toxi c i ty of u ran i um .4-1 12  The affected a reas a re sma l l ,  l ess 
than 0 . 02  km2 (5 acres) a nd a re cov e red wi th earl y  success i onal  stages of p l a nt g rowth .  A maj or 
obj ect i ve of thi s prog ram i s  to attempt to defi ne anomal i es i n  pl ant a nd an ima l  commun i ty structure  
that can  be  attri buted to chemi cal toxi c i ty of u ran ium . 

One of the maj or processes g overni ng rad i onuc l i d e  d i stri bu t i on i n  the canyo ns resu l ts from storm 
ru noff . Su rface fl ow i n  these i ntermi ttent streams occas i onal l y  reache s the R i o  Grande  and , i n  the  
p rocess , t ransports  sed i ment-bou nd rad i oact i v i ty to downstream a reas .4-28 Very sl i g ht ly el evated 
l eve l s of p l uton ium  can be measured near the confl uence of Los Al amos Canyon a nd  the R i o  Grande . I n  
1 973  a sediment , water ,  a nd fi sh  s ampl i ng p rogram was estab l i shed on the R i o  Grande down stream from the 
Laboratory to document l eve l s of rad i oact i v i ty i n  sampl e materi al s .  Resu l ts t hrough  the years c l earl y 
demonstrate that l eve l s of rad i oact i v i ty i n  R i o  Grande sed i ments , water ,  a nd fi sh  a re wel l  wi th i n 
l eve l s that can  be attr i bu ted to worl dwi de  rad i oact i v e  fal l ou t  sou rces .4-34 

It is d i ff icu l t to make defi ni t i v e  pred i ct i ons of Laboratory i mpacts on the natu ral envi ronment 
over the next 25 years . Certai n aspects of present operat i onal p rocedu res wi l l  d ramat i c al l y  improve 
( i . e . , t he goal of zero rel ease of l i qu i d  pol l u tants )  i n  a few years resu l t i ng i n  improvements i n  the 
chem i c al qua l i ty of the env i ronment .  I n  addi t i o n ,  the cont i nued acqu i s i t i o n of ecol og i cal  research  
data  wi l l  hel p i mprove l and u se p ract i ces to mi nimi ze the  envi ronmental i mpacts of  acti v i t i es such  as 
faci l i ty devel opment . I n  some cases , b enef i c i al impact may resu l t  such as pre se rvati o n or devel opment 
of a reas benefi c i al to wi l dl i fe . Ec ol ogi cal  stu d i es of chemi cal  materi al s i n  the env i ronment a re 

requi red over l ong peri od s i n  order to detect subtl e ,  l ong term effects . I n  cases where contami nants 
a re thou ght to exi st , stud i es a re i ni ti ated . The res u l ts of these studi es a re reported i n  the yearl y 
Envi ronmental Su rve i l l a nce Report s . 

Many of these basi c ecol og i cal  stu d i es a re now bei ng conducted i n  connect i o n  wi th the Laboratory ' s 
. 4- 1 13  Nati o na l  Env i ronmental Research P a rk ( N ERP ) as d i scu ssed earl i er i n  Sect 1 on 2 . 2 . 3 .  
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4 . 1 . 6 Other Resou rce Ut i l i za t i o n  

� 
Use  of energy for the operat i on of DOE fac i l i t i es at Los Al amos consti tutes a maj or consumpt i o n  

of natu ral resou rces from external sou rces . The sou rces o f  su ppl y and the tra nsmi s s i on faci l i t i es were 
descri bed i n  Sect i o n  3 . 3 . 1 . 6 .  I n  the past , DOE fu nct i oned a s  a su ppl i er of el ectr i c i ty and natural gas  
fo r Los  Al amos Cou nty as  wel l as  for the DOE fac i l i t i e s .  Beg i nni ng in  m i d  1 977 , the  cou nty began mak i ng 
al l pu rchases of natural gas and el ectri c i ty d i rectl y from commerci al suppl i ers .  Ex i st i ng transmi s s i on 
l i nes and p i pel i nes wi l l  cont i nu e  to t ra nsport the cou nty pu rchases , but  DOE wi l l  no l onger be i nvo l ved 
i n  the resal e of energy or fue l . 

The bal a nc e  of th i s sect i o n  wi l l  deal wi th the actual and proj ected u ses  of el ect ri c i ty and 
natu ral gas  and rel ated envi ronmental  impacts onl y for Laboratory-rel ated operat i o ns a nd exc l u des 
ener�y u sage attri butab l e  to the commu n i ty .  Thu s there a re d i fferences between t h i s  sect i o n  and 
Sect i o n  3 . 3 . 1  becau se of wh at i s  i nc l uded . 

Total energy c onsumpti on i n  FY 76 was approx imatel y 5 . 6 x 1 0 1 5  j ou l es ( 3 . 3 x 1 0 1 2  BTU } i n  terms 
of the energy va l u e  of the natu ral resou rces consumed on- s i t e  or u s ed to generate pu rchased el ectri c i ty .  
Note that these energy va l ue s  refl ect effi c i ency factors attri butab l e t o  the genet rat i on process and 
these numbers are much l a rger  than the u sefu l ene rgy c onsumed a s  was d i scu s sed i n  Sect i o n  3 . 3 . 1 . The 

. 4- 1 1 4  d i str i bu t i o n  b etween pu rch ased el ect ri c i ty and natu ral gas i s  i nd i cated i n  F 1 g ure 4 . 1 . 6- l . About 
ha l f of the natural gas was u sed to generate el ect ri c i ty i n  the DOE power pl a nt a nd the other hal f for 
space heat i ng or processes .  The natural resou rces provi d i ng the energy i nc l u d e  natura l  gas , a pprox imately 
3 . 1  x 1 06 MCF i n  FY 7 6 ,  a nd coal and hydropower to produce the pu rch ased el ectr ic i ty .  About 6 2% of the 
pu rch ased power was generated at coal  bu rni ng power p l ants i n  the northwestern corner of New Mexi co , 
the other 38% wa s generated by hyd roel ectri c pl ants  on the Co l orado R i ver Storage Proj ect . 

The emi s s i o n  of a i rborne po l l utant s  resu l t i ng from the bu rni ng of natura l  gas  for power product i on 
i n  Los  Al amos i s  treated i n  Sect i o n  4 . 1  . 2 ,  a nd the burni ng of coal  i n  the Fou r Corners area i s  treated 
i n  Sect i o n  4 . 3 . 2 .  

The impact of energy c onsumpt i o n  at Los Al amos i n  the futu re wi l l  depend fi rst o n  the total energy 
need s  and second on the m i x  of resou rces u sed to prov i d e  that energy . The total ene rgy need s depend on  
a ssumpt i ons about the expected programmat i c  devel opment at LASL . A det a i l ed consu l tant study was  com
p l eted i n  1 9 7 6  to make proj ect i o ns of energy u sage at LASL . The proj ect i ons made by that study are 
depi cted g raphi cal l y  i n  F i g u res  4 . 1  .6-2 , -3 ,  a nd -4 ( Reference 4-1 1 4 } .  Each i nc l udes  an envel ope of u se 
rang i ng from max imum expected u se to the mi n imum that cou l d  be ant i c i p ated wi th an i ntens i ve energy 
conservat i o n  program . Becau se the study consi d ered on ly  LASL energy consumpt i on ,  i t  i s  not poss i b l e  
t o  make d i rect compari son wi th the data i n  F i gures 3 . 3 . 1 -3 a nd -4 . However,  a s  noted i n  Sect i o n  3 . 3 . 1 , 
progress has been made i n  the conservat i on of both el ect r i c i ty a nd natural gas u s age .  Tot al consumpt i o n  
i n  both categor i es decl i ned between 1 9 7 7  a nd 1 9 78 i n  s p i t e  o f  g rowth i n  faci l i t i es and personnel . 

. 4- l l 4 P roj ected el ect r ical energy consumpt i o n  i s  shown i n  F 1 g u re 4 . 1 . 6-2 . An i ncreased u se of 
approx imatel y 7 7  x 1 06 kl�h i s  expected between 1 9 7 6  a nd 1 985 . Al most 48% of the i ncrease i s  expected 

6 to be due to greater consumpt i on at LAMPF , wh i ch  wi l l  u se an estimated 1 8 5  x 1 0  kwh by 1 985 , compared 
to 1 48 x 1 06 kwh i n  1 9 76 .  LAMPF present l y  u se s  a nd i s  expected to cont i nu e  to accou nt for about hal f 
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TOTA L E N E R GY CON SU M P T I O N 
5. 6 x IOI5 JOULES (5. 296 x I 012 B T U )  

�HH NAT U RAL GAS . . . . . . .  60. 4 % n�u3.4 x 1 015 JouLEs · =< -��1ffin�� �;�n�T:Yl 

E LECT R I C  
G E N E R AT I ON 

30.4°/o 

1 .1 x 1 o1 5 JOULES 
( 1 .6 x 1 0 12 BTU )  

F i g ure 4 . 1 . 6- l 

PROC ESS AND STEAM 
30°/o 

1 .7 X 1 0 15 JOU LES 
( 1 .6 x I 01 2 BTU ) 

Tota l Laboratory Energy Consumpt i on as Source Energy fo r FY 1 976  
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PROJ ECTED WITH EN ERGY 
CONSERVATI O N  

I ACTUAL CONSUMPTION 

�STA RT O F  E N E R G Y  C O N S ERVAT I O N  
I 
I I 

74 78 82 86 
FISCAL YEAR 

Figure 4 .  1 .  6 - 2  

Annual Consump t ion o f  E l e c t r i c i t y  a t  LASL 
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of the e l ectr ical consumpt i on at LASL .  Max imum pos� i b l e  el ectr i cal consumpt ion  sav i ngs of about 1 2% 

u nder the proj ect i o n  have been estimated . The i ncreased needs wi l l  be met by addi t i onal  purchase s ,  
w i t h  the l a rg est fract i o n  proba b ly  comi ng from Pub l i c  Serv i ce Company generat i ng p l ants . Most of the 
i ncreases through  1 982 wi l l  come from addi t i o na l  coal fi red generat i ng ca pac i ty ;  after 1 982 some of the 
PSCNM power wi l l  be  ge nerated by the P a l o Verde nuc l ear p l ant near Phoen i x .  Envi ronmental effects of 
th i s addi t i o na l  power generat i on wi l l  depend on the PSCNM dec i s i ons abou t  exact generat i ng sou rces . 

P roj ected l ocal  fos s i l  fue l  consumpti on i s  shown i n  F i gure 4 . 1 .6-3 . The u n i ts are i n  energy on ly 
becau se of a possi b i l i ty of convers i on from natural gas  to fue l  o i l  by 1 985 . Th i s  assumpt i o n  by DOE  
of the need to convert to fue l  o i l  at LASL i s  based on  expectat i ons of l imi tat i ons i n  the ava i l ab i l i ty 

. 4 -1 1 4 of natu ral gas and the i nfeas i b i l i ty of u s 1 ng coal at Los Al amo s .  There wa s an approximate 9% 
reduct i on i n  the u se of gas between 1 973  a nd 1 9 7 5  resu l t i ng from the impl ementat i on of conservat ion  
project s .  An  i ncrease i s  expected to  occu r ,  peak i ng i n  about 1 9 7 9 , b ecau se of  p l anned fac i l i ty and 
p rog rammat ic  expa nsi o n .  The l onger ra nge proj ect i o ns refl ect sav i ngs expected from present and proposed 
conservat i on prog rams . An i nten s i v e  add i t i ona l  energy conservat i o n effort has  been estimated to have 
the potent i al for an addi t i ona l  36% sav i ngs by 1 985 . The fi gure al so  i nd i cates the possi b l e  phaseout 
of natural ga s ,  wh i ch wou l d  have to be rep l aced wi th fue l  o i l .  I f  the change to fu e l  oi l does take 
p l ace , there wi l l  be  some change  i n  the natu re of a i rborne effl uent s  from the DOE power pl ant . However,  
it  can  be expected that appropr i ate env i ronmental control technol ogy wi l l  be added , if  necessa ry .  

T he  total energy consumpti on proj ect i o n f or  t he  DOE  L o s  Al amos operat i ons i n  terms of  sou rce 
energy i s  s hown i n  F i g u re 4 . 1 . 6-4 . 4- 1 1 4  Th i s  combi nes the i nformat ion  i n  the two preced i ng proj ec
t i ons . The ex pect at i ons are fo r a maximum i nc rease of about 1 5% over cu rrent u se by 1 985 , assumi ng 
present pl ans a nd some energy conservat i on are impl emented . I f  an ext remely i nt ens i v e  e nergy conserva
t i on prog ram i s  carr i ed ou t ,  t he re i s  some poss i b i l i ty of a 6% decrease by 1 985 from present u se .  I t  
mu st be  noted that impl ementat i on o f  energy conservat i on  i nvo l ves cons i derat i on o f  t h e  co st-effect i veness 
of capi ta l  a nd operat i onal changes  bal anced ag a i nst expected fue l  costs as wel l as  envi ronmental con
s i d erat i ons � �· The amou nt of energy conservat i o n actu a l l y  real i zed wi l l  be determ i ned by a more 
detai l ed stu dy of  such  t rade offs . Some of the conservat i o n  measu res bei ng stud i ed i ncl u d e  reduct i on of 
l i ght i ng ;  addi t i o na l  i ns u l at i o n  of bu i l d i ng s  and wate r ,  steam , a nd condensate l i nes ; mod i fi cati on  of 
control systems for heat i ng ,  vent i l at i ng ,  a nd a i r cond i t i oni ng systems to max im i ze effi c i ency and reduce 
demand du ri ng non-u se hou r s ;  mod i fi c at i on of pl ans for new st ructu res to i ncorporate a l l poss i b l e  
conservat i on measures ; a nd addi t i o n  of so l ar  energy col l ect i on to  some exi st i ng bu i l di ng s . 4- 1 1 4 

Add i t i o na l  mi nor i nputs of energy i n  the form of g a so l i ne ,  d i esel fuel , a nd propane gas ( see 
Sect i o n 3 . 3 . 1  . 2 )  resu l t  i n  some env i ronmental impact s .  The pri nci pal  one i s  a i rborne emi s s i o ns from 
government veh ic l es ,  wh i c h  consume most such fu el s .  These emi s s i ons are treated i n  Sect i on 4 . 1  . 2 .  
Conservat i on pract i ces , i nc l ud i ng car pool i ng ,  l im i t i ng speed s t o  5 0  mph , a nd the u se of b i cycl es , a re 
encou raged at the La boratory .  Gradu a l  repl acement of ex i st i ng motor pool veh i c l e s  wi th newer ,  more 
effi cent , a nd l ess po l l ut i ng veh i c l e s  wi l l  hel p ac h i eve fue l  sav i ng s .  
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Other Materi al s 
Al though many mater i a l s are used at LASL ( Sect i o n  3 . 3 . 1 . 3 ) , an effort i s  made to recyc l e  when 

pos s i b l e .  After prec i ous  metal s have served the i r  research funct i on , t hey are returned for c l ean i n g ,  
decontami nat i o n ,  and re-fab ri cat i on .  Thus , onl y a very smal l quant ity i s  actual l y  consumed . 

The purpo se of the Z i a- LASL Surpl us  Materi al s  Recyc l e  Program i s  to use exces s  materi al i n  s ubse
q uent proj ects . The po l i cy of sel l i ng excess materi al to h i g h  b i dders has been mod i fi ed to accommodate 

the recyc l i ng prog ram . Surpl u s  mater i a l s u sed i n  the recyc l i ng program i nc l ude mai ntenance or construc
t i on mater i al s that a re exces s or have been removed from or l eft over from a j o b ,  and s im i l ar materi al s 

s tockpi l ed i n  excess by us i ng g roups . Recyc l i ng efforts a re exerted on ly on  materi al s that a re i n  
economical ly  repa i rab l e  cond i t i on or that can be re used wi thout exces s i v e preparat i on .  I nventory 

pr i nt-outs of avai l ab l e  materi al s are furn i s hed month ly  to each LASL sect i on or grou p t hat mi g ht recyc l e  
i tems .  Materi a l  i n  excess a t  t he compl et ion  of a j o b  i s  returned t o  the  recyc l e program for cred i t .  
When s uppl i es ,  materi a l s , and equi pment are no l onger useful t hey are del i ve red t o  Sal vage and Surpl us  
for d i s posal  or recyc l i ng .  De s i g nated eng i neers , s u peri ntendents , o r  d i v i s i o n  ch i efs make t he dec i s i on 
that s uch  i tems are no l onger useful to LASL operat i on s .  Onl y Sal vage and Surpl u s  i s  authori zed to 
d i s pose of g overnment property,  i nc l ud i ng scrap and waste .  Al l appropri ate materi al s con s i d ered for 
sa l vage  and s urpl us  a re mon i to red , tag ged , and c l eared by a heal t h  phys i c s  s urveyor before be i ng 
removed from the j ob s i t e .  

LASL has a l arge central computer fac i l i ty and many term i na l s thoughout the compl ex . Spec i al 
waste recept acl es have been marked for computer pri nt-out paper and computer card s  and pl aced i n  al l 

areas where there are computer termi na l s .  Th i s  pa pe r i s  rough-sorted by Z i a Co .  custod i a ns and fi ne
sorted by t he l ocal Expl orer  Sc out Troop , wh i c h  al s o  has the respons i b i l i ty for i t s  trans port to a 

t ra i l er that i s  peri od i c al l y  pi cked up by a commerc i al paper recyc l i ng fi rm .  Of t he 480 tons of pri nt
out paper and 1 0 5  tons of cards  used by LASL dur i ng 1 9 76 , 1 20 tons  of paper and 45 tons of cards  were 

recyc l ed .  
The use of pest i c i d es (Sect i on 3 . 3 . 2 )  conforms to EPA and USDA reg i s tered uses and l abel 

s pec i fi cat i ons and no kn own res ul t i ng env i ronmental probl ems were observed unt i l  a 1 9 78 t ree k i l l  
report .  Resu l ts  of that i nvest i g at i on have  l ed to a reeval uat i on of s ome procedures . Res u l t s  of the  
i nvest i gat i on are  s ummar i zed i n  the 1 9 78  Env i ronmental Surve i l l ance Report , Ap pend i x  H ,  page  H-39 . 
The use of c l eani ng and mai ntenance prod ucts ( Sect i on  3 . 3 . 2 )  res ul ts i n  some contri b ut i ons to so l i d  
wastes and san i t ary l i q u i d  wa stes . N o  kn own env i ronmental probl ems have been observed t o  have res ul ted . 
There a re s ome kn own effects on p i ne trees from s al t  used dur i ng the wi nter for dei c i ng by St ate 
H i g hway Depa rtment , Los Al amos County , a nd Z i a . 4- l l 4A ,  B , C Every effort i s  made to  use a m i n imum of 
sa l t wi t h i n  LASL. 4-1 1 4D 

4 . 1 . 7 .  Aesthet i cs 
As d i scussed i n  Sect i o n  3 . 2 . 9 ,  the  ut i l i tar i an  arch i tectural styl e of the  Laboratory was determi ned 

by the ex i genci es of Proj ect Y dur i n g  the wa r and by l ater austere construc t i o n  bud gets . The present 
fac i l i t i es a re us eab l e  and needed , a nd therefore wi l l  rema i n .  General l y  the re a re no cod i f i ed v i s ual  
qua l i ty st andard s  appl i c ab l e  to  the  Laboratory.  
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The natu ral and ma i ntai ned l a ndscap i ng are the maj or aesthet i c  assets of Los Al amos . For an  
i nsta l l at i o n  wi th the s i ze and compl ex i ty of LASL , there a re comparat i ve ly  few bu i l di ngs  v i s i b l e  from 
pub l i c l y  access i b l e roads . Most of the Laboratory st ru c tu res  are sc reened from pub l i c  v i ew by natu ral 
vegetat i on a nd by the i r  l ocati on i n  control l ed access area s .  Al together ,  some 68 stru ctures i n  the tech
ni cal  areas can  be s een by the pu b l i c .  The l a rger faci l i t i e s ,  such  as  the P l u ton i um P rocess i ng Faci l i ty 
a nd  the Mai n  Tech n i c al Area , a re the most not i c eab l e  of the 1 5  techn i cal a reas v i s i b l e  from pu b l i c  access 
roads .  A neg at i ve v i su a l  impress i on is present ed to v i s i tors and empl oyees by l arge i ndu st ri a l  bu i l d i ngs , 
sma l l su pport stru ctures such as pump hou ses a nd gu ard stat i ons , towers , masts , c h imneys , overhead 
u t i l i t i e s ,  chai n l i nk fenci ng , a nd roadways .  Al thou gh the re have been efforts  to s i te u t i l i ty l i nes  i n  
l es s  prom i nent area s ,  such as  canyon bottoms , some overhead l i nes  are s i l hou etted agai nst the sky ,  
g i v i ng them added vi s ua l  promi nenc e .  Roadways at LASL general l y  have a neg l i g i bl e  vi sua l  impact , s i nce  
most a re two l a ne s  wi th a mi nimal  amou nt of  cu t and fi l l .4- 1 04 

A s eri es  of p l ans  for future improvements to v i sua l  qua l i ty are bei ng deve l oped as  pa rt of the 
LASL Master  P l a n .4 - 1 0 4  Pre l im i nary su ggesti ons i nvo l ve e l aborat i on of the southwestern l andscapi ng 
co ncept , max imum retent i o n  of natural vegetat i on ,  strateg i c  pl anti ng of l arg e t rees , some u se of sc reen
i ng fences , a nd u se of a u n i fi ed styl e for s i g ns .  Addi t i o na l  proposal s i nc l ude  treatment of bu i l di ng s  
by sel ect i v e  su rface col or  appl i cat i on and l a rge scal e g raph i cs a nd l ocat i ng u ns i ght ly new bu i l d i ng s  out 

of v i ew from pub l i c  roads . F i nal l y ,  overhead u t i l i ty l i nes wou l d be sc reened or l ocated ou t of v i ew 
from pub l i c  roads . 

There i s  l i ttl e expectat i on that fu nd i ng s pec i fi c al l y  earmarked for v i sua l  improvements can  be  
obtai ned . Past pract i c e  has b een to  g i v e  top pri or ity to exteri or mai ntenance work to mai nta i n the 
i ntegr i ty of a bu i l di ng ,  wi th no a l l owa nce even for exteri or pai nt on bu i l d i ng s  u nt i l  recent l y .  New 
faci l i t i es are now recei v i ng more attent i on on an  aestheti c a nd a rch i tectu ral des i g n  bas i s than has 
been typi c al of past structures . The Nat i onal Securi ty and Resou rces Study Center ,  the Occupat i on  
Heal th Laboratory ,  a nd the Cl i nton P .  Anderson Meson Phys i c s  Faci l i ty a re exampl es . However ,  structures  
wi l l  rema i n b as i c al l y  ut i l i ta ri an  to  keep costs  as  l ow as  poss i b l e .  Improvements to  the v i su a l  qua l i ty 
of exi st i ng fac i l i t i es wi l l  have to  be fu nded from LASL ' s  operat i ng bud get , a nd wi l l  face st i ff com
peti t i on from other press i ng LASL operat i ng need s .  

Another  aesthet i c  asset o f  t h e  Laboratory i s  that i t  al so  fu nct i ons as  a wi l dl i fe refu g e .  The 
po l i cy ,  where possi b l e ,  i s  to l ocate new devel opment adj acent to  ex i s t i ng tech n i cal areas to  mi n imi ze 
envi ronmental impact . Th i s  has permi tted many areas of the Laboratory to remai n u ndevel oped . Because 
grazi ng has been proh i b i ted on  Laboratory g rou nds s i nce the earl y 1 940 ' s ,  many areas  a re returni ng to  
t he i r natural vegetat i on associ at i ons  and a re rega i ni ng carryi ng capac i ty for wi l d l i fe .  I n  add i t i o n , 
the  v ari ou s l i qu i d  effl u e nt s  from LASL fac i l i t i es have marked ly i nc reased water supp ly  for vegetat i on 
a nd wi l d l i fe i n  some areas , a nd i s  at l east part l y  respons i b l e  for the h i g h  dens i ty of wi l d l i fe i n  the 
a rea . Restri cted access and l i m i ted hunti ng in  Laboratory areas al so  appear to  have had some benefi c i al 
a spect s for wi l d l i fe .  Large a reas wh i ch  remai n rel at i ve ly  u nd i stu rbed serve as nest i ng and b reed i ng 
a reas  for spec i es that a re i ntol erant of human e ncroachment . The l arge number of predatory spec i es 
attest to the d i v ers i ty and abu ndance of food . Many of the wi l dl i fe spec i es i n  the area have only a 
l i mi ted fear of humans . The presence  of endangered or th reatened speci es fu rther emphas i zes that the 
LASL reservat i o n  al so  fu nct i o ns as  a wi l dl i fe refu g e .  



4-88 

Howeve r ,  some peopl e ,  such as ' hi kers , campers , and hu nters , may cons i d er the near-wi l derness  area 

p l acement of a maj or faci l i ty such as  LASL to be an adverse aesthet i c  i mpact . Th i s excl u s i on prevents 
the i r access to a reas ack nowl edged to be sceni calJ y beaut i fu l  a nd rich i n  wi l dl i fe .  The i sol at i o n  
i tsel f was a maj or requ i rement fo r the ori g i nal operat ion  of  L o s  Al amos . T h e  exc l u s i on i s  st i l l  
� navo idab l e fo r reasons of secu r i ty ,  safety , a nd cont i guous  l a nd u s e .  The excl u s i on i s  a m i t i gat i ng 
measu re protect i ng the publ i c  from potent i a l hazards  of exposu re to contami nat i o n ,  dangerou s test 
act i v i t i es such as h i g h  expl o s i ve  detonat i ons , a nd potent i a l  r i s k s  from acc i dental rel ease s .  Al s o ,  the 
excl u s i o n  i s  not from a compl etel y u n i que  resou rce area i n  that s i m i l ar l a nd scape a nd opportun i t i es for 
recreat i o n  are av a i l ab l e  i n  the Bandel i er Nati onal Monument a nd nearby Forest Serv i ce l and s .  

A n  important i nd i genou s aspect of l ocal  cu l tural i nterest and aestheti cs i s  the profu s i o n o f  pre
Col umb i an  ru i ns pepperi ng the a rea . I n  addi t i o n  to bei ng of envi ronmental i ntere st , these ru i ns are of 
extreme cul tural import ance to the l ocal  I nd i a n  peopl e ,  who trace thei r descenda ncy from the peopl es 
that i nhabi ted them . 

Potent i a l  effects of LASL ' s  b l ast  act i v i t i es on nearby Bandel i er Monument areas were assessed by 
measu ri ng grou nd mot i o ns i n  the monument du ri ng t imes of rel at i ve ly  l a rge test b l asts . Resu l ts showed 
that other cu l tu ral no i se s  ( e . g . ,  tou r  buses and foot t raffi c )  exceeded the ampl i tudes from the b l ast . 
One except i o n  was a north wa l l cave where the b l ast measu re wa s onl y twi ce the foot traffi c mot i ons . 
Larger bl asts are not expected to occu r i n  the future ; they ,  i n  fact , a re showi ng a trend i n  decreas i ng 
the s i ze .  

I t  i s  a nat i onal pol i cy to prov i d e  for the mai ntenance of archaeo l og i cal s i tes throu gh preservat i o n ,  
rehab i l i tat i on ,  o r  restorat i on a s  enu nci ated by Execu t i ve Order 1 1 593 , the  Nat iona l  H i storical  Preservat i o n 
Act of 1 966 ( 1 6  U . S . C . 470 et seq . ) , the Nati onal Env i ronmental Po l i cy Act of 1 969 (42 U . S . C .  4231 et 
seq . ) ,  the Federal Ant i qu i t i es Act of 1 906  ( 1 6  U . S . C .  431 et seq . ) , a nd the H i stori c S i tes  Act of 1 935 
( 1 6 U . S . C .  46 1 et seq . ) .  In essence  these acts requ i re total preservat i o n  and res torat i on of u n i qu e  
s i t es ,  a nd mapp i ng a n d  archaeol og i cal document at i on of  al l othe r s i tes before effect i ng any c i v i c or 
tech nol ogi cal d i s tu rbanc e .  

T o  impl ement t h i s  pol i cy ,  a nd a s  a matter o f  general i nterest , a n  i nventory o f  pre-Col umbi an 
I nd i an  s i tes  on LASL l and s was made by LASL ' s consu l t i ng archaeol og i st .4-1 1 5  Seve ral hundred s i tes 
( s hown on a LASL Archaeo l ogi cal Map ,  see F i g ure 3 . 2 . 7-2 ) were l ocated over a two-year pe ri od .  I n  
addi t i o n  to the map , a fi l e  of " s i te" card s  was comp i l ed .  Each s i te l ocated du ri ng the su rvey i s  
descri b ed o n  a card and as s i g ned a permanent number by the Laboratory of Anthropo l ogy of the Mu seum of 
New Mex i co .  

St ri ct procedures are fo l l owed at LASL to  protect and preserve pre-Col umbi an I nd i an s i tes . 
Construct ion  or ma i ntenance act i v i t i es that wi l l  i nvol ve a rchaeo l og i cal s i tes are brou ght to the 
atte nt i o n of the Envi ronmental Stud i es Grou p .  T h i s  i nc l udes  smal l er construct i on  a nd mai ntena nce 
act i v i t i es that wi l l  requ i re a ny earth su rface d i stu rbances . Maj o r  construct i o n  proj ects a re rev i ewed 
for a rchaeo l ogi cal impact . The eng i neeri ng d i v i s i ons of both LASL and the Z i a  Company have cop i es of 
the LASL Archaeo l ogi cal  Map a nd of the s i te card s  to a i d  them i n  i d ent i fyi ng I nd i an s i tes . U n i que  or 
espec i al l y  va l u abl e s i te s  are posted wi th warni ng s i g ns .  I f  an i dent i f i ed s i te i s  i n  co nfl i ct w ith  a 
constru ct i o n or ma i ntenance proj ect , LASL ' s  archaeol ogi st exam i nes the s i te to determi ne i f  mi nor 
changes i n  the constru ct i o n pl ans wi l l  a l l ow the s i te to remai n .  I f  the s i te mu st b e  sa l vaged , est imates 
a re made as to the t i me needed for excavat i o n a nd the amou nt of l abor requ i red . 
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On ly  sal vage  arch aeol ogy , rather than c l ass i cal  archaeol ogy , i s  perfonned at LASL , a nd s i tes are 

p rotected whenever  po s s i b l e .  Wh en sa l vage arch aeol ogy i s  requ i red , the LASL E ng i neeri ng D i v i s i on 
i n i t i at es th e work orders , a nd LASL ' s  archaeol og i st obta i ns penn i s s i o n  to excavate from the Department 
of the I nteri or and the Department of Energy . Future detenn i nat i ons of i mport ance and sa l vage 
a rcheol ogy wi l l  be conducted i n  accordance wi th new regu l at i ons ent i t l ed ,  " P rotect i o n of H i stori c and 
Cu l tural P ropert i es , "  36 CFR 800 , effect i ve March 1 ,  1 9 79 . 

Before excavat i o n ,  a photograph i s  take n of the ru i n . External a spect s , i nc l u d i ng pottery sherds  
a nd any other art i facts fou nd on the  su rface and the i d ent i ty of the l ocal  fl ora , a re recorded . The 
sa l vage crew i s  bri efed on the  proper  procedure for the excavat i o n ,  s i nce proced ures d i ffer wi de ly  
depend i ng u pon  the  ru i n . An expl orato ry trench i s  du g i nto the s i d e  of the mou nd to estab l i s h the 
ou ter l i m i tat i o ns of the  a rch i t ectu re . Once these a re estab l i shed , excavat i o n  to fl oor l evel i s  
pe rfonned , room by room , a nd photographed .  Sub- fl oor p i ts are du g to check for bu r i al s ,  earl i er fl oor 
l evel s ,  o r  ev i d ence of po s s i b l e  earl i e r  occu pat i o n s .  Features such as bu ri al s ,  fi re p i t s , g ri nd i ng 
b i ns ,  storage p i ts , pe ri shab l e materi al s ,  and datab l e  wood are carefu l ly  expo sed , photog raphed , a nd 
recorded . 

Compl eted rooms w ith  an i d ent i f i cat i o n s i g n  are photog raphed , a nd a photog raph of the ent i re 
excavated s i t e  i s  taken for the  records . The compl eted s i te i s  mapped , a nd wa l l  hei ghts and th i cknesses 
a re noted . 

The ru i n  i s  then reported as  compl etel y excavated and may be removed by the constru ct i o n contrctctor .  
Al l sacked materi al s a re marked , a nd l arge art i facts are removed to the  Laboratory for study . Materi al s 
a re c l eaned , a nd l a i d  ou t by rooms and l evel s for study .  Analys i s  of materi al s i nc l udes  i dent i f i cat i on 
of al l pottery sh erds  and compl ete ves sel s .  Pottery i s  restored i f  pos s i b l e .  Animal or  human bones 
a re i d ent i f i ed ;  non-ceram i c  a rt i facts are measu red and descri bed . Per i s hab l e a nd frag i l e  art i c l es a re 
g i ve n  a spec i al t reatment wi th preservati ves . 

A f i na l  report i s  pub l i shed that i nc l udes  a descri pt i o n of the  s i t e ,  cu l ture pe ri od ,  dates of 
occu pat i o n  and abandonment , proveni e nce and desc ri pt i o n  of al l arti fact s , a rc h i tectural features , a nd 
i nterrel at i onsh i p wi th  other  s i tes . 
4 . 1  .8 E nv i ronmenta 1 Impacts of New F aci 1 i t  i es to be Constructed 

Th i s  sect i on  bri efl y summari ze s  ant i c i pated envi ronmental impacts  of the several proposed new 
faci l i t i es descri bed i n  Sect i on  2 wh i ch a re presentl y bel i eved to h ave a good probab i l i ty of bei ng 
constructed i n  the  near futu re . A number of proj ects were descri bed i n  the D E I S  but h ave been del eted 
herefrom becau se they are no l o nger bei ng act ive ly  cons i dered . The fo l l owi ng summari es a re based on 
i nfonnat i o n  devel oped to prepare env i ronmental as sessments wh i ch accompani ed offi c i al budget reque sts . 
Accordi ng l y ,  they a re not deta i l ed stu d i es bu t do i d ent i fy the most s i g n i fi c a nt or  u n i qu e  i mpacts 
a s soci at ed wi th each proposed faci 1 i ty .  
I ntense N eu tron Sou rce 

A F i nal Env i ronmental Statement ( ERDA-1 548 )  has  been prepared for the I nte nce Neu tron Sou rce ( I NS )  
Faci l i ty . 4- 1 1 6 Howeve r ,  t h e  proj ect has  been deferred . Shou l d  i t  b e  act i vated , t he  pri nc i pal  
env i ronmental im pacts  of the proposed fac i l i ty from rou t i ne construct i o n  act i v i t i es i nc l ude  c l eari ng 
approximatel y s i x  acres of l a nd for th e bu i l d i ng ,  parki ng a reas , and an access road . L i qu i d  wastes 
d i scharg e  wou l d  cons i s t  primari l y  of cool i ng tower b l owdown duri ng operat i o ns .  S i g n i fi cant ly  
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c ontam i nated l i q u i d  and sol i d  wa ste woul d be d i spo sed at the ex i st i ng LASL waste d i s po sal  area . Very 

smal l q uant i t i e s  ( l es s  than 1 00 cur i es per year) of tri t i um and traces of other rad i oac t i v i ty wo ul d 
resu l t i n  s i te boundary d oses not exceed i ng 5 mrem pe r year ,  or  l es s  than 5 percent o f  appl i c ab l e 
rad i at i on protect i on g u i d el i ne s  and l es s  than 5 percent of the nat ural rad i at i on backg round from 
natural ly  occurri ng rad i oac t i v i ty .  
P roton Storage .8.iQ_g_ 

The pl anned proton sto rag e r i ng and other add i t i ons i nc l ud i ng an experimental s upport fac i l i ty at 

the Los Al amos Meson  Phys i c s  Fac i l i ty s i te are ex pected to produce m i n i mal , general l y  short-term 
envi ronmental impacts du r i ng the construct ion  phase .  The proto n storage ri ng proj ect has been des i g ned 

i n  such  a way th at negl i g i b l e  rad i at i on effects on the pub l i c  heal th and safety are proj ected dur i ng 
norma l  opera t i o n .  The fac i l i ty wi l l  be fenced and therefore not acces s i b l e to the pub l i c .  Ai rborne 

effl uents 1�i l l  be d i scharged th rough  the LAMPF ex i st i ng h i g h  effi c i ency exhaust  fi l ter system . Contam i 
nated waterborne wa stes wi l l  be  d i sposed a t  the central contam i nated wa ste treatment fac i l i ty .  The 
max imum cred i b l e  "worst case" acc i d ent wo ul d be the acc i d enta l  dumpi n g of an ent i re meson fac i l i ty macro
pu l se i n  the proton sto rage  ri ng room . At the s i te boundary th i s  woul d l ead to  a trans i ent , max imum , 
rad i oact i v i ty c oncentrat i on wh i c h  i s  l es s  than the a ppropri ate concentrat i o n g u i de .  The onl y po ss i b l e  
rel ea se o f  rad i oact i ve  materi al  wh ich  i s  po ss i b l e  i nvol ves the rupture o f  sam pl es i n  one o f  the 
i rrad i at i o n  area s ,  accompan i ed by a fa i l ure i n  the vent i l at i on cutoff system . Expo sure to  the meson 
fa c i l i ty-assoc i ated pe rsonnel fran s uc h  an ev ent wo ul d be comparab l e  to  the max imum penn i s s i b l e  con
centrat i on g u i d el i nes  for the pub l i c  and thus wi t h i n  to l erabl e l im i t s .  
Occupat i onal  Hea lth  Laboratory Expans i on 

Operat i o ns to be conducted i n  the pl anned ex pans i on  of the ex i st i n g  Occu pat i ona l  Hea l th Laboratory 
shou l d have l i ttl e or  no  effect on the env i ronment . Waterborne effl uents wi l l  con s i s t  of san i tary 
wa stes wh i c h  wi l l  be d i scharged to an ex i st i ng s i te se11age  treatment fac i l i ty wh i ch  i s  adequatel y s i zed 
t o  accommodate the l oad . Ai rb orne effl uents wi l l  be l im i ted to a i r exha usted as rel i ef for code
requ i red fre sh a i r  make u p  a nd h i g hl y  d i l uted fumes from chem i stry operat i on s .  
I ndustr i a l Waste Co l l ect i on System 

Pl anned improvements of the i nd ustr i al wa ste col l ect ion  system wi l l  re sul t in a much red uced 
po ss i b i l i ty of  contam i n at i on of the envi ronment by rad i oact i ve wa ste s .  Because of t h e  need t o  kee p  the 
exi st i ng system in operat i on dur i ng the construct ion  of the pro po sed system , the probl em of contar,J i nat
i ng the envi ronment wi th fl owi ng wa ste s wi l l  be concentrated in those per i od s  when the o l d  sys tem i s  

d i sconnected and the new i s  connected . The proced ure s used t o  prevent 1�a ste l os s  wi l l  i nc l ud e control l i ng 
waste d i sc harge , fl u sh i ng wi th c l ean water , and absorbi ng any l i q u i d  that may appear .  
Tr i t i um System Test Assemb ly 

Mod i fi c at i on of an ex i st i ng bu i l d i ng to house a new tri t i um sys tem te st as sembly has been c areful l y  
des i g ned to  m i n i m i ze re l ea se to the env i ronment .4-1 1 7  Inc l uded i n  t h e  fac i l i ty wi l l  be  a tr i t i um wa ste 
treatment sys tem for the rout i n e c l ean up  o f  t r i t i um contam i nated effl uents prior to exhaust to the 
atmos phere and an emergency tri t i um cl eanup  system shoul d there be  a l arge acc id ental rel ease . The 
emerg ency sys tem wi l l  be i nterfaced wi th the vent i l at i on system . I n  the ev ent of a t r i t i um re l ease , 
the  emerge ncy sys tem wi l l  b e  act i v ated . Contami nated l i qu i d  wa ste wi l l  be col l ected i n  a tank  for 
control l ed d i s po sal . Contam i nated sol i d  wa stes wi l l  be packaged under control l ed cond i t i ons a nd 
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accord i ng to federal regu l at i o ns pri or  to  t rans-port to an  ex i st i ng rad i oact i ve so l i d  wa ste d i spo sal 
area . Under normal operat i ng co nd i t i o ns ,  smal l amou nts of tr i t i um gas and water vapor are expected 
to be rel eased through  the stack . The annual average i nd i v i du a l rad i at i o n  dose i n  Los Al amos  Cou nty 
res u l t i ng from rou t i ne operat i o n  of th i s  fac i l i ty wa s cal cul ated to be much  l ess  than the contri bu t i o n  
from natural b ack g round rad i at i o n ,  a nd no member o f  the pub l i c  wou l d  receive more than 1 mrem/y . A 
postu l ated worst-c ase acc i dent requ i res a twi n- eng i ne a i rc raft , of the commerc i al type u s ed between 
Al buquerque and Los Al amos  to c rash  onto the roof . A deta i l ed analys i s  of th i s acc ident i s  presented 
i n  Sect i o n  4 . 2 . 

New Detonator F ac i l i ty 
The fac i l i ty i s  d e s i g nated to prev ent acc i d ental  or d i scharge d i stu rbances  t o  the env i ronment . An 

acci dent i nv ol v i ng h i gh expl os i ves ( H E )  wou l d  be compl etel y c ont ai ned except i n  three areas , i n  wh i ch  
b l owou t pa nel s wi l l  be  i nstal l ed .  These rel i ef pa nel s wou l d  be  d i rected towa rd hi gh earthen  berms . 
Acci denta l  l eak age of ac i d- ho l d i ng conta i ner wou l d be retai ned i n  sunken conc rete p i t s , l arg e enough 
to  co nta i n  a compl ete s p i l l .  Lau ndry water expo sed to HE effl uent s  wi l l  dra i n to a sump and seepage 
p i t  wi th access i b l e  drai n l i ne .  No other haza rds  are fo reseen that wi l l  impact the env i ro nment or 
general pub l i c .  
N ew T ri t i um Faci l i ty 

Constru c t i o n  act i v i t i es fo r the bu i l d i ng addi t i o n  wi l l  take pl ace i n  the immed i ate v i c i n i ty of 
exi st i ng structures requ i ri ng very l i tt l e c l eari ng or s i te prepa rat i o n .  Construct i o n  of the fe nce- l i ke 
rock fal l barr i e r  wi l l  requ i re removal of some tree s and some earth work for acces s .  Land d i sturbed 
dur i ng construct i o n  wi l l  be su i tab ly contoured and reseeded wi th nat i v e g ras ses  to mi n imi ze eros i o n  
probl ems . 

Ap prox imatel y 100 C i /year of tr i t i um gas i s  expected to be rel eased as a resu l t  of rou t i ne 
operat i o ns . Wh i l e t h i s  rel ease i s  at a new l ocati o n ,  i t  wi l l  represent a su bstant i al decrease i n  
overal l atmos pheri c t r i t i um rel ease from LASL . Tri t i um operat i ons du r i ng the l ast two years a t  the 
prese nt obsol ete s i te have emi tted 600 to  1 600 C i  annual l y ,  represent i ng 28 to  40% of the total from 
al l LASL operat i o ns . The reduct i o n  i n  effl uent from th i s operat i o n  wi l l  be ac h i eved throu gh mu l t i p l e  
cont a i nment and a n  effi c i ent tr i t i um recovery system . The 100 C i  expected rel ease i s  estimated to 
resu l t in max imum do ses to members of the general pub l i c  of ab ou t 0 . 4  mren/yr , or l ess  than 0 . 5% of 
the normal b ackgrou nd i n  the Los Al amos area . Thi s est imate i s  b ased on the worst case as sumpt i on 
that  the tri ti um i s  al l rel eased i n  the oxi d e  form ( i . e . , tr i t i ated water) . The expectati on  i s  that 
most of the rel ease wi l l  be a s  gas resu l t i ng in sma l l er doses by a factor of as much as 1 04 • 

So l i d  rad i oact i ve wastes from the new faci l i ty wi l l  be nearl y the same as those generated by 
current ope rat i o ns . They are est imated to average about 2 m3/yr of contami nated l aboratory tras h 
a nd equ i pment , a nd 2 to 4 dou b l e- contai ned cyl i nders wi th about 5000 C i  of tri t i um as HTO absorbed 
on eac h mol ecu l ar  s i eve from the tri t i um recovery system . Thi s represent s a somewhat 1 arger amou nt 
of t ri t i um cons i g ned to d i spo s al a s  so l i d  waste , a d i rect conseque nce of the reduced atmospheri c 
emi s s i o n s .  These type s and amou nts of sol i d  rad i oact i ve wastes are rout i ne ly  hand l ed and d i s po sed 
of at the approved so l i d  rad i oact i ve waste d i spo sal area wi th i n the LASL bou ndary .  I ndu stri al 1 i qu i d  
wa stes such a s  potent i al l y  tr i t i um contami nated mop water , wi l l  g o  to a ho l d i ng tank for per i od i c  
p i ckup  a nd transport t o  the cent ral 1 i qu i d  waste treatment pl ant . 
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The new faci l i ty wi l l  be desi g ned to mi n imi ze the potent i a l of any env i ronmental rel ease of 

tr i t i um under cred i b l e  acci dent cond i t i ons .  There wi l l  be three l evel s of contai nment : the tr i t i um 
hand l i ng and proces s i ng system i tsel f ,  g l ove boxes contai n i ng the system , and the process room. 
Target Fabr icat i on 

Three types of operat i ons at t h i s fac i l i ty requ i re d i sposal or  d i s persal of potent i a l l y  
ha za rdous materi al s .  These hazards  have al l been cons i dered from the v i ewpo i nt o f  protect i ng both 
t he bu i l d i ng occupants and the s urroundi ng envi ronment i nc l ud i ng other peopl e and nearby fl ora and 
fa una . These ope rat i ons are : rout i ne d i sposal of ac i d , caust i c ,  a nd sol vent l i qu i ds ; rout i ne removal 
and d i s posal of tox i c  or ac id  chem i c al vapors ; and d i s persal of ac c idental  rel ease of tr i t i um ( 3H )  gas . 
Di s posal  of the l i qui d wa ste wi l l  be accommodated by a speci al d ra i n  l i ne from the i nvo l ved l abs  to 
the chem i c al wa ste treatment pl ant at TA-50 . Chemi cal vapors wi l l  be removed from the l abs by a fume 

hood system and vented to the atmos phere v i a a stack at a he i ght to be  determi ned by the LASL . The 
quant i ty of these vapors wi l l  be  smal l and wi l l  be wel l d i s pe rsed at the s i te boundary .  The tri t i um 

gas fac i l i ty i s  a state-of-t he-art zero rel ease system wi th compl ete secondary contai nment and 
i nter-conta i ner a i r  sc rub b i ng .  Th i s  env i ro nmental l y  a pproved , d ry-box tri t i um hand l i ng system 

has b een devel oped and is now i n  use in an ex i st i ng fab ri cati on l ab oratory .  A se parate exhaust 
system wi l l  ma i nta i n  a neg a t i ve a i r  pressure i n  the tr it i um-fi l l i ng l ab oratori es . A ta l l stack 

wi l l  be prov i ded to assure adeq ua te d i s persal i n  the unl i ke l y  event of an acc idental rel ease . Only 
i n  the event of a catastroph i c  f i re or  expl os i o n cou l d  an ent i r e  i nventory of tr i t i um gas be  rel eased 
and be converted to tr i ti um oxi d e .  The converted tri t i um ox i d e  coul d res ul t i n  a max imum 1 . 9  rem 
dose at the nearest po pul at i o n  center , g i v en atmos pheri c cond i t i ons wh i c h  wou l d d i s perse the ent i re 
c l oud i n  that d i rect i on .  
H i gh Energy Gas  Laser F ac i l i ty 

Construct i o n  i s  ex pected to b e  com� eted i n  1 984 for a 9 1 ,000 s quare foot fac i l i ty wh i ch wi l l  
house l aser- i nd uc ed thermonuc l ear ex periments for the Antares Program . Mul t i pl e  C02 gas l aser beams 

wi l l  be focused on deuteri um-tr i ti um targets to i n i t i ate fus i on react i o ns . Di rect rad i at i o n  ( most ly  
neutrons ) from t he react i o ns wi l l  be  sh i el ded t o  l im i t  max imum theoret i c al ex pos ures to 2 0  mrem/year ; 
however ,  s i nce  there i s  no cont i nuous occupancy , ex pected expos ures woul d be much l es s .  Max imum pos s i b l e 
rel eases of rad i oact i v i ty from normal operati ons a re expected to be l ess  than 6 Ci or 4 1 Ar and 1 2  C i  of 
3H per year.  I ncrements to po pul at i o n  ex pos ure in Los Al amos from these rel eases wi l l  be no more than 
a few hundredt hs of a perc ent above natural background . Potent i a l  acci dents were anal yzed i n  deta i l  in a 
prel i m i n ary safety anal ys i s  repo rt and found to present no s i g n i fi c ant hazards to the pub l i c  or the 
envi ronment . Th e overal l effects were cons i dered i n  a 1 9 73 envi ronmental assessment ac companyi ng the 

proposal for fund i ng fac i l i ty c onstruc t i o n .  
L aboratory Support Compl ex 

Th i s  fac i l i ty i s  an  off i c e-cafeteri a compl ex , 1vh i c h  i nc l udes a l arg e parki ng l ot .  No i ndustri al  
wastes are i nvol ved ,  so envi ronmental effects wi l l  be l i m i ted to the construct ion  phase , except fo r 
m i nor add i t i ona l  storm water runoff due to the park i ng l ot add i t i o n .  
General P l ant P rojects 

Ot her cons truct i o n  proj ect s ,  wh i ch i nc l ude further pl ant upg rad i ng and improvements to the 
el ectr i c  and water sys tems , wi l l  general ly  take pl ac e ei ther wi th i n  or i n  the v i c i n ity of ex i s t i n g  
fac i l i t i e s .  T he  envi ronment affected thus wi l l  be l i m i ted to  smal l l and areas normal l y  wi thi n 
devel oped s i tes and , when pr act i c al , undevel oped l and d i st urbed by c onstruct i on wi l l  be ret urned to 
i t s  natural cond i t i o n  through seed i ng wi th nat i v e  g rasse s .  Operat i ons to be cond ucted i n  the improved 
or new fac i l i t i es shoul d have l i ttl e or no effect on the envi ronment .  
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4 . 2  POTE NT IAL IMPACT OF ACCI DE NTS 
LASL operates many fac i l i t i e s  wh i c h  use or generate materi al s that coul d prod uce env i ronmental 

d amage i f  rel eased in an un control l ed fas h i o n .  Th i s  l i st of fac i l i t i es i nc l ud es the new Pl uton i um 
P roces s i ng Fac i l i ty ,  DP-S i te ,  LAMPF , the Omega West Reactor ( OWR ) , Cr i t i c al As sembl y Fac i l i ty ,  Tr i t i um 
Systems Test Assemb l y ,  and  storage areas for h i g h  expl osi ves , s pec i al nuc l ear mater i al s , other rad i o
act i v e  mater i al s ,  a nd other potent i al l y  hazard ous chem i c al s .  LASL has  recog ni zed from the beg i nni ng 
the po ten t i al probl 61ls of these fac i l i t i e s ,  and , i n  many case s ,  safety anal ys i s  reports were devel oped 
to assure a thorough rev i ew of al l aspects of d es i g n  and operat i ons affect i ng safety .  

A d eta i l ed rev i ew proces s i n  now underway of nonreac tor nuc l ear fac i l i t i e s  at LASL wh i c h  wi l l  
be  documented by the preparati on of formal Safety As sessment Doc uments for many of the fac i l i t i e s  
i n  tec h n i c al areas i n  accordance wi th DOE reg ul at i ons  ( Manual  Chapter 0531 ) .  St andard Operat i ng 
Proced ures ( SOPs ) are prepared , upd ated as necessary ,  and rev i ewed annual l y  for any fac i l i t i e s  or 
operat i ons  wh ic h  i nv ol ve  po tent i al l y s i g n i fi c ant hazard s  for workers , the publ i c , or the env i ronment . 
Ap prox imatel y 1 500 s uc h  SOPs a re i n  effect .  

There are  four general l evel s of emergency response pl ans for  the Laboratory .  Each fac i l i ty 
ha s an emergency pl an for the fac i l i ty that i s  avai l ab l e  at the operat i ons off i c e  respons i b l e  for th e 

fac i l i ty .  A Laboratory s i te pl an , General Rad i ol og i c  Emergency Pl an for LASL ( Marc h  30 , 1973 , revi sed 
Apr i l  1 3 ,  197 9 )  i s  ava i l ab l e  through H -D i v i s i o n .  The Emergency Pl an for Maj or Events defi ne s respons i 

b i l i t i e s for act i v at i ng the Emergency Rel oc at i on Center and des i g nate s commun i ty i nv ol vement . For 
exampl e ,  s uc h  events as the La Me sa fi re waul d be coord i nated through th i s  pl an , a nd it i s  a j o i nt 
management re spons i b i l i ty through H-Di v i s i on and DOE. The Area Wi d e  Emergency P l an prov i d e  g u i d ance 
for the determi nat i o n  of i nternat i onal s i t uat i ons and "Act of God" catastroph i e s  and i s  under the 
g u i d ance of the DOE Area Offi ce . The l atter two have commun i ty i nv ol vement through the Lo s Al amos 
Ci v i l  De fense .  

Dur ing  rout i ne ope rat i ons at Los Al amos there hav e been  i nadvertant rel eases of h a zardous  
mater i al . Sa fety proced ures and  method s of operat ion  as sure rap i d  re sponse to these i nc i d ents . 
Constant mon itor i ng by automat i c  equi pment ( e . g . ,  con t i nuous room ai r st ack mon i tors , r ad i at i on 
l evel al arms , portal mon i tors)  and a l arg e staff of heal th  phys i c s  techn i c i an s  a ssure rapi d detect i on 
of rad i at i on or rad i oact i v i ty i n  ab normal amounts or unexpected l ocat i ons .  Over the years , there have 
been some m i nor i nc id ents where rad i oac t i v i ty wa s i nadvertentl y removed by personnel to uncontrol l ed 
area s .  These were prompt ly  resol ved and no noteworthy i nc i d ent s req ui r i ng s i g n i fi c ant decontam i nat i on 
efforts have occurred i n  recent years . Some i nc idents i nv ol v i ng i nadvertent rel ease of rad i oact i ve 
mater i al to the env i ronment have occ urred . I n  cases where decontam i nat i on wa s undertaken ,  the 
resul t i ng 1�a stes  were bur i ed in areas al ready d es i g nated for rad i oact i v e wa stes . There have been 
no kn own seri ous short- or l ong-term effects on the env i ronment or the a rea ' s popul at i on from such 
rel ea se s .  The events wh i ch  occurred in the l ast three years are desc r i b ed bri efl y for perspect i ve .  
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In J u l y  o f  1974 a n  i ndu stri al sewer l i ne l eak wa s detected . An esti mated 1 06 � ( . 26  x 1 06 gal ) 
of l i qu i d  wa ste cont am i nated wi th about 200 mCi of pri nc i pal l y  238Pu wa s l eaked . Approx imatel y 280 m3 

( 3 66 yd3 ) of s o i l  was removed so that gross-a l pha concentrat i o n of not more than 1 0  pCi / g  rema i ned . 
Du r i ng the testi ng of the l i ne repl acement , a n  addi t i o nal 2000-4000 � ( 500-1 000 gal ) of l i qu i d  wa ste , 
( about 0 . 4  mCi of 2 38Pu ) ,  ov erfl owed i nto  a storm drai n di scharg i ng t o  Mortandad Canyon .  The area 

wa s c l eaned and contam i nant removed u nt i l  no measurab l e contam i nant rema i ned . 4-34 • 4-126 

On  Au gu st 2 7 ,  197 5 ,  an  operat i o nal  error at the wa ste treatment pl ant resu l ted in  about 300 � 
( 7 93 gal ) of l i qu i d  sl udge fo am i ng over and co ntam i nat i ng an area of approx imatel y 500 m2 ( 5380 ft2 ) .  
About 80 m3 ( 1 04 yd3 ) of contami nated materi al  wa s removed for bur i al . So i l  s ampl es taken at 2-m 

( 6 . 5  ft)  i nterva l s over  the excavated area showed al l rema i n i ng g ross-a l pha l evel s bel ow 20 pCi / g .4-3 5  

Tr i t i um g a s  wa s i nad vertentl y rel eas ed to  the envi ronment from roof ve nt s o f  t h e  Cryogen ic  
Bu i l d i ng in  J u l y  o f  19 76 . Abou t  2 . 27  g ( . 08 oz ) of tr i t i um ga s ,  o r  2 2 , 000 C i  of  3H2 wa s rel eased . 
Measurement s made both u pwi nd and downwi nd showed no s i g n i fi cant exposures to the general pub l i c  cou l d 
have occurred . L i kewi se , co l l ected vegetati on sampl es and measurements on  92  potent i a l ly  exposed 
l aboratory perso nnel showed no measu rab l e  exposures . No decontam i nat i o n  operat i o ns were necessary 

4-36 b ecau se of the ga seous natu re of the rel eas e .  
Another rel ease o f  t r i t i um gas , about 3 . 1 7  g ( 0 . 0 9  o z )  o r  30 , 600 C i , occu rred i n  October 1977  

from the HP s i te .  Th i s  rel ease resu l ted i n  some ob served atmospheri c conc entrati o ns near  the  s i te 
of tr i t i ated water vapor g reater than normal l y  measured , bu t not s i g n i fi c ant l y d i fferent then b ack
ground stat i ons . Al l measu rements were l es s  than 0 . 1 5% of the u ncontrol l ed a rea Concent rat i o n  
Gu i d e .  Becau s e  o f  the l ocati on  o f  t h e  rel eas e ,  meteorol og i cal cond i t i o ns a t  the time , a nd b i oassay 
sampl es from workers at the s i te , t here wa s no apparent exposure recei ved by e i ther Laboratory 
perso nnel or the ge neral pub l i c .4-3 6A 

Acc idental  rel eas es of chem i c al s over the past several years were Hg , HF , a nd PCB . Ten pou nds 
of Hg  s p i l l ed on aspha l t  at the Chem i cal Warehou se . Most of the mercu ry wa s p i cked u p  wi th a s pec i al 
vacuum cl eaner and the res i du e  st ab i l i zed wi th fl owers of su l fu r .  Du ri ng an ac c i dental rel ease of UF6 
at the Cr i t i ca l  Experiment Faci l i ty , a bout 20  k g  of HF was produced by hyd rol ys i s .  Al l of the uran i um 

was recovered , but some of the HF esc aped i nto the a i r . A t ruck  b acked i nto a transformer that u sed a 
PCB a s  a d i el ectri c . The PCB d ri pped to a concrete pad . The transformer and the pad were removed and 

hel d i n  a contai nment a rea to prevent esc ape i nto the env i ro nment . 
I n  al l these i nadvertent rel eases du r i ng rou t i ne operati ons , the res po nse and decontami nat i o n  

procedures prov i d ed a thorou gh amel i orat i o n o f  t h e  i nc i dent a nd l eft n o  l ast i ng env i ronmental o r  human 
haza rd potent i a l . S im i l ar m i nor operat i o nal i nc i d ents wi l l  probab l y  occur i n  the future ,  but are not 
expected to resu l t i n  s i g n i fi c ant envi ro nmental co nseque nces .  

Such  i nc id ents are not cons i dered maj or acc i dents i n  the context of th i s sect i o n .  
The acc i dent s  d i scu s sed i n  th i s sect i o n  have been sel ected on  the bas i s  o f  potent i a l env i ronmental 

impact or  effect on members of the ge nera l  pub l i c  rather than effects on  occu pati o nal workers or 
Laboratory fac i l i t i e s .  A muc h l arger  number of acc ident scenar i o s  was cons i d ered , but onl y  those 
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acc i d ents wi th  the g reatest potent i al consequence to the envi ronment or general pub l i c  have been 
prese nted . For the purpo se of th i s  statement , those operat i ons  un i que to Lo s Al amos recei v ed the 
g reatest emphas i s .  As a resul t ,  the envi ronmental conseq uences con s i d ered most s i g n i fi c ant were l and 
contami nati on wi th  rad i oact i v e  or tox i c  materi al s and rad i o l og i cal  dose commi tments to members of the 
general pub l i c .  Po tent i al haza rds  common to any l i g ht- i nd ustri al compl ex suc h  as  those from fuel o i l , 

nat ural gas , h i g h- vol tage el ectric ity ,  ac i d s , so l vents , steam , proj ect i l es , s an i tary wa stes , veh i cul ar 
traffi c ,  a nd many o thers wi th probabl e con sequences l im i ted to occ u pat i o nal  empl oyees have not been 
presented . A h i story of s i g n i f i c ant operat i onal acc i dent s ,  i nc l ud i ng several fatal i t i es from h i g h  
expl o s i ves acci dents ( l ast one i n  1 959 } and cri t i cal i ty acc i d ents ( l ast one i n  1958 }  has been 
s ummar i zed in a publ i c  document. 4-1 17A 

A l i st of general type s of acc i dents wh ich  coul d occur at Lo s Al amo s ,  s uc h  as fi re and expl o s i on , 
wa s the fi rst step  taken i n  devel opment of the analyses i n  th i s  sect i o n .  

An eval uat i o n  wa s made o f  each acc i d ent type for each fac i l i ty i n  wh i c h  s uc h  a n  acc i d e nt coul d 
occur , a nd from these cons i d erat i ons the most seri ous acc i d ent of a g i v e n  type wa s sel ected . A 
deta i l ed anal ys i s  wa s then devel oped for the consequences that woul d re sul t to the general publ i c  
o r  t h e  env i ronment . The acc i dents were po stul ated i n  te rms o f  t h e  materi al s that coul d b e  rel eased 
were the acc i de nt to occur . No emphasi s wa s pl aced on the spec i fi c  mechani sm wh i c h  m i g ht  i n i t i ate 
the acc i dent .  Fo r exampl e ,  the expl os ion  or fi re acc i dents concei vabl y coul d be i n i t i ated by h uman 
operator error , equ i pment fa i l ure , or  a natural d i saster such as  earthquake . Accord i n g l y ,  the reader 

must keep i n  mi nd prev i ous d i sc uss i ons on sei smi c  and geol o g i c  hazards  (Sect i on  3 . 1 . 1 ) , hyd rol ogy 
( Sect i on  3 . 1 . 2 ) , meteorol ogy ( Sect i on  3 . 1 . 3 } , a nd prec aut i o nary measure s .  It i s  a l so important t o  

note that most of t h e  acc i dents  coul d be  i n i t i ated by more than one cause . 

Bec ause a g i ven type acc i dent m i g ht  be caused by var i o u s  c ha i n s  of events , i t  i s  not po ss i b l e  to 
ass i g n  a s i n g l e qua nt i t at i v e probab i l i ty to i t s  occurrence.  Thus , the bas i c  assumpt i on i n  assessi ng 
the po tent i al consequences  is th at the acc i d ent has occurred wh atever i ts l ow but nonzero probab i l i ty .  
The anal yses use qua nt i t at i v e  est imates of env i ronmental trans port and d i spe rs i o n  t o  est imate the 
probab l e  consequences  of the acc i dent once it has  ha ppe ned . The probab i l i t i e s d i sc ussed in the 
acc i d e nt anal yses refe r onl y to those assoc i ated wi th  meteorol og i cal transport and not to overal l 
l i ke l i ho od of the acc i d e nt and i ts consequences occurr i n g .  

Muc h of the i nformat ion  devel oped i n  ex i st i ng safety reports h a s  been used i n  asse ss i ng the 
po ss i b l e consequences of acc i d e nts at LASL fac i l i t i es .  Extensi ve add i t ional  deta i l i s  contai ned i n  
s uc h  reports , wh i ch have been referenced where a ppropr i at e ,  and i s  on ly  summari zed here . These reports 
tend to be h i gh l y con servat i ve in the sense that they pred i ct much more severe acc i dents than woul d 
actual l y  be expected . In th i s  way ,  a n  " u pper bound" i s  establ i shed for purpo ses of des i g ni ng and 
eval uat i n g  safety feat ures and control s to m i t i gate the potent i al consequences . However,  more 
real i st i c  assumpt i ons wh i c h  do take some rea sonab l e  c red i t  for suc h  des i g ned safety feat ures 
necessar i l y  resul t in l esse r  pred i cted consequences and are the ones presented here .  

The approx imate l ocati ons  o f  the potent i al acc id ents d i sc us sed can b e  fo und o n  F i g ure 3 . 2 . 1-3 . 
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4 . 2 . 1  Acc ident Meteoro l ogy 

------- -- ------- -----

Atmospher ic  d i spers i o n of contam i nants has been d i sc u ssed i n  some d eta i l  i n  Sect i on 3 . 1 . 3 . It wa s 
s hown that average d i spers i o n  character i st i c s  ( d i rect ion , wi nd speed , stab i l i ty)  vary g reat l y  from 
techn ical  area to techn i c al area wi th i n  the LASL s i te boundary .  Bec ause of th i s  var i ab i l i ty it woul d 
b e  neces sa ry to have spec i fi c  meteorol og i c al data for each techn i c al area i n  order to g i ve a reasonab l e  
est i mate of the  most l i kel y pattern of atmospher i c  d i spers i o n .  Such data a re  not av a i l ab l e a n d  for 
th i s  re port it has  been necessary s i m pl y  to presume " worst case" cond i t i ons  based on the Gaus s i an pl ume 
model . Th i s  in effect sel ect s  from the set of po ssi b l e cond i t i ons  that cond i t i on wh i c h  produces  the  
h i ghest concentrat i on at the  l ocat i on be i ng eval uated . It i g nore s the fact that th i s  cond i t i o n , 
a l though po ss i b l e ,  may rare ly  or  never occur . Fi g ure 4 . 2 . 1-1 demon strate s  th i s  effect for one techn i c al 
area for wh i c h  data i s  av a i l ab l e .  The Ga u s s i an  pl ume worst case pred i cts concentrat i on s  1 . 5  to 2 t i mes 
g reater than that ex pected to occur more than 5%  of the t ime and 15 to 20 t imes g reater than that 
expected to occur more than hal f the t ime .  Even th i s  presumes that the wi nd i s  b l owi ng d i rectl y b etween 
the source po i nt and the rec eptor  po i nt .  Th us , it i s  seen that " worst c ase" model assumpt i on s  prod uce 
a n  extremel y pe ss im i st i c  est imate of rad i oact i v e  or tox i c  materi al concentrat ions .  F i g ure 4 . 2 . 1-1 
s hows the wor st c ase model est i mates for g round l ev el rel ea ses  and from el evat�d rel eases at 20  and 50 
meters .  For  compar i son , t he 5%  and 50% probab l e  v al ues  for  a g round l ev el rel ea se based on  ac tua l  
meteorol og ica l  data  are al so  shown . 

Each of the  techn i c al area s at Lo s Al amos can  be  b road l y  c haracteri zed a s  be ing  l ocated e ither  on 
a mesa top or i n  a canyo n .  Atmospher ic  d i spers ion  for canyon l ocat i on s  wa s d i sc u ssed i n  Sect ion  3 . 1 . 3 .  
Worst case Ga us s i an model cond i t i on s  a s  d esc ri bed above have been presumed for mesa top  l oc at i on s .  One 
or  the other of these two mode l s ,  as a ppropr i ate , wa s u sed to anal yze a l l but one of the acc i dents 
desc r i b ed in the fol l owi ng sect ions . The case i nv ol v i ng an acc i dental expl osi on wa s based on actual 
experimental data from the Nevada Te st S i te . 4-1 18 • 4-1 19 • a nd 4-120 Because th i s  d at a  wa s avai l ab l e  
there wa s no need to hypothe si ze d i spersal and aeol i an transport mechan i sm s .  

Max imum i nd i v i dual  d oses and cumul at i ve popu l at ion  doses i n  t h e  Lo s Al amos and Wh i te Rock 
a reas were d eri v ed from the d i spe rs i on e st imates desc r i b ed above coupl ed wi th  po pu l at ion d i str i b ut i on  
i n format i on i n  rel at i on to t he  s i te of  each acc i dent consi d ered . Cumul at i ve popul at i on doses for  the 
reg i on outsi d e  Lo s Al amos County extend i ng to a c i rc l e of 80 km (50 mi ) rad i us pl u s  the Al buquerque 
Metropo l i ta n  area ( wh i c h  l i e s  j ust beyond the c i rc l e )  we re der i v ed by fol d i ng together po pu l at ion  
d i str i b ut i on  i nformat i o n  and normal i zed concentrat i on s  ( x/Q ) based on  the  Ga uss i an pl ume model and 
yearl y meteorol og i cal  data to yi el d val ues at the 50 and 95  percent i l e  l ev el s .  The 50 percent i l e 
va l ue can be  con s i d ered an annual  mea n ,  the 95 percent i l e  va l ue  woul d be expected to be exceeded 
onl y 5 perc ent of the time . The computed prod ucts  for the reg i onal  po pu l at ion  doses used for al l 
rad i oact i ve rel ease acc idents are : 

P ercent i l e  

50 
95 

( x/Q ) ( po pul at ion )  
3 (man- sec/m ) 
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Figure 4 . 2 . 1-1 

Atmospheric Dispersion from Generalized Mesa Top Release 

Solid lines show worst case relative concen trations ( x/Q)  for a wind speed of 1 m/s for 
3 release heights (0,  2 0 ,  and 50 m) above mesa top . For comparison , the dashed lines show 
values which will not be exceeded 95% and 50% of the time for ground level releases (h = 0) . 
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No correc t i ons have b een made i n  these cal cul at i o ns for so i l  deposi t i o n  or rad i oact i ve decay , 
b oth  of I'Al i ch wi l l  l ower th e x /Q val ues at l arge d i stanc es . 

Max imum i nd i v i d ual doses are d i sc ussed under eac h acc i dent . They are summari zed together wi th  
c umul at ive  popu l at ion  doses in  the  fi nal  sec t i o n  ( see Sect i o n  4 . 2. 1 3 ) .  
4 . 2 . 2 Expl os i o n  

Natural g a s  i s  us ed extens i v el y for heat i ng and for ex perimental pur poses . Al though the potent i al 
for an ex pl os i o n ex i sts , t he pr obab i l i ty of  an expl os i o n  occurr ing i s  no g reater at LASL than  at other 
comparab l e  fac i l i t i e s .  Lo s s  o f  l i fe and property d amage from f i r e  and ex pl os i o n  m ig ht occur i n  the 
immed i ate v i c i n i ty b ut the env i rom1ental  impact of s uc h  an ev ent at LASL wo ul d be no d i fferent than 
a g a s  expl os i o n  el sewhere . 

LASL i s  un u s ua l , however , i n  that h i gh ex pl osi v e  ( H E ) and pl uto n i um are hand l ed i n  cons i d erab l e  
quant i t i e s  for prototype v.e a po ns d evel or:xnent. Th e expl os i v e potent i a l  of the  HE and the contam i nati o n  
potent i al of th e pl uto n i um s i ng l e  out a n  expl os i o n i n  the assemb l y b u i l d i ng a t  the weapo ns d evel or:xnent 
s i t e  as the worst poss i b l e  ex pl osi o n .  

The operat i o ns i n  th i s  b u i l di ng prec l ud e  a nuc l ear detonat i o n .  However , i f  a one- po i n t  d etonat i on 
( deto nat i on  wi th  no nuc l ear yi el d )  of h i g h  expl os i v es and s ub seque nt s pread i ng of pl uto n i um were c aused 
by an operat i o nal acci d ent , the b l ast woul d pr obab l y  resul t in maj or struct ural  damage to the b u i l d i ng 
b ut shoul d not c ause total destruct i o n  or col l aps e .  Anyo ne i n s i d e  the bu i l d i ng wo ul d most l i ke l y  b e  
k i l l ed .  

In  the event of s uc h  a deto na t i o n , a s  muc h a s  ab out 300 C i  ( al pha act i v i ty) of pl uton i um 
( most l y 239P u )  coul d be rel eased to the env i ronment beyo nd the area of d i rec t  b l ast d am ag e .  To 
arr i v e  at a reaso nab l e  est imate of the potent i al dose and contam i nat i o n  conseque nces  from s uc h  a 
hypothet i c al acc i d ent , d ata  from i ntent i ona l  tests of s im i l ar ex pl os i o ns cond ucted at the Nev ad a  
Te st S i te were ut i l i zed ( Refs .  4-1 18 ,  4-1 1 9 ,  4-1 20 ) .  Mod i fi c ati ons  v.ere m ad e  to ac count for quant i t i es 
of h i g h  expl os i ve and pl uto n i um typi c al of LASL d evel opmental assemb l i es and d eg ree of conta i nment . 
W i nd ve l oc i t i es at the t ime of t he Nev ad a  tests v.ere  comparab l e  to those freque ntl y e ncountered 
at Lo s Al amos , b ut no  al l owa nces v.ere c l a i med for add i t i o nal  turbul ence wh i c h  m i g ht resul t from 
topographi c d i fferences at Lo s Al amos .  The max imum i nhal at i o n dose  ( 50  year dose comm i tment b a sed 

4 -67 on the ICRP Task Group Lung Model ) of 32 rem to the l ung or 39 rem to the b one woul d occur 
at ab out 400 m ( 1 300 ft) d ownwi nd , a nd wo ul d be wi t h i n  the LASL b oundary regard l ess of d i rect i o n .  
Max imum doses at  the nearest b oundary ,  ab out 600 m ( 2 000 f t )  south at State Ro ad 4 ,  wo ul d be  ab out 
21 rem to the l ung  or 2 6  rem to the b one . Max imum doses at the nearest res i d ence ,  about 6 km (4  mi ) 
north , woul d be about 0 . 28 rem to the l ung  or about 0. 34 rem to the b one . 

Th e depo s i t i o n  of pl uto n i um fo l l owi ng the acc id ental d i spersal wo ul d res ul t i n  contam i nat i o n  
o f  so i l  downwi nd o f  t h e  l ocati o n .  The U . S . EPA h a s  proposed a g u i d ance reg ard i ng ex po s ure  to 
tran s ur an i um el ements ( i nc l ud i ng pl uto n i um )  i n  the env i ronment , wh i c h  i s  ex pressed as  a d ose rate 
to l ung  or b one t i s s ue .  As a means of impl ement i n g  the propo sed g u i d ance , E PA h a s  suggested a so i l  
co ntam i nat i o n  sc reen i ng l ev el of  0 . 2  C i / m2 ( i n  the to p 1 em and  for so i l  part ic l es l es s  than 2 mm) 
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so  that areas not exceed i ng the 1 ev el wa ul  d general l y  be cons i d ered in compl i ance wi th the g u i d ance 
recommendat i o ns .  Area s exceed i ng the sc reen i ng l evel wo ul d req u i re  more i nte nsi ve  eval uat i on  to 

. 4-1 2 1  dete rm 1 ne act ual dose rate s  t o  ex po sed perso ns . Data from the i ntent i o nal Ne vad a  te sts were 
ut i l i zed to est i mate the l and area potenti al l y  i nvol ved .  The est imated total l and area co ntam i nated 
to l evel s g reater than 0 . 2 C i /i woul d be ab out 7 . 2  km2 (2 . 8  mi 2 or ab out 1800 acres) . Max imum 
contam i nat i on  l evel s of ab out 50 C i /m2 wo ul d occur at  a d i stance of ab out 1 500 m (0 . 9  mi ) do1mwi nd . 

Shoul d contam i nat i o n  occur , var i o us control  mea s ures , i nc l ud i ng necessary c l ean up , wo ul d be take n to 
m i n i m i ze potent i al cont i n u i ng rad i at i o n  expo sures and res i d ual co ntam i n at i o n  i n  accord wi th  the DOE 
pr i nc i pa l of as  l ow as pr act i c ab l e  and , a s sLr.l i ng it i s  formal l y  i ss ued , t he EPA g u i dance .  Co sts for 
c l ean u p  coul d vary g reatl y ,  depend i ng on the type of l and co ntam i n ated and the methods c hosen .  An 
e st imate of the range of suc h c osts made by EPA extends from about $ 500/acre to $500 , 000/acre . 4-1 2 1A 

The seri ousness of s uc h  a po tent i al acc id ent to i nd i v i d ua l s i n  the immed i ate area of th i s  assembl y 
bu i l d i ng req ui res a cont i n u i ng , r ig orous , s afety prog ram to as s ure that the poss i b i l i ty of  s uc h  an 
event is as  1 01� as poss i b l e .  Army regul at i o ns4-1 22 are str ictl y fo l l owed in al l operat i o ns i n vol v i ng 
h i g h  expl os i ves . 

Acc i d ent s i nvol v i ng onl y h i g h  ex pl os i v es ( no asso c i ated rad i o ac t i ve materi al s )  have occurred . 
As a res ul t of a 1 962 acc id ental  death and the i nj ury of  se veral other yo ung chi l dren , o l d expl os i ve 
areas �re thoroughl y searched by v ol unteers and Army demol i t i o n  experts to assure no l oose , unexpl oded 
shel l s  that  caul  d be sc avenged rema i ned from the Manhattan Proj ect and m i l itary us e era . Care for 
s uc h  haza rds  co nt i n ue s .  Areas of kn own former po tent i al 1�i t h i n  Lab boundaries  are fe nced . Under the 
d i rec t i o n  and control of the 1 ocal DOE , an expl os i ve  ordnance d i s posal team from Ft . Bl i ss  searc hes 
the areas annual l y .  Three add i t i o nal  areas , Bayo Canyo n ,  Ea st Jemez Ro ad , a nd Lower Paj arito Ro ad , 

are s urveyed by the La b every t 1�0 years for poss i b l e  1�atheri ng and th us expo s ure  of po tent i a l l y 
expl os i ve  materi al • 

4. 2 . 3 Cr i t i c al i ty 
A vari ety of  operat i ons i nv ol v i ng pl uto n i um are c arried out i n  the new Pl uto n i um Pr ocessi ng 

Fac i l i ty .  Th ese operat i o ns i ncl ud e recyc l e ,  metal produc t i o n , metal fabric ati o n ,  and research and 
devel opment.  A detai l ed  rev i e1� o f  poten t i al acc idents wa s started dur ing  fac i l i ty d es i g n  in  the 
earl y 1970 ' s  and wa s formal l y  d oc umented in a F i nal Sa fety Anal ys i s  Re port pr i or to startup  of 

. 4-123 operat 1 o ns . N uc l ear c ri t i c � i ty i s  o ne of the r i sks that is  recog n i zed i n  any fac i l i ty 
proces s i ng s i g n i fi c ant qua nt it i e s  of fi ssi onab l e  mater i al . Each process pl anned for the new Pl uto n i um 
Proces s i ng Fac i l i ty has  been stud i ed , and cred i b l e  mec han i sms for the devel opment of a c ri t i c al co n
fi g urat ion  have been el i m i n ated . It i s ,  however , recog n i zed th at i f  a process g ets out of co ntrol and 
i f  no appropr i ate  re s po nse i s  made by the peopl e i nv ol ved , t here woul d ex i st a fi n i te probab i l i ty of a 
c ri t i c al i ty acc i d ent . Si nce no c red i b l e  acc i d ent i n i t i at i o n  mec han i sm i s  recog n i zed , i t  i s  un real i st i c  
t o  attempt a deta i l ed ev al uat i o n  o f  the acc i d ent conseque nce s .  Ex per ienc e  has shown , however , that  
acc i d ents can  occur muc h  more  read i l y  in  so l ut i o n  process i ng area s and that  pe ak powers associ ated wi t h  
s o l ut i o n  acc i dents woul d no t b e  expected t o  rupt ure tanks or otherwi se damage process equi pment. Suc h  
an  acc i dent may b e  ex pected t o  b e  o f  si g n i fi c ant conseque nce  onl y i n s i d e  the b u i l d i ng , wi th  a n  energy 
rel ease correspo nd i ng to 1 01 7  or 101 8  fi s s i o ns and a l ethal rad i us of ten to th i rty feet . Some gaseous 
f i s s i o n  prcxl uc ts woul d fi nd the ir  way through the vent i l at i o n  system and out the stac k .  The quant i t ies  
of several fi ssi on  g ases formed dur i ng an excur s i o n  i nv ol v i ng 5 x 1 01 7  f i ss i o ns are g i ven  i n  Tab l e  
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4 . 2 . 3-1 . Muc h of the i od i ne woul'd be expected to rema i n  i n  the acc i d ent area , b ut ,  i n  the absence of 
any d ata and i n  the i n terest of excro i n i ng the mag n i t ude of po ss i b l e  ex po s ure , i t  wi l l  b e  as sumed that 

one- hal f of the i od i ne and al l of the nobl e gas�s  are rel eased . Part i c u l ate materi al , i ncl ud i ng 
pl uto n i um ,  wo ul d be trapped by the vent i l at i o n  system .  The nearest po i nt  of pub l i c  access i s  Paj ar i to 
road , 150 m ( 5 00 ft)  away . Us i ng a rel ease po i nt 1 5 m ( 5 0 ft )  above grad e ,  t he rel at i ve conc entrat i on 
( /Q ) at a d i stance of 1 50 m ( 500 ft)  i s  5 x 1 0-4 s/m3 a s  i n terpol ated from Fi g ure 4 . 2 . 1-1 . As s um i ng 
that 50% of the i od i ne formed i s  rel eased , the cal cul ated thyro id  d ose comm i tment i s  0 . 5  rem . The 
expo s ure from the nob l e  gases wo ul d be smal l i n  com par i son .  Di rect rad i at i o n  doses wo ul d be h i g h  i n  
the immed i ate area of the c ri t i c al i ty acc i d ent i ns i d e  the bu i l d i ng ;  h owever , s i nce  the process i s  
s urrounded by conc rete wa l l s  and ce i l i ng at l east 36  em ( 1 4  i n ) thi ck and i s  l ocated away from po i nts 
o f  pub l i c acces s ,  ex po s ures to the general pub l i c  wo ul d be very smal l .  

Another fac i l i ty wh i c h  coul d conc e iv ab l y  experi ence a c r i t i ca l i ty acc id ent i s  the Cr i t i c al 
Experiments Fac i l i ty .  Th e sa fety anal ys i s of the Cr i t i cal  Experi ments Faci l i ty areas wa s recentl y 

4-124  . u pd ated . Un l 1 ke a reacto r ,  t he se cr i t i cal as sembl i e s  d o  not have l arge i nv ento r i es of fi s s i o n  
prod ucts  b ecause the total number of fi s s i ons i n  each experiment i s  l im i ted t o  a comparat i vel y smal l 
number ( 1 01 9  f i s s i ons total or a pul se o perat i on of 1 018  f i s s i o ns ) . 

One cred i b l e  acc i dent at the C r i t i cal Experi ments Fac i l i ty wo ul d be an un i ntent i o nal burst on  
the  order of  5 x 1 01 7  f i ss i ons from a bare enri ched- uran i um assemb ly  s uc h  as  God i v a  I V .  As s um i ng 
some mel t i ng of the metal , t he rel ease of m i xed f i s s i o n  prod ucts  after ten m i nutes m i ght be as h i g h  as  

0 . 5  C i . Under the se cond i t i ons , a pe rson d r i v i ng by o n  Paj ar ito Ro ad wo ul d rec e i v e  l ess  than 1 mren 
thyro i d  dose comm i tment . ( Because the rad i onuc l  i d es i nvol v ed have a short hal f- 1 i fe ,  t he total dose 
commi tment i s  rece i ved in a s hort t i me ;  e . g . ,  a few weeks for i od i ne .  Al l doses hav e b een i nteg rated 
to g i v e  to ta l dose comm i tment . )  The  correspo nd i ng who l e  b ody d ose to a perso n l ocated 1 80 m ( 6 00 ft)  
from the k i v a  wo ul d be l es s  than 0 . 1 mrem . The est imated d i rect rad i at i o n  dose at th i s  d i stanc e wo ul d 
b e  l ess  than 1 00 mrem to a person prese nt at the i nstant of the b urst . 
4 . 2 . 4  Tran s portat i o n  at LASL 

I n  ge neral the pr obab i l i ty of a seri o us trans portat i o n  acc i d ent and the co nsequences of s uc h  
acc i dent s are no d i fferent a t  LASL than  el sewhere .  There are no b i ol og i cal mater i al s o f  g reater r i sk 
than  Cl ass I I  at LASL , t he most s i g n i f i cant no nrad i oact i ve  tox i c  c hem i cal i s  beryl l i um ,  and the s h i pment 
of al l rad i oac t i v e  mater i al s  fo l l ows DOE requi rements . The po tent i al l y  seri ous trans portat i o n  acc i d ent 
at LASL cons i d ered i n  the d raft Env i ronmental Impact Statement coul d no l o nger ha ppen in the way or at 
the l ocat i o n  desc r ibed because of c hanges i n  proced ures and the vehi c l es ( SSTs ) now used to tran s port 
sh i pments i ncl ud i ng both h i gh expl os i v es and rad i oact i ve materi al s out s i d e  LASL b oundar ies . Any 
tran s port of rad i oact i ve  mater i al s i n  com b i na t i o n  wi th h i g h  expl osi ves wi th i n  the LASL b oundar ies 
occurs  i n  the same general area desc r i b ed i n  Sect i o n  4 . 2 . 2  a nd the potent i al worst case acc i d ents 
wo ul d have est imated max imum co nseq uences of ab out the same mag n i tude .  

The more general i ss ue o f  trans port o f  rad i oac t i ve materi al s ,  b oth  on  and off s i te ,  a ssoci ated 
wi th  LASL o perat i o ns i s  cons i d ered in a new sect i o n ,  4 . 2 . 14 .  Effects and r i s ks of both acc i dents and 
normal ( non- acc i dent) trans portat i o n are i ncl ud ed . 
4 . 2 . 5 Acc i d ent al Sp i l l  

The i nd ustr i al wa ste treatment fac i l i ty d esc rib ed i n  Sect i o n  3 . 3 . 3 . 1  has  associ ated wi th  i t s  
process  two i n fl uent wa ste sto rage tanks , two effl uent wa ste storage tan ks , a sl ud ge storage tank , and 
a pump house . The tanks are co nstruc ted of re i nforced conc rete wi th a wal l th i c kness  of 30 an ( 1 ft) . 
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TABLE 4 . 2 . 3- 1  
RAD I OACT I V E  F I SS I O N  GASES FORMED I N  A C R I T I CAL ITY EV ENT 

( 5  x 1 0 1 7  F i s s i ons ) 

I sotope 

1 3 1 I 

Quanti ty 
(cur i es )  

0 . 505 

6 . 7 0 

22 . 5  

1 . 4 1  

20 . 90 
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The structure l ooks  l i ke a concrete box wi th i nteri or  part i t i ons of 30 em ( 1 ft)  d i v i d i ng i t  i nto  the 

s i x  compartment s t hat fo rm the tanks themsel ve s .  The ru pture of these storage tank s  and rel ease of 
t he i r  contents to the env i ronment i s  cons i dered to be the worst po s s i b l e s p i l l at the LASL . Th i s  sp i l l  
has b een po stu l ated not b ecau se of i t s · l i ke l i hood , but becau se i t  i nvo l ves the l argest s i ng l e  vol ume of 
wa ste . Al l othe r i so l ated sources of rad i oact i ve or otherwi se tox i c  mater i al s at the LASL are muc h  
smal l er 1 n  vo l ume , t h u s  conta i nment of  these wa stes i n  the event of an  acc i dent wou l d b e  muc h e a s i er .  
The two i n fl uent wa ste sto rag e tanks h a ve  a combi ned capac i ty of  3 . 8  x 1 05 £ ( 1 00 , 000 gal ) .  U nder 
nonnal cond i t i o ns ,  they c ou l d  conta i n 3 x 1 05 £ (80 , 000 gal ) of waste . The expected concentrat i o n  of 
rad i oact i ve materi al s i n  the wa ste wou l d be 0 . 45  � C i / £  238Pu and 0 . 05  � Ci / £  239Pu . Much  smal l er 
concentrat i o ns of other cont am i nant s  wou l d  be present . 

The s l udge  hol d i ng tank wou l d typi cal ly  c ont ai n 9 . 5  x 1 04 £ ( 1 2 ,000 gal ) of F e ( O H ) 3 s l udge  wi th 
a n  8% sol i d s  co ncent ra t i o n  and rad i oact i ve materi al  concentrat i o ns of 5 to  10 �C i / £ 238Pu , 0 . 5  to  1 �Ci / £  
239Pu and , a s  i n  the i nfl uent hol d i ng tank s ,  smal l er concentrat i o ns o f  othe r contami nants . 

The 30  em ( 1  ft)  rei nforced conc rete wa l l s  of  the storage tank s v i rtua l l y  el i m i nate al l acc i d ents 
except an  eart hquake wi th a R i chter mag n itu de greater than 7 .  Th e l i ke l i ho od of an earthquake i s  

d i scu s sed i n  Sect i o n  3 . 1 . 1 .  More assurance  i s  added i n  that three s i des  o f  each o f  the tank s  are 
u nderg round and the fourth s i d e  adj o i ns an  underg rou nd pump hou se at a l ower el evat i o n  wi th a capa c i ty 
of 1 . 2 x 1 05 £ ( 3 1 , 500 ga l ) .  

Becau se of the underg rou nd capac i ty of the tank s , i t  i s  reaso nab l e  to as sume that i n  the event 
of wa l l fa i l ure , the pump hou se wou l d reta i n  1 . 2  x 1 05 £ ( 3 1 , 500 gal ) of wa ste , the i nfi u e nt wa ste 
hol d i ng tanks wou l d reta i n  1 . 9 x 1 05 f ( 5 0 , 000 gal ) of  waste , a nd the sl udge ho l d i ng tank wou l d reta i n  

4 1 . 5  x 1 0  l (4 , 000 gal ) of  waste . These vo l umes wou l d  be total l y  u nderg rou nd and wou l d be reta i ned 
for several days al l owi ng for conta i nment measures such a s  the co nstruct i o n  of an earthen dam . For the 
pu rpo se of th i s  statement , the two 9 . 5 x 1 05 l ( 2 5 ,000 gal ) treated waste storage ta nks have been 
a ssumed to be  empty . Th i s  wou l d be a typ i c al s i tuat i o n  at a time when the i nfl uent tanks contai ned 

5 3 . 0  x 1 0  l (80 , 000 gal ) of waste . I f  there were any water i n  the treated wa ste hol d i ng tank s , i t  
wou l d  mean that a n  equal vol ume from the i n fl u ent wa ste hol d i ng tank s  had been trans ferred and treated . 
The combi ned underg rou nd storage of the two treated effl uent tank s ,  u s ed to store treated wa ste unt i l  
proper treatment c a n  be  veri fi ed , i s  9 . 5 x 1 04 £ ( 2 5 , 000 gal ) .  Th i s  vo l ume wou l d al s o  be  reta i ned 
u nderg rou nd i n  the ev ent of tank wa 1 1  fa i l u re .  

I n  summary , the total underg round capac i ty of  the i nfl u e nt storage tank s ,  t h e  sl udge  hol d i ng 
tank s ,  the pump hou se , a nd the effl u e nt ho l d i ng tanks i s  4 . 2  x 1 05 l ( 1 10 ,000 gal ) a nd the total waste 
wau l d be expected to be  3 . 0 x 1 05 l (80 , 000 gal ) of 1 i qu i d  wa ste and 4 . 5  x 1 04 £ ( 1 2 , 000 gal ) of 

5 s l udge , o r  3 . 5  x 1 0  l (92 , 000 gal ) total . Therefo re ,  there i s  rea so nab l e assu rance that n o  wa ste 
wou l d  be rel eased to the env i ronment , except for some seep i ng u nderg rou nd from the storage tank s .  

Fol l owi ng such a hypothe si zed acc i dent , emergency measures wou l d have to b e  u ndertake n al most 
i mmed i atel y  to  effect t reatment of rou t i ne wa stes unt i l the i ncapaci tated tanks were o nce ag a i n  i n  u s e .  

Two cond i ti ons  c a n  be  as sumed . E i ther the treatment pl ant surv i ved the i nc i d ent or i t  d i d  not .  
I f  the treatme nt pl ant wh i ch i s  l ocated 30 m ( 1 00 ft ) from the storage tank s  surv i ved the acc i d ent , the 

pl umbi ng cou l d be modi fi ed immed i ate ly  to operate the pl ant wi thout the usua l  fl ex i b i l i ty a fforded by 
the storage tanks a nd the pump hou se . The treatment wou l d nonethel ess  st i l l  be effect i ve .  
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If the treatment pl ant �re i noperab l e ,  i mmed i ate steps wo ul d be requi red to reduce the wa ste 
v ol ume . Operat i on s  throughout the LASL woul d be c urta i l ed by not i fyi ng operat i ng groups to el im i nate 
or red uc e effl uents to a m i n im um .  By c urtai l i ng wa ste- produc i ng operat i ons  and us i ng emerg ency storage 
c apac i t i es at the var ious  LASL s i te s , l i ttl e ,  i f  any ,  untreated wa ste woul d be rel eased to the 
env i ronment . 

The d i stance  the wa ste woul d fl ow d own Mortandad Canyon woul d be muc h l es s  than the 0 . 2  km 
( 0 . 3  mi ) travel ed by rout i ne treated effl uents from the pl ant . These effl uents are rel ea sed at a rate 
of 160 t ( 600 gal ) per mi nute . Si nc e  nat ural runoff i n  th i s  canyon has not reached the LASL boundary 
s i nce  1 96 0 ,  i t  i s  extremel y unl i ke l y  that any o f  the wa ste woul d cros s  the LASL boundary b efore cl ean up  
o perat i ons  coul d beg i n . 4- 125  

The  probl ems i nv ol v ed w ith  c l ean u p  operat i ons  fol l owi ng s uc h  a n  i nc i dent can b e  ant i c i pated . 
Cl ea n u p  operat i ons  fo l l owi ng two acc i dental sp i l l s  of s i m i l ar 1�a stes from l i ne l eaks  that occurred i n  
19744-126 prov i d e  a s surance that the area can be  restored for uncontro l l ed pub l i c  rel ease  wi thout 
s i g n i f i c ant rad i at i o n expo sure to the pub l i c  or the workers . The c l ean up  operat i on  woul d ,  however ,  
c reate l arge quant i t i e s  of l ow-l ev el contami nated wa stes that  wo ul d re qui re control l ed d i sposal . 
Documentat i on of prev i ous  c l ean u p  o perat i ons  gave no i nd i c at i on that the pub l i c  or the worki ng 
personnel rece i ved any expos ure due to the l eak s .  Ai r sampl es were taken cont i n uo u s ly  at both s i tes 
unt i l  the c l ean up  o perat i ons we re compl eted and no po s i t i v e  al pha rad i oact i v i ty was detected . A 
total of 1 5 5  nose swi pe s  we re taken i n  conj unct ion  wi th these ope rat i on s ;  a l l were negat i v e  for al pha 
contam i nat i on .  A total of 6 50 m3 of so i l  wa s removed in 155 truck l oad s in thi s operat i o n .  Surface 
c ontam i nat i on i n  the area s c l eaned i s  now at or bel ow ambi ent al pha l evel s .  The total cost of  cl eanup 
wa s about $ 50 , 000 for each o perat i on .  
4 . 2 . 6  F i re 

I n  po stul at i ng the worst fi re that m i ght occur at the LASL , no emphas i s wa s pl aced on the d ol l a r 
va l ue of the bu i l d i ng , a l though re pl acement wo ul d certa i n ly  have an effect on the env i ronment . I n stead , 
the po stul ated fi re wa s sel ected on the bas i s of caus i ng the most d i rec t env i ronmental impac t ,  s uch  a s  
the rel ease of  contam i na nts ( e i ther rad i o act i v e  or  nonrad i oact i v e ) . 

Because many o f  LASL ' s  act i v i t i es i nv ol v e  rad i ochem i cal s , and  part ic ul arl y p l uton i um ,  the rel ease 
of pl uton i um by a fi re wa s ev al uated fi rst . The new pl uton i um fac i l i ty was  des i g ned  and  bu i l t  for the 
h i ghest d eg ree of conta i nment ev en in  the case of  a max imum cred i b l e pl uton i um fi re .  The redundant 
and fi re protec ted HEPA f i l trat i o n  system woul d not rel ease any pl uto n i um s i g n i fi cantl y above av erage 

. . f . 4-1 23  4-1 31  normal ope rat 1 ng l evel s ,  even 1 n  the ev ent o s uc h  a f1 re . ' 

The g reatest env i ronmental consequences from an acc i dental  rel ease of rad i oac t i ve materi al s 
i nv ol v i ng a fi re are descr i bed l ater i n  connect ion  wi th a po stul ated a i rcraft acc i d ent ( Sect i on 4 . 2 . 1 1 ) . 
The re l ease of tox i c  mater i al s i n  a fi re i s  con s i dered i n  Sect ion  4 . 2 . 10 .  Frorn an overal l perspect i v e ,  
the max imum env i ronmental effects from an acc i dent i nv ol v i ng f i re wo ul d resu l t from the l os s  o f  l i fe 
and property i n  a forest fi re ( see Sect i o n  4 . 1 . 4 ) .  
4 . 2 . 7  M i x ed F i s s i o n  Prod uc t Rel ease 

The most l i ke l y  area for a s i g n i f i cant acc i d ental rel ease of m i xed fi s s i o n  prod ucts i s  Omega Si t e ,  
wh i ch  i s  the l ocat i on o f  a n  8 M W  experimental research reactor.  Acc i dents that may have some potent i al 
for the rel ease of fi s s i on products are : ( 1 ) reac t i v i ty acc i d ents ; ( 2 )  equi pment fa i l ures ; ( 3 )  nat ural 

. 4-132  d 1 sasters ; (4 ) l os s  of  cool ant fl ow ; and  ( 5 )  l os s  of cool ant . 
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Several ex per imental programs conduc ted i n  the earl y s i xt i es suppl i ed cons i d erab l e  d ata on  the 
d h · · f ' · · t  d · · 1 . t 4-1 33 ,  4-1 34 , and n at ure  an c a racte r 1 st 1 cs o reac t 1 v 1  y-cause excurs 1 ons 1 n  a um 1 num-core reac o rs . 

4 -1 35 Some of these were destruct i v e  te st s wh i c h  prov i d ed d i rect d ata on the fr ac t i o nal rel ease of 
fi ss i on prod uct s  to  the atmos phere.  For the Omeg a We st Re actor ( OWR ) there are no  kn own or b el i ev ab l e 
mechan i sm s  wh ic h  cause reac t i v i ty i n sert i on  rate s g reater than one tenth of  that need ed to prod uc e  a 
s i g n i f i c ant fi ss i o n  produc t  rel ease . Po s s i b l e  reac t i v i ty acc i d ents wo ul d i nv ol v e  co ntrol rod breakage ,  
control rod wi thd rawa l , startup ,  serv o  co ntrol fai l ur e ,  o r  core l oad i ng s .  Of these , mel t i ng woul d occ ur 
onl y i n  the c ase of the core l oad i ng acc i d ent . If a fuel el ement were del i b erate ly  d ropped i n  the j ust
cr i t i c al core , th i s event m i ght  be ex pected to resul t i n  mel t i ng appr ox imatel y 2% of the fuel s urfaces . 4-1 3 5 

S i nc e the OWR i s  a l ow pressure ,  l ow temperature research reactor , i t  i s  not s ub j ect to damag e from 
many ab normal cond i t i o ns pr obl emat i c  in powe r  reactors . These c ause s ,  u s ual l y  rel ated to equi pment or 
compo nent fa i l ures , i ncl ud e ac c i d ent s s uch  a s  the i ntroduc t i o n  of col d cool ant sl ug s ,  system depres
s ur i za t i o n ,  l as s  of  l oad , and step i ncreases i n  l oad . As a s pec i fi c  exarnpl e ,  s i nce nat ural convect i ve  
c i rc ul at i o n  of t he  pea l  water i s  s uff i c i ent t o  cool the reacto r ,  compl ete l as s  of el ectr i c al powe r a t  the 
OWR wi l l  res ul t on l y  i n  a reactor shutd own wi th no other compl i c ati ons . 

It i s  pc s s i b l e  that the reac tor cool i ng system and other compo nents  outs i de the reactor tank m i ght  
b e  rupt ured or  otherwi se damaged by torn ad oes , e arthquake s ,  fl oods , or  other n atural d i sa sters . The 
massi ve conc rete and steel sh i el d and found at i o n  struc ture around the reactor tank , d amage to the tank 
from s uc h  events i s  most un l i ke l y .  Breaks or rupt ures i n  the external cool ant pi pe s  wi l l  not drai n the 

4-1 32 reactor tank to a l eve l  that woul d expo se the core. 
Lo s s  of cool ant fl ow d oes  not present any probl ems , b ec ause of the rel at i ve ly  l ow power l ev el of the 

. 4-1 32 OWR and the automat ic  conv ect i v e  l oop prov 1 d ed . Even i f  the convect i v e  l oop were not prov i d ed ,  the 
numerous other  ope n i ng s  between the upper tank and the pl enum underneath the core ( s uc h a s  ho l es und er
neath the l ead s h i el d and beryl l i um refl ecto r ,  the control rod sl ots , a nd the i n strument port c l earance 
hol es ) wo ul d prov i d e  an ad equa te conv ect i ve  return path . Th i s  is confi rmed by the fact that 4 , 92 0  ,Q,/m i n  
( 1 300  gal /m i n )  o f  the total  1 3 , 2 50 £ /mi n ( 3 500 gal / m i n )  normal cool ant fl ow g o  through these o pe n i ng s .  

The arg ument c an be  mad e ,  wi th respect to a l os s- of-cool ant acc ident , that because o f  the rel at i v el y  
l ow power  l evel  and the e ng i neered safety featur es pr ov i d ed , t he pr ob ab i l i ty o f  ev en part i al fuel mel t i ng 
i s  v an i shi ng ly  smal l .  Furthe r ,  i t  c an be shown that fuel mel t i ng i s  poss i b l e  onl y i f  the tank i s  d rai ned 
bel ow t he l evel of the core l es s  than 3 0  mi nutes a fter reac tor shutd own . If the t ime-to- dra i n  i s  l onger 

4-1 32 tha n 30 m i nutes , no mel t i ng wi l l  occ ur . 
A wo rst cord i t i o n  i s  env i s i o ned as the c ase where the tank i s  d rai ned wi t h i n  s i x  m i nutes a fter 

s hutd own . Cal cul at i o ns i nd i cate that mel t i ng temperatures woul d not be  reached un t i l  approx imatel y 34 
m i nutes l ater . If i t  i s  a s sumed that none of the eng i neered safety features are effec t i v e and that the 
o perati ng crew take s  no act i o n  in the 40 mi nutes b efore mel t i ng coul d beg i n ,  the n  some  8% of the fue l 
pl ates coul d be mel ted . 

The short durat i o n  of the c r i t i cal per i od and the l ow prob ab i l i ty of  d ra in i ng the tank wi th i n that 
per i od , togethe r wi th the av a i l ab i l i ty of  two i ndependent and redundant s pr ay systems to  afford protec t i o n  
ag a i nst  core mel t i ng dur i ng the c r i t i c al per i od fol l owi ng shutd own , make core mel t i ng fo l l owi ng l os s  o f  
coo l ant not c red i b l e .  Bec ause i t  i s  not cons i dered t o  b e  c red i b l e ,  t h i s acc i dent wi l l  not b e  anal yzed 
furthe r ,  even tho ugh  the rel eases  coul d be g reater than the rel eases fr011 the m ax im um cred i b l e acc id ent . 
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The mel ti ng of  fuel  as  a resu l t of f l ow bl oc kage in one or more fuel  el ements is cons i dered to 
have the h i ghest  probab i l i ty of occurrence for the types of acci dents pos s i b l e .  Acc i dents o f  th i s  
a tu re have occurred i n  a t  l ea s t  three reactors of the same genera l type a s  the OWR . 4-1 35 • 4- 1 3 6 • and 4- 1 38 

The fl ow b l ockage acc i dent i s  taken to be the max imum cred i b l e acc i dent for the Omeg a  West Reactor 
becau se the poten t i a l  rel ease of fi s s i on products i s  greater  than for any other acc i dent cons i dered 
cred i b l e .  Al though the v i gorous boi l i ng accompa nyi ng fl ow bl ocka ge produces detectab l e fl uctuat ions  i n  
i nstrument read i ngs , experi ence has  shown that there i s  often co ns i derab l e confu s i on and doubt i n  the 
i nterpretat i on of the i nd i cat i ons  so that correc t i ve act ion  i s  too l ong del ayed a nd a pprec i a bl e  fu e l  
mel t i n g  cou l d  occur .  Other protecti ve mea sures a s  menti oned l ater a re des i gned to counteract th i s  
anomaly. 

D ur i ng  opera t i on , the OWR i s  a c l osed system except for the s urge tank  vent norma l l y  open to the 
a tmosphere . A so l en o i d  va l ve i s  prov i ded to swi tch  th i s  vent to the exhaust  s ta c k  i f  acti v i ty i s  
rel ea sed i n to the water from any source . The exhau st  s tack  has charcoa l adsorbers a nd i s  46 m ( 1 50 ft)  
a bove the mesa top south of the reactor s i te .  Th i s  va l ve can be actuated from the control conso l e by 
the operator . I f  the s urge tank vent va l ve s ti c ks i n  the open pos i t i o n ,  or i f  the operator fa i l s  to 
swi tc h i t , then the ra re gases and some fracti on of the i od i nes wou l d  escape to the a tmosphere wi th i n  
the canyo n .  

Other mechan i sms for the escape o f  f i s s i on products from the system cou l d  i nc l ude , under some 
cond i ti o ns : ( 1 ) over-and-under-press u re rel i e f  val ves l ocated on top of the surge tank ; these a re 
g ra v i ty- or spri ng-actuated caps that cou l d  eas i l y  be b l oc ked open by debri s ;  ( 2 )  the unt ime ly  open i ng 
of the ha tches  on ta nk  top by the operati ng crew ; ( 3 )  a s imu l ta neous  brea k i n  the coo l i ng system ; a nd 
( 4 )  the i nadvertent operati on of system va l ves i n  such  a way a s  to expel  or re l ease  a l arge quanti ty of 
coo l i ng water from an  otherwi se c l osed system . 

G i ven one of these c i rcums tances , the pos s i b i l i ty exi s ts for  a l arge rel ease of f i s s i on products , 
parti cu l ar ly  i od i ne s .  Up  to 1 00% of the xenons a n d  kryptons  m i g ht escape from t he  system over a n  
extended per i od .  I f  the s urg e  tank was open to the a tmosphere through  the vent o r  press ure-re l i ef 
va l ves , the tank ' s  degas i fy i ng act ion  cou l d  a l l ow the comp l ete escape of the gaseou s products a s  water 
c i rcu l at i o n  was conti nued to a l l ow c l eanup by the dei on i zers . Est imat i o n  of the rel ease of i o d i nes  to 
the a tmo sphere i s  d i ff i c u l t .  For su ppress i on-conta i nment systems ana l yses , a n  escape fracti on  o f  0 . 5% 
ha s sometimes been u sed for the escape of i od i ne from the pool . 4- 1 3 9 I t  i s  reasona b l e to a ssume that a 

max imum of 1 0% of the i od i nes m i g ht escape from the water over a per i od of time , w i th the other 90% 
rema i n i ng i n  the water to be removed by the de ion i zers . 

Summar i z 1 ng the cond i t i ons  for the max imum credi b l e acc i dent a s  postul a ted4- 1 3 2 the acc i dent 
cond i t i ons  are :  ( 1 ) seven fue l  el ements s uffer some degree of  mel t i ng from fl ow b l ockag e ;  ( 2 )  an  
a verage of 50%  of the  fue l  i n  each  of these e l ements mel ts ; ( 3 )  the  seven el ements i nvol ved conta i n  24% 
of the tota 1 core f i s s i on product i n ventory ;  thus , the mel t  conta i ns a max imum of 1 2% of the core 
i nventory ;  ( 4 )  a 50% rel ease of rad i o i od i nes  and a 1 00% re l ease of the rare gases  conta i ned i n  the mel t 
i s  a s s umed ; ( 5 )  s i x  percent of the rad i o i od i nes i n  the core i nventory and 1 2% of the rare gases  are 
rel eased i nto the wate r ;  (6)  a l l of the xenons and kryptons i n  the water ( 1 2% of the core i nventory )  
a r e  rel eased t o  the a tmosphere over a peri od of t ime ; and ( 7 )  ten percent o f  the rad i o i od i nes  d i sso l ved 
i n  water , or 0 . 6% of the core i od i ne i nventory , i s  rel eased to the a tmosphere over a per i od of t ime . 
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Tabl e 4 . 2 . 7 -1 g i ves  the total core fi ss i on product inventory .  Th i s  i nv entory , c ombi ned wi th the 

above po st ul ated acc i d ent cond i t i on s ,  yi el ds  the fo l l owi ng atmospher i c  rel ease for the max imum cred i b l e 
acc i d ent : ( 1 )  8 . 22 x 1 02 C i  of 1 3 1 I ,  ( 2 )  1 . 09 x 1 04 of Ci of other i od i nes , ( 3 )  1 . 68 x 1 02 C i  of 
131 xe , a nd ( 4 )  1 . 53 x 1 05 Ci of other rare gase s .  

Three d i st i nct meteorol og i c al cond i t i ons c an exi st to transport the rel ease ( see Sect ion  3 . 1 . 3 ) . 
A down- canyon wi nd occur s  from about two ho ur s after s un set unt i l  s unr i se .  The wi nd i s  a shal l ow ,  l ow 
t urbul ence wi nd ( Pa squi l l  Type F )  wi th a mean vel oc i ty of a pprox imatel y 0 . 5 m/ s ( 1  mph ) . An u p- canyon 
fl ow occ urs  l es s  frequentl y ;  l ocal l y  d ri ven c i rcul at i on  g i ves  way to g rad i ent fl ow i nfl uence a s  soon 
as v ert i c al m i x i ng i s  suff i c i ent to resul t in coupl i ng .  Th i s  fl ow ( Pa squi l l  Type E) occurs from 
approx imatel y two hours after sun r i se throughout the day and has a mean vel oc i ty of 1 m/ s ( 2 . 2  mph ) . 
A c ross-canyon fl ow i s  common dur i ng about 2 5-3 5% of the dayt ime ho urs ( Pa squi l l  Type A and C ) . It 
i s  compl i c ated by terrai n i nteract i o n  and has  the h i g hest mean vel oc i ty of al l ,  3 m/ s ( 6 . 7  mph ) . 

Th ree pub l i c  area s coul d be affected by a rel ease : ( l )  a resi dent i al area to the north ( cros s
canyon fl ow) ; ( 2 ) an i c e  ska t i n g  ri nk to the west ( u p-canyon fl ow) ; and ( 3 )  St ate Road 4 to the ea st 
( d own- canyon fl ow) . Tab l e  4 . 2 . 7 -2 s hows the thyro id  and who l e-body total i nteg rated dose commi tments 
for the spec i fi c  l ocat i ons  and meteorol og i c al cond i t i o ns ment i oned above .  

A con s i d erab l e deg ree o f  conserv at i sm i s  contai ned i n  the above resul ts  because n o  depos i t i on 
or rad i oact i ve decay i s  a ssumed d ur i ng the rel ease pe r iod or dur i ng the c l oud travel or pa ssage .  
Therefore , the doses correspond t o  the i nfi n i te time dose , o r  that rece i ved by a n  i nd i v i dua l  ex po sed 
for the ent i re time of rel ease and c l oud pa ssage .  

The OWR h a s  several features desi g ned spec i fi c al l y  to  prevent mel t i ng .  An ant i s i phon l oop i s  
desi g ned to prevent the d rai nage or s i pho n i n g  of the reactor tank water l ev el to l ess  than 1 1 5  em ( 4 9  
i n )  above the core a s  a resul t o f  l eaks  o r  rupt ures  i n  the cool i ng l i nes external t o  the sh i el d i ng . 

An automat i c  convect i ve  cool i ng l oop i s  des i g ned to al l ow reactor operat i on at l ow power l eve l s 
wi thout forced fl ow and to prov i d e  fo r the removal of core after- heat when coo l i ng fl ow i s  l ost by pump 
fa i l ure .  

An emergency c ore  spray system wi l l  del i ver water at  a rate of 3 . 8  to 6 . 8  £/s (60  to  1 00 gpm) , 
wh i c h  i s  at l ea st an order of mag n i t ud e  g reater than that e st imated to be req ui red to prevent core 
mel tdown .  

For an extra mea sure of protect i on , another emergency c ore spray system has been desi gned and 
i n stal l ed .  I t  h a s  a source o f  pure reactor system water and wi l l  mai ntai n a fl ow rate o f  1 . 2  £/ s  ( 1 8 
g pm)  for approx imatel y 23. 5 hours .  These eng i neered safety features i nc l ude a number of al arms and 
warn i ng s  to al ert the operat i ng crew . 

4. 2 . 8  Trit i um Rel ease 
Several Los  Al amos  Tec hn i cal Areas were exam i ned for the po ssi b i l i ty of tr i t i um rel ease . Two 

l ocat i ons  where l arge amounts of tr i t i um are or  wi l l  be  ha nd l ed are HP  s i te and the new Tr i t i um System 
Test Assemb ly  at DP  S i t e .  I t  i s  d i ffi c ul t to po st u l ate a mec han i sm not i nv ol v i ng a maj or external 
force by wh i c h  the ent i re i nventory cou l d be re l ea sed at once.  At HP-site the g reatest rel ease 
cons id ered po s si b l e  produc ed a max im um dose at the s i te boundary ( State Road 4 )  of 0 . 6  rem . Bec ause 
tr it i um i s  i nvo l v ed in the a i rpl ane crash acc i dent anal yzed i n  Sect ion  4 . 2 . 1 1  for DP- s i te , no further 
d i sc uss i on of tr i t i um rel ease i s  prese nted in th i s  sect i o n .  
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TABLE 4 . 2 . 7- 1  

IOTAL CORE-F I SS I ON-PRODUCT I NVENTORY 

Rad i o i sotope 
1 3 1 I 
l 32 I 
l 3 3 I 
l 34 I 
l 35 I 
1 3 1 Xe 
1 33xe 
l 33Xe 
1 35Xe 
l 35Xe 
83 Kr 
87Kr 
88Kr 
M i xed 

( 2 . 3d )  
( 5 . 3 d )  
( 1 5 . 6m )  
( 9 . 1 3h )  

So l i ds 

Core I nventorya 

( Ci} 

1 . 37 X 1 05 

3 . 04 X 1 05 

4 . 5 1 X 1 o5 

5 . 1 6  X 1 o5 

4 . 1 9  X 1 05 

1 . 4 X 1 03 

9 . 2  X 1 03 

3 . 39 X 1 05 

1 . 22 X 1 05 

4 . 02 X 1 05 

9 . 3 5  X 1 04 

5 . 23 X 1 04 

2 . 64 X 1 05 

1 . 1 5  X 1 o7 

a ) Va l ues for each i sotope a re adj u s ted to account for a 5-day operati ng week and 
for the fue l -add i t i on cyc l e .  

TABLE  4 . 2 . 7- 2  

DOSES EXPECTED FROM POSTULATED RELEASE O F  M IXED F I S S I ON PRODUCTS AT  OMEGA S ITEa 

W i nd D i stance Thyro i d  
Locat i o n  D i recti on Tiriii lbiil (rem ) 

Resi denti a l  Area s Cross Canyon 0 . 6  0 . 4  26  

S kat i ng R i nk Up Canyon 3 . 0  1 . 9 1 6  

State Road 4 Down Canyon 6 . 5  4 . 0  57 

Who l e  Body 
(rem )  

9 . 8  

6 . 1  

22 . 0  

a ) Total i nteg rated doses a re g i ven because of  the sho rt h a l f- l i ves o f  the rad i onuc l i des i nvol ved . 
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4 . 2 . 9  Rel eases of Potent i al l y  Hazardous  B i ol og i cal Materi al 
B i o l og i cal materi al s are cl ass i fi ed by the i r  potent i a l hazard . Cl ass  1 agents are agents of no 

or  m i n imal  hazard under ord i nary cond i t i o ns of handl i ng .  These agents may be d i st r ibuted t o  al l users 
w ith  no s pec i al  competence or contai nment requ i red . Cl ass  2 agents  are agents of ord i nary potent i a l  
hazard .  Th i s  cl ass  i ncl udes agents that may prod uce d i sease o f  varyi ng deg rees o f  severi ty from 
acc i dental i n nocul at i o n  or i nject i o n  or other means of cutaneous penetrat i on but wh i ch are contai ned by 
ord i nary l aboratory tech n i ques . They may be d i str i b uted to l aboratori es whose staffs have l eve l s of 
competency equal to or greater than one woul d expect i n  a col l ege depa rtment of mi crob i ol ogy . 

There are current l y  no  prog rams at LASL empl oyi ng b i ol og i c a l  agents of g reater ri sk t han Cl ass  2 .  
I t  shoul d b e  ment i oned , a l s o ,  that LASL o perates a n  extens i ve an imal col ony i n  connect i on wi th i ts 

b i omed i cal  programs .  There i s  the i nherent poss i b l i ty of Cl ass 2 or greater organi sms be i ng present 
i n  i nt act an imal s .  Al l an imal co l ony o perat i ons are admi ni stered by one grou p ,  wh i ch ma i ntai ns a 

str i c t  d i sease surve i l l a nce program i nc l ud i ng q uarant i ne ,  v i ral sc reen i ng ,  b acteri ol og i cal test i n g ,  
pathol og i cal exami nat i o n ,  a nd othe r rout i n e d i agnost i c  procedures . Because many o f  the LASL Heal th  

D i v i s i o n  act i v i t i es u se  i ntact animal s and  some are centered around agri c ul tural b i osc i ence stud i e s ,  
a LASL B i ohazards Commi ttee wa s formed i n  1 9 73 t o  prov i de a formal mech ani sm for rev i ew o f  any 
experiment s i nvo l v i ng i nfect i ous  agents or other potent i al ly  hazardou s b i ol og i cal materi al . 

Th i s  commi ttee al s o  pub l i shed the LASL B i ohazards  Manual 4-140 wh i ch  desc ri bes Laboratory 
pract i c es and pol i c i es for hand l i ng these materi al s .  

Unt i l  s uch t i me that b i o l ogi cal materi al s o f  greater ri sk than Cl ass 2 are handl ed ( unforeseen i n  
the near fut ure)  t here i s  n o  threat of a rel ease of hazardous b i o l og i c al materi al t o  the env i ronment . 

4 . 2 . 10 Rel ease of Nonrad i oact i ve Tox i c  Chemi cal s 
I n  cons i d eri ng potent i a l hazard s  from nonrad i oact i ve tox i c  chem i cal s ,  three LASL fac i l i t i es were 

exam i ned ; the  Chem i cal St orage F ac i l i ty ,  the  Gas  P l ant and the Beryl l i um Sho p .  Rel ease of chemi cal s 
s uch a s  chl ori ne from the fi rst two fac i l i t i e s  wa s not found to have consequences a s  g reat as those 
from a fi re in  the Beryl l i um Shop . 

The Beryl l i um Shop l ocated 
the h i gh ly  tox i c  metal beryl l i um .  

i n  the Ma in  Shop Bu i l d i ng ( SM-39 ) conta i ns l arge quant i t i es of 
If the oxide or other compounds of the metal are i n hal ed , they are 

capab l e  of caus i ng e i t her an  acute chemi cal pneumon i a  or a severely debi l i tat i ng l ung  d i sease that can 

be fatal . For the protecti on of empl oyees , the AEC i n  1950 estab l i shed a permi s s i b l e  expo s ure rate 
l im i t  of 2 �g;m3 for a max imum short t ime l i m i t , usual ly  i nterpreted as 30 m i nutes . They al so  set 

a l i m i t  of 0 . 01 �g;m3 , averaged over 30  days , as a permi s s i b l e  l evel of exposure to the  offs i te 
members of the genera l publ i c .  Th i s  va l ue i s  the same as the New Mex i co E IA Ambi ent Standard s  approved 

by E PA . 4-43 Most of the beryl l i um i n  t he Beryl l i um Shop i s  i n  bul k form ,  wh i ch can on ly  be  i g n i ted 
at very h i g h  tempe ratures and i s  adequatel y protected by the spri nkl er system . Expl o s i ons i n  the 
beryl l i um shop are h i gh l y  improbab l e  from Be or other sources of materi al s .  Expl o s i ons from Be 
operat i ons have not occurred . F i ne ly  d i v i ded metal i s  produced by the mach i n i ng ,  gr i nd i ng ,  and 
pol i sh i ng operati ons i n  t he shop and i s  col l ected by the vent i l at i on and a i r  c l ean i ng system . 
Because S im-cool or water i s  used most of the t i me as a cool ant , the probab i l i ty of a f i ne metal  
part i c l e  fi re i s  very l ow .  No beryl l i um fi re has  ever occurred in  SM-39 .  A s tack s ampl er i s  
operated cont i nuousl y dur i ng any t i me the vent i l at i on system i s  i n  operat i o n .  The sampl e i s  
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ana lyzed for Be monthly and , to date , the act ual concentrat i on  of Be i n  t he effl uent a i r  has 
been l es s  than 0 . 01 �g;m3 • The l a rger metal ch i ps are col l ected i n  the dynam i c  prec i pi tator 

and depos i ted down stream on a bag f i l ter , wh i ch prevents the ir  esc ape to the env i ronment . The 
fi l ter bags are made of cotten wi th a max imum operat i ng temperature of 250°F wi th parti cu l ate 
effi c i ency of between 92  and 96% .  

The ac ci dent po stul ated i s  a fi re i n  the fi nely d i v i ded metal co l l ected o n  the f i l ter s urface .  
The max imum amount o f  materi al  found o n  t h e  fi l ter before i t  i s  c l eaned i s  about 5 k g , o n l y  part of 
wh i c h  i s  beryl l i um i n  a combust i b l e  form .  I t  i s  ass umed i n  th i s analys i s  that a fi re can b e  sustai ned 
on the s urface for one hour res ul t i ng i n  the fo rmat ion  of fi nel y  d i v i ded beryl l i um ox i d e  contai n i ng 5 
k g  of beryl l i um and that thi s materi a l  i s  re l eased i nto the a i r  stream and then to the envi ronment at 

an essent i a l ly consta nt rate .  The source term , then , i s  an emi s s i on rate of 1 . 4 g/ s .  
Meteorol ogi cal cond i t i ons are s uch that about 1 2% of the t ime the wi nd d i rect i o n  i s  toward the 

western area of the commun i ty .  As s um i ng a 20 m rel ease he i ght and "worst case" cond i ti ons the rel ati ve 
concentrat i on ( x /Q )  at 1 km i s  2 . 5  x 1 0-4 a s  seen from Fi g ure 4 . 2 . 1-1 . The 50% probab l e  X/Q at thi s 
d i stance i s  3 x 1 0-5 • The worst case cond i t i o n  wou l d produce a concentrat i on of 350 �g;m3 • However , 
consi deri ng measured meteoro l og i cal  cond i t i o ns at th i s s i te , t here i s  about one chance i n  e i g ht that 

t he ground l eve l  a i r  concentrat i on i n  thi s area of the commun i ty c oul d reach  40 �g; m3 • Th i s  i s  about 
twi ce the permi s s i b l e  short term occupat i onal expo sure l im i t .  No s pec i fi c  l i m i t  ex i sts  for short term 

pub l i c  expo s ure , but a fa ctor of 10 to  50  bel ow the occupati onal l i m i t  wou l d not be unreasonab l e .  
Cons i d erab ly  h i gher expo s ures coul d b e  sustai ned by empl oyees  i n  the ma i n  techn i c al area , i nc l ud i ng 

the Admi n i strat i on  B u i l di ng .  
A s et of very unfav orabl e  and un l i ke ly  cond i ti ons  have been a s sumed i n  th i s po st ul ated acc i d ent 

ana lys i s .  I t  i s  d i ffic u l t to see how a f i re coul d start o n  the fi l ter ,  wh i ch i s  down stream of the 
dynam i c  prec i pi tator. The du st col l ected on the fi l ter probably woul d not s usta i n  steady combust i o n  
s i nce i t  conta i ns  oxi des  and other i nert materi a l . A f i re ,  when the fans were not operat i ng ,  wou l d 
ext i ng u i sh  i tse l f  because of l ack of oxygen , and beryl l i um wou l d not transfer  to the a i r  st ream . I f  
t he fi l ter burned through , most o f  t h e  a i r  wou l d g o  through the open i ng c reated and not past the 
rema i n i n g  f i l ter depo s i t .  As a resul t ,  a cons i dera bl e fract i o n  of the depo s i t  woul d rema i n  wi th i n  
the fi l t er hou s i n g .  The esca pe o f  2 5% of the depo s i t  seems a more rea sonab l e  a s sumpti on .  

It i s  h i gh ly  un l i ke ly  that a fi l ter fi re i n  the most heav i l y  popul ated area of the Laboratory 
woul d go undetected for an hour dur i ng work i ng hour s .  Neverthe l ess , heat or smoke detect i o n  dev i ces do  
tri p an  al arm at a cont i nuousl y occ u p i ed control po i nt and res u l t s  in  control of  the  fi re i n  a matter 
of m i nutes w i th  l i tt l e  re l ease to the atmosphere . In order to transfe r  beryl l i um oxi d e  from the f i l ter 
to the env i ronment , it wa s a ssumed the exhaust vent i l ati on  fan cont i nued to operate . A ser ious  fi re 
wou l d probab ly  render the fa n i noperab l e  and wou l d al so set off the spri nkl er system i n  the fan room 
and ri ng  an al arm.  

The  meteorol og i cal  factors are  conservat i v e  i n  that a very l i g ht northerl y wi nd ( 1  m/ s )  wa s 
a s s umed , combi ned w ith  the most stab l e  cond i t i o ns pos s i b l e  i n  dayl i ght hours.  Taki ng thi s and the 
max im i zed ac ci dent cond i t i ons i nto account , the act ual a i r  concentrat i on i n  the offsi te po pul ated area 
i s  probab ly  l es s  than 1 0% of that cal cul ated above . However,  it i s  st i l l  po s s i b l e  for severe l ung 
d i st ress to resu l t among members of the popul at i o n  or among those empl oyed i n  the Ma i n  Techn i ca l Area 
who are s uscept i b l e  to heavy metal s al l ergy . 
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The  chemi cal storage faci l i ty wa s cons i d ered for i nc l u s i on as a source of a nonrad i oact i ve tox i c  
chemi cal rel ease bec ause i t  represent s  the max i mum accumul ati ons o f  most chem i c al s i n  the techn i c al 
area s .  A chem i cal storage fac i l i ty i s  l ocated on the we stern edge of the South Mesa techn i cal  area . 
The fac i l i ty recei ves , stores , a nd di spenses var i ou s  chem i cal s .  The quant i t i es stored at any other 

s i te are too smal l to  present an  env i ronmental impact i f  ac ci dental l y  rel eased . Because of conta i nment 
prov ided by the structure des i g n ,  fi re/temperature control , and i so l ated l ocati o n ,  i t  i s  unl i ke l y  that 
t he total chemi cal i nventory wou l d be i nv ol ved in any acci dent that wou l d rel ease tox i c  or hazardous 
chemi cal s to  the  envi ronment ( see Sect i on 3 . 3 . 4  for precaut i onary procedures ) .  

Other fac i l i t i es were cons i dered , but each has a very l ow probab i l i ty of rel eas i n g  s uffi c i ent 
chem i c al s wh i ch are harmful to the env i ronment . Those fac i l i t i e s  i nc l ude expl os i ve storage areas that , 
i f  the ex pl o s i v e  burned i ncompl etel y ,  wou l d produce ox i des of n i trogen .  However , the i sol at i o n  and 
l i m i tat i on of quant i ty stored prec l udes any s i gn i fi c ant rel eas e of g a ses . The cent ral gas storage 
faci l i ty has  only smal l vo l umes of toxi c or hazardous gases wi th  the rema i n i ng quant i ty bei ng primari l y  
those  gases  common to  the env i ronment . A quant i ty of  carbon monox i d e  i s  i nvo l ved i n  the I CON fac i l i ty ;  
however ,  t he rel eas e of al l CO wou l d i nvo l ve o n ly  t he i mmed i ate area and , i n  t h e  event of fi re ,  o n ly  
co2 wou l d b e  rel eased . 

4 . 2 . 1 1  Ai rcraft Acci dent 
The Los Al amos A i rport has a s i ng l e  east-west runway . Because of l oc al cond i t i ons , al l traffi c 

enters from and l eaves to the east . The west end of the stri p i s  used only for runups or tax i i ng .  
Some smal l a i rcraft are exc l uded because of the al t i tude , 2180 m ( 7 1 5 0  ft ) .  Sc hedul ed fl i g hts  

currentl y account for s i x  l and i ng s  and takeoffs each  on weekdays and two l and i ngs  and takeoffs on 
Sunday .  Pr i vate pl ane l a nd i ngs and takeoffs average a total of 2 7  per day .  There i s  l i ttl e a i r 

traffi c at Los Al amos becau se of the l ocati on of the f i e l d ,  the neces s i ty for traffi c to both enter 
from and l eave to the east , a nd the need for advance permi s s i o n  to  l and . The acci dent record of the 
Los Al amos  A i rpo rt has b een qui te good w ith  an average of l es s  than one acc i d ent per year s i nce the 
a i rport began operat i on i n  1946 .  ( See  Sect i on 3 . 2 . 6  for previ ous di scu s s i o n  of the ai rport . ) 

The LASL i nsta l l at i on nearest to the Los Al amos Ai rport i s  D P-S i te .  DP-S i te l i es 1 km (0 . 6  mi ) 
due south of the m idd l e of the  runway across a deep arroyo . The l oca l  a i r  traffi c pattern av o i d s  
DP-S i te  s i nce i t  i s  l ocated i n  Restricted Ai r Space that i s  c l ear ly  i nd i c ated o n  al l a i r  chart s .  

A maj ori ty o f  a i rcraft acc i d ent s i n  the v i c i n i ty of  l andi ng stri ps occur through col l i s i ons i n  
the traffi c pattern , eng i ne  fa i l ure o n  t akeof f ,  or  unders hoot ing  the runway . S i nc e  the traffi c av o ids  
D P ,  a ny wreckage from s uc h  an  acci dent i s  not  l i ke l y  to fal l near DP .  

Cons i deri ng the above factors , the  probab i l i ty of  an a i rcraft acc ident i nv ol v i ng DP- S i te i s  qu i te 
l ow .  Howeve r ,  an aborted l and i ng or takeoff attempt has a hi gh  deg ree of probab i l i ty.  An a i rcraft 

ac c i dent i nvo l v i ng a LASL fac i l i ty t hat may resu l t i n  a maj or env i ronmental i nc i d ent i s  hypothes i zed 
to  be  the crash  of an a i rpl ane i nt o  the propo sed t r i t i um system test a s sembl y fac i l i ty at DP-S i te ,  
ruptur i ng  d i st i l l at i o n  col umns and/ or transfer l i nes fol l owed by the combust i o n  of the a i rcraft fuel . 

Ot her fac i l i t i es at D P - s i te  wou l d not present as severe consequences i n  t he event of an a i rpl ane 

crash .  P l uton i um operat i ons current l y  c onducted at DP-s i te West wi l l  soon move to the New P l uto n i um 
F ac i l i ty.  The onl y Pu  rema i n i n g  in  the vaul t wi l l  be encapsul ated Pu , such  as Pu-Be sources . The 

vau l t is c onstructed of 20 em (8  i n ) rei nforced conc rete wh i ch reduces the chances of an ai rpl ane 
c rash  generat i ng a maj or haza rd from that source . 
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Ant i c i pated operat i ons at the new Tr i t i um System Test As sembl y DP-si te ( east)  may have as  much 

as  200 g of tr it i um in  i nventory .  I n  these operat i ons , the  tr i t i um l oop a n d  t h e  tr i t i um storag e 
contai ners wi l l  be  confi ned to the exper imental bu i l d i ng .  Approximatel y 50  g wi l l  be  ke pt i n  reserve 
storage in a g l ovebox . The remai n i ng �1 50  g wi l l  normal l y  b e  in var ious  components of the tr i t i um 
l oop , wi th  the l arge st amount i n  the d i st i l l at i o n  col umns {� 1 2 5  g ) . Except for one component wh i c h  
wi l l  be  operated at negat i ve pressure ( <1 0-3 torr) , secondary contai nment wi l l  be  i ncorporated i n  
al l compo nents and i nterconnect ing  l i nes  o f  t h e  tr it i um l oop . 

I n  case of the h i g h l y  un l i ke l y  d oub l e  fai l ure of any of the primary and second ary c ontai nments , 
coupl ed with fa i l ure of the tr it i um cl ean u p  systems , d ec ag ram quant i t i e s  of tr i t i um gas  coul d esc ape 
from the bu i l d i ng .  Shoul d s uc h  a rel ea se be  accom pan i ed by fi re ,  a l l or part of the gas  coul d be 
conv erted to the oxi d e .  The res ul t woul d be s i g n i fi c antl y h i gher d oses or  potent i a l  doses than woul d 

re sul t from a rel ea se of an equa l  q uant ity of  tr i t i um gas .  A rel ease of tri t i um i nto the bu i l d i ng i n  
e l emental or oxi d e  form wou l d normal l y  b e  contai ned by the Emergency Cl eanup  System . Fa i l ure  of th i s 
system , wh i c h  i s  c onnected to emergency power al ong wi th the vent i l at i on system , i s  extreme ly  un l i ke l y  
to  occur si mul taneousl y wi th  a rel ease o f  a si g n i fi c ant fract i o n  o f  the tri t i um i nventory , e speci al l y  
i n  a n  ox i d i zed form .  ( I n th at ev ent , i t  wou l d b e  contai ned by the b u i l d i ng . )  A n  external c ause may 
render the s ituat i on pl ausi b l e ,  s uc h  as the crash  of an ai rcraft through the compo s i te roof of the 
b u i l d i ng .  

Penetrat i o n  of a l i g ht  a i rcraft through the steel -beam-suppo rted roof i s  not cons id ered pl aus i b l e .  
A heav i er twi n-eng i ne a i rcraft , o f  the type i n  commerc i al use between Al b uq uerque and Lo s Al amos , woul d 
have a h i g her probab i l i ty of  at l east part i al penetrat i o n .  I n  the fol l owi ng sc enar i o ,  s uc h  a n  acc id ent 
i s  the po stul ated cause of a rel ease of a maj or fract i on  of the total tri t i um i nventory. 

The po stul ated crash of the ai rcraft onto the roof tears the eng i nes  from the i r  mounts , and one 
of them str i ke s  the vacuum j acket hou s i ng the three tr it i um di st i l l at i o n  co l umns .  One- h undred g rilln s  
of  tr i t i um are rel eased and ox i d i zed by the ensu i ng fi re o f  some 800 l i ters { 2 00 gal ) o f  av i at i o n  fuel 
rel ea sed d ur i ng the impac t .  

The heat from the fi re , l ast i ng 1 0-20 mi n ,  c auses the oxi d i zed tr i t i um t o  be  carr i ed u pward , 
t hrough  the roof , t o  a max im um he i g ht  of 30 m from ground l ev el , prov i d i ng the wi nds are rel ati ve ly  
l i g ht  ( a  few meters per  second or  l es s ) . The effect ive  re l ease he i ght  wi l l  be l ower for h i g her wi nds ,  
wh i ch wi l l  counteract wi th add i t i ona l  d i l ut i on  the adverse effect of a l ower re l ea se po i nt on potent i al 
doses d ownwi nd . Th u s , a rel ease he i gh t  of 30 m ,  wi t h  a wi nd speed of 1 m/ s ,  i s  used . No cred i t  i s  

t aken for any stacki ng ( at 30 m) by the vent i l at i on system or for part i al recovery of the tr it i um by 
the c l ean u p  system or for any b enefi c i al resul ts  of  any automat i c  fi re- s uppressi on systems or  other 
fi re-fi g ht i ng efforts . 

At the l ocat i on where a crowd i s  m ost l i ke l y  to g ather to watch ,  the roadway 400 m { 1 300 ft ) 
north , the  dose to an i nd i v i d ua l  i s  c al cul ated to be 4 . 8  rem . At the nearest res i d ence , 900 m 
{ 3000 ft ) northwe st ,  the  d ose i s  3 . 7  rem . F i g ure 4 . 2 . 1 -1 wa s used as a basi s for the X/Q val ue s 
i n  thi s case . 

A s hort rel ease prod uces l i ttl e ski n i ntake , whereas a l ong er rel ease resu l ts i n  a l ower averag e  
concentrat i on a t  a receptor po i nt because o f  i ncreased l ateral d i spers i o n .  The two tend to canc el 
eac h othe r ,  resul t i ng in s i m i l ar doses for both s hort rel eases and rel eases l ast i ng many hour s .  
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A g round rel ease from the bu i l d i ng i s  of quest i o nab l e  cred i b i l i ty .  Shou l d tri t i um esc ape i nto  
the b u i l d i ng and not be vented or recovered by the c l eanu p  system , it  woul d permeate to  the envi ro nment 
extremely  s l owl y b ecause of the ong o i ng effort s to make the bu i l d i ng rea sonab ly  t i gh t .  Tri t i um gas 
rel eased i nto  the bu i l d i ng wou l d be converted to water vapor by oxidat i o n  and exchange very s l owl y 

( about 1% per day fo r a 1 00 g rel eas e ) . Whether i n  ox ide  or el emental form ,  the  ground- l evel re l ease 
to the envi ronment ( by l eakage around doors and through crac ks  and other penetrati ons ) wou l d  be s l ow 
enough to al l ow ampl e t i me to repa i r  the vent i l at i on and c l eanup systems , o r ,  i f  al l el se fa i l s ,  to  
evacuate nearby persons . 

A crash of a pl ane carryi ng 380 £ ( 1 00 gal ) of fuel i nto a fo rested area coul d conce i vab ly  
i n i t i ate a forest f ire ,  part i cu l arl y on  a dry and wi ndy day .  Th i s  i s  typ i c al of the  l arger a i rcraft 
t hat m i ght be operated at the Los Al amos a i rport . Such a crash woul d not resul t i n  the rel ease of 
any rad i oact i ve or tox i c  materi al s ,  but  a l a rge  forest f i re coul d prod uc e a s i g n i f icant env i ronmental 
i ns ul t .  Under current g u i d el i ne s ,  a i rcraft a l ways take off to the east and l a nd to  the west , a nd the 
nearest forested area i s  1 6  km ( 1 0  mi ) we st . 

4 . 2 . 1 2  Accel erator Acc i dent 
The Los  Al amos Meson Phys i c s  Fac i l i ty ( LAMPF ) i s  a med i um-energy , h i g h- i nten s i ty ,  l i near proton 

accel erator.  The des i g n  cr i ter i a s pec i f i ed a proton beam of 800 MeV in  energy , w ith  a beam i nten s i ty 
of  1 m i l l i amp ( average current ) .  Th i s  sect i on  descr i b es the l i kel i hood and consequences of the rel ease 

of rad i oact i ve mater i a l s to  the atmosphere from the operat i on of th i s accel erator. 
Beam power (800 kw) d i s s i pated in targets and beam stops i s  removed by a cool i ng water system 

3 7 . 9  x 1 0  £ ( 2 , 100  gal ) ,  wh ich  cont a i ns rad i oact i ve spa l l at i o n  products .  I f  a water l eak shou l d 
occur the acce l erator i s  automat i c al ly  shut down and the l eakage i s  col l ected i n  one of two hol d- u p  

tanks  9 . 5  x 1 03 £ ( 2 , 500 gal ) each and t h e  contents analyzed before rel eas e .  The s pal l at i o n  prod ucts , 
wi th  the except i o n  of 3H and 7Be ,  have hal f- l i ves measured i n  mi nutes or l es s .  The cool i ng water 
system conta i ns res i n  i on-exchange col umns for cont i nuous  pur i fi cati on of a fract i o n  of the stream , 
wh ich  effect i ve ly  removes t he 7Be .  Th e max i mum cal cul ated tr i t i um concentrat i on i s  1 5  � C i /cm3 and 
stud i es show that i f  al l the tr i t i ated water were eva porated to the atmo s phere a popul at i on expo sure 
l es s  than  0 . 1 3 man- rem per year woul d res ul t .  

On  occa s i o n  ki l ocur i e  qua nt i t i es o f  el emental tri t i um a t  cryogen ic  temperatures have been u sed as 
target s ;  however,  t he amounts i nvo l ved have been muc h l es s  than the quant i t i es at ri sk at ot her LASL 
s i tes and an acci d ent al rel ease from LAMPF ( i n  the absence of a fi re) woul d be in the form of el emental 
ga s .  Thus , env i ronment al effects wi l l  be l ower than ot her potent i a l area s .  

The rel ease of so l i d  rad i oact i ve mater i a l  from a target o r  beam stop t o  the atmos phere wo ul d 
resu l t i n  some envi ronment al impact ; however,  t he mechani sms for such a rel ease are l im i ted . The 
targets are normal l y  po s i t i oned wi t h i n  evacuated chambers and surrounded by mas s i ve s h i e l d i ng 
structures . The target and beam stop areas are furt her vent i l ated wi th  the exhaust fi l tered by 
H i g h Eff i c i ency Part i c u l ate A i r  ( H E PA )  f i l ters . 
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The rel ease of any s i gn i f ic ant amount of rad i oact i ve materi a l s from LAMPF to  the env i ronment wi l l  
requ i re an acc i dent scenar i o  renderi ng the vent i l at i o n  system i noperat i ve and supp lyi ng s uff i c i ent 
energy to  d i s i nt egrate a target or beam stop ana to propel the resul t i ng materi al from the s h i el ded 
experimental areas . One imag i nary sequence of event s ,  thus  i d ent i f i ed , i nvo l ves a l ost , c onfused , or  
deranged sma l l - a i rcraft p i l ot attempt i ng to l and h i s pl ane on to p  of LAMPF ( a hal f-m i l e- l ong structure ) 
and crashi ng through the roof of the Experimental Bu i l d i ng ,  the av i at i on fue l fl owi ng through the c rack s 

between the sh i e l d i ng b l ock s i nto the target area before be i n g  i g n i ted , fol l owed by l os s  of el ectr i c 
power ,  stoppi ng the vent i l at i on fans .  The amount of av i at i on fue l ava i l ab l e shou l d be l es s  than 1 50 £ 
( 40  gal ) and wi l l  l i ke ly  spread over a s i zeab l e area , t he reby l es se n i ng i ts abi l i ty to affect any 
i nd i v i dual  target . Th i s  l im i tat i on coupl ed wi th  the l ow probabi l i ty of s uch a ch a i n  of events make s 
addi t i o na l  ref i nement and det a i l ed analys i s  of such  an acci dent appear unwarranted . 

Ot her rad i oact i ve mate r i al i n  th i s fac i l i ty i s  i n  the form of act i v ated sh i el d i ng ,  accel erator 
compo nent s ,  etc . , at a rel at i ve ly l ow spec i fi c  act i v i ty.  An expl o s i o n ,  fi re ,  or other acc i dent woul d 
not rel ease any s i g n i fi c ant qua nt i t i es of materi al  to the env i ronment . 

Al l acc ident s that have been po stul ated to occur at LAMPF are at l east an order of ma9 n i tude 
l ess  severe i n  the i r  effect u po n  the env i ronment than s i m i l ar events postul ated and ana lyzed for other 
faci l i t i e s  at the LASL . 

4 . 2 . 1 3 Acc i dent Summary 
I n  preced i ng sect i o ns ,  a set of acc i d ent al rel ease mechani sms have been postu l ated . I n  each 

c a se , t he accident prese nted wa s the worst (most severe c onsequences to the pub l i c  or the env i ronment ) 
of each acci dent type . The acci dent type s were sel ected on the bas i s  of potent i a l  for occurrence or 
consequence severi ty .  The res ul t s of the analysi s were presented in  terms of the max imum dose ( rem ) 
to  i nd i v i dua l  members of the general publ i c , Tabl e 4 . 2 . 1 3-1 s ummari zes  these resu l t s  for the acci dent s 
hav i ng s i g n i fi c ant rad i o l ogi cal  consequence s .  I n  addi t i o n ,  the tabl e present s cumul at i ve popul ati on  
dose estimates (man-rem) cal cul ated as  descr ibed i n  Sect i on 4 . 2 . 1 .  The  cumul at i ve popul at i o n  doses  for 
Lo s  Al amo s  and Wh i t e  Rock represent worst case model est imates . The cumul at i ve popu l ati on  doses for 
the reg i on out s i d e  Lo s  Al amos County shown i n  the tab l e  are based on the 95 percent i l e  meteorol ogi cal 
d i s pers i o n  va l ue s ,  meani ng they wou l d be exceeded only 5 percent of the t i me assum i ng the total rel ease 
descri b ed for the ac c i dent has occurred . For purpo ses of compari son , the e st i mated annual doses due to 
natural background are al so  i nc l uded ( see Sect i on 4 . 1 . 3 ) .  

There are no standards aga i nst wh i c h  these val ues  may b e  d i rect ly  compared . Tabl es 4 . 2 . 13-2 
and 4 . 2 . 1 3-3 g i ve  the current dose l i m i t s  for occu pat i onal  workers and members of the general pub l i c  
recommended by the NCRP  and the ICRP res pect i ve ly .  Compari son of these two tab l es wi th  Tab l e  4 . 2 . 1 3-1 
s hows that maximum dose s  t o  the pub l i c  from acc i dents at LASL c oul d be of the same order as the maximum 
perm i s s i b l e  annual  doses to  occupat i onal l y  expo sed persons .  The consequence s of acc i dental rel eases 
are approx imatel y ten t i mes  the recommended annual exposure of t he pub l i c  from rout i ne operat i ons , but 
are l es s  t han  recommended emergency dose l im i t s .  Thus , even though there are no recommended l i m i ts  for 
the acc i dent s i tu at i on ,  doses expected from ac c i dent s at LASL are about the same as  the recommended 
l im i t s  for rout i ne ly  occupat i onal ly  expo sed persons . 
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TABLE 4 . 2 . 1 3- 1  
SUMMARY O F  RAD I OLOGI CAL CONSEQUENCES O F  POSTULATED ACCI DENTS AT  LOS ALAMOS 

Worst Case Popu l a t i on Doseb 95 Percenti l e  Pop u l at i on Dosec 
t1aximum Dose Comm i trrenta Comm i tment  i n  County �an-rem) Commi tment  i n  Reg i on Outs i de 
to I ndi v i dua l  Members of  Los A l amos County to 80 km Radi um P l us 

Acci dent T,lee the General P ub l i c  (rem) Towns i te or \-Jh i te Rock  Metroeo l i tan  Al buguergue �an-rem) 
Exp l os i on 26 ( bone ) 2 . 6  X 1 03 1 . 4 X 1 03 3 . 6  x 1 0 1 

Cri t i ca l i ty # 1  0 . 5  ( thyro i d )  3 X 1 02 1 X 1 02 2 X 1 0 1 

Cri t i ca l i ty #2 0 . 00 1  ( thyro i d )  3 X 1 0-2 1 X 1 0-2 2 X 1 0-3 

Fi s s i on P roduct 5 7  ( thyro i d )  6 X 1 03 2 X 1 03 3 X 1 02 
Re l ease 22  (who l e  body ) 5 X 1 03 2 X 1 03 3 X 1 02 

A i r  Crash 4 . 8  (who l e  body ) 7 X 1 03 2 X 1 03 5 X 1 02 

Natura l  Back-
1 03 1 04 g round 0 . 1 5  1 . 8 X 7 . 7 X 1 02 7 . 3  X 

aT ime i ntegrated total dose commi tments , except for bone-see k i n g  nuc l i des  ( e . g . , p l uton i um )  where 
i nteg rat i on was for 50 years . 

bDoses ( rem ) i n  Los A l amos Towns i te and Wh i te Rock .a re not add i t i ve .  O n ly  one wou l d  actual ly  occur 
dependi ng on preva i l i ng w i nd  di recti on . 

cv a l ues ( rem ) are expected to be exceeded on ly  5% of  the t ime ;  50 percent i l e  va l ues a re app rox imately 
l / 1 0  of those shown . 
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TABLE 4 . 2 . 1 3- 2 

CURRENT NCRP DOSE L IM I TS 

Maximum Permissible Dose Equivalent for Occupational Exposure 

Combined whole b ody occupational exposure 
Prospective annual limit 
Retrospect ive annual l imit 
Long term accumulat ion 

Skin 
Hands 
Forearms 
Other organs , tissues and organ sys tems 
Fertile women (with respect to fetus) 

5 rems /year 
10-15 rems /yr 
(N - 18) x 5 rems , where N is age in years 

15 rems /yr 
75 rem/yr ( 25 . quarter) 
30  rems /yr (10/quarter) 
15 rems /yr ( 5 / quar ter) 
0 . 5  rem in gestation period 

Dose Limits for the Pub lic , or Occasionally Exposed Individuals 

Individual or Occasional 
Students 

Gene t ic 
Somatic 

0 . 5  rem/yr 
0 . 1  rem/yr 

Population Dose Limi ts 

0 . 17 rem avg/yr 
0 . 17 rem avg/yr 

Emergency Dose Limits-Life Saving 

Individual (older than 45 if poss ib le )  
Hands and Forearms 

100 rems 
200 rems , additional ( 3 0 0  rems , total) 

Individual 
Hands and Forearms 

Individual (under age 4 5 )  
Individual ( ove r age 45 ) 

Emergency Dose Limits-Le s s  Urgent 

25 rems 
100 rems , total 

Family of Radioactive Patients 

0 . 5  rem/yr 
5 rems /yr 
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TABLE 4 . 2 . 1 3- 3  

CURRENT ICRP  DOSE L I M I TS 

Organ or tis sue 

Gonads , red bone-marrow 

Skin , bone , thyroid 

Hands and forearms ; fee t and ankles 

O ther single organs 

Maximum permis sib le doses 
for adul ts exposed in the 
course of their work 

5 rems /yr 

30 rems /yr 

75 rems/yr 

15 rems /yr 

a ) l . 5  rems /yr to the thyroid of ch ildren up to 16 years of age . 

Dose limits for 
members of the public 

0 . 5  rems /yr 

3 rems/yra 

7 . 5  rems /yr 

1. 5 rems /yr 
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4 . 2 . 14  Tran s portat i o n  of Rad i oact i ve Materi al s 
R ad i o l ogi ca l  E ffects of Transportat i on to and from L o s  Al amos 

Rad i o l og i cal effects from the trans portat i on assoc i ated wi th LASL act i v i t i es coul d come from two 
d i st i nct sources . F i rst , th ere i s  external penetrat i ng rad i at i o n  wh i ch may b e  rece i v ed by h uman s i n  
prox i m i ty t o  normal l y  o perat i ng trans port veh i c l e s  or packages  hel d i n  storag e ;  second l y ,  there may 
be  i nternal ex po s ure wh i ch may resul t from rad i onuc l i d e  rel ea ses caused by tran sportat i on acc i d ents . 
The methodol ogy u sed to ev al uate rad i o l og i cal  effects of LASL tran sportat i on act i v i t i e s  i s  e s se nt i al l y  
that o f  the U . S . Nuc l ear Reg ul atory Commi s s i o n ' s env i ronmental statement on tran s portat i on of rad i o
act i ve mater i al and on the RADTRAN code prov i d ed by Sand i a  Laborator i e s . 4-1 40A , B  

F o r  est imat i on of rad i at i o n  expo s ures from normal and hypothet i ca l  acc i d ent s , t h e  RADTRAN code 
uses  popul at i o n  averages segmented by rural , s uburban , and urban sett i ng s  for a source of rad i oac t i v i ty 

mov i ng over a spec i fi ed d i stance .  For est imat i o n of rel ea ses of rad i on uc l i d e s  d ur i ng hypothet i c al 
acc i d ents the RADTRAN c ategori e s  acc i d ent sever ity by probab i l i ty of  occurrance and acc i d ent severity .  
The sever i ty c ateg ory i nc l udes t h e  parameters o f  speed and type o f  the trans port vehi cl e ,  crush  
force s ,  f i re durat i o n ,  a nd i nte n s i ty a l ong wi th the probab i l i ty of  such an acc i d ent occurr i ng . Th e 
code prov i de s  an annual rad i o l og i cal  ri sk  wh i ch i s  the prod uct of probab i l i ty of a g i v e n  acc i d ent 
and the max imum rad i o l og i c al consequences ( expected val ue ) . Theses  products  are s ummed for al l 
acc i d ents and i soto pe s  sh i pments for the d i stances travel l ed .  Si te spec i fi c  data were used whenever 
the nati onwi de  data of the NRC d ocument were not a ppl i cab l e . 
Normal Operat i ons  

Rad i o l og i cal effects of the normal tran sportat i o n  a s soci ated wi th  LASL act i v i t i es are  not  l im i ted 
to the area surroundi ng the Laboratory , but are spread throughout the Un i ted Stat e s .  Th us , it i s  
a ppropr i at e  to d i sc u s s  the po pul at i o n  dose to the ent i re Un i ted States rather than l im i t i ng the 
popul at i o n  to that immed i atel y  s urround i ng the Laboratory .  Th i s  a s se s sment i nc l udes materi al sh i pped 
to , wi th i n ,  a nd from the LASL s i t e .  In  contrast t o  many fac i l i t i e s ,  tran sportat ion  of rad i oact i ve 
wa ste i s  onl y a l ocal hazard because . rad i oac t i v e  d i spo sal areas are l ocated on s i t e .  Th us , tran s
portat i on  wi t h i n  the Laboratory i nc l udes wa ste trans port as wel l  as i ntra- and i nter- si te transfers 
of rad i oact i v e  mater i al s .  

Rad i at i on  ex po s ures resul t i ng from LASL ' s i ncom i ng and outg o i ng common carr i er sh i pments of 
rad i oact i v e  materi al were encompas sed in the a s se s sment o f  rad i oact i v e  materi al transport in the 
Un i ted St ates a s  a who l e . 4-1 40A Th us , normal tr ansportat i on ex po s ures are not in add i t i o n  to tho se 
a l ready a s se ssed . Nor are the expo sures add i t i ve to assessed ex po sures from other DOE fac i l i t i e s  where 
those fac i l i t i e s  have i nc l ud ed ex po s ures to sh i pments to Lo s Al amo s  as part of th e i r  assessment . 

Do se i nteg rated est i mates are made for several port i o n s  of the po pul at i o n  through the 
U n i ted St ates :  the po pul at i o n  s ha r i ng the trans portat i on l i n k ;  the popul at i on  off , b ut near ,  the 
tran s portat i on l i nk ; t he po pul at i o n  s urround i ng the vehi c l e  wh i l e  stopped ; wareho use personnel ; 
and trans portat i on  veh ic l e  crew. Th e dose est i mates g i v e  0 . 1 5 ,  1 . 4 ,  a nd 1 . 1  man- rem for outg o i ng , 
i ncom i ng , a nd on- s i te sh i pments , respect i vel y ,  for a total of 2 . 65 man- rem . 

Th i s  po pul at i o n  dose i s  i ns i g n i fi c ant when compared to the po pul at ion  dose recei ved by the 
Un i ted St ates of 2 . 2  x 1 07 man- rem from nat ural rad i at i o n .  



4-1 1 8  

A s peci al  det ai l ed anal ys i s u s i ng the RADTRAN code was performed by another DOE contractor u s i ng 

actual data for trans port of test dev i ces ( i ncl ud i ng h i gh expl o s i v e  and rad i oact i v e  materi al s )  from 
LASL to  the Nevada Test S i te us i ng DOE operated Safe Secure Tra i l ers ( S ST ) .  Resu l t s  i nd i cated that 
the ri sk  of expected number of l atent cancer fatal i t i es resu l t i ng from probabl e acc i dents to be l es s  
than 1 . 8 x 1 0-8 for acci dents and l ess  than 2 . 5  x 1 0- 7 for normal non- acc i dent t rans port at i on 

i nvol v i ng such transport . ( Heal th effect s were computed u s i ng ri sk  c oeffi c i ents from the B E I R  
report . 4-14°C ) These r i s k s  are i ns i g n i f i cant when compared to  a n  i nd i v i dua l ' s  l i fet ime ri sk  o f  

one ch ance i n  e i ght o f  devel opi ng a fatal cancer .  
Transport at i on Acci dents 

Packages u sed to transport materi al s in su pport of LASL operat i ons  are desi gned to  prevent the 
l os s  or d i s persal  of thei r content s under both hypotheti cal  acc i dent and normal transport cond i t i ons . 

These packages i nc l ude s h i pments of enri ched , depl eted , and natural urani um , pl uton i um ,  ameri c i um ,  
tri t i um ,  a nd other rad i onuc l i des . See Tabl e 3 . 3 . 5-1 for t he i nput dat a .  However,  under cert a i n  
abnormal cond i t i ons , rel eas es o f  rad i onuc l i des to t h e  env i ronment cou l d occur .  The NRC prov i des 
gu i dance on vari o u s  acci dent sever ity c ategori es , thei r probab i l i ty of occurrence , and the means  to  
assess  these acci dent s  through the  RADTRAN computer code devel oped by Sand i a  Corporat i on . 4-140A , B  

RADTRAN w a s  u sed and where necessary adju sted for i nput a s s umpt i ons t o  refl ect s i te  s pec i f i c  i nfor
mat i o n .  I ncomi ng ,  outgoi ng , a nd on- s i te transportat i on were a l l i nc l uded i n  the anal ys i s wh i ch covered 
a l l i sotopes s h i p ped . Max im i um doses , regardl ess  of the i sotope c a u s i n g  th i s  dose ,  for each of the 
three type s of s h i pment are l i sted i n  Tab l e 4 . 2 . 14-1 , by three of e i g ht acc i dent sever i ty categ ori e s .  
Acc i dent . sever i ty c ategori es run from the most probab l e  acc i dent wh i ch i s  l east l i ke l y  t o  rel ease 
radi oact i ve materi al  ( Category I )  to  a very severe , h i gh l y  i mprobab l e  acci dent ( Category V I I I )  wh i ch 
wou l d rel ease materi al  from most type s of conta i ners . The tab l e  i s  l i m i ted to three categor ie s  to 
prevent ove rl ap  of somewhat redundant i nformat i on but yet prov i des  the range of pos s i b l e max imum doses 
from vari ous  acc i dent s .  Category I I  was chosen becau se Category I i s  a ssumed t o  rel ease n o  materi al . 
Cate gory I V  wa s chosen a s  an i ntermed i ate category and Category VI I I  to  g i ve max imum poss i b l e  doses .  
( Categori es  I - I V  i nc l ude 9 9 . 6% of  al l poss i b l e  acci dents i n  an  overal l acci dent rate of  1 . 06 x 1 0-6  

acci dents per km under normal c i rcumstances . 4-140A ) Maximum i nd i v i dua l  dose s in  Category V I I I  are 
probab ly  overesti mated by RADTRAN because i t  as sumes ( for meteorol og i cal  d i s pers i on )  a l i ne sou rce 
extend i ng to 10 m above the s urface .  However ,  a true Category V I I I  acc i dent 4-140A i nc l udes a 
su sta i ned f i re ( i n  add i t i on to a h i gh cru sh force ) wh ich  wou l d cause the effl uent p l ume to ri se 
cons i derab ly ,  thu s ensu r i n g  s i g n i fi c ant d i l ut i on before the maximum dose to  an i nd i v i dua l  i s  g i ve n .  
Acci dent s above Category I V  were not i nc l uded i n  a s se s sment of  on- s i t e  transportat i on because 
cond i t i ons  do  not ex i st for t he i r  occurrence at LASL . The combi nat i on of l ower speed s , l ess  traffi c ,  
no l a rge vol ume fuel trans port on s i te ( wh i ch wou l d be requ i red for h i gh i ntens i ty sustai ned fi res 
requi red for the h i gher acci dent severi ty categori e s )  and the ready ava i l abi l i ty of fi re f i g ht i ng 
equ i pment ( <5 mi n to arri ve  on scene after not i f i c at i on )  combi ne to make assessment of the poss i b i l i ty 
of on- s i te acc i dents above Category I V  meani ng l es s .  
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TABLE 4 . 2 . 1 4-1 

SUMMARY OF RAD IOLOGI CAL CONSEQU ENCES FROM POTENT IAL ACC IDENTS 

I NVOLV I NG TRANSPORTATI ON OF RAD I OACTIVE  MATERI ALS 

I sotope 
Quanti ty per Shi pment 
Maximum I n di v i du a l  Dos e ( rem ) 
Cri t i ca l  O rgan 
Popul ati on Dose (man - rem)  
Annual  Radi o l o g i ca l  R i s k  (man- rem ) a 

I sotope 
Quanti ty per Sh i pment 
Maximum I ndi v i dua l  Dose ( rem )  
Cri t i ca 1 O rgan 
Pop u l at i on Dose ( man - rem ) 
Annua l  Radi o l og i ca l  Rj sk  ( ma n - rem) a 

I sotope 

Quanti ty per Sh i pment 
Maximum I n d i v i dual  Dose ( rem )  
Cri t i c a l  Organ 
Popu l at i on Dose (man -rem)  
Ann ua l  Radi o l ogi ca l  R isk  (man - rem) a 

I ncomi ng 

Depl eted U ran i um 
40 kg 

0 . 0004 
Lun�  

0 . 006 
0 . 002 

1 92 I r  
8 8  C i  

0 . 20 
Who l e  Body 

0 . 56b 

0 . 00 1 5b 

238Pu 
50 g 
1 8 , 600 
Bone 

260 , 000 
0 . 1 4  

Outgo i ng 

Categor� I I 
60co 

0 . 25 C i  
0 . 006 

Lung 
0 . 08 

1 . 2 X 1 0-5 

Categor� I V  
60Co 

0 . 2 5  Ci 
0 . 59 
L ung 

8 . 3  
1 . 9 X 1 0-5 

Category V I I I 
239Pu0 2 
1 3 . 6  kg  
2 , 340 
Bone 
3 3 , 000 
0 . 0067 

Ons i te 

238Pu 
l 5g 
7 . 9  
Bone 
620 

. 0 1  

2 39Pu  
1 kg  

1 680 
Bone 
1 3 , 200 
2 . 7  

aThe total annua l  radi o l og i cal ri s k  from a l l acc i dents i s  0 . 2 6 , 0 . 1 6 , and 6 . 3  man-rem 
for bone an d 0 . 09 4 ,  0 . 039 , and 2 . 2  man- rem for l ung  fo r i n comi ng , outgo i ng , and ons i te 
transportati on ,  respecti ve ly , s ummed over Categori es I th rough  V I I I .  

bFrom acc i dents i n vo l v i n g  depl eted u ran i um sh i pments , wh i c h  p rov i de a l ower maxi mum 
i n di vi dua l  dose than l 92 I r  but p rovi de a h i gher  pop u l at ion dose ( l ung ) and  annua l  
ra di o l og i ca l  ri sk  th an 1 92 I r. 
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I nc l ud ed i n  Tab l e 4 . 2 . 14-1 i s  an annual rad i al og i c al r i s k  val ue . Th i s  take s  i nto  account the 
total expected po pul at i o n  d ose  fran al l acc i dent severity categ ori e s  and mul t i pl i e s  that va l ue by 
the probab i l i ty of tha t acc i d ent occurr-i ng to g i v e an annual ex pected man-rem val ue from acc i d ental 
re l eases  caused by tran s portat i o n  acc i d ent s .  

As i l l u strated by the data , max imum doses from the worse acc i d ents i n  Categories  I I  and I V  for 
i ncom i ng and outg o i ng s h i pments l ead to smal l max imum i nd i v i d ua l  and popu l at ion  d oses . Muc h l arg er 
doses  are encountered in the h i gh l y  i m probab l e  Categ ory VI I I  acc i d ent s .  When mul t i pl i ed by the r i sk  
probab i l i t i e s ,  however ,  Categ ory VI I I  acc i d ent d oses are not s i g n i fi c antl y d i fferent than Categ ory IV  
acc i dent d ose s .  For on- s i te tran s portat i o n ,  acc i dent d oses are h i g her than for i ncom i ng and  outg o ing  
s h i pments . Th i s  i s  caused i n  part by d i fferent pac ka g i ng methods  us ed for short and  frequent mater i al 
tran sfers between tec h n ic al area s .  Whe n mul t i pl i ed by acc i d ent probab i l i t i e s , t he annual rad i o l og i c al 
r i sk  i s  cons i d ered accept ab l e . The pr imary popu l at i o n  at r i s k for on- s i t e  tran s portat i o n  i s  Laboratory 
empl oyees , members of the  publ i c  who use Laboratory road s ,  a nd county res i d ents who may b e  d ownwi nd of 
a pl ume fran an acc ident .  Th e po pu l at ion  at ri sk  for i ncom i ng and out go i ng s h i pments theoret i c al l y  
i nc l udes the ent i r e Un i ted St ate s popul at i o n .  

4 . 3 SECONDARY IMPACTS 

The secondary ,  or  i nd i rec t ,  i mpac t of LASL i s  g reatest i n  Lo s Al amos County . The Los Al amos  
Town s i te and  Wh i t e  Rock  c ommun i t i es are v i rtual l y  the d i rect resul t of the  o perat i o n  of the Laboratory .  
The i m pact on th e northern New Mex i c o  reg i on surround i ng L o s  Al amos ha s been s ubstant i a l . The contr i b u
t i on of LASL t o  the areas ec onomi c  l i fe i s  both to i nc rease i ncome d i rect ly  and st imul ate empl oyment . 
The secondary i mpacts  on  water ,  a i r ,  l and use , ecol ogy , economy , d emog raphy , i n st i t ut i ons , and commun i ty 
serv i ces are d i sc u s sed both i n  terms of the adj acent commun i t i e s  and the northern New Mex i c o  reg i on .  

4 . 3 . 1 .  Water Qual i ty and Consumpt i on 
The water s u ppl y system i n  Lo s Al amos County serves LASL and the commun i t i es of Lo s Al amos , Wh i te  

Rock and  Paj arito  Ac res ( see Sect i o n  3 . 3 . 1 . 1 ) .  Water consumpt i o n  d ur i n g  the  l a st fi ve  years i s  g i ven  
i n  Tab l e 4 . 3 . 1-1 . If trend s cont i nue ,  the commun i t i es wi l l  g row a s  the La boratory g rows . It i s  
proj ected that the popul at ion  i n  1 982 wi l l  be  2 1 , 000 .  If  the 1 978 per capi ta use of ab out 0 . 52 m3 /d 
( 1 37 gal / person/day)  cont i n ue s ,  t he proj ected commun i ty water d emand woul d be about 4 x 1 06m3 

( 1 . 1  x 1 09 gal ) i n  1 982 ( see Sect i o n  3 . 3. 1 ) .  Domest i c  water us e a pprox imatel y d oub l es dur i ng the 
s ummer months atte st i ng to the impact of l awn i rri g at i o n .  The proj ected commun i ty water demand coul d 
be red uced i f  there wa s a s i g n i fi c ant effort to encourage use of natural l and scapi ng i n stead of l awn s 
and i f  future bu i l d i ng em pha s i s wa s d i rected toward mul t i pl e  fam i l y  dwe l l i ng s i n st ead of the  present 
pred om i nanc e of s i ng l e  fam i l y  un i t s . The hous i ng s hortage in Lo s Al amos County ( see Sect i o n  4 . 3 . 3 )  has  
c a us ed a l arge number of LASL/DOE/Zi  a empl oyees  to  l i ve  " off the h i l l "  i n  the  surround i ng coun t i es of  
Santa Fe , R i o Arr i b a ,  Sa ndoval , Ta os , a nd Bern al i l l o  ( see Sect i o n  3 . 2. 3 ) .  If th i s  trend cont i n ue s ,  
Laboratory g rowth wi l l  re s ul t i n  i nc rea sed domest i c  water demands i n  these coun t i es .  Th i s  may i n  
some cases have the benefi c i a l  i mpact of ac cel erat i ng the u pg rad i ng of present water s u ppl y and sewa g e  
treatment sys tems i n  the s urround i ng commun i t i es i nv o l v ed .  Th ere i s  no ant i c i pa ted need for ac qu i s i t i o n  
of add i t i ona l  water r i g ht s  un t i l  after the year 2 000 i n  L o s  Al amos County . 
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TABLE 4 . 3 . 1 - 1 

WATER  CONSUMPT ION  FOR LOS ALAMOS COUNTY 

Commun i ty 
LASL/ DO E/ Z I Aa • t b a s  % of  Commum y Tota l 

Year m
3 x 1 06 

m
3 x 1 o

6 Tota 1 m3 x 1 o6 

1 9 72  1 .  98 4 . 05 67  6 . 03 

1 973 2 . 0 1 3 . 54 64 5 . 55  

1 974 2 . 1 5  4 . 40 67  6 . 5 5 

1 975  2 . 07 3 . 80 65  5 . 87 

1 976  2 . 30 4 . 30 65  6 .  60  

1 9 77 2 . 1 6 3 . 70 6 3  5 . 85 

1 9 78 1 .  98 3 . 70 65 5 . 69 

a ) I n c l udes steam and el ectr i ca l  power g enerati o n .  

b )  I nc l udes res i dent i a l  and commerc i a l  u s e .  
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Wa ste management i s  al ways an important coM s i d erat i on when popul at ion  g rowth i s  expected . Los 
Al amos County present l y  o perates three wa ste-water treatment pl ants ( see Sec t i on 3 . 3 . 3 )  wi th  a desi g n  
capac i ty to  prov i d e  for a total po pu l at ion  of 2 7 , 300 .  These pl ants treat al l res i d ent i al and commerc i al 

wa stes generated out s i d e  the La boratory boundari e s .  
The Pueb l o and Bayo pl ants serv i ng the Lo s Al amos town s i t e ,  b a sed on tr ick l i ng fi l ter technol ogy , 

a re presentl y meet i ng the most recent EPA requi rements for second ary treatment . Upg rad i ng of the se 
pl ants wa s compl eted i n  1 978. About one-th i rd of the Puebl o pl ant effl uent i s  used to i rr i gate the 
g ol f cour se . The Bayo pl ant wi l l  hav e to serve the North Mesa  area , expected to be  a pr i nc i pal l ocat i o n  
for new res i d ent i a l  growt h .  De pe nd i ng on the extent of devel opment , t h e  Bayo pl ant may requi re some 
ex pan s i o n  i n  the future .  The Wh i te  Rock tr ick l i ng f i l ter � ant i s  now meet i ng al l EPA s tand ard s i nc l ud
i n g  fec al col i fonn counts s i nc e  the i n stal l at ion  of chl or i nat i on equi pment in Se ptember 1 978 . Lo s Al amos 
Co unty has el imi nated the Paj arito Ac res stab i l i zat ion  po nd s , and that sewage  i s  pumped to the Wh i te  Roc k  
Treatment Fac i l i ty .  The combi ned capa c i ty of  the treatment pl ants i s  more than adequate for proj ected 
popu l at ions  ( see Sect ion  3 . 3 . 3 ) .  

4. 3 . 2  Ai r Qu al i ty 
Dur ing  1 9 7 6  approx imatel y 5 , 000 automob i l es we re dr iven  to work at LASL ,  DOE , and Zi a Company . 

Us i n g  the po pu l at ion  stat i st i c s  and commut i ng d i st ances  from Sect ion  3 . 3 . 2 , an estimate of 64 mi l l i on  
commut i ng k i l ometers (40 x 1 06 mi ) per  work year ( 230 days ) wa s mad e  ( see Tab l e  4 . 3 . 2- 1 ) .  Us i ng 

nat i onal av erag e stati st i c s  and emi s s i o n  factors , 4-1 4 1  annual exhaust em i s s i ons  for th ese veh i c l es  i s  
est imated i n  Tab l e 4 . 3. 2- 1 . 

Re s i d ences  and commerc i al bu i l d i ng s  i n  Lo s Al amos use el ectr i c i ty g enerated by the LASL power pl ant 
a nd al so purchase the i r  natural gas  from LASL. Le sser energy i nput s are from gaso l i ne ,  propane , wood , 

and fue 1 o i l  • About 40% of the LASL power  pl ant ern i ss i o ns  resul t from generat i o n  of e 1 ectri  c i ty for 
the Lo s Al amos town s i te .  Therefore , a pprox imatel y 40% of the power pl ant em i ss i ons l i sted i n  Tab l e  
4 . 1 . 2-3 a re attr i b utab l e  to the town s i te .  Tab l e  4 . 3 . 2-2 s hows the e st imated emi ss i ons  from the 
combus t i on of nat ural ga s for the town s i te .  

Wh i te Rocky and Paj ar i to Acres , wi th a comb i ned popul at i o n  o f  about 5 , 000 and wi th about 1 , 500 
res i d ences , pu rchase the i r  natural gas from the Ga s Company of New Mex i c o .  Each res id ence uses an 
average of 5 , 1 6 6  s tandard cub ic  meters ( 1 82 , 400 s tand ard cub i c  feet) per yea r ,  4- 142  s o  that the total 
annual nat ural gas use i s  about 7 . 7  x 1 0 6  standard cub i c  meters ( 2 . 7  x 1 0 9 standard c ub i c  feet ) . Th us , 
the  emi ss i o n s  from burn i ng natural g a s  i n  Wh i te Rock and Paj ar i to Acres are about one-th i rd of those 
shown in Tab l e 4 . 3 . 3-2 . 

Wh i te  Rock and Paj arito Ac res purchase the ir  el ectr ic i ty from the Pub l i c  Serv i ce Company of New 
Mex i co ( P SCNM ) . The PSCNM generates i t s  e l ectr i c i ty from 60% natural gas  and 40% coal . An average 

. 4- 143  6 re s 1 d enc e use s 5 , 702 kwh per year ,  s o  about 8 . 55 x 1 0  kwh per year are consumed by the se two 
res i dent i al areas .  Maki ng the s impl i fyi ng a s sumpt i on that al l thi s power i s  generated by the PSCNM ' s  
San Juan  Power Pl ant , the esti mate s i n  Tab l e  4 . 3 . 2-3 of em i ss i ons  can  be  made .  

Wood- burn i ng i n  fi re pl aces i n  Los Al amos , Paj ar i to Acres a nd Wh i te Rock i s  po pul ar.  As s um i ng one
fourth of the 1 7 , 000 peopl e i n  these commun i t i es burn one cord per year ( 1 . 36 metric  tons/ cord ) , 
28 , 92 0  k g  ( 63 , 750 l b ) pa rt i c ul ates , 3 , 760 k g  ( 8 , 290 l b ) n i t r i d e ,  57 , 830 k g  ( 1 2 7 , 500 l b ) hyd rocarbon s ,  
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TABLE  4 . 3 . 2- 1  

EST IMATE OF TOTAL COMMUT I NG K I LOMETERS DRI V EN PER  DAY BY LAS L ,  DOE , AND Z I A  COMPANY EMPLOY EES  

Estimated Estimated 
Number Kilome ters Total Kilometers Percent of 

Locale o f  Vehicles Day/Vehicle ( in thousands) Work Force 

66 Lo s Alamos , White Rock , 3 , 300 32 2 4 , 4 25 
Paj arito Acres 

1 Albuquerque , Belen , s o  322 3 , 700 
Jemez Springs 

19 Espano la,  Santa Clara 950 80 17 , 5 80 

14 Santa Fe 700 113 18 , 13 5  

100 5 , 000 6 3 , 840 

EST IMTED ANNUAL EXHAUST EM I SS I ONS OF V E H I C L ES USED TO COMMUTE TO LASL , DOE , AND ZIA COMPANY 
FOR 1 976 

Gasoline Used 
b 

Dis tance 

c 
CO ( 2 7  g/km) 

HC - Exhaus t (2 . 7  km)
c 

Evaporation (2 . 08 g/km) 

NO ( 3 . 0  g/km)c 
X 

SO ( 0 . 12 g/km{ 
X 

Particulates 

Exhaust ( 0 . 24 g / km)c 

Tire Wear ( 0 . 44 g/km)
c 

a) A work year consists of 230 working days . 
b )  . 3 6 Assumlng 1 • mp g .  

c 

11 , 04 1 , 900 liters 

6 3 , 84 0 , 000 kilometers 

1 , 700 x 103 me tric tons 

170 x 103 me tric tons 
52 x 103 me tric tons 

190 x 103 me tric tons 

8 x 103 me tric tons 

3 15 x 103 me tric tons 
3 x 10 me tric tons 

c) Average emission factors for highway vehicles based on 1976 nationwide statistics .  

a 
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TABLE  4 . 3 . 2 -2  

EST IMATED ANNUAL EM I S S I ONS FROM NATURAL GAS COMBUST I O N  I N  THE  LOS ALAMOS COMMUN I TY TOWNS I TE 
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TABLE 4 . 3 . 2- 3  

EST I MATED ANNUAL EM I S S I ONS ATTR I BUTABLE TO  WH ITE  ROC K AND PAJAR ITO ACRES 
FROM THE SAN JUAN POWER PLANT 

(SJ P P )  

Electricity purchased from 
Public Service Company of New Mexico 

Fraction of SJPP annual power output 
consumed by White Rocka 

Part iculates (2 . 76 ) b 

so2 ( 54 . 5 )b 

NO 
X 

Annual Emissions 

1976  Data 

85 , 5 00 MKWH 

0 . 02623 

2 , 300 kg 

45 , 100 kg 

193 , 600 kg 

a ) To tal average annual output of the San Juan Power Plant is 3 2 6  me gawatts . 
b ) Measured emissions at 80% capacity (g/ s ) . 

TABLE 4 . 3 . 2-4 

ESTIMATED ANNUAL EM I S S I ONS ATTR I BUTABLE TO LASL 
FROM THE SAN JUAN POWER PLANT 

Elec tricity purchased from 
Public Service Company o f  New Mexico 

Fract ion of SJPP annual power output 
consumed by LASLa 

Particulates (2 . 7 6 )b 

so2 ( 54 . 5 )  

NOx ( 2 3 4 )  

Annual Emissions 

1976  Data 

140 , 60 0  MKWH 

0 . 04925 

4 , 20 0  kg 

84 , 80 0  kg 

3 6 3 , 600 kg 

a ) To tal average annual output of the San Juan Power Plant is 326 megawat t s .  
b ) Measured emissions at 8 0% capacity ( g/s ) . 
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1 , 1 1 60  k g  ( 2 , 560 l b ) org a n i c  ac i d s , a nd 5 , 2 1 0  kg  ( 1 1 , 480 l b ) al dehydes are  rel eas ed per year . 4- 1 4 1  

Sus pe nd ed part i c u l ates are al so generated by co nstruc t i o n  act i v i ty ,  a utomob i l e em i s s i o ns , and natural 
processes  s uc h  a s  dust  st orms . 

LASL purchases  rough ly  hal f the el ectr i c i ty i t  us es  fran the Pub l i c  Serv i c e  Company of New Mexi co 
( PSCNM) and the Bureau of Recl amat i o n .  The purchased PSCNM power comes fran var i ous generat i ng sta t i o ns 
on the i r  northern New Mex i co power gr i d , but m a i nl y fran the i r  San Juan  Power Pl ant i n  the Four Corners 
Area . The Bureau of Recl amat i o n  power i s  hyd roel ect r i c al l y  generated by the Col orado R i ver Storage 
Proj ect . Si nce no atmos phe r i c  emi s s i o ns eman ate fran the hyd roel ec tr ic power sta t i o n , the onl y  em i s s i o ns 
to be cons i dered are tho se fran the PS CNM ' s  San Juan  Power Pl ant . 

Prese ntl y the Sa n Juan  Power Pl ant has one un i t  i n  operat i on .  Th i s  un i t  has a 1 00% ca pac i ty o f  326 
megawatts , but i s  operated at an annual averag e 80% capac i ty factor .  Em i s s i ons fran the San Juan  Power 
Pl ant are meas ured by the PSCNM , so  est i mates of those attr i b utab l e  to el ectr i c i ty cons umed by LASL can 
b e  made ( see Tab l e 4 . 3 . 2-4 ) .  

None of these em i s s i o ns are bel i eved to ad versel y  affect the 1 ocal a i r qua l t i y .  See Sec t i o n  3 . 1 . 5 
for i n format i o n  on amb i ent  a i r qua l i ty i n  the area . 

4. 3 .  3 Land Use 
Before LASL wa s devel oped , the prev i ous l and uses  on  the Paj ar ito Pl ateau were ma i n ly  farm i ng ,  

g razi ng , l umber i ng , a nd some hun t i ng and trappi ng . As d i scussed i n  Sect i o n  4 . 1 . 4 ,  t he effects of these 
act i v i t i e s  are st i l l prese nt . Al most al l of the area prev i ou s ly  c l eared for farm i ng out s i d e  the 
Laboratory reservat i on  i tsel f has  been used for commerc i al , res i d ent i al , or  other commun ity d evel opments .  
Hous i ng now al so covers area s that were prev i ousl y used for g razi ng and l umberi ng . Th i s  urban i za t i o n 
of prev i ous l y agr i cul t ur al and undevel oped l ands i s  a pr i nc i pa l  second ary i mpac t of the Laboratory ' s 
ex i ste nce. 

Some of the bu i l d i ng s  b u i l t  d ur i ng the earl y years of LASL ' s  hi story are st i l l stand i ng ,  as we l l  
a s  a feH b u i l d i ngs  fran the Lo s Al amos Ranch Sc hool . These ol d barracks  a nd q uad ho us i ng were the core 
c i ty d ur i ng the wart ime peri od . Whe n the fac i l i t i e s  were tran sferred to pr i v ate ownersh i p  i n  the l ate 
1 960 ' s ,  1 , 938 res i d ent i al , 33 nonprofi t ,  a nd 44 commerc i al propert i e s  were sol d .  Two apartment b u i l d i ng s  
conta i n i ng 6 4  u n i t s  were reta i ned for g rad uate st udent use under the adm i n i strat i o n  o f  LASL. The book 
va l ue ( at co st )  of the propert i es wa s $ 5 1 . 5  mi l l i o n ,  acc umul ated de prec i at i on  at the t i me of sal e wa s 
$26 . 2 m i l l i o n ,  a nd the net b ook val ue at the t i me of sal e amoun ted to $2 5. 3 m i l l i o n .  I n  1 9 75 , an  
add i t i onal 5 .  76  km2 ( 1  ,422 . 2  acres)  were tran sferred to  Lo s Al amos County , a nd 0 . 06 km2 ( 1 5 . 5  acres )  
Here sol d to  pr i vate part i e s .  The transfer  of  fac i l i t i e s  to  Lo s Al amos County i n  1 9 67  i ncl ud ed 0 . 04 km2 

(8 . 8  ac res ) of b u i l d i ngs and fac i l i t i es us ed by the Zi a Company for vehi c l e  ma i ntenance and re pa i r  
a nd general offi c e-wareho u s i ng act i v i t i e s .  However , DOE reta i ned use o f  t hese fac i l i t i e s  through 1 9 7 7 .  
A n  add i t i o nal 1 . 1 km2 ( 2 80 . 7 acres )  were transfe rred to the School Board . Th i s  property wa s val ued 
at $ 1 6 , 542 , 7 72 and cons i s ted of 1 3  i n stal l at i o ns : o ne h i g h  school , two j un i or hi gh  sc hool s ,  ten el ementary 
school s ,  and aux i l i ary fac i l i t i es i nc l ud i ng offi ces , warehouses , a mai nte nance sho p ,  and  garage 
fac i l i t i es .  4- 1 03 

A Co unty Pl a n n i ng Comm i s s i on  wa s c reated i n  1 962 , a nd i t  immed i ate ly  b egan prepar i n g  a comprehens i ve 
master pl an for the commun i ty ,  reta i n i ng a cons ul t i ng fi rm to prepare the pl an . The Master Pl an ( 1 963 ) 
proj ected po pul at i o ns of 2 2 , 000 for 1 9 70- 1 9 7 1 , and l onger range " l ow , "  "med i um , " and " h i gh" popul at i o n  
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proj ect i ons for 1 985 ;  2 2 ,000 , 26 , 000 , a nd 3 1 ,000 respect i ve ly .  A comprehens i ve l and-u se and c i rcu l at i on 
pl an was devel oped . I t  prov i des  the conceptua l  framework , bas i c  l and- u se zon i ng ,  and uti l i ty and 
t ransportat i on requi rements to prov i d e  for a total popul at i on of about 3 1 , 000 . The pl an i s  st i l l 
con s i dered the bas i c  l and-u se and faci l i ty pl anni ng document for the county , a nd i t s  recommendat i ons  
have been fo l l owed for the most part wi th re l at i vely few dev i at i ons . The county updated the bas ic  pl an 
to t ake i nto  account new c on s i derat i ons  i n  1 9 7 6 .  Th i s  rev i sed pl an shou l d  prov i de for orderl y g rowth 
and devel opment for the commun i ty u p  to nearly twi ce i t s  present s i ze .  

U s i ng the current County P l anni ng Off ice  factor of 2 . 94 persons per househo l d  and the average of 
bu i l d i ng permits  for the 1 9 58- 1 9 78 peri od , the average annual  popul at i on growth i n  the Los  A l amos  
commun i t i es has  been around 430  peopl e per  year ,  c l osel y t i ed to the i ncreases i n  L aboratory empl oyment . 
( E arl i er  fi gu res for perso ns per hou seho l d  were h i gher ,  3 . 4  i n  1 9 70 for exampl e . )  E ven though a sub
stant i a l  number of peopl e l i v i ng in the county are empl oyed in bu s i ness and serv i ce i ndustri es unre l ated 
to  the Laboratory operat i on ,  t he ir  growth and econom i c  success i s  v i rtua l l y  l ocked to that of the L abora
tory popu l at i o n .  See Sect i on 4 . 3 . 5  for further d i sc u ss i on o f  t h i s c l ose rel at i onsh i p between federal 
empl oyment and the res u l t ant impact on the commun ity .  Thus  i t  can be ant i c i pated that most fut ure popu
l ati on growth wi l l  be rel ated d i rect ly  to L aboratory expans i on ,  with some due to ret i rees rema i n i ng i n  
the commun i t i es and some. due to i ncreases i n  bu s i nesses serv i ng the commun i t i es .  N o  new i nd u stri es of 
a ny s i g n i fi c ance  are ant i c i p ated , a nd , i n  fact , the recent Commun i ty � study recommends that new 
i ndu stry shou l d  not be encouraged . Thu s ,  future pl ann i ng  by the county to hand l e  popu l at i on i ncreases 
must be based l argel y on  Laboratory pl ans wh i c h  are u l t i mate ly  set on a year-to-year bas i s  by federa l 
government deci si ons . 

S i nce  the Da l y P l an wa s compl eted , the  growth i n  popul at i on has  fal l en far s hort of the 
pred i cted l eve l s ( 1 5 , 1 98 by 1 9 70 census vs. 2 2 , 000 predi cted ) .  Th i s  fact refl ect s the ext reme d i ffi cu l ty 
and ri sk i nvo l v ed i n  pred i ct i ng popu l at i o n ,  e speci al l y  i n  a smal l " pre- i ndu stry town " where the growth 
rate of the mai n i ndustry i s  i mposs i b l e  to pred i ct accuratel y .  

The u psurge i n  Laboratory empl oyment s i nce 1 9 7 5  wa s  l arge l y  rel ated to acce l erati on o f  federal l y  
augmented programs focu s i n g  on energy .  U s i n g  t h e  proj ected growth o f  L aboratory programs as  d i scu ssed 
i n  Sect i on 3 . 2 . 3  a nd as sumi ng the total county popu l at i on to grow i n  the s ame proport i o n ,  l eads to a 
proj ected popu l at i on  of 2 1 , 000 i n  the end of 1 982 and 26 , 000 by 1 992 . Thus the pred i cted 3 1 , 000 popul at i on 
may qu i te po ss i b l y  never be reached , especi al l y  wi t h i n  the next 2 5  years . I n  addi t i on , a n  a s sumpt i o n  of 
total county g rowth proport i onate to LASL empl oyment i s  u n l i ke l y ,  based on recent trends . There are 
potent i al pressures for overal l county g rowth not i n  proport i on to LASL empl oyment , suc h as a severe 
hou s i ng shortage forc i ng new empl oyeee s to l i ve  i n  surroundi ng count i es .  County popu l at i on growth cou l d 
eventua l l y be  accel erated becau se an expanded L ab-rel ated popu l at i on base may be ab l e to support non
Lab-rel ated reta i l and serv i ce bu s i nesses i n  proport i ons  l arger than at present . 

Some future l and u se requi rements are proj ectab l e  on the bas i s  of popu l at ion  l eve l s whi l e  others 
are the resu l t  of the perce i ved needs of the commun ity .  As a resu l t  of the fel t  need for a j u n i o r  
co l l ege o r  u n i vers ity ,  0 . 2  km2 ( 4 0  acre s )  of Overl ook Park i n  Wh i t e  Rock has  been a l l ocated for t h e  
construct i on  o f  a new c ampu s .  A recreat i on center a n d  cu l t ural compl ex i s  p l anned i n  t h e  C i v i c  Center 
i n  town s i t e .  
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A su rvey of Los Al amos res ident s '  att i tudes i nd i cated that they favor growth and deve l opment , but 

want it "to be control l ed and kept wi th i n  the present envi ronment al and ecol og i cal  sett i ng • • • •  "4- 1 43 

S i nc e  resea rch and devel opment operat i ons  are the onl y i nd u stri es that wou l d be attracted to Los Al amos 
a s  a resul t of the smal l l abor fo rce , remotenes s  from most market s ,  poor transportat i on connect i ons , a nd 
the  few raw materi al s l ocal l y  ava i l ab l e ,  t h i s  commun i ty dec i s i on not to encourage i ndu stri al growth wi l l  

. 4- 1 44 h ave a s i gn i fi cant impact on future l and u se requ 1 rement s .  
Proj ected acreage requi rements by l and use  category for t h e  proj ected popul at i ons  o f  2 1 , 000 i n  

1 982 , 26 , 000 i n  1 992 a nd 3 1 ,000 i n  2002 , i f  that l eve l  i s  reached , a re shown i n  Tabl e 4 . 3 . 3- 1 . Th i s  
wou l d mean an  i ncrease i n  the percent age of res i dent i al and commerc i al l and i n  proport i on to the other 
l and use categori es , a nd a decrease  i n  the percentage of the government and general wel fare and commun ity 

serv i ce categori es . Al though th i s wou l d entai l a not ab l e  decrease i n  the amount of open s pace , the 
general wel fare and commun ity serv i ce proport i o n  of the tot al urbani zed area wou l d sti l l  be a m i n i mum of 
26% . Th i s  i s  suff i c i ent by most standard s ,  e speci a l l y  s i nce 1 1 . 2 km2 ( 2 , 7 7 5  acre s )  of open s pace l and 
i s  not i nc l uded in the tabl e ,  a nd s i nce the Laboratory reservati on amounts to vast areas of open space 
as wel l .  

2 There are 4 .8 km ( 1  , 1 9 5 acre s )  of devel opab l e vacant l and i n  the cou nty . The proj ect i ons  i n  Tabl e 
4 . 3 . 3-1  i nd i cate that th i s  wi l l  be adequate l and to accommodate a popu l at i on of 26 , 000 as proj ected for 
1 992 . I f  the popu l at i o n  di d eventual l y  reach 3 1 , 000  there i s  a potent i a l  shortage of 2 . 8 km2 ( 696 
acre s ) . The most l i kel y al t ernat i ves to  sat i sfy the demands  for a potent i al popul ati on l evel of 3 1 ,000 
are that the county wi l l  acqui re more l and , or  i ncrease the den s i ty of res i d ent i al devel opment . Future 

devel opment has been cons i dered in Rend i j a  Canyon ,  Deer Trap Mesa and the Western Perimeter Tract s ,  
wh ich  total 5 . 2  km2 ( 1  , 281  acre s ) . Bayo Canyon has  al so been consi dered for res i dent i a l devel opment . 
E ach of these areas may be expens i ve to devel op because of terra i n prob l ems .  T he  dens ity of  present 
res i dent i a l  areas averages 790  u n i t s  km2 ( 3 . 2  u n i ts /acre ) .  An i ncrease of 26% to 996 u n i t s  km2 ( 4 . 0  
u n i ts / acre )  wou l d sati sfy l and requi rement s for the 3 1 , 000 proj ected popul ati on and rema i n  at a l ower 
average den s i ty than  a typi ca l  subdi v i s i o n .  

T h e  most obv i ou s  impact i nduced i n  t h e  commun ity i s  a need for hou s i ng , a n d  concomi tant ded i cati on 
of l and to that u se .  Hou s i ng has  been a cont i nu i ng probl em i n  Los Al amos over the years .  Al though the 
hou s i ng stock is v i rtual l y  al l l es s  than 30  years ol d and in good cond i t i on ,  peri od i c  shortages  have 
occurred over the  years , ma i nl y  when rap i d  spurts in LASL empl oyment occurred faster than the l ocal  
hou s i n g  i ndu stry c oul d respond . 

The l oca l  i ndu stry ha s exh i b i ted a fai rl y  stabl e product i on capab i l i ty over the years , mostl y for 
s i ng l e-fami l y  hou s i n g .  D i ps have occurred i n  res ponse to nat i onal econom i c  and l ocal  emp l oyment con
d i t i o ns , as Tabl e 4 . 3 . 3-2 s hows .  As ol d government homes were acqui red by pri vate owners , they have 
been the subj ect s  of cons i derab l e remodel i ng act i v i ty .  Normal gross outmi g rat i on  i s  essent i al l y  n i l ; 
therefore , no s i gn i fi c ant number of u n i t s  from the exi sti ng  stock are expected to become ava i l ab l e .  

There i s  not now suffi c i ent nor adequate hou s i ng i n  the county to accommodate the present empl oyment 
l evel or an i n crease  and it appe ars  that the t rad i t i ona l  hou s i n g  shortage wi l l  become more acute .  There 
are several contr i but i ng factors . Becau se of the dependence of the hou s i ng market on LASL empl oyment , 
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TABLE  4 . 3 . 3- l  

PROJ ECTED LAND U S E  REQU I REMENTS I N  LOS ALAMOS COU NTY 

Present Area 1982 Population 
Land Use Activity (km2 ) 2 1 , 000 

1992 Populat ion 2002 Population a 

26 , 000 31 , 000 

Resident ial 7 . 03 2 , 2 75 2 , 802 3 , 3 30 

Commercial 0 . 29  94 115 137 

Indus trial 0 . 0 8 2 3  28 32 

Transpor tat ion , 0 . 43 138 169 200 
Communication 
and Utili ties 

Gove rnmen t 0 . 2 5 63  63  63  

General We lfare and 4 . 7 9  1 , 2 26 1 , 2 6 7  1 , 309 
Community Services 

Total 12 . 8 7 3 , 81 9  4 , 444 5 , 0 7 1  

Increase 639 1 , 2 64 1 , 8 9 1  

a ) S ource : Revised Comprehensive P lan , 1976 . 
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TABL E  4 . 3 . 3- 2  

RES I DENTIAL BU I L D I NG PERM I TS , LOS ALAMOS COUNTY 

Bu i l d i ng Perm i ts 
N umber of U n i ts 

Year (S i ngl e fami l� un l e ss  noted } 

1 958-66 863 

1 967 1 54 

1 968 1 1 6  

1 969  l 03  

1 970 84a 

1 97 1  87  

1 972 1 1 0  

1 973 1 3 9 + l 68b 

1 974 1 49 

1 9 75  2 1 8  

1 9 76 1 96 

1 9 77  281  

1 978 248 

a )A reducti on i n  force (R I F )  occurred at LASL i n  1 97 0 .  

b ) l 68 u n i t s  b u i l t  i n  1 973 were apartmen ts , a l l by non l oca l  bu i l ders . 

NOTE : Three l oca l  b u i l ders have been respons i b l e  for nearly a l l  s i ng l e-fam i l y  
home constructi o n .  
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contractors are unwi l l i ng to bu i l d s pecu l at i ve ly - most hou ses are  commi tted before they are  bu i l t .  

Other factors i nc l ude the need to expand ut i l i tes and roads ; cont ractor d i ffi cu l t i es wi th  l abor , materi al s ,  
and transpo rtat i on ;  t he t i ght money for f i nanc i ng ;  and l and specu l at i o n . 1 46 

Pos s i b l e  act i o n  coul d take the  form of g overnment-provi ded mortgage guara ntees or poss i b l y  ent i c i ng 
outs i de contractors by hel p i ng to "pack age" a l arge number of u n i t s  to be bu i l t  at once , perhaps under 
t he umbrel l a  of a commun i ty hou s i ng corporat i on .  F i na l l y ,  i f  deve l oped bu i l di ng s i tes were a l im i t i ng 

factor , DOE coul d con s i der i ts own ab i l i ty to make l a nd ava i l ab l e  or  cou l d  encourage other l and-owners 
to deve l op by , fo r examp l e ,  guara ntee i ng them that DOE wou l d  not open up new l and for devel opment for a 

certai n peri od of years .  
There wi l l  be pressure to expand i nto Federal l ands admi n i stered by the  F o rest Serv i ce and  the 

General Servi ces Admi n i st rat i o n .  The General Servi ces Admi ni strat i on l ands are cons i d ered ' reserved '  i n  
t he county l and management pl an .  I n  addi t i o n ,  a l arge percentage of Los A l amos workers may dec i de to 
l i ve outs i d e  the county . 

As sumi ng that approxi matel y one-th i rd of the county ' s work force wi l l  l i ve  out s i de the county and 
wi l l  be  di stri buted i n  northern New Mex i co  i n  roughl y the s ame proport i on as present l y ,  the i mpact on 
the surroundi ng reg i on can be  esti mated ( see Tabl e 4 . 3 . 3-3 ) .  The maj ori ty of the popul at i on s hou l d 
cont i nue to concentrate i n  Santa F e  and Es panol a .  Thus the Santa F e  and Es pano l a area coul d expect t o  
h ave anothe r 1 600 Los  Al amos empl oyees and dependents by 1 982 , 3200 by 1 992 , and 4700 by 2000 . 

S i nce some of the future growth i n  empl oyment shou l d  be from h i r i n g  res i d ents of the reg i on ,  not 
al l of t h i s  g rowth i n  empl oyment wi l l  resu l t in popul at i o n  growth .  I t  h a s  been proj ected t hat the 
reg i on wi l l  have a steady but fa i r ly moderate  po pul at i on growth in  future years due to  the ass im i l at i on 
of new peopl e from outs ide  areas regard l ess of the Laboratory ' s operat i on .  

Land i s  a l i m i ted resource i n  nort hern New Mex i c o  a s  i n  L o s  Al amos County . Al though  there i s  a 
l arge amount of l and , i ts u se i s  severely l i m i ted by factors of topography , water avai l ab i l i ty ,  and 
ownersh i p .  Often dec i s i on-mak i ng and coord i nat i on is  beyond l ocal control . I ncreased popul at i on  pres
s ures h ave resul t ed i n  an  i n creased awa renes s of the necess i ty of l and use control s .  Present l and use  
concerns center on the  adverse  effect of over-popu l at i on i n  areas w i t h  sens i t i ve ecol og i c al systems such 
as  fo rests and river bas i n s ,  wh i ch  are the most des i rab l e  for devel opment . There is  no state or  reg i onal 
l and use pl anni ng  aut hor i ty .  The l oca l  county and mun i c i pal governments have zoni ng autho r i ty .  The 
1 9 73  Subd i v i s i on Act gave count i es the respons i b i l i ty for manag i ng subdi v i s i on act i v i ty ,  a nd a l l the 

count i es i n  the reg i on h ave adopted subdi v i s i on regu l at i ons . 
Tradi t i ona l l y  urban deve l opment i n  the reg i on has been confi ned wi th i n wel l defi ned urban areas . 

However ,  over the past decade the demand for new hou s i n g  and ret a i l  serv i ces has i ncreased . As a res u l t ,  
u rban commun i t i es such as Sant a  F e  and Es panol a have begun to s pread a l ong thei r peri pheri es . U rba ni za
t i on is beg i nni ng in many smal l er commun i t i es such as Poj oaque , C h imayo , Sant a  Cruz , and J emez Spri ngs . 
P resent water and sewage  system deve l opment proj ects wi l l  certai nly affect future urbani zati on  and l and 

4- 1 4 7  u se patterns . Los Al amos workers h ave cont ri buted to  the trend toward res i dent i al deve l opment of 
t he l i m i ted amount of agri cu l tural  l ands i n  the reg i on ,  es peci al l y  i n  the R i o  Grande Va l l ey .  These 
t rends toward i ncreas i ng urban i zat i o n ,  changes i n  l and use patterns , and ri s i ng l and pri ces can be 
expected to cont i nue .  I ndi an l ands are adj acent to a l most al l other property owners h i p s .  Devel opment 
of ut i l i ty corr i dors , e asement s ,  r i ghts-of-way , or any other act i v i ty that may h ave a potent i a l  i mpact 
i s  to be cons i dered i n  rel at i on to  the Nat i ve Ameri can  Re l i g i ou s  F reedom Act , PL  9 5-341  
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TABLE  4 . 3 . 3-3  

D I STR IUT ION I N  NORTHERN NEW  MEX ICO OF PROJ ECTED POPULAT ION GROWTH DUE TO  LOS  ALAMOS 

1 9 82 1992 2000 

Rio Arriba 880 1 , 760 2 , 5 9 0  

Santa Fe 730 1 , 460 2 , 15 0  

Tao s 40 80 120 

Bernalillo 30 60 90  

S andoval 20 40 60 

Mora 0 0 10 

Total 1 ,  700 3 , 400 5 , 02 0  
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The h i gh percentage of federa l l y  owned l a nds i n  northern New Mex i co was d i scu ssed i n  Sect i on 3 . 2 . 1 . 
The  pol i cy of retai n i ng l and i n  federa l ownersh i p ,  such as the LASL reservat i o n ,  has an i mpact on reg i onal  
l and use. Large scal e changes in l and ownersh i p or use  can not be ant i c i pated .  Federal emphas i s  is on 
improved management of l and . Confl i cts a ri se from l and adjacent to g rowi ng commun i t i es ,  i so l ated t racts 
of federa l l a nd wh i c h  a re surrounded by pr i vatel y owned l ands and i so l ated tract s of pri vatel y owned 
l ands wh i c h  are surrounded by federal l and s .  Expandi ng commun i t i es such as Los  Al amos pl ace demands on 
federal l a nds .  Al though federal l a nd management agenci es h ave prov i s i ons for the sal e and l eas i ng of 
t he i r  l ands , the general pol i cy i s  retent i on .  As mun i c i pa l i t i es and count i es beg i n  to ant i c i pate growth 
and the di recti on of expans i o n ,  a n  i ncreas i ng number of request for use  of federal l ands wi l l  resu l t .  
I n  L o s  Al amos County the need for re s i dent i a l l and causes  cont i nua l  pressure for the rel ease of federal 
l ands ,  espec i al l y  D OE and Forest Serv i ce property . I sol ated tracts of pri vatel y owned l a nd wi thi n 
federa l property are under the j u r i s d i ct i on of county subdi v i s i on regu l ati ons . I t  i s  thus poss i b l e for 
t racts  of pri vate l and to be  subdi v i ded wi thout regard for the i mpact on surroundi ng federal l ands . The 
devel opment may b e  in strong confl i ct wi th the l and use  pl ann i ng of the federal agenc i es .  The present 
subdi v i s i o n  of pr i vate l ands i n  the J emez Forest Reserve we st of Los Al amos i s  a typ i c al exampl e , s i nce 
many LASL empl oyees fi nd the mounta i n subdi v i s i on an  excel l ent so l ut i on to thei r hou s i ng probl em . I n  
s ummary ,  t h e  hou s i ng s hortage i n  L o s  Al amos creates pressure on federal l ands that c a n  resu l t i n  i ncreas
i ng i nteract i on  by federa l agenc i es and mun i c i pal and county g overnment s i n  eval u at i ng and support i ng 
l and u se po l i c i es .  

Another l and u se i ssue i n  northern New Mex i co i s  the revenue from federal l ands . S i nce federal 

l ands are tax exempt , the count i e s  l os e  potent i a l property tax revenue. However,  federal agenc i es make 
payments to count i es on the basi s of l umber ,  o i l , gas , m i neral s ,  a nd recreat i onal recei pts . Recent 
federa l l eg i s l at i o n  has i ncreased the amount of these payment s .  DOE ' s  a ss i stance payments to Los Al amos 
County ( see Sect i o n  4 . 3 . 5 )  a re another form of compensat i on for l os s  of property tax revenue .  

As i n  L o s  Al amo s  County , t here i s  a shortage of hou s i ng throughout the northern New Mex i c o  reg i on .  
1 9 70  Census data i nd i cates a l arge number o f  hou ses  l acki ng adequate pl umbi ng fac i l i t i es and a substan
t i a l percentag e ,  45% , of substandard hou s i n g .  New hou s i ng and remodel i ng act i v i ty i n  the reg i on vari es 
proport i onal l y  wi th the amount of urban i zat i on and the economic  heal th  of the county . Los Al amos ,  Santa 
Fe, a nd Bernal i l l o  Count i es have h ad th e most remodel i ng and new construct i on wh i l e  both acti v i t i es i n  
Mora County have been mi n i ma l . Taos County has experi enced a l arge amount of second- home and recreati on
ori ented bu i l d i ng .  The average cost of con struct i on i n  the state i s  ri s i ng at the annual  rate of 9 . 35% 

or h i gher.  In  addi t i o n  to the i ncreases in  the cost of b u i l di ng materi al  and l abor ,  the pri ce of the 
l and and the pri c e  of improvements is  i ncreas i ng ,  often becau se of terra i n  d i ffi cu l t i es .  The cost of 
rehab i l i tat i on has ri sen even faster .  New hou s i ng and rehab i l i t at i on are al so  l i m i ted by the l ack of 
mortgage money and h i gh i nt erest rates . Many of these probl ems are nat i onal  i n  sc ope al though the 
economi ca l l y  depressed state of the reg i on aggravates the s i tuat i o n .  The construct i on of l ow- and 
moderate- pr i ced homes has been negl i g i b l e  i n  compari son to the need s . 4-1 46  

I n  some case s ,  the  pri ces of l and and hou s i ng may have been dri ven up by the i ncreased demand 
c reated by Los  Al amos workers who l i ve  outs i de the County .  
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The s i t uat i on  i s  compl i cated becau se of the l and-t i t l e i ss ue .  Compl i c ated l and exchanges and 
co nfus i n g  j ur i sd i ct io ns have entang l ed c l a ims to l and and water ri ghts . Wi thout proper proof of 
owners h i p ,  devel opment c a pi t al  i s  unav a i l ab l e  and the econom i c  devel opment proces s  stag nate s .  Thus 
there wi l l  be  a cont i nued shortage of l a nd for res i dent i a l purpo ses .  

4 . 3 . 4  Ecol ogy 
As ment i o ned earl i er i n  Sect i ons 4. 1 . 5 and 4 . 3 . 3 ,  the Los  Al amo s  area wa s used prev i ous l y a nd 

pr imari l y  for agric ul t ur e ,  g raz i ng and l umberi ng . Most earl y resi dent i a l devel opment occurred i n  area s 
that had been c l eared fo r farmi ng earl i er and thus wa s not i n  a natural state . As newer res i d ent i a l 
areas have been devel oped , pr ev i ous l y uncl eared areas were ope ned . Th i s  urban i zat i o n  of prev i ous l y 
a gr i c ul t ural and undevel oped l and s i s  a pr i nc i pa l second ary i mpact of the Laboratory ' s ex i stenc e .  The 
comments under Phys i c al Impacts on Hab i tat and Wi l dl i fe i n  Sect i on  4 . 1  . 5  are a l so  appl i cab l e to the 
secondary impacts of hou s i ng construc t i o n  on pl ant and animal  commun i t i e s .  Thus , the propo sed 
resi dent i a l devel opments i n  the Northern and Western Per imeter tract s ,  Deer Trap Me s a ,  Re nd j j a  Canyo n ,  
and Bayo Canyo n woul d resul t i n  a l os s  o f  hab i tat , d i spl ac ement o f  the wi l d l i fe popul at i o n  and death 
of some an imal s .  Cl ear i ng woul d benef i t very few wi l dl i fe spec i es because these areas wo ul d b e  occupi ed 
by peopl e .  The c l ose prox i m i ty of  huma n s  wi l l  dr i ve  wi l d l i fe spec i es , e spec i al l y the l arger an imal s ,  
out of surround i ng area s .  The propo sed devel opment of Bayo Canyon for hous i ng woul d represe nt an 
add i t i ona l  enc roachment i nto hab i tat current l y  used by an  endangered spec i es ,  the pe reg r i ne fal con , 
for nest i ng and food gatheri ng . The greatest danger i s  the i ncreased l i kel i ho od of predat i o n or 
vanda l i sm by humans .  

Th e ecol og i cal impact of  re s i dent i al devel opment i n  other area s of  northern New Mex i co ,  a s  a 
secondary i mpact of the Laboratory ' s operat i o n ,  c annot be pred i cted . The rel at i ve  i so l at i o n ,  l ow human 
popul at i o n  dens i ty ,  and l ow i ndust r i al devel opment of northe rn New Mex i co has  hel ped the reg i on to 
ma i ntai n its h i gh env i ronmental qual i ty .  The natural resources of the area i nc l ude c l ean streams and 
l ake s ,  h i gh v i s i b i l i ty ,  undevel oped mounta i nous  terrai n ,  wi despread forest s , a bundant game and fi s h ,  a nd 
s i g n i fi c ant h i st ori cal s i tes . Si nce the game and fi sh i n  the reg i on are an important econom i c  a s set a s  
we l l as a va l uab l e  natural resource , both state and federal agenc i e s  have g i v e n  a great deal of 
attent i o n  to the protect i on and conservat ion  of wi l dl i fe .  

Because of the h i g h  env i ronmental qual i ty o f  the reg i on ,  recreat i on  areas and urban growth centers  

are attract i n g  i ncrea s i ng numbers of peopl e .  Popul at i on  pres sures espec i al ly  threaten the i nteg ri ty of  
t he  natural habi tats .  It shoul d be  noted th at the se devel opment pres sures are  occurr i ng i ndepe ndent 
of the operat i on of LASL and that the contr i b ut i o n  of LASL-rel ated empl oyees  i s  onl y i ncremental . 

The comments regard i ng the ecol og i cal effect of rad i onuc l i d es i n  Sect i on 4 . 1 . 5  woul d al so  appl y i f  
any s uch  materi al were to be found off the LASL reservat i o n .  

4 . 3 . 5 Econom i c  
Lo s Al amo s  ha s an  economi c po s i t i on u n i que i n  thi s l ocal e ,  l argel y due to i t s  technol og i c al base 

a nd i ts federal subs idy.  Th i s  ec onomi c s i t uat ion  i s  perhaps most s uc c i nct l y  demonstrated by i t s  bei ng 
the onl y c ounty i n  New Mex i c o  wi th no bonded debt unt i l  l ate 1 9 74 .  Un l i ke many other commun i t i e s ,  th i s  
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i s  not der i ved from a l arge assessed tax base ; 1 7  other New Mex i co  count i es have hi gher total asses sed 
val uat ions and 1 9  have hi gher per capi ta assessed val uat i o ns . 4-48 · Much of th i s  i s  traceab l e  to the 
i nput of federa l  suppo rt for the c ommun i ty .  

H i stor ical l y ,  the great bul k of  t h e  commun i ty faci l i t i e s ,  a l l of wh ich  were ori g i nal l y  constructed 
and owned by the AEC , were donated to the county pursuant to the 1 962 "transfe r" l eg i sl at i o n .  At that 
t ime mun i c i pa l  fac i l i t i e s  were val ued at some $22 m i l l i on .  A f urther cond i t i o n  of the transfer  commi tted 

the government to s pend i ng some $ 8 . 7  mi l l i on i n  mun ic i pal  improvements and commun i ty construc t i o n .  Some 
of the fi na l  stages of t h i s  transfer were compl eted i n  1 9 7 7 .  

As pa rt o f  i t s  support o f  t h e  Laboratory ,  the federal government prov i d es d i rect econom i c  su pport 
to the Lo s Al amos County g overnment and ass i stance payment s to the Los Al amos School Board to offset the 

near-absence of taxes that wou l d normal l y  resul t from pr i vate bu s i nes s and i ndustry in an equ i v a l ent-
s i ze commun ity.  In  FY  7 6  this  d i rect ass i stance total ed $4 , 564 ,000 .  The exact amount is  negot i ated 
yearl y ,  a nd the funds must be  a ppropr i ated by Congres s .  The contractual arrangement for county 
g overnment support i s  present l y  b e i ng renegoti ated . Other federal su pport i n  FY  7 5  i nc l uded $270 , 000 for 
f i re protec t i o n  and commun i ty-rel ated act i v i t i es and $ 1 4 5 , 000 i n  construc t i o n  undertaken toward compl et i on 
of mun i c i pa l  i mprovements .  

Ab out one-th i rd of the Laboratory empl oyees l i v e  out o f  the county , reduc i ng somewhat the quant i ty 
of serv i ces that Los Al amos County must prov i d e .  Th i s  means that Los  Al amos County enj oys an effect i ve  
i ndustri al t ax  wi ndfal l for t he  same reason that t he  coun t i es i n  wh i c h  these commuters l i ve  suffer from 
the bed room-commun i ty f i sc al prob l em .  On the other hand , t h i s  po pul at ion  d i str i b ut i on  l im i t s  the 
s pendab l e  i ncome g o i ng to Los Al amos bus i nesses , a nd contr i b utes to  those in s urround i ng coun t i e s .  

Some i nd i rect sub s i d i es are prov i d ed for res i dents o f  L o s  Al amos County by  federal s upport , for 
exampl e ,  t ran spo rtat i o n .  Some federal l y  owned and Zi a-ma i nta i ned road s , notab ly  East Jemez and Paj ar ito  
Ro ads , a re open  to pub l i c  use and carry a l arge port i o n of the commut i ng traffi c .  

The total  expend i tures for DOE , LASL , Zi a ,  LACI , a nd EG&G i n  1 9 78 were ab out $ 5 1 5 , 000 , 000 . Of 
t h i s ,  $3 , 480 , 000 i n  state i ncome tax payrol l deduct i ons d i rectl y b enefi t ed New Mex i c o .  The total 
expe nd i tures for capi ta l  eq ui pment i n  1 9 76  were $ 1 4 , 949 , 000 , and the total expend i t ures for construct i o n  
were $39 , 563 , 000 . Total operat i ng costs for LASL , DOE-LAAO , and Zi a-LAC I f o r  several years a re summar i zed 
i n  Tab l e  4 . 3 . 5- l . 

The i mpact on the reg i on ' s economy from DOE ' s  operat i o ns i n  Los Al amos can  b e  compared wi th other 
i ndustri es i n  terms of the number of empl oyees .  D i rect empl oyment by LASL , Zi a ,  DOE/LAAO , EG&G , and Los 
Al amos County accounts for roughl y 2 0% of the total empl oyment in Northern New Mex i co ,  excl ud i ng 
Sandoval and Bernal i l l o  Count i es .  Add i t i o na l  j obs  are est imated to be generated i n  the su pport i n g  
commerc i al and i ndustr i al sectors through the second ary i mpacts o f  LASL ' s  operat i ons .  Add i t i onal l y ,  
rev enues are generated from taxes o n  gross rec e i pts , gaso l i ne ,  c i g arettes , l i censes , perm it s ,  motor 
vehi c l es , a nd property i n  Lo s Al amos County .  

I n  effect , D O E  p l ays t he  rol e of a maj or i ndustry i n  northern New Mex i c o .  I n  th i s sense LASL ' s  
fund i ng i s  der ived from outs i d e  the l ocal area , d rawi ng i ncome i nto the reg i on .  I n  v i ew o f  the gener 
al l y  d epres sed economy of the reg i on ,  DOE ' s  operat i ons at Los Al amos are of maj or s i g n i f i c ance to the 
economy of northern New Mex i c o .  



Opera t i n g  Costs 

Ca p i ta l  Equ i pment  

Construct ion  

1\- 1 36 

TABLE 4 . 3 . 5- l  

TOTAL EX PEND ITURES FOR LOS ALAMOS OPERAT I ONS 
( i n  thousands ) 

FY 1 97 0  

$ 1 05 , 622 

1 9 , 047  

1 6 , 25 1  

FY 1 975  

$ 1 66 , 932  

1 9 , 490 

34 , 358 

FY 1 976  

$20 1 , 1 9 1 

1 4 , 949 

39 , 563 

*42 ,600 represents cap i ta l  equ i pment an d construct i on expendi tu rees . 

F Y  1 977  

$247 , 700  

42 , 600 

* 
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I f  DOE ' s  operat i ons  i n  the area were to be d i scont i n ued , 8650 j ob s  and $ 1 5 0  m i l l i on i n  i ncome woul d 
be l ost to the reg i on d i rectl y .  The number of j obs  and i nc ome l ost i nd i rectl y remai n s  to  be c al cul ated . 
An add i t i o na l  l os s  of money i n  val ue added and tax revenue woul d re s ul t ,  a s  wel l  as a l os s  of sc hool 
and un i v ers i ty fund i ng .  Property va l ues i n  Lo s Al amos County woul d pl ummet , amount i ng to a potent i a l 
l os s  of money . The number of wel fare rec i pi ents woul d probabl y i ncrea se . Al most al l the re s i d ents of 
Los Al amos  County , as  wel l as some re s i d ents of the surroun d i ng reg i on , woul d l eave the state to fi nd 
job s  el sewhere . I n  s ummary , c ea s i ng DOE o perat i ons  at Lo s Al amos wo ul d have a dev a st at i n g  impact on 
northern New Mex i co , a l ready an  econom i cal l y  d epres sed area .  

As shown i n  Tab l e 2 . 1 , the propo sed g rowth i n  LASL ' s  act i v i t i es coul d d i rectl y res ul t i n  927  new 
j ob s  i n  1 9 81 , a nd an estimated add i t i o na l  340 i nd i rect j obs  i n  support i n g  i nd ustr ies  and l ocal Lo s 
Al amos County empl oyment . The total g a i n  i n  i ncome wo ul d be over $ 7 5  m i l l i on wi t h  a po tenti a l  i ncrea se 
i n  the val ue added . The tax revenues woul d i nc rease , a nd school s and un i v ers ity wo ul d rece i v e  addi t i o na l  
fund i ng .  Th i s  woul d be a c l ear econom i c  bene fi t to northern New Mex i c o .  Th i s  proj ected g rowth m i ght 
neces s i tate paral l el growth i n  var i ous  commun ity serv i ces . 

4 . 3 . 6 Demography 
As ment i o ned i n  prev i ous  sect ions  ( 3 . 2 . 3  a nd 4 . 3 . 3 ) , the po pul at ion  of Lo s Al amos  ha s g rown i n  

d i rect proport i on  t o  the l ev el o f  LASL ' s  research and devel opment effort ( see F i g ure 4 . 3 . 6- 1 ) . 4-1 49  

In  the earl y years of the Laboratory ' s hi story the po pul at i on  wa s regu l ated by LASL ' s  personnel requi re

ments . Ho us i ng  ass i g nments were stri ctl y contro l l ed ,  and onl y tho se empl oyed i n  Lo s Al amos  and the i r  
i mmed i ate fam i l i e s  coul d res i d e  i n  the commun ity.  Even after co ntrol wa s tran sferred to the county 
g overnment and l eg al restr ict i ons  on hou s i n g  were removed , res idents woul d l eave the commun i ty i f  they 

l l d . th t Th . l th . b " l  b l  4- 1 44 were no anger emp aye 1 n  e coun y .  ere were s 1 mp  y no o e r  J O  s ava 1  a e .  
After Lo s Al amos wa s opened , t h e  commerc i al sectors expanded . Al tho ugh th i s  d i d  not prov i d e  j obs  

for the h i g hl y  s pec i al i zed tech n i c al tal ent of Laboratory empl oyees , it  d id  affect the demography of  the 
county .  Th e pro port i on  of non-Laboratory empl oyees i n  the County i ncrea sed . Li kewi se , the percentage 
of the fam i l y  i ncomes that were d i rec tl y  from the Laboratory ' s payrol l  decreased somewhat .  In add i t i o n , 
Laboratory empl oyees  began to ret i re and cont i n ue to res i d e  i n  Lo s Al amo s .  The pro port i o n  of ret i red 
peo pl e i n  Lo s Al amos  County i s  cont i n u i ng to g row ( see Sect i on  3 . 2 . 3 ) .  As a resul t of the h i story of 
Los Al amos , the prese nt po pu l at i on  l ev el i s  compl etel y the d i rect and second ary effect of LASL ' s  operat i o n .  

Th i s  po pu l at i o n  has g rown from 904  i n  1 940 , before the Laboratory ' s devel opment , to 1 0 , 476 i n  1 9 50 , 
1 3 , 037 i n  1 9 60 , and 1 5 , 1 9 8 i n  1 9 70 .  Even though a s ub stant i al number o f  peopl e l i v i ng i n  the county are 
empl oyed i n  bus i ness  and serv i ce i nd ustr i e s  unrel ated to the Laboratory operat i o n , the i r  g rowth and 
econ om i c  s uccess  i s  v i rtual l y  l ocked to that of the Laboratory po pul at i o n .  Th us it c an be ant i c i pa ted 
that most fut ure po pul at i o n  growth wi l l  be rel ated d i rectl y to Laboratory expan s i o n , wi th some resul t i ng 

from ret i rees remai n ing  i n  the commun i t i es and some from i ncreases i n  bus i nes se s  serv i ng the commun i t i es .  
N o  new i ndustr i es o f  any s i g n i fi canc e  are antic i pated , a nd , i n  fact , the recent C ommun i ty � study 

recommend s th at new i nd ustry shoul d not be encouraged . 4-1 5 0  Th us , fut ure pl anni ng by the county to 
handl e po pul at ion  i ncreases m ust be b a sed l argel y on Laboratory pl ans , wh i c h  are ul t imatel y set on a 

year-to-year basi s by federal gov ernment d ec i s i o n s .  If DOE ' s  operat i o n s  were d i scont i n ued , there wo ul d 
be no base for the county ' s economy. 
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Los Alamos County 

AEC/ER DA/DOE 

1 960 
Years 

F i gure 4 . 3 . 6- 1  

Em ployment 
Total 

1 970 

Empl oyment and Popu l at i on for Los Al amos County 
1 943-1 977* 

LAS L ,  Z I A ,  and DOE h i stor i c  records best e st imate comp i l at ion . 

1 980 
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As d i scussed i n  Sect i o n  4 . 3 . 3 ,  popul at i on l evel s of 2 1 ,000 can be expected i n  1 982 ,  r i s i ng to 

2 6 ,000 i n  1 9 92 and pos s i b l y  3 1 ,000 by 2000. The commerc i al sector shoul d expand , wi th an i nc rease i n  

the rat i o  o f  commerc i al sector workers to Laboratory empl oyees .  Th i s  shoul d i mprov e the j ob outl oak for 

the two chron i cal l y  unempl oyed grou ps , women and young adul t s .  The l ow unempl oyment rates typi c al of 

the county ' s h i sto ry shoul d cont i nue . The other demograph i c  factors that are unusual  i n  Lo s Al amos  can 

be ex pected to cont i n ue ,  s uch  a s  the  hi gh fami l y  i ncome , the h i g h proport i o n  of  co l l eg e  g raduates ,  a nd 

the h i gh med i an ag e .  The average  fam i l y  s i ze wi l l  prob ab l y  cont i n ue to drop , a nd the percentage of 

marri ed cou pl es cont i n ue to decrease , fo l l owi ng the nat i o nal trend . 

dent i a l  l and ,  the popul at i o n  dens ity  shou l d cont i nue to i ncrea s e .  

rema i n  bel ow the  nat i onal av erag e .  

I n  v i ew of  t h e  shortage of  res i 

The cri me i nd ex can b e  expected to 

The h i gh cost  of hou s i ng coul d cause a greater pe rcentage of wo rkers to l i v e  out s i de the county. 

However ,  a recent study i nd i c ate s that the cost of  commut i ng from out s i d e the county offsets the d i fferenc e 

i n  hou s i ng cost s . 4-1 5 1  Tr an sportat i o n  cost s  coul d wel l ri se at a faster rate than hou s i ng co st s .  

Therefore ,  i t  i s  ext remel y d i ffi c ul t to proj ect po pul at i o n  i ncreases  i n  northern New Mex ico  resul t i ng 

from LASL ' s operat i on s .  Neve rthe l ess , Tabl e 4 . 3 . 3-3 presents t h e  e st i mated d i str i b ut i o n  of  Lo s Al amos  

workers i n  th e reg i on .  Tab l e  4 . 3 . 6-l  shows the hi sto r ic  and  proj ected po pul ati ons  of  the  northern New 
. . 4-48 and 4 - 1 52  Mex 1 co reg 1 o n .  The percentage o f  Laboratory- rel ated empl oyees  l i v i ng i n  any o ne commun i ty 

out s i de the county i s  rel at i v el y smal l .  

Because of i t s  hi storical  i so l a t i o n  and reg i onal l y  atypi cal soc i ol ogi cal make u p ,  Lo s Al amos  ha s had 

l es s  i m pact on  the s urround i ng commun i t i es than woul d be expected i n  more i nterdependent commun i ty 
· · 4- 1 5 3 

Th 
· . l . l . f L Al h b d b d b a s soc 1 at 1 o n s .  e ma 1 n  soc 1 o og 1 ca 1m pact o o s  amos a s  een , a n  can e expecte to e ,  

econom i c .  Th e empl oyme nt opportun i t i es at Lo s Al amo s  may have had a sl i ght s l owi ng effect o n  the out-

m i g rat i o n  pattern of many coun t i e s  i n  the s urround i ng reg i o n  ( see Tab l e 3 . 2 . 3-3 ) .  It  shoul d be noted 

that e s peci al l y  s i nce the recent impetus  toward equal opportun i ty empl oyment , LASL i s  i nc rea s i ng l y  

h av i ng a n  econom i c ,  educ at i o nal , a n d  technol og i c al impact i n  these areas through m i nority em pl oyment 

drawn l argel y from the l ocal l y  av a i l ab l e  empl oyab l e m i nor i ty workforce of 46% i n  a 40-55 km ( 2 5-3 5  mi ) 

rad i us ;  LASL , Zi a and LAC I , EG&G , and DOE mi nor i ty empl oyment showed 2 1 % ,  60% , 22% , a nd 4 5% ,  respec

t i vel y ,  i n  earl y FY 7 5 .  In respo nse to a chron i c  commun i ty need for more effi c i ent use of  the some 37% 

empl oyab l e femal e wo rkfo rce l ocal l y  ava i l ab l e ,  the Laboratory i s  addi t i o nal l y  mak i ng a v i g orous effort 

to prov i d e  empl oyment op portun i t i e s  for women .  Tab l e 4 . 3 . 6-2 refl ect s  t h e  January 1 9 79 empl oyment 

f i g ures  i n  var ious  j ob categor i es fo r LASL . 

LASL has  had a s i g n i fi c ant i nfl uence i n  promot i ng educ at i onal advancement i n  the area . Because  of 

the av a i l ab i l ity o f  outstand i ng educ at i o nal fac i l i t i e s  and teachers , the  Laboratory has  l ocal cour se 

offe rs i ng s  from the Un i versity of New Mex i co that prov i d e  col l eg e  advancement fo r many Laboratory 

empl oyees .  The h i g h  va l ue pl aced on educ at i on wi th i n  t he  commun i ty a nd  the  vocat i o nal advantages of  

advanced trai n i ng i n  te rms of Laboratory empl oyment have  mot i vated many to extend the i r  educ at i o n .  

There h a s  been , for exampl e ,  a n  unex pected l y  h i gh l evel  o f  part i c i pat i o n  i n  the Northern Ne1� Mex i co 

Commun i ty Co l l ege  from nearby I nd i an and Spani sh-Amer ican  res i dent s , a nd many Lo s Al amos  youths 

dec i d ed to get th e i r  i n i t i al co l l ege experi ence here i n stead of i mmed i atel y g o i ng off to more d i stant 

i n st i t ut i o n s .  
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TABLE 4 . 3 . 6- l  

POPULAT ION , H I STOR I C  AND PROJ ECTED ,  FOR LOS ALAMOS AND SURROUND I NG COUNT I ES 
I N  NEW MEX I CO 

1980 2000 

1960 1 970 BBR
a OBERS

b BBR
a - OBERS

b 

Sandoval County 14 , 201 1 7 , 4 92 20 , 200 - 14 , 300 26 , 0 00 - 18 , 500 

Rio Arriba County 2 4 , 19 3  2 5 , 170 27 , 0 00 - 2 0 , 800 3 1 , 500 - 29 , 700 

Espanola 1 , 9 7 6  4 , 5 28 

Tao s County 1 5 , 9 34 17 , 5 16 1 9 , 300 - 19 , 500 23 , 000 - 26 , 000 

Taos 2 , 47 5  3 , 50 5  

Santa Fe County 44 , 9 70 55 , 756 59 , 200 - 6 5 , 100 7 0 , 700 - ll8 , 700 

Santa Fe 3 3 , 394 4 1 , 167 

Bernalillo County 262 , 199  315 , 7 74 353 , 500 - 424 , 300 4 2 5 , 800 - 6 3 2 , 300 

Albuquerque 2 0 1 , 189 243 , 751 

Lo s Alamos County 13 , 0 37  15 , 198 16 , 800 - 2 7 , 300 2 0 , 000 - 37 , 100 

Los Alamos 12 , 5 84 ll ' 310 

Whi te Rock 3 , 86 1  

4-150 
a) BBR - mid-1972  estimates made by Bureau of Business Research , UNM. 

4-48 b ) OBERS - estimates published in 1972 by j o in t  team of U .  S.  Dep t s .  o f  Commerce and Agriculture . 
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TABLE 4 . 3 . 6-2 

LOS ALAMOS SCIENT I F I C  LABORATORY EEO STAT I ST I C S  FOR JANUARY 1 979 

M A L E S F E M A L E S 

TOTAL TOTAL OTHER BLACK H I S PAN I C  ASIAN AMER. TOTAL OTHER BLACK H I S PAN I C  ASIAN AMER . 

I N D I AN IND IAN 
--- -- -- -- -- -- -- -- -- -- --

EXECUTIVE 

Am1!N I STRAT I VE 

MANAGERIAL 

BELOvl $ 7 , 500 
7 , 500 - 9 , 999 

1 0 ,000 - 1 2 ,999 
1 3 ,000 - 1 5 ,999 
1 6 ,000 - 1 8 ,999 1 1 1 

1 9 , 000 - 24 ,999 42 33 1 8  1 5  9 7 2 

25 ,000 - 2 9 , 999 55 54 48 6 1 1 

30 ,000 AND ABOVE 544 539 526 2 7 2 2 5 5 

PROFES S I ONAL 

BELOW $ 7 , 500 1 1 1 
7 , 500 - 9 ,999 

1 0 ,000 - 1 2 ,999 7 1 1 6 5 1 
1 3 '  000 - 1 5 ' 999 45 1 7  , ,  1 4 1 28 24 1 2 1 
1 6 ,000 - 1 8 ,999 1 6 2  1 1 5  88 20 7 47 41 1 4 1 
1 9 , 000 - 2 4 , 999 441 362 3 1 2  5 40 2 3 79 71 1 6 1 
25 , 000 - 2 9 , 999 694 662 622 4 25 1 0  1 32 30 1 1 
30 ,000 AND ABOVE 965 952 9 1 3  2 1 2  22 3 1 3  1 0  1 1 1 

SECR ETAR IAL/ 

CLER I CAL 

BELOW $ 5 , 000 
5 , 000 - 7 ,499 1 7  1 7  5 1 2  
7 , 500 - 9 , 999 3 7 7  7 1  1 0  1 5 7  3 306 1 37 1 55 1 1 3  

1 0 ,000 - 1 2 ,999 31 1 47 5 40 2 264 1 5 1 1 07 3 3 
1 3 '000 - 1 5 '999 1 5 3  40 4 34 2 1 1 3  86 27 
1 6 ,000 AND ABOVE 63 36 1 5  20 1 2 7  20 7 

TECHN I CAL 

PARAPRO FESSI ONAL 

BELOW $ 5 , 000 
5 ,01)0 - 7 , 499 5 4 4 1 1 
7 , 500 - 9 , 999 1 89 1 00 2 6  1 72 1 89 46 1 41 1 

1 0 , 000 - 1 2 , 999 297 1 85 66 2 1 06 1 1 0  1 1 2  81 28 2 1 
1 3 ,000 - 1 5 , 999 384 2 9 1  1 42 2 1 36 1 1  93 64 26 1 2 
1 6 ,000 AND ABOVE 1 262 1 1 90 887 287 3 1 3  72 55 1 5  2 

SKILLED CRAFTS 

BELOW $ 5 , 000 
5 , 000 - 7 ,499 

7 . 500 - 9 , 999 20 1 8 8 8 2 2 2 

1 0 , 000 - 1 2 ,999 41 �6 1 7  1 6  3 5 4 1 

1 3 , 000 - 1 5 ,999 23 20 7 1 1  2 3 3 

1 6 , 000 AND ABOVE 309 308 239 65 4 1 1 

SERV I C E  

MAINTENANCE 

BELOW $ 3 , 000 
3 , 000 - 4 , 999 
5 , 000 - 7 , 499 2 2 2 
7 , 500 - 9 , 999 51 30 9 21 2 1  7 1 9 1 3 

1 0  000 AND ABOVE 52 49 1 0  3 7  2 3 1 2 

GRAND TOTALS 651 3 5 1 64 3985 20 1 045 49 65 1 349 854 7 450 1 2  26 

PART TIME 

1 .  EXEC/ADmN/ 
MANAGE RIAL 1 1 1 

2 .  PROFESS I ONAL 44 3 3 41 39 2 

3 .  SE CRETAR IAL/ 
CLERICAL 99 1 1 98 79 1 9  

4.  TECH/ 
PARAPROFESS 85 1 9  1 5  3 1 66 59 7 

5 .  S K I LLED CRAFT 1 1 1 

6 .  SERVICE/��AINT 2 1 1 1 1 

GRAND TOTALS 232 24 20 3 1 208 1 80 26 2 
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I t s  Un i vers i ty of Cal i forn i a  affi l i at i on perm i t s  the Laboratory to offe r resi dent tu i t i o n  rate s at 

any U n i vers i ty of Cal i forn i a  campus to members of  the immed i ate fam i l y  of any LASL empl oyee . The 

Laboratory add i t i o na l l y  s u pport s  a number of acad em i c  exchange and othe r programs  benefi t i ng i t s  empl oyees : 

a n  Adva nced St udy Prog ram that e ncourages  graduate stud i es by LASL re imbursement fo r hal f t u i t i o n ,  a 

st i pe nd ,  a nd peri phe ral l y  accrued ed uc at i onal  expenses ; a Graduate The s i s Prog ram to encourag e on-the-

j ob compl et i o n  of theses for those who have essent i al l y  c ompl eted al l other req u i rements for the deg ree 

sought ; o n- s i te tra i n i ng prog rams i nc l ud i ng a Mach i n i st Apprent i cesh i p Prog ram and var i ous s hort-durat i o n  

i nternal tra i n i ng cour ses ;  a nd a Profe s s i o nal  Renewa l Leave  Prog ram fo r management and se n i o r  staff 

members that may qual i fy for l eave up  to s i x  months wi th cont i n ued sal ary and benefi t s .  

The Lab oratory al so h a s  several prog rams that promote sc i ent i f i c  technol og i c al ad va ncement on  a 

broader scope . These i nc l ud e the Ac ad em i c  Cooperat i on Prog ram , i n  wh i c h students from var i ous  col l eges  

and un i vers i t i e s  are g i ven  short-term a s s i g rrnent to Laboratory proj ect s ;  a Profe s s i onal Research and 

Teac hi ng Leave  Prog ram ; a Summer Grad uate St udy Prog ram ; and a Po std octoral Research Prog rilln .  The J .  
Robert Oppenhe imer Research Fel l ows h i ps , e st ab l i s hed i n  honor of the fi rst Di rector of the Laboratory , 

a re awarded to a sel ect number of recent rec i pi ents of doctoral deg rees who show promi se of becom i ng 

out st and i ng l eaders i n  sc i e nt i fi c  research .  

An extens i ve ong o i ng technol ogy exchange i s  strong l y  encourag ed by  co l l aborat i on wi th other 

sc i ent i st s  i n  Guest Sc i ent i st , Vi s i t i ng St aff Member , a nd V i s i t i ng Sc i enti st prog ram s .  Attendance at 

sc i e nt i fi c  and tech n i c al meet i ngs  and presentat i o n  of  papers are strong l y  s upported , a nd there i s  a 

regul ar schedul e of ca l l oqui a and semi nars that i s  heav i l y  atte nded by staff personnel . 

F i nal l y ,  o ne a spect of the Laboratory-Commun i ty rel at i o nshi p that i s  of great importance i s  the 

co ope rat i v e  atmos phe re that ex i sts . Laboratory empl oyees  take an act i ve rol e i n  commun i ty affa i rs , and 

i n  fact , make up the maj or ity of  the el ected coun c i l  and val  unteer task  forces . A recent exampl e i s  the 

Commun i ty ' 7 5 Task  Forc e ,  a vo l un tary effort by sev eral dozen commun i ty peopl e to d efi ne current and 

fut ure probl em s  and to s uggest fut ure d i rect i o ns to the County Counc i l . 4-1 50  Many members of  the task  

force  were LASL /Zi a/DOE em pl oye es work i ng dur i n g  the i r  off- hour s .  

The commun i ty b enefi ts by hav i ng access to  LASL expert i se ,  and the Laboratory i n  t urn take s pa rt i n  

a n  un offi c i al d i al og ue wi th the commun i ty ,  t o  i t s  own eventual  benefi t .  There i s ,  however , someth i ng of 

a neg a t i v e  as pect to thi s s i tuat i on , i n  the sense that Los Al amos  i s  a " one i ndu stry town , "  and may b e  

overl y i n fl uenc ed by t h e  Lab oratory i n  the opi n i o n  o f  some .  

4 . 3 . 7 I n st i t ut i o nal  

Al l the school s i n  Lo s Al amos County were o r i g i n al l y  b u i l t  for the commun i ty by the AEC . When  

t i tl e wa s tran sferred i n  1 9 66 , there we re one  hi ghsc hool , two j un i or hi ghschool s ,  a nd ten  el ementary 

school s .  Si nce the transfer to the Sc hool Board , no maj or  improvements or bond i s s ue s  for ex pan s i o n  

have been requi red . The total a s s i stance payments ( 1 9 67 through 1 9 7 6 )  amounted t o  $ 1 8 , 503 , 3 1 9 .  The Lo s 

Al amos School s Admi n i strat i on have c l osed two school s and ant i c i pate the c l os i ng of another because of  

d ecl i n i n g  enrol l ment . Canyo n El ementary was c l osed in  the  s ummer of 1 9 7 1  and  is  now rented to EG&G , a 

DO E s uppo rt contrac tor . Paj arito  El ementary c l osed i n  the s ummer of 1 9 73  and i s  rented to LASL .  As pen 

El ementary may c l ose i n  1 9 78 , i f  school enro l l ment cont i n ues  to dec l i ne i n  that ne i g hborhood . The 



4-1 43 

school s have undev el oped l and areas av ai l ab l e  for potent i a l  school s i tes . Wh i te Rock has a 0 . 5 1 km2 

( 1 2 6  acres)  e l ementary sc hool s i te and a 0 . 1 0  km
2 ( 2 5  acres)  j un i or h i g h  s i te .  There i s  a 0 . 24 km2 

( 60 acre s )  h i g h  school s i te av a i l ab l e  i n  Los  Al amos town s i te next to Cumbres J u n i o r  H i g h  Schoo l . 

Ot her sc hool s i n  the nort he rn New Mex i co reg i on rec e i v e  federal ass i stance money . Some of t hese  

funds  are al l ocated on the bas i s of the number of DOE-rel ated empl oyee s  who have c h i l dren in  the school . 

As d i scussed i n  prev i ou s  sect i o n s  ( 3 . 2 . 1 , 3 . 2 . 4 ,  and 4 . 3 . 3 ) , the  l arge percentage of federal l y

owned l ands i n  the reg i on affect s the i nsti tut i o nal  structure .  Si nce cong ress i onal  l eg i sl at i o n  regu l ates 

t he adm i n i strat i on of federal property , i ncrea s i ng i nterac t i o n  between  federal agenc i es and l ocal govern

i ng groups  can  be expected . Po pul at i o n  growth at Los  Al amos  wi l l  o n l y  b e  a port i o n  of the pressure on  

the i nst i t ut i o na l  structure of the reg i o n .  

The ma i n i nst i tut i o na l  impacts o f  fut ure  growth and dev e l opment i n  northern New Mex i co wi l l  fo cus  o n  

water al l oc at i o n  and l and u s e .  The i ncrea sed water requi rements for urban u s e  hopeful l y  wi l l  be  met by 

t he San J uan-Chama  Proj ect ( see Sect i o ns 3 . 1 . 2 and 3 . 3 . 1 ) and by the ret i rement of i rri gated agricul ture.  

Land- u se i ssue s rel ated to any proj ected popul at i o n  resul t i ng from LASL ' s operat i o n  wi l l  concentrate 

on res i dent i a l  dev e l opment. Pressures  for subd i v i s i on  deve l opment and r ight- of-way acqui s i t i o n  on  

I nd i an l ands wi l l  cont i n ue .  The  I n d i a n  tr ibes  are protect i ve of their  sovere i g nty and oppo se restrai nts  

o n  the ir  l and u se or wate r.  Recent court dec i s i o ns have rest ated the sovere ig nty of  I nd i an t r i b es to  

regul ate adm i n i strat i o n  of t he ir  l and s-. In several i n stances , l eases  to tract s of I nd i an l and have been 

ac qui red by d evel opers fo r s ubdi v i s i o n .  Li kewi se , resi dent i al deve l opments o f  i sl ands of  pr i vate 

property i n  Forest Serv i ce l and s may resul t in j ur i sd i c t i o na l  prob l em s .  

Land- t i t l e d i sputes hav e sometimes prev ented t h e  aggradat ion  of  tract s  of l and o f  d eve l opab l e  s i ze 

i n  urban i zi ng areas , a nd  may be  sl owi ng the rate of d ev el opment i n  rural area s .  However , ranches of  

several thou sand acres  are  being  s ubdi v i d ed by d eve l opers . I n  add i t i o n  to the above prob l em s ,  l ack  of  

aut hori ty and ov erl a ppi ng j ur i sd i ct i o ns wi l l  further impede the deve l opment of comprehens i ve growth 

management po l i cy i n  the nort hern New Mex i co reg i on .  

Sev eral commun i t i es have fi n i s hed " 70 1 "  comprehen s i v e  l and u se pl ans  t hrough t he US Department of 

Housi ng and Urban Dev el opment . I n  v i ew of the po pul at i o n  proj ect i o ns , the  most pert i nent of these are 

Al buquerque , Es panol a ,  the  c i ty o f  Santa  Fe , the  County of  Santa F e ,  Ta o s ,  a nd , of  course , Los Al amo s  

County . Al l o f  t he I n d i a n  pueb l o s  have a l so compl eted comprehen s i v e  pl ans . The Farmers Home Adm i n i stra

t i o n  has d rafted water and sewe r stud i e s  fo r many of  the smal l er commun i t i es i n  the reg i o n .  The State 

Eng i neers Offi ce and the New Mex i co De partment of Dev el opment have each prepared County and Commun i ty 

Profi l e  Ser i es for each county i n  the reg i on  that are val uabl e economic  and water resource pl ann i ng 

tool s .  L o s  Al amo s  County , t h e  C i ty of  Santa  Fe , E s panol a ,  Tao s ,  a nd Al buquerque are among the commun i

t i es  that have  deve l oped Sect i o n  201  Wa stewater Fac i l i ty Pl ans under the US Env i ronmental Protect i o n  

Agency a n d  the New Mex i co Env i ronment al  Improvement Ag ency . 

Los  Al amo s  County i s  a mem ber of the North Central New Mexico  Econom i c  Devel opment Di strict , a l ong 

wi t h  R i o  Arri b a ,  Tao s ,  Mora , a nd Santa Fe Count i e s . Th i s  organ i za t i o n  i s  al so known as the Northern 

Area Pl ann i ng Organ i za t i o n  and perfo rms v ar i o u s  reg i onal pl ann i ng and coord i nat i on effort s .  Sand ov a l  

a nd  Bernal i l l o  County are  members of a paral l el orga n i zat i o n ,  t he M idd l e R i o  Grande Counc i l  of 

Governments .  The St ate Eng i neer ' s Off i c e  al so i s  act i v e  in reg i onal pl ann i ng .  
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Los  Al amos  and Santa Fe  Count i e s  are members of the Santa Fe-Poj oaque Natural Resource Conservat ion  

D i st r i ct . The ent i r e  northern New Mex i co reg i on i s  a So i l  Conservat ion  Serv i c e  Adm i n i strat i v e  Area , and 

al so pa rt of the Four Corners Econom i c  Devel opment Reg i o n .  

4 . 3 . 8  Commun i ty Serv i ces 

Th e ori g i nal commun i ty commun i c at i on system started as one tel epho ne on a rural l i ne . Dur i ng the 

earl y years at Lo s Al amos , the l ocal system wa s devel oped by the g overnment . The government sol d i t s  

i nt erest t o  the Mountai n St ates Te l ephone and Tel eg raph Company i n  1 967  f o r  $950 , 294 . Si nc e the n ,  

Mountai n Bel l has i nve sted approx imatel y $6 m i l l i on i n  a new s i te ,  bu i l d i ngs , and a n  el ectron i c  swi tc h i ng 

system . Ch anges i n  the County ' s po pul at i o n  wi l l  be refl ected by c hanges i n  the tel ephone system , but 

shou l d not have any adverse effect s .  No cr i t i cal  prob l ems are ex pected t o  res ul t from conti nued g rowth , 

l argel y b ecause capac i t i e s  are wel l above current needs and wi l l  perm i t  ampl e t ime to pl an for fut ure 

need s if max imum growth trend s  mate ri al i ze .  

County so l i d  wa ste management i s  based o n  a san itary l and f i l l operated i n  conformance wi th  federal 

a nd state standards . The prese nt l andfi l l  s i te i s  expected to be adequate for roughl y 20 years , d epe nd i ng 

on the exact rates of g rowt h exper i enced i n  the County. 

Capac i ty expans i o n  and extens i o n  of the road networks to  accommodate g rowth wi l l  probab ly  i nv ol ve  

grea ter ex pense than  the ut i l i t i es .  Bec ause of  the constrai nts o f  topog raphy , s ome key arte r ies  general l y  

serve a s  sol e acces s  t o  s i zeab l e  sect i o ns o f  the  commun ity ,  s i nce  al ternate routes are frequentl y much  

l onger.  As  new areas  are  d evel oped i t  may  be  nec es sary to prov i d e  new c ross-canyon  l i nks . And , a s  

noted earl i er i n  Sect i on 3 . 2 . 6 ,  pub l i c  tran s i t  may b ecome a necess i ty t o  av o i d  t h e  crush of  traffi c at 

the start and fi n i s h  of the bus i ness  d ay .  Al ternat i vel y ,  staggered work  hours may al l ev i ate peak  hour 

traffi c probl em s .  

Los  Al amo s  workers that res i de out s i d e  t h e  County wi l l  h a v e  a n  impact on  the County ' s transportat ion  

network a s  wel l .  They wi l l  be commut i ng da i l y  to  the Lab oratory , most l y  fo l l owi ng State Road 4 t o  

ei ther the Al ternate Route of State Road 4 ,  t h e  E a st Jemez Road , o r  Paj ar ito  Road ( see Fi gure  3 . 2 . 6 -2 ) .  

The most seri ous  conseque nce  of  th i s  c ommuter l oad wi l l  be o n  State Road 4 from Poj oaq ue to East Jemez 

Road and o n  the i ntersect i o n  of Di amond Dr i v e  wi th Jemez Ro ad . Pl ans to wi d en State Road 4 from Poj oaque 

to the Otowi B r i d ge are i nd efi n i tel y d el ayed because of probl ems acqui r i n g  the ri g ht- of-way . State Road 

4 i s  prese ntl y be i ng  wi d ened from Totav i to the Band el i er J unct i o n .  East Jemez Ro ad , Paj ar ito  Road , and 

the i ntersect ion  of Jemez Road wi th Di amond Dr i v e  are the respons i b i l i ty o f  DOE . East Jemez Road 

shou l d be qu i te adeq ua te to hand l e addi t i o nal  traffi c ,  and DOE i s  maki ng some improvements o n  the 

D i amond D r i v e  in tersect i o n .  Improv ements o n  the al ternate route o f  State Route 4 may not be  feasi b l e  

because of the terra i n .  

The Lo s Al amos  Pol i ce Depa rtment wi l l  need i nc remental i nc reases i n  perso nnel i n  respo nse to 

popul at i o n  growth . The County has j ust compl eted construc t i o n  of  a new Pol i ce De partment bui l d i ng ,  and , 

the refore ,  ad equate fac i l i t i e s  wi l l  not be a probl em .  

The med i cal resources i n  Lo s Al amos  are o f  a h i gh qual i ty ,  atyp ical of the northern New Mex i co 

reg i o n .  An i nc rease i n  popul at i o n  woul d l i ke l y resul t i n  more s pec i al i st s , thus  furthe r i nc rea s i ng the 

l evel  of med i cal  care. The g rowi ng number of ret i red peopl e in Los Al amos  i nd i cates that a need fo r 

d ay-c are fac i l i t i e s  i s  d eve l opi ng . 
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If  popul at i o n  growth resul t s  i n  add i t i o nal .commerc i al recreat i onal fac i l i t i e s , s uch  a s  mov i e  

theater s ,  b owl i ng al l eys , o r  m i n i at ur e  gol f course s ,  the enterta i nment and empl oyment opportun i t i es for 

teenagers  woul d improve . 

The proj ect i o ns for po s s i b l e popul at i o n  i ncreases i n  the northern New Mex i co area woul d resul t i n  

onl y smal l add i t i o ns t o  eac h  commun i ty .  Therefore , o nl y  smal l propo rt i o ns o f  i nc reased resource u se , 

res i d ual generat i o n ,  tran spo rtat i on l oad s ,  or  other factors wi l l  be attr i b utab l e  to any i nc rease i n  

LASL ' s empl oyment l eve l s .  
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5 .  U NAVO I DABLE ADVERSE ENV I RONMENTAL EFFECTS 

I dent i f i ca t i o n  of  the actual  or  poten t i a l  unavo i dab l e adverse env i ronmental  effects ar i s i ng from 

the conti nued opera t i o n  of LASL must refl ect a subjecti ve va l ue j udgment .  For purposes of  th i s  summa ry , 

o n ly  the maj or  resul ts o f  Labora tory opera t i ons  i n  the categor i e s  o f  resource consumpt i o n ,  rel ease o f  

e ff l uents , and  preemp t i on o f  a l ternat i ve l and uses are i nc l uded . The poten t i a l  f o r  acci dents i s  

another unav o i da b l e env i ronmental  ri s k .  Adverse effects a re ta ken to i nc l ude those i ncrements of  

consupt i on or  rel eases or  commi tments attri butab l e to Labora tory opera t i o n  tha t  m i ght  be cons i dered 

adverse to at l east  some i nterests , even i f  there a re no meas ura b l e  or d i scernab l e i nfl uences on the 

human popu l at i on  or b i ota of  the a rea . 

The use and  consumpt i on of natural  res ources i nc l ud i ng water a nd fue l s for energy , both d i rectly 

by the Laboratory and in  the  s u rround i ng commu n i t ies , a re unavoi dab l e ,  g i ven conti nued opera t i o n .  

Such u s e s  preempt other uses  of  such resources . 

The annua l  Labo ratory-re l ated use of water amounted to a pprox imate l y  2 . 3  x 1 06 m3 ( 608 x 1 06 g a l ) 

i n  1 97 6 .  ( The ERDA water sys tem supp l i ed 4 . 3  x 1 06 m3 ( l . l  x 1 09 g a l ) t o  the l oca l  commu n i t i e s . ) 

Water use  from the underground aqu i fer i s  managed so tha t the reso u rce i s  a pparent ly  fu l l y  renewa b l e 

and i s  we l l  wi th i n  the l ega l  water r i ghts l imi ts that are des i gned to prevent adverse to effec t on  

other  water u sers in  the  R i o  Grande Bas i n .  The  ex i s t i n g  water r i ghts wou l d permi t wi thdrawal of  about 

20% more water.  Th i s  wou l d  not cause drawdown of  the water tab l e .  I n  addi t i o n  to present  efforts at  

wa ter conservat i on , s ome opportu n i t i es for  further conservat ion  ex i s t , i nc l udi ng ma ndatory rat i o n i ng 

s hou l d i t  be necessary .  

The annua l  Laboratory- rel a ted consupt ion  o f  energy tota l ed a pproximate l y  5 . 6 x 1 0 1 5  j ou l es  ( 5 . 3  

x 1 0 1 2  BTU ) a s  a source energy . Th i s  tota l i nc l udes a pproximate l y  206 x 1 06 kwh of  purchased el ectri c i ty 

a nd the l oca l combus t i on of a pprox imately 89 x 1 06 m3 ( 3 . 1 x 1 09 ft3 ) o f  natura l gas  for d i rect  heati ng 

or  generat i on  o f  s team or e l ectri c i ty .  A maj or energy conserva t i o n  s tudy i s  u nderway , a n d  pre l im i nary 

resu l ts i nd i cate a poten t i a l  for sav i ngs  of a bout  20% over proj ected consumpt i o n  by 1 985 depend i ng on  

the effecti veness of requi red i nvestments . I n  add i t i o n  to the consump t i o n  of foss i l  fuel s ,  the energy 

use  res u l ts i n  a re l ease  of po l l utants . The l ocal re l eases , pr i nc i pa l l y  o x i des of n i trogen  because 

the maj or fuel  is  natura l  gas , are we l l  wi th i n  state approved l i mi ts and produce no  d i s cernab l e i mpacts . 

The remote rel ease  of pol l utants attributab l e to Laboratory el ectri c i ty consumpt i on occur primar i l y  i n  

the Four Corners reg i on ( see Secti o n  4 . 3 . 2 )  and  are not wi th i n  the d i rect control o f  DOE .  

The rel ease o f  s ome po l l utants i n  l i q u i d  a nd a i rborne eff l uents from LAS L fac i l i t i es and treatment  

p l ants  i s  a n  unavo i d a b l e  res u l t of conti nued opera t i o n .  Present knowl edge deri ved from the rou t i ne 

env i ronmental  surve i l l a nce prog ram and spec i a l  ecol ogy stud i es i nd i cates these rel eases res u l t i n  

impacts that are ne i ther l arge nor s i g n i f i ca n t .  

Rel eases from san i tary sewage treatment  faci l i t i e s  a r e  al l wi th i n the i nterim  l i mi ts of current  

NPDES  perm i t s . Some o f  the effl uents do not meet a l l EPA reg u l a t i ons  for secondary treatmen t ,  but 

conceptual  des i g n  i s  underway to upg rade the req u i red fac i l i t i es . The cond i t i ons  of the f i na l  NPDES 

perm i ts are s t i l l  be i ng worked out wi th EPA . The canyons i n to wh i ch the effl uents are d i s charged a re 

essen t i a l l y  dry through mos t of the year , and none of the water i s  used for mun i c i pa l  s upp ly  or 
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recreat i on .  S i nce present p racti ces do not  appear to  be  overl oad i ng natural a s s im i l ati ve capac i ty ,  
the costs o f  add i t i ona l  technol ogy wi l l  p robab l y  not he l p  a vo i d  a ny adverse impacts but wi l l  draw 
resources away from s i tuat i ons where rea l improvements cou l d be made . 

I ndustr i a l  effl uents a re d i scharged at a bout 1 00 l ocati ons on the La boratory s i te ,  i nc l ud i ng ma ny 
of wh i c h  a re once-through cool i ng water or  coo l i ng-tower b l owdown . Appl i cati ons for NPDES permi ts for 
many of these a re now in p roces s , and others wi l l  be el i m i nated through procedural c hanges . Mos t  such  
rel eases have res u l ted in  m i nor i mpacts such  a s  i ncreases in  tota l d i s so l ved so l i ds content of sha l l ow 
a l l uv i a l  a qu i fers . 

As shown i n  Sect ion 3 ,  treated effl uents from the two i ndustr i a l waste treatment p l ants conta i n  
tra ce l evel s o f  rad i oact i v i ty and a re d i scharged i nto canyon s o n  the Laboratory s i te .  The concentra t i ons  
of  rad i oact i v i ty a re wel l bel ow Concentra t i on G u i des 3- 1 02 for  water s u i ta b l e  for  dri n k i ng ( see Section 
4 .  l .  1 ) .  They a re i n  conformance w i th DOE requ i rements tha t re l eases  of  rad i oacti v i ty be a s  l ow as  
pra cti ca b l e .  These re l ea ses  wi l l  conti nue for a t  l east  several years . Howeve r ,  p l a nn i ng i�  underway 
to imp l ement a maj or upgrad i ng of the Central Wa ste Treatment P l a nt  that through improved p roces s i ng 
and  u l t imate evaporat i on of the f i na l  effl uent wi l l  e l i m i na te at l east  90% of present rad i oacti ve ly  
contam i nated l i q u i d  effl uent .  The  sma l l e r was te treatment p l ant that  serves the  present o ld  p l u ton i um 
proces s i ng faci l i ty wi l l  p roba b ly  be near ly  phased out when the new P l uton i um Proces s i ng Fac i l i ty 
becomes operati ona l . The e l i m i nat i on o f  d i scharge from the Centra l Wa s te Treatment P l ant  wi l l  a l so 
reduce the nonrad i oacti ve po l l u tants , notab ly  n i trates and fl uori des , that have a l tered the chem i ca l  
q ua l i ty of wa ter i n  the sha l l ow canyon aqu i fers . 

To date , env i ronmenta l  mon i tori ng of l i q u i d  effl uents re l ea sed i n  canyon a reas  has  not s hown any 

adverse effects on canyon ecosystems . As mentioned prev iously,  1t i s  ant1c 1pated that  rel ease of 
l i qu i d  effl uents conta i n i ng po l l utants wi l l  cease wi th i n  a very few yea rs to comp ly  w i th anti c i pated 
federal  reg u l at i ons . 

Atmo spher i c re l ease of a i rborne effl uents i nc l udes some rad i oacti v i ty ( see Secti on 3 . 3 . 3 ) , but 
the effect of these re l eases  in terms of added rad i at i on dose rece i ved by the l oca l  popu l at i on  i s  
sma l l .  The max imum poten t i a l  dose at  a Laboratory border i s  estimated to be a bout 22 mrem/yr ( see 
Sect i on 4 .  1 . 3 ) .  Th i s i s  l es s  than 1 5% of  the natura l background , wh i ch a verages a bout 1 53 mrem/yr .  
The  tota l dose  to  the  pop u l at i on of 1 7 , 700 i n  Los  Al amos Cou nty i s  est imated to  be approx imatel y 4 . 1  
man- rem , es senti a l l y  a l l a ttr i buta b l e  to tri t i um , 4 1 Ar , 1 1 c , 1 3N ,  a n d  1 5o .  T h i s i s  l es s  than 0 . 2% o f  
the est imated 2 , 5 70  man-rem a ttri buta b l e to natura l background . Proj ected operati ons  a re not expected 
to i ncrease these l evel s .  

Even thoug h the a tmos pheri c rad i oact i v i ty has  been a sma l l fract ion  o f  the breath i ng a i r  concentra t i on 
g u i de l i nes , there a re conti n u i ng efforts to reduce a i rborne re l ea ses  a s  much a s  i s  feas i b l e  wi th i n  
techno l og i ca l  and  econom i c  l im i ts .  As a n  examp l e , rel eases of p l u ton i um have been reduced by a factor 
of more than 200 over the l ast  fi ve years  by improvements to a i r  f i l trati on systems . 

Penetra t i ng rad i ati on from acce l erators and the Cri t i ca l  Assembly  Fac i l i ty may contri bute a sma l l 
dose , e st imated a t  l ess  than l mrem/year , to peopl e who reg u l ar ly  dr i ve on the two DOE-contro l l ed 
access road s that traverse the Laboratory s i te .  
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Some may cons i der the near-wi l derness a rea p l acement of a major faci l i ty s uch a s  LASL to be an  
adverse i mpact because it  prec l udes a l ternat i ve l and uses , l argely on aestheti c g rounds . The i so l a t i on 
i tse l f was a maj or  requ i rement for the ori g i na l  operat ion  of Los Al amos and conti nues to mi ti gate the 
potent i a l  for r i s k  from s ome types of  acci dents . 

Cont i nued operat i on of LASL req u i res ded i cation  of the present Laboratory l ands for the foreseeab l e  
future , exc l ud i ng a l ternat i ve l and u se s .  Th i s  i s  necessary for reasons of secur i ty , safety , and 
conti g uous  l and u se .  The exc l u s i on i s  a mi ti gat i ng meas ure that protects the pub l i c  from the po
tenti a l  hazards  of exposure to rad i oacti ve contami nat i on , dangerous tes t acti v i t i es such  a s  h i g h  
expl os i ve detona t i ons , and potenti a l  r i s ks from acci dental rel eases . Some peop l e , s u c h  a s  h i kers , 
campers , and  hunters , may cons i der thi s a n  adverse env i ronmental cond i t i on that prevents the i r  access 
to a reas genera l l y acknowl edged to be beaut i ful  a nd rich in  game a nd other resources . However , the 
La boratory i s  not a u n i que a rea ; s im i l ar l andscape and o pportun i t i es for recreat i on are av i l ab l e  i n  
the Bandel i e r  Nati ona l Monument a nd nearby Forest Serv i ce l ands . A l so , the exc l u s i on pol i cy has 
preserved much  of the reservati on in  the character of a wi l d l i fe refuge ,  a s  a ttested to by the vari ety 
and  dens i ty of fauna i n  the area . Some l ands used for catt l e g ra z i ng i n  pre-Laboratory days are 
rega i n i ng carryi ng capa c i ty for a vari ety of wi l d l i fe .  

Loss o f  ha b i tat  through faci l i ty devel opment may occ ur , conti ngent upon programmat i c  emp ha s i s .  
The effect o f  these l os s es can  be tempered by l a nd-use  practices  a ttuned to wi l d l i fe cons i derat i ons . 
The ecol o g i c a l  stud i es c urrently underway wi l l  be i nstrumenta l  i n  prov i d i ng much of the i nformat ion  
req u i red to  i nsure l and-use practi ces that  opt im i ze  wi l d l i fe a spects . S i te cl ear i ng , i f  properly 
l ocated and i mp l emented , wi l l  create favorabl e  edge effects that offset wi l d l i fe h ab i tat  l os ses  caused 
by the fac i l i ty .  Con s i dera t i on wi l l  be g i ven to a l ternat i ves to barri ers such a s  fences to i nsure 
free movement of wi l d l i fe .  T he conti n ued restri cted acces s and proh i b i t i on of h unt i ng on La boratory 
l ands wi l l  a l so serve i n  temperi ng  habi tat l os s  caused by fac i l i ty devel opment . The l ac k  of hunt i ng 
a nd general l y  l ow human presence i n  l arge areas of the Laboratory wi l l  conti nue to benef it  spec i es 
that a re i ntol erant of  human d i s turbance . Cont i nu i ng stud i e s  on mu l e deer wi l l  prov i de  i nforma t i on 
for a s ses s i ng Laboratory i mpacts on cr i t i ca l  hab i ta t ,  reproducti ve performance , movements , and dens i t i e s .  
M i t i ga t i ng efforts rel at i ve to mu l e  deer wi l l  b e  commensurate w i th our ab i l i ty t o  defi ne  and ass i gn 
i mportance to the vari ous i mpacts . 

LASL performs the rol e of  cus tod i a n  of wi l d l i fe upon i ts env i rons  and i s  respons i b l e  for i ts wel fare .  

The endangered spec i es a re part i c u l ar ly important ( see Sect i on 3 . 1 . 4 ) . Efforts to i denti fy and protect 
a l l endang ered spec i es w i th i n  the Laboratory wi l l  cont i nue . Precauti ons a re be i ng ta ken to preserve 
t he i r  habi tats , i n  accord wi th the Endangered Spec i es Act of 1 973 ( P . L .  93-205 . 87  sta t .  884 ) . I n  
add i t i on , a compl ete b i ot i c  i nventory i s  currently bei ng made o f  the envi rons t o  i dent i fy and c haracter i ze 
ecosystem components so  tha t  a comprehen s i ve l and-use p l an  may be deve l oped . Cl o se  l i a i son i s  ma i nta i ned 
wi th the U . S .  Forest Serv i c e .  T h e  coordi na tor pos i t i on that  was recently estab l i s hed by contract w i t h  
the Los Al amos Area Offi ce of t h e  DOE t o  prov i de  fores t  management con s ul tat i on t o  D O E  and  i ts contractors . 

T he expanded envi ronmental mon i tori ng program i n  conj unction wi th eco l og i c a l  stud i es i ns ures a 
comprehens i ve  v i ew of c hemi ca l  waste d i s tr i buti ons throughout the Laboratory and adjacent reg i on .  
Spec i a l  emp ha s i s ha s been g i ven to samp l i ng from troph i c  l evel s l ea d i ng to man to i ns u re comp l i ance 
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with ex i st i ng regul at i ons and to  i dent i fy potent i a l  probl em mater i al s for wh i c h  regul at i ons  do  not 

ex i st .  Ongo i ng stud i es i n  the treated-wa ste rece i v i ng areas of canyo ns  are provi d i ng i nformat ion  on 

ways to control chemi cal di str i bu t i o ns through pl ann i ng for dra i nage and eros ion  i n  s i te construc t i on 

act i v i t i e s .  I n- hou se rev i ew o f  pl ans and E I S ' s fo r new faci l i ty c onstruc t i o n  i ns ure that compl i ance 

with these needs i s  atta i ned whenever  poss i b l e .  I t  has al ways been and wi l l  cont i n ue to  be a feature 

of  Labo ratory operat i ons that the envi ronmental qual i ty be  wel l wi th i n  the l egal  req u i rement s .  

As new faci l i t i es are bu i l t  at LASL , some of them wi l l  i nev i tab l y  be i n  the v i c i n i ty of archaeol og

i c a l  ru i ns .  Because of the nature of earl y I ndi an settl ements on  the Paj ari to Pl ateau , i t  i s  often not 

po s s i b l e to  fi nd a co nstruc t i o n  zone that cont ai ns no t races of early occu pat i o n .  Many of the l a rger  

anc i ent s i tes  are s urrounded by sma l l one- and two- room ru i ns and  smal l m iddens . W ith  the LASL Archae

ol og i cal  Map as a g u i d e  fo r engi neers and pl anners fo r s i t i ng new faci l i t i es , maj or  c l u sters of I ndi an 

ru i ns can be avo i ded and sa l vage excavat i ons mi n im i zed . When it i s  neces sary to proceed wi th the  

construct i o n ,  sa l vage arch aeol ogy is  done to gai n a s  much  i nfo rmat i on as po s s i b l e about  the I ndi an 

s i te befo re it i s  d estroyed . F ut ure determi nat i ons  of i mportance and sa l vage archaeol ogy wi l l  be 

co nducted i n  acco rd wi th new regul ati ons  ent i t l ed ,  " Protect i on  of H i stor ic  and Cul tural Propert i es , " 

36CFR800 , effect i ve March l ,  1 9 79 .  
The  LASL Sketch Master P l an wi l l  i ncorpo rat e a number  of  ways i n  wh i ch some v i sual  impacts  can be  

m i t i gated or  im proved at rel ati vel y l ow cost  wi thout impa i r i n g  the  operat i on of  the Labo ratory .  New 

fac i l i t i es are now rec ei v i ng more attent i on on an aesthet i c  and arch i tectural des i g n  bas i s  than has 

been typi cal  of past structures ; the  Nati onal Secur i ty and Resources St udy Center i s  an exampl e .  

However , struct ures wi l l  rema i n  ba s i c a l l y  ut i l i tar i an t o  keep costs as l ow as pract i c ab l e .  

D i sposal  o f  so l i d  rad i oact i v e  waste may wel l b e  the most  s i g n i fi c ant unavo i dab l e and adverse 

effect of the LASL operat i on s .  The adve rse pos s i b i l i t i es are l a rge l y  due to the l ong-term commi tment 

of d i s posal  areas to that use because of the l ong hal f- l i ves  and toxi c i t i es of some of the rad i oact i ve 

mater i a l s .  Approxi matel y 0 . 2  km2 ( 50 acres ) of l and are ded i cated to so l i d  rad i oact i ve wa ste bu r i al 

w ith i n the Labo ratory bounda ri es .  There are no known ad ve rse effects of  present or  past  so l i d  waste 

d i sposa l  pract i c es , a s i d e  from the l and use , wh i ch prec l udes most  al ternat i ve surface use s .  The 

geol og i c  characteri sti cs  of the Los  Al amos area appear  to be among the most s u i t ab l e  fo r the  l ong-t erm 

conf i n ement of these potent i al l y  haza rdous  materi al s .  Cont i n u i ng stud i es are desi gned to i dent i fy any 

defi c i enc i es and probl em areas so that necessary mi t i gat i ng act i on  can be taken .  The stud i es themsel ve s ,  

a l t hough focus i ng o n  the i mmed i ate s i tuat i on ,  have potent i a l  appl i cabi l i ty to rad i oact i ve so l i d  waste 

d i s posa l  prob l em s  that may ar i se i n  other l ocati ons . Some revegetat i on of areas d i sturbed fo r wa ste 

b ur i a l  has been i n i t i ated to reduce the surface i m pact of such operat i on s .  

LASL ma nagement i nc l udes envi ronmental impact s as a maj or  e l ement i n  eva l uati ng and establ i s h i ng 

po l i c i es and deci si ons on future mod i fi cat i ons , i mprovement s ,  a nd proj ect s .  As part of the eval u at i o n  

procedure ,  appropr i ate  groups wi th i n t he  Heal th D i v i s i o n  rev i ew pl ans a nd  s pec i fi c ati ons  fo r al l 

proposed proj ect s to ens ure mi n imal acci dent potent i a l  and envi ronmental impact . Any h i gh- r i s k  opera

t i o n  wi th  acci dent or env i ronmental impact potent i a l  requi res prepa rat i on of a formal Safety Anal ys i s  

Report and the devel opment of wr i tten Standard Operat i ng Procedures before i ts i n i t i at i o n .  
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Con struc t i o n  prese nt s  cert a i n unavo idab l e  and  often adverse short-term i mpacts such as no i se ,  

dust from l and preparat i on and eart hmovi ng , addi t i ona l  traffi c ,  a nd v i sual  changes .  Some of these 

effect s are tempo rary and termi nate wi th the complyt i on of the structure , other impacts such as 

i nc reased traffi c l oad fo r pe rmanent empl oyees and v i sua l  changes are more prol onged . I ntegral to the 

des i g n  process are effo rts to  ant i c i pate speci al prob l ems . Most of th i s is  accompl i shed through an 

ongo i ng Qual i ty Assura nce P rogram that i nc l udes revi ew of pl ans  by var i ou s  engi neer i ng and tech n i c al 

grou ps such as the Env i ronmental  Studi es Grou p .  Rev i ew con s i derat i ons i nc l ude structural a nd opera

t i onal  s u i tab i l i ty fo r accompl i shment of the m i s s i ons , adequate heal th  and safety protect i o n ,  

compat i b i l i ty wi th  envi ronme nt al  protec t i o n ,  rel i ab i l i ty and cont i nu i ty o f  operat i ons , a nd decontam i 

nat i on or s i te restora t i on o f  obsol ete faci l i t i e s .  I f  there i s  a quest i o n  wi th respect t o  env i ronmental  

i mpact s , a n  envi ronment al as sessment i s  pre pared and submi tted for DOE determi nat i o n  as to  the need for 

an envi ronmental impact statement.  I f  it  i s  c l ear that the  act i on wi l l  requ i re an envi ronme nt al impact 

statement , i t  i s  prepa red p r i o r  to  i n i t i at i ng the act i on .  

A number of other spec i fi c  m i t i gat i ng act i o ns , underway or  propo sed , have  al ready been  d i scus sed 

i n  other sect i o n s .  Summari l y ,  the most i mportant o f  these are : ( l )  devel opment o f  a LASL Master P l an 

to  govern fut ure Labo ratory l and u s e ;  ( 2 )  improveme nt s i n  l i qu i d  wa ste treatment t o  effect g r�ater 

removal  of rad i oact i vi ty and improve general chemica l  qual i ty ;  ( 3 )  improvements i n  sol i d  waste 

ma nagement i ncl ud i ng vo l ume red uc t i o n  and eval uat i on of the adequacy of past pract i ces ; ( 4 )  improvement s 

i n  gaseous waste treatment i nc l ud i ng add i t i ona l  HEPA f i l teri ng and control s on tri t i um re l eases ; ( 5 )  

addi t i ona l secur i ty meas ures especi al l y  rel a t i ng to  nuc l ear materi al s ;  ( 6 )  improvement s i n  t h e  fi re 

protect i on syst em a i med at furthe r r i s k  reduct i o n ;  ( 7 )  construc t i on of a new pl uton i um faci l i ty 

con s i stent wi th  more s tr i ngent safety standards ; and ( 8 )  c ounty-wi de mapp i ng of archaeol og i cal s i tes 

to  ens ure preservat i o n  of unque s i tes and adequate archaeo l ogi cal sa l vage and study of those areas 

where preservat i o n  and devel opme nt confl i ct .  
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6 .  IR REVERS IBLE AND  IRRETR IEVAB LE COMMITM ENT OF RESOUR CES 

Rel a t i v el y few c ommi tments of  resources at LASL are  absol utel y i rrev ers i b l e and i rretr i evab l e.  

However , f ue l s fo r energy prod uc t i o n ,  most construc t i o n  materi al s ,  a nd other consunab l es used in  the 

opera t i o n  and mai nte nance of the rese arch fac i l i t i e s  are i rretr i evab l e .  Water consumpt i o n  is  deta i l ed 

i n  Sect i o n  4 . 1 . 1 . The othe r reso urces cons uned we re d i scus sed i n  Sect i o n  4 . 1 . 6 .  In a l es s  tang i b l e 

b ut equa l l y  r eal  way , the  human resources i nv ested i n  estab l i shi ng the Laboratory and i t s  many research 

prog ram s  al so repr ese nt an i rretr i evab l e  commitment . At the present l evel  of ac t i v i ty ,  t h i s i s  about 

7 70 0  man-years pe r ye ar .  

A s pec i al em pha s i s  on  conserv a t i o n  of  resources us ed i n  the  operat ion  of the Laboratory , start i ng 

i n  the fal l of 1 9 73 ,  e ffected a sav i ngs i n  energy usage of el ectr ic i ty and natural g a s .  A maj or energy 

c onserv a t i o n  study now i n  prog res s has i d e nt i f i ed a po tent i a l for energy sav i ngs  of  up to 2 0% by 1 9 85 . 

Al though energy c onservat i o n  i n  the Laboratory i s  cons i dered mandatory , no d i rec t  control s hav e been 

pl aced on commun i ty uses  of el ectric i ty and natural g a s .  Vo l untary efforts i n  the commun ity d i d  red uc e 

rates  of i nc reas e i n  usage i n  s p i te of new home construc t i o n  and popul at i o n  growt h .  Wa ter co nserv a t i o n  

h a s  al so been encouraged . Th e water l evel  drawdown s are not cons i d ered i rrevers i b l e or  i rretr ievab l e  

because wi thd rawal rates are wi th i n natural rates of recharg e .  

Other  commitments o f  resources may b e  i rrevers i b l e  and i rret r i ev ab l e  depe nd i ng o n  as sumpt i ons 

ab out econom i c s  and tec hnol ogy . As d i sc us sed in rel at i o n  to tradeoffs between s hort-term uses and 

l ong- term produc t i v i ty ,  most of the prese nt commitments of l and resources are not absol utel y i rrevers i b l e  

and i rretr i evab l e .  Bu i l di ngs  hav e been and presumab l y  c oul d be decontam i n ated and remov ed i f  othe r 

uses for the occupi ed l and area s were c ons i dered s uff i c i entl y i m po rtan t .  Such decomm i s s i o n i ng i t se l f 

woul d represent cons iderab l e cost and the i rrev ers i b l e  and i r retr ievab l e i nv estment of t ime and energy . 

Unl es s extremel y pres s i ng al ternat i v e  us es are fo und fo r the s i t e , i t  i s  unl i ke l y  that whol esal e removal  

of structures coul d be eco nom ical l y  j ust i fi ed .  W i th i n  that pers pect i v e ,  most of  the  present l and uses  

fo r structures woul d have to be cons i d ered i rrev ers i b l e .  

Ca reful co n s i d erat i o n  m ust  be  g i v e n to l and areas that have l ow l evel s o f  rad i oact i v e  o r  chem i c al 

contam i nat i o n  s uc h  as the dyn am i c  test areas and the three canyo n areas desc r i bed i n  Ch a pter 3 .  These 

l ocat i o ns are  wi thi n the co ntrol l ed areas of the s i te ,  a nd under present operat i ng prac t i c es they 

prese nt no known safe ty o r  hea l th  hazard s .  H01vever , b efore  the areas c aul d b e  rel eased for unrestr icted 

al tern a t i v e  us es  i t  woul d pr obab l y  b e  necessary to accom pl i s h  d econtami nat i o n  i n  order to be conservat i v e .  

Th i s  coul d b e  costl y ,  d epe nd i ng o n  the deg ree o f  d econtami nat i o n  d eemed necessary .  Ot her area s wi th 

h i g her  l evel s of contam i nat i o n ,  or prese nt i n g  severe eng i neer i ng prob l em s ,  woul d requi re muc h  l arger 

i nv estments . If prese nt opera t i o ns i n  these areas are  d i scont i n ued , pl ans  for adequate decontam i nat i o n  

wo ul d hav e  to  be  fo rm ul ated and impl emented to  perm i t  un restr i c ted acc es s .  Or , i t  wo ul d al so be  rea sonab l e  

t o  cons i der these area s for res t r i cted uses  wh ere the 1 01�- l evel  contam i nat i o n  presents n o  prob l em .  

Most o f  the area s  used fo r sol i d  rad i o ac t i ve and ha za rdous chem i c al wa ste bur i al must probab l y  b e  

cons i d ered i rrev ers i b l y  and i rret r i evab l y  comm i tted to th at us e .  Ob v i ous  except i o ns are those areas 

used fo r retr i evab l e  rad i oac t i ve wa ste storag e .  The near s urface cond i t i o ns at Lo s Al am os bur i al 

g rounds are cons i d ered fa v orab l e  fo r storag e of rad i oact i v e  and ha zardous chem i cal wa st e s .  The present 
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l and area i nvo l ved i s  about 200 , 000 m2 ( 50 acres ) .  An add i t i ona l  30 acres ha s been des i gna ted fo r th i s  
purpose i f  req u i red . Future l ong-term wa ste management repos i tori es , part i c u l ar ly  for transura n i c  
rad i o n uc l i d es , may enabl e LASL to transfer was tes i n  storage a n d  thus reduce or el im i nate s u c h  l oca l  
comm i tments . 

As descri bed earl i er ,  other m i nor i rrever s i b l e commi tments of resources have occurred and w i l l  
probab ly  occur i n  the future.  Al so , some m i nor archaeo l og i ca l  s i tes have been des troyed as  a resu l t  of 
construct ion . Sa l vage archaeo l o g i c a l  stud i es have been conducted at important or extens i ve s i tes  i n  
kee p i ng w ith  the prov i s i ons  o f  Federa l regu l at i ons . The now compl eted archaeo l og i ca l  s i te eva l uat i on 
and mapp i ng wi l l  ma ke i t  pos s i b l e  to avo i d  d i sturb i ng any s i gn i fi cant s i tes i n  the future or w i l l  
a s sure that adequate stu d i es and exca vat i on a re conducted before construct i o n .  Sma l l areas have had 
the i r  topography a l tered by excavat i on for foundat i ons  and access so that i t  wou l d  be imposs i bl e  to 
res tore the ori g i na l  cond i t i ons  by any prac t i ca l  means . However , none of these i rrevers i b l e  changes 
are cons i dered env i ronmenta l l y s i gn i f i cant . 

No i rrevers i b l e  or i rretri evab l e changes a re known or thought to have occ urred i n  the overa l l 
ecol og i ca l  patterns of the a rea a s  a res u l t of the ex i stence of the Laboratory and the adj acent commun i ti es .  
Some l and ha s been removed from w i l d l i fe habi tat beca use o f  the presence o f  structures , but other l and  
prev i o u s ly  u sed for g ra z i ng ha s been returned to more natura l  vegetat ion  cond i t ions  capab l e of s u pport i ng 
a w ider range of wi l d l i fe .  
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7 .  RELAT IONSH IP  OF PR OPO SED ACTION TO LAND-US E  PLANS , PO L I C I E S ,  AND C ONTRO LS 

The natural phys i c al resources of the Lab oratory s i te are fi n i te ,  a nd many are nonrenewab l e .  The 

l l l  km2 ( 2 7 , 500 ac re s )  of the  LASL r eserv a t i o n  i s  constrai ned because of cont i g uous  l and use  and 

character i st i c s . Such cons i derat i o ns requi re  the a s s um pt i o n  that c urrent l and resources must s uffi ce 

for the fo resee ab l e  future of the  Lab oratory . Str i c t  procedures are fo l l owed at LASL t o  protect and 

preserve pre-Co l umbi an I nd i an s i te s  i n  conformance wi th  fed eral and state l aws reg a rd i ng archaeol og i c al 

and hi stor ic  s i te s .  Si nce the LA SL rese rv a t i o n  does not contai n  any prime agr icul t ur al l and , there i s  

no pr imary i mpac t  i n  co nfl i c t  wi th  fed eral or state l aws . Adj acent Ind i an l ands requ i re rev i ew and 

c om pl i ance wi th  the Nat i v e  Rel i g i ou s  Freed om Act ,  PL95-34 l . 

A s econd ary i mpact cons i dera t i o n  of LASL g rowt h and ex pans i o n  i s  the av a i l ab i l i ty o f  l and and 

other reso urces to accommodate propo rt i o nate commun i ty po pul at i o n  g rowt h .  

Th e most obv i ous  i m pact  i nduced i n  the commun i ty i s  a need for more hous i ng , and conco�itant 

d ed i cati o n  of l and to  that use . There is  not now s uff i c i ent  nor ad equate hous i ng in  the County to  

accommodate the prese nt em pl oyment l ev el , a nd it  a ppears that the trad i t i o nal hous i ng s hortage wi l l  

become m ore acute .  Ex i st i ng l and prov i s i o ns for res i d ent i al hou s i ng wi th i n  ex i st i ng commun i ty 

b oundar ies  are adequate fo r a total popul at i o n  of 26 , 00 0 ,  a 64% i n c rea se over the 1 97 6  po pul at i on .  

Ot her devel opab l e  rese rve l and s woul d al l ow for anothe r 5 , 000.  Th i s  woul d mean an i nc rease in the 

percentage of res i d ent i al and commerc i al l and in propo rt i o n  to the other l and use cate g or i es , and a 

decrease i n  the pe rc entage of the g ov ernment and general wel fa re and commun i ty s erv i c e  c ateg or i es .  

Al though thi s woul d enta i l  a notab l e  dec rease i n  the amoun t of ope n  s pace ,  the general wel fare and 

commun i ty serv i c e  propo rt i o n  of the total urb an i zed area woul d st i l l be a m i n imum of 2 6%.  Ba s i c ut i l i ty 

r esources a re s uff i c i en t  for any proj ected future t ime .  Add i t i o nal water r i g ht s  from the Bureau of  

Rec l am at i o n ' s San Juan-Chama  D i v ers i on Proj ect were neg ot i ated in  1 976  and  wi l l  be  s uffi c i ent  for 

twe nty ye ars . The County has  a b a s i c  des i g n for fut ure g rowt h to a total po pul at i o n  of 31 ,000 i n  the 

form of the  Com prehe ns i v e  Pl an for Los Al amos ad opted in 1 9 63 .  A maj or Coun ty-wi d e  rev i ew and u pd at i ng 

of the pl an was com pl eted i n  1 9 76 .  Ot her l and use pl ann i ng tool s for  Lo s Al amos County i nc l ud e  the 

Zo ni ng Pl an , the Subd i v i s i o n  Reg ul at i o n ,  and the Bu i l di ng Codes . 

The im pact of future res i dent i al devel opment i n  other areas of northern New Mex i co as 

i mpact of the Laborato ry ' s operat i o n  can not be  accuratel y pred i cted . The mai n im pacts  of 

g rowth and dev el opment i n  northe rn New Mex i c o  wi l l  focus o n  wa te r al l oc at i o n  and l and use . 

a secondary 

fut ure 

LASL ' s 

g rowth wi l l  contr i bute a smal l proport i o n  of the popul at i o n  pressures for s ubd i v i s i o n  d evel opment . The 

prese nt trends towa rds  i nc rea s i ng urban i za t i o n ,  c hanges  i n  l and use pattern s ,  and ri s i ng l and pr ices  

c an be  ex pected to cont i n ue .  As i n  Los Al amos County , t here i s  a shortage o f  hous i n g  throughout the 

northe rn New Mex i c o  reg i o n .  

L i kewi s e ,  l and i s  a l im i ted resource i n  northern New Mex i co a s  i n  Los Al amos County .  Al though 

there i s  a l arg e amount of  l and , i ts use i s  sev erel y l im i ted by factors of topography , water av a i l ab i l i ty ,  

and ownershi p.  Ofte n dec i s i on- maki ng and coord i nat ion  i s  beyo nd l ocal control . I ncreased popul ati o n  

pressures have res ul ted i n  an i nc reased awarene s s  o f  the neces s i ty of  l and- use control s .  Prese nt l and

use conc erns center on the adverse effect of ov erpo pul at i o n  i n  area s wi th s e ns i t i v e  ecol og i c al systems 

s uc h  as forests and r iver  basi n s ,  wh i c h  are the most d es i r ab l e  fo r devel opment . There i s  no  state l and 

or reg i o nal l and- use pl anni ng auth o r i ty .  
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The hi g h  perc entage of federal - owned l and s i n  northern New Mex i c o  and the pol i cy of retai n i ng l and 
i n  fed eral owners hi p ,  s uc h  as the LASL reserv at i o n ,  has  an impact o n  reg i onal l and use . However , the 

LASL s i te repr esents o nl y 1% of the fed eral - owned l ands i n  the reg i o n .  La rge se al e changes i n  l and 

ownersh i p or use can not be anti c i pated . Federal oo pha s i s i s  on impr oved management of l and . Co nfl icts  

ar i se from l and adj acent to  ex pand i ng commun it ies  s uc h  a s  Lo s Al amos that  pl ac e dooands o n  fed eral 

l and . Devel opment may be in st rong confl i c t  wi th the l and- use pl ann i ng of the federal ag enc i e s . I n  

s ummary , po pul at io n pres s ures o n  federal l and c a n  res ul t i n  i ncrea s i n g  i nterac t i o n  by fed eral ag enc ies  

and mun i c i pa l  and county g overnment s  i n  ev al uat i ng and  s uppo rt i ng l and- use po l i c i es . Lac k  of  a utho r i ty 

a nd overl appi ng j ur i sd i c t i o ns wi l l  further impede  the dev el opment of c om pr ehens i ve growth man agement 

po l i cy in the northern New Mex i co reg i o n .  

Anothe r l and- use i ssue i n  northern New Mex i c o  i s  the revenue from fed eral l and s .  DOE ' s a s s i stance 

payments to  Lo s Al amos  County are a fo rm of compensati o n  for l as s  of property-tax revenue . 

La nd- t i t l e d i sputes have sometimes  prev ented the aggrad at i o n  of tracts  of l and of d eve l opab l e  s i ze 

i n  urban i zi ng ar ea s ,  and  may b e  s l owi ng the rate of devel opment i n  rural area s .  

Several commun i t i e s  hav e  fi n i shed fed eral - funded comprehens i ve l and- use pl ans throug h the US 

De pa rtment of Ho us i ng and Urban Dev el opment . Al l of the I nd i an pue b l os  have al so  compl eted comprehe ns i v e  

pl an s .  The Fa rmers Home Adm i n i strat i o n  has d rafted wa ter and sewer  st ud i es for many o f  the smal l er 

commun i t i e s  i n  the reg i on .  The State Eng i neer Off i c e  and the New Mex i c o  De pa rtment of Dev el opment 

have eac h pr epared Coun ty and Commun i ty Profi l e  Ser i e s  fo r each county i n  the reg i on that are v al uab l e 

ec onom i c  and wa ter reso urce pl anni ng tool s .  Lo s Al amos County , the c i t ie s  of Santa Fe , Es panol a ,  Tao s , 

and Al buquerque are  among the commun i t i e s  that have devel oped Sect i o n  201  Wastewater Fac i l ity Pl ans 

un der the US E nv i ronmental Protec t i o n  Ag ency and the New Mex ico  Env i ronmental Improvement Di v i s i o n .  

LASL has cooperated wi th nei g hb or i ng I nd i an Pueb l os wi th  reg ard t o  any ac t i v i t i e s  o r  pl anned 

act i o ns wtl i c h  m i b ht i nfl ue nce adj acent l and s .  

Lo s Al am os County i s  a moober of the North Cent ral  New Mex i c o  Ec o nom ic  Devel opment Di str ict , 

a l ong wi th R i o Arri b a ,  Tao s ,  Mora , a nd Santa Fe coun t i e s .  Th i s  org an i za t i o n  i s  al so  k nown a s  the 

No rt hern area Pl an n i ng Organ i za t i o n  and perfo rms v ar i ous  reg i o nal pl ann i ng and coord i nat i o n  efforts . 

Sandov al and Bernal i l l o  Coun ty are members of a pa ral l el org an i za t i o n ,  the Mi ddl e Ri o Grande Counc i l  

o f  Governments .  The St ate Eng i neer Offi c e  al so i s  ac t i v e  i n  reg i onal pl ann i ng .  

Lo s Al amos  and Sa nta Fe coun t i e s  are  moobers of the  Santa Fe Poj oaque Na tural Re source Conserv at i o n  

D i st r i c t .  The ent i re northern New Mex i c o  reg i on i s  a So i l  Co nserv at i o n  Serv i ce Adm i n i strat i v e  Area , 

and al so  part of the  Four Corners Ec o nom ic Dev el opment Reg i o n .  
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8 .  RELAT I ONSH I P  BETWEEN SHORT-TERM USES  AND  LONG-TERM PRODUCT IV ITY 

Efforts at  LASL a re dedi cated to i mprov i ng and gua rantee i ng  the nat i on ' s  l ong-term producti v i ty .  

Wea pons resea rch a i ds i n  a s s u ri ng  the nat i on a l  defense ded i cated t o  preserv i ng i ts pos i t i o n  a s  a s trong 

a nd i ndependent wo r l d  l eader . Energy technol ogy resea rch is  a foremost examp l e  o f  contri but i ons  

toward i mprov i ng effi c i ency o f  resource use and  devel o p i ng new energy resources to ass ure a secure 

futu re and improved q ua l i ty of l i fe .  B i omed i ca l  research contri butes to the a l l ev i at i on and better 

trea tment of  d i seases such a s  cancer .  The Laboratory ' s  use  o f  res ources must  be cons i dered in  th i s  

perspec t i ve .  

Short- term uses  o f  the l oca l env i ronment f o r  the opera t i o n  of  LASL d o  n o t  genera l l y  prec l ude 

a l terna t i ve fu ture uses . For the purposes of th i s  a na l ys i s , s hort-term i s  def i ned a s  the t ime that the 

Laboratory has ex i s ted a nd the p rojected l i fet imes o f  i ts structures and fac i l i t i e s .  Dur i ng th i s  

per i od a l terna t i v e  uses  o f  resources are  precl uded . Bas i c  uses  i nc l ude comm i tment of l a nd and  natural  

resources , and the i nvestment of human and econom i c  re sources . 

La nd u sed for structures hous i ng nuc l ea r  resea rch fac i l i t i es ca n be , and has been , returned to 

a l ternat i ve uses . I t  has been La boratory pract i ce to decontami na te and decommi s s i on excess  or obso l ete 

fa ci l i te s .  A prime exampl e  i s  the remova l  o f  s tructures used i n  the early effort of Worl d Wa r I I , and 

the reded i c a t i o n  o f  the l and to commun i ty use . The decontam i na t i o n  and decomm i s s i on i ng o f  a l l ex i s t i n g  

Laboratory faci l i t i es cou l d  b e  ca rri ed ou t ,  but  o n ly  wi th a l arg e i nvestmen t o f  human , mater i a l , and 

econom i c res ou rces . Thi s i nves tment cou l d  be m i n im i zed by conti n u i n g  the process o f  decontam i na t i ng as 

necessary and  red i recti ng the bas i c  fac i l i t i es to other uses . 

Land use  for exp l o s i ve tes t i ng wou l d requ i re decontam i nat i o n  before i t  cou l d  be con s i dered for 

unres tr icted a l terna t i ve uses . Al though it is theoret i ca l l y  poss i b l e  to return such l and to a n ea r  

natural  s ta te , i t  i s  l i ke ly  that i n  the foreseea b l e  future econom i c  a n d  prac t i ca l  cons i derat i ons  wou l d  

i nd i cate a l im i ted decontami nat ion  effo rt , o n e  that wi l l  a s s ure that rema i n i ng l ow l evel s o f  con tam i na t i o n  

present no sa fety or hea l th haza rds . Such a n  approach was taken i n  the prev i ous  c l eanup operat i o n s .  

Was te d i sposa l a reas , i nc l ud i ng zones i n  the canyons near effl uent outfa l l s  fo r rad i oact i ve l i q u i d  

wa s te treatment p l ants  a nd t h e  rough ly  0 . 2 km2 ( 50 acres ) i n  var i ous s i tes used for so l i d  rad i oact i ve 

wa s te bu r i a l , a l so  presen t  contam i nati on probl ems for unres tri cted future uses  even though the l evel s 

present no hea l th or safety prob l ems under present opera t i o na l  pract i ces . The canyon a l l u v i a l  sed i ments  

where l ow l eve l s o f  rad i oacti ve mater i a l s have been adsorbed from the trea ted effl uent f l ows cou l d  be 

remov ed a nd trans ferred to so l i d  was te bur i a l . The sed i ments that m i g ht requ i r e  remo va l  are  con f i ned 

to a few hundred meters downs tream from the outfa l l s ;  at  greater d i s ta nces the l evel s of rad i oact i v i ty 

are  l ow enough that they pose no probl em to a ny unrestri cted uses . The so l i d  waste bu r i a l  areas cou l d 

be con s i dered for return to u n re s tr i cted a l terna ti ve uses on l y  a fter expen d i ture o f  l arge s ums o f  money 

because  o f  the presence of quant i t i es o f  potenti a l l y  hazardous mater i a l s .  Some o ther uses o f  certa i n  

d i sposa l  s i tes  are poss i b l e , such a s  the two now paved over and u sed a s  par k i ng  areas . The ma i n  s i te ,  

o n  Mes i ta del  Buey , and  others wi th rel a t i ve ly  h i gh  amounts o f  rad i oact i v i ty i n  them , wi l l  be ma i n ta i ned 

under a ppropr i ate contro l s for the foreseeab l e future to prec l ude uses tha t m i g ht i nvo l ve excavat i on or 

s i g n i f i ca n t  i ntroduct i on o f  water . 
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Some short-term uses  of resources such as non-renewab l e fue l  and m i neral resources i nvo l ved in  the  

c on struc t i o n  and  operat i on of the res earch faci l i t i es must be cons i dered an  i nvestment in  l ong-t erm 

nat i onal product i v i ty .  Such consumed resources wou l d not mater i al l y  affect the present nat i o nal  pro

duct i v i ty i f  appl i ed to manufact ur i n g ,  fo r exam pl e .  Howev e r ,  i f  they contri bute to reach i ng some of 

the research nat i onal goal s ,  s uch  as cont i n ued secur i ty and greater sel f suff i c i ency i n  energy , the 

potent i a l benefi t s  coul d be substant i al . 

Short-term uses  of certa i n resources preserve potent i a l  fut ure product i v i ty.  The ma i n  aqu i fer i s  

man aged so that current use of water i s  renewabl e and wi th i n  the l i m i t s  of natural recharge .  The 

preservat i o n  of much of the l and area i n  near-wi l dernes s  state by excl u s i o n  of the publ i c  makes v i rt ua l l y  

any future u s e  po s s i b l e i f  a n d  when i t  i s  no l onger needed fo r secur i ty a n d  i so l at i o n .  The return o f  

other areas t o  more natural vegetat i on by el i m i nat i o n  o f  g razi ng h a s  res u l ted i n  i nc reased carry i ng 

capaci ty for wi l d l i fe .  

Conti nued operat i on  o f  the Laboratory ,  i nc l ud i ng proposed expans i o ns , wi l l  not change the qual i ta

t i v e  nature of short-term uses  of the env i ronment and natural resou rces . There wi l l  be some addi t i onal  

l and commi tted to  structures , a nd there wi l l  be some addi t i o na l  consumpt i on of fuel and other materi al s 

fo r cons truct i on and operat i on .  The ex i st i ng so l i d-wa ste di sposal  areas shoul d suffi ce for ant i c i pated 

operat i ons fo r at l east two decade s .  The canyon areas rece i v i ng effl uent from rad i oact i ve l i qu i d  waste 

t reatment pl ants wi l l  cont i n ue to rece i ve l ow l evel s ( onl y a few percent of appropri ate concentrat i on 

gu i des ) of cont am i nati o n ,  but at even l ower than present l evel s when propo sed process improvements are 

i ncorporat ed . These canyo ns , wi t h i n  the control l ed areas of LASL , wi l l  cont i nue to  be used as study 

areas to prov i d e  k n owl edge about l ow l evel s of rad i onuc l i d es and thei r i nterrel at i onsh i ps wi th vegeta

t i o n  and an ima l s i n  the l ocal  ecosystem s .  Present l eve l s of contami nat i on  wi t h i n the control l ed areas 

are not del ete r i o� s  to  heal t h  or safety . The l evel s are such that if i t  i s  deemed des i rab l e  i n  the  

future  to  open  the areas to unrestr i cted u se ,  prudence may d i rect the removal of some contami nated 

sed i ments wi t hi n a few hund red meters of the effl uent di scharge po i nt s .  None of the canyon areas 

further downstream i n  uncont ro l l ed areas have ever had contami nat i o n  at l evel s of any c oncern for unre

stri cted u se .  No future operat i ons  are expected to add s i g n i fi c ant l y  to s uch l ow- l evel , but st i l l 

measurab l e ,  amounts  of rad i oact i v i ty .  

The sho rt-t erm u s e s  o f  envi ronment and resources a t  LASL are cons i dered mi nor i n  rel ati on to  

potent i a l  ga i ns in  l ong-t erm product i v i ty resul t i ng from researc h .  
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9 .  ALTERNAT I VES 

Th i s  envi ronmental impact st atement has  been prepared to  s upport DOE ' s dec i s i on wi t h  res pect to  

the cont i nuat i on of the  Laboratory ' s operat i on wi th  s ome further growt h and ev o l ut i on of research 

prog rams i n  new areas but wi th a scope of act i v i ty approximatel y  the s ame as  present . The Laboratory ' s 

general m i s s i on and act i v i t i e s ,  a s  desc r ibed i n  det a i l  i n  Sect i o n  2 . 2 ,  Current Mi s s i ons  and  Act i v i t i e s ,  

are ant i c i pated t o  rema i n  essent i a l l y  the s ame . Future d i rect i ons , a s  detai l ed i n  Sect i o n  2 . 3 ,  are 

based on cu rrent pr oj ect i o n s  showi ng a 3% annual i ncrea se  i n  personnel at LAS L .  

S i nce the  Los  Al amos Sc i ent i f i c  Laboratory has  been i n  operat i on more t h a n  30 years , the  range o f  

reasona b l e  a l ternat i v e s  i s  d i fferent t h a n  f o r  an ent i re ly  new proj ect . T h e  most  reasonab l e  a l ternat i ves 

a re those t hat wou l d dec rea se  the  actual  or  potent i a l adverse envi ronmental i mpacts of cu rrent or 

probab l e futu re opera t i o n  of the fac i l i ty .  The maj or  categori es of a l t ernat i ves con s i dered are : " n o  

act i o n , "  cessati on  o r  re l ocat i on o f  prog rams , mod i fi ed future t rends , l i mi tat i o n  o f  adverse impact s ,  

a nd i nsti tut i ona l a l t ernat i ves . 

No Act i on - ---

The n o-act i o n  a l t ernat i ve ( status quo )  for the ex i st i ng Los  Al amos Sc i ent i f ic  Labo ratory means no  

ch ange from present fac i l i t i es and operat i on s ,  wi th  the consequence of no change  in  cont i nu i ng envi ron

menta l impact s .  Th i s  a l s o  means no furthe r c onstruct i on or  decommi s s i on i ng of faci l i t i e s ,  c ont i nued u se 

of resou rces at current rates , n o  change i n  empl oyment , a nd no change i n  the  general nature of work 

performed . Because of the nature of work performed , i . e . , appl i ed and bas i c  s c i e nt i f i c  research , the 

a l t ernat i ve i s  not tenab l e for more than a very short peri od.  As phases  of res ea rch  are compl eted the 

work must ch ange , freque nt l y  resu l t i ng i n  changes i n  the u se of faci l i t i es and resources . The overal l 

s i ze of the Laboratory empl oyment coul d be h e l d  const a nt and no new bui l d i ngs con structed , permi tt i ng 

research work to cont i nue by modi fyi ng ex i st i n g  fac i l i t i es to accommodate program changes .  Th i s  course 

of act i o n  wou l d  l ead to  a l i mi tat i on on the types of research and product i v i ty as  faci l i t i e s  become 

tota l l y  obs o l ete . 

Th i s  no-act i o n  al ternat i ve can  be  cons i dered t o  i ncur a cont i nuat i on  of the  present env i ronment a l  

i mpacts i n  terms o f  l and u s e ,  c on sumpt i on o f  non-renewab l e resources , rel ease o f  effl uent s , l ong-term 

comm i tment of wa ste di sposa l  a reas , a nd a s soci ated secondary impact s .  There wou l d  be no i mprovement by 

m i t i gat i o n  of impacts and t here wou l d  be some impacts that cou l d become cumul at i ve l y  l arge r ,  e . g .  t he 

amount  of l and commi tted to waste di sposal . However,  t h i s no-act i on a l t ernat i ve may be unreasonabl e 

because  i t  i s  basi cal l y  i ncompat i b l e  wi th  t he obj ect i ve s  and pursu i t  of research and i t  wou l d  not 

perm i t  the impl ementat i on of v a r i ou s  pl ans  t o  mi n im i ze envi ronmental impacts . 

Cessat i on or Re l ocat i on of Programs 

If t he cont i nu i ng and pl an ned res earch programs were compl etel y or part i a l l y  d i scont i nued or 

rel oc at ed , t here coul d be reduc t i ons  or  changes i n  c ont i nu i ng envi ronmental impacts .  The di sc ont i nu

at i on or  rel ocat i on of al l research programs wou l d make other u ses  of the s i te pos s i b l e ,  t hough not 

neces s a ri l y  feas i b l e . The di scont i nuat i o n  o r  re l ocati on of s ome se l ected programs cou l d resu l t  i n  

t he el i m i nati on of certa i n impacts a s soci ated w i t h  t hose program s .  
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Compl ete cessati on  of al l research programs i s  not  probab l e  becau se of  thei r i mport ance to  nat i onal  

pol i cy and obj ect i ve s .  Compl ete cessat i on  of research on nuc l ear weapo ns  wou l d reduce fut ure i mpact s 

and wa ste bur i al requ i rements .  Research on nucl ear weapons consti tutes a maj or po rt i on of work at LASL 

and i s  an essent i al el ement of nat i o na l  secur ity .  Such work has a cont i nu i ng nat i onal  commi tment by 

the Congres s .  R esearch on vari o u s  energy technol og i e s ,  from mag net i c- and l aser-fu s i o n  proces se s  to  

so l ar  and  geot hermal sources  and  improved powe r transmi s s i o n ,  a l s o  has  a h i gh nat i onal pr i ori ty .  Thus , 

compl ete cessati on  of al l programs at LASL woul d resu l t i n  some l os s  of research and devel opment i n  

areas  of nat i ona l need . 

Compl ete rel oc at i on of al l research programs wou l d al most total l y  el i m i nate envi ronmental  i mpacts  

at the  LASL s i te  without tota l  l os s  of  the  benef i t s  of  research .  However ,  such re l ocat i on wou l d not be 

w i thout cos t .  Smal l part s  o f  current operat i on s  coul d b e  moved to  other DOE l aboratori es wi thout 

expan s i o n  of the i r  fac i l i t i e s .  But most research i s  c l osel y t i ed to  maj or LASL faci l i t i es that wou l d 

h ave  to be moved t o ,  or  reprod uced at , other s i te s  to permi t cont i nuat i o n .  Many of the  spec i al fac i l i 

t i es , s uch a s  the Meson Phys i c s  F aci l i ty ( LAMPF ) ,  PH ERMEX , a nd the tandem Van  d e  Graaff , wou l d b e  both 

d i ffi cu l t and cost l y  to rel ocate or rebu i l d . Research l aborator i es , the  new Pl uton i um Proces s i ng 

F ac i l i ty ,  a nd the l arge off i c e  bu i l di ngs  coul d not be moved , yet have l ong rema i n i ng econom i c  l i fet ime s .  

T h e  cost o f  re l ocat i ng or rebu i l di ng faci l i t i es wou l d b e  muc h h i gher t h a n  the ori g i nal cost . Addi 

t i ona l l y ,  the aba ndonment o f  many ex i st i ng fac i l i t i e s  wou l d i ncur costs for decont am i nat i o n  befo re 

a l t ernat i ve uses  or co sts  fo r demol i t i o n  and s i te restorat i o n .  Decontami nat i o n  i s  a pa i nstak i ng and 

expens i ve proce ss  that i s  not norma l l y  undert aken  l i ght ly  or  before a fac i l i ty has reached the end of 

i t s  econom i c  l i fet ime .  For exampl e ,  a l aboratory-w i d e  pl anni ng effo rt has tentat i ve ly  i dent i f i ed near ly  

20  decontami nat i o n  or decomm i s s i on i ng proj ect s  that may be requi red i n  the  next 1 0  years  w ith  a n  esti mated 

t otal cost of about $ 1 2  mi l l i on .  The obj ect i ve s  range from decontami nat i on suff i c i ent for al ternat i ve 

prog rammat i c  u ses of ex i st i ng fac i l i t i e s  to compl ete decommi s s i on i ng and remova l permitt i ng unrestri cted 

a l t ernat i ve u ses .  Compl ete decontam i nat i o n  and decommi s s i on i ng of  the  ent i re phy s i cal  pl ant coul d run to  

t he hundreds of  m i l l i ons  of  dol l a rs .  Some rad i oact i ve waste di sposal  areas may be too costl y to decont ami 

nate suff i c i en t l y  t o  al l ow unrestr i cted u se .  Exhumat i o n  technol ogy wou l d need t o  b e  devel oped t o  as sure 

su i tabl e decontami nat i o n  of buri al  s i te s .  At the new s i tes there wou l d be envi ronmental costs of new 

con struc t i on as wel l a s  the resource consumpt i on and effl uent di scharges present l y  at Los  Al amos .  

Th u s ,  t h e  remova l  o f  LASL act i vi t i es to  other l ocat i ons  wou l d  merel y tran sfer env i ronmental costs  to 

ot her l ocat i on s .  Al though rec on struc t i on mi ght l ead to  some reduced impact s at the  new s i te i n  compari

son  w ith  present operat i ons , the  equi val ent expend i ture on improvement s to  the ex i st i ng s i te and  faci l i t i e s  

woul d b e  more produc t i v e .  

The bene f i t s  deri ved from remova l o f  res earch programs from L o s  Al amo s  b y  e i ther termi nat i on o r  

rel ocat i on wou l d b e  part l y  dependent on  t h e  new u s e s  o f  the ex i st i ng faci l i t i es and s i te .  The advantages 

of returni ng the s i te to i t s  former u ses of sma l l subs i stence farms and ranches , and po s s i b l y  a school 

or resort ,  a re dub i ou s .  The l i mi ted water supp ly  precl udes s i g n i f i cant agri cul t ural product i on .  The 

So i l Conserva t i o n  Serv i ce does not cons i der the  s i te to  i nc l ude  any prime agr icu l tural  l and . Recrea

t i onal  opportu n i t i es affo rded by the Labo ratory are al ready ava i l abl e i n  s urrou nd i ng Bandel i er 

Nat i onal  Monument and Forest Serv i ce l and s .  The present economi c base o f  Los Al amos Cou nty wou l d  be 



9-3 

removed , a nd most peopl e i n  re s i dence wou l d  probabl y have to move , resu l t i ng i n  a ghost town . Removal  

of the Labo ratory wou l d  del ete at l east $ 5 1 5 mi l l i on annual l y  i n  personal  i ncomes and ot her Lab- rel ated 

expend i tures from the New Mex i c o  economy .  Addi t i ona l l y ,  the envi ronmental envel ope for rad i oact i ve waste 

c ont a i nment at LASL has been shown to be effect i ve and safe ( Sect i on 3 . 3 . 3 ) .  The wa ste burden protect i on 

s u i ta b i l i ty at future al ternat i ve s i tes i s  not known . 

I f  the s i te and faci l i t i e s  were decontam i nated but not demol i shed there c ou l d be some al ternat i ve 

uses . Some types of rel ati vel y l i ght i ndustry mi ght be abl e to us e the faci l i tes , a l though there are 

seri ous  l i m i t at i o ns on  water ava i l ab i l i ty and on tran s portat ion  access that wou l d l i m i t  poss i b i l i t i e s . 

There wou l d probab l y  be  no fewer i mpact s of resource cons umpt i o n ,  l and u s e ,  and effl uent rel ease , 

except rel eas e of sma l l q ua nt i t i es of rad i oact i v i ty wou l d cease and the ri s k  of ac c i dent i al rel eases 

wou l d be el i m i nated . I n  fact , ma ny i ndu str i es mi ght have a l arger impact because of i ndustr i al wastes  

a nd l arge r  cons umpt i on of ene rgy and water.  A change of empl oyee compos i t i on cou l d have a s i g n i fi c ant 

i mpact on  the peopl e l i v i ng i n  the are a .  For exampl e ,  a product i on  i ndustry c ou l d requ i re � l arge r 

proport i o n  of s k i l l ed workers but fewer sc i ent i fi c  and engi neeri ng personne l , resul t i ng i n  di s l ocat i on 

of many present res i dent s .  

A n  academ i c  i n st i tuti on  s uch  a s  a moderate- s i ze un i vers i ty mi ght use some of the exi st i ng faci l i 

t i es .  However , becau se of the great proport i o n  of l aboratory fac i l i t i es and h i gh l y  speci al i zed re search 

equi pment many cha nges wou l d be req ui red . The scattered l ayout of faci l i t i es wou l d not be wel l s u i ted 

to the normal  pattern of un i vers i ty i nteract i o n .  Th ere i s  i ns uffi c i ent and i nappropri ate hou s i ng to 

meet the needs of a un i vers i ty .  The envi ronment al  i mpact s wou l d be s i m i l ar to present cond i t i ons wi th 

the except i o n ,  ag a i n ,  of l esser  or el i m i nated rel ease of smal l quant i t i es of rad i oact i v i ty .  The soci o

econom i c  costs and benef its  wou l d  not ch ange drasti cal l y .  

Ot her pos s i b i l i t i e s  i nc l ude a governmental admi n i strat i ve center o r  expanded res i d ent i a l u se .  

However ,  t he l ocat i o n  i s  probab l y  too i so l ated and  most faci l i t i e s  are i nappropri ate for  a gove rnment 

center .  Expanded res i dent i a l  u se wou l d  be pred i cated on  greater empl oyment oppo rtun i t i es i n  Los Al amos  

than  are present l y  provi ded by
" 

DOE ope rat i on s .  I t  i s  i nconcei vabl e that L o s  A l amos cou l d funct ion  as a 

res i dent i a l  suburb fo r Al buquerque , the nearest commerc i al and i ndustr i al center of any s i ze ,  about 1 00 

road m i l es ( 1 60 km )  away . Some res i dent s  of Los  Al amos  do  commute to Santa Fe  fo r wo rk . 

I n  s hort , al t ernat i ve uses  of the s i te do not appear to be s i g n i f i cant l y  better.  The removal of 

Laboratory programs from Los Al amos wou l d  mean a great economi c l os s  i n  terms of faci l i t i es that st i l l 

have product i ve l i fe t i mes and a great l os s  of human re sou rces i n  terms of the many sc i ent i f i c  teams 

assemb l ed to conduct re searc h .  Any a l t ernat i ve uses wou l d requ i re cons i derab l e  cost to recond i t i on the 

s i te  and wou l d probabl y resu l t  i n  no fewer or l esser  envi ronmental impacts . 

The term i nat i on or rel oc at i on of se l ect ed prog rams or faci l i t i es coul d reduce or el i m i nate some 

env i ronme nt al i mpacts of the cu rrent ope rat i ons wi thout compl ete l os s  of benefi t s .  Wi thout attempt i ng 

to cover al l po s s i b i l i t i es ,  some of the most s i g n i fi c ant programs or faci l i t i e s  i n  terms of contri bu t i on 

t o  cu rrent envi ronme nt al  i mpacts wi l l  be d i scu s sed brief ly  as exampl es . 

The l a rgest quant i t i es of pl uton ium i n  effl uent s ,  b ot h  a i rborne and l i qu i d ,  resu l t from a vari ety 

of research prog rams carr i ed out i n  the Chemi st ry and Met al l urgy Research B u i l d i ng .  Th ese a i rborne 

effl uents have al ways been control l ed by fi l trat i on  to meet appropr i ate g u i del i nes , and total quant i t i es 

have been substant i a l l y  reduc ed i n  recent years due to augmentat i on of f i l t rat i on systems . Th e l i qui d 
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wastes are treated at the  Central Waste Treament P l ant and have met appropri ate gu i del i nes . Nonethe

l es s ,  a l l effl uents and contami nat ed so l i d  wastes generated by effl uent t reatment wou l d be el i m i nated 

by termi nat i ng the research and convert i ng the bu i l di ng to some ot her purpo s e .  The net resu l t wou l d 

be el i mi nat i ng  the rel ease of about 40 �C i of pl uton i um i n  a i rborne effl uents ( approx i matel y 58% of 

the  t otal LASL a i rborne pl uton ium effl uent ba sed on 1 976 data ) a nd about 8 mC i of pl uton i um i n  l i qu i d  

effl uents ( approxi matel y 90% o f  t h e  t otal  LASL l i qu i d  pl uton i um effl uent based o n  1 9 76 dat a ) . I f  the 

research programs were moved el sewhere , the  rel eases wou l d presumably be cont i nued at ab out the  same 

l evel  but i n  another l ocat i on .  I f  the research programs were termi nated these impacts  wou l d be 

el i m i nated but there wou l d  be maj or impa i rment of work on  wea po n s  programs  and on  programs rel ated t o  

power reactor safety , pl utoni um-based thermoel ect r ic  generators for appl i cati ons  rang i ng from pace 

makers to  s pace veh i c l es , a nd ba s i c  chemi stry and metal l urgy researc h .  The benefi t s  of these programs 

are cons i dered va l u abl e and there a re al t ernat i v es for reduc i ng rad i oact i v i ty i n  effl uents  other than  

program termi nat i on .  Some of these a l ternat i ves  wi l l  be c overed bel ow. 

On e of the l a rges t ·  sources of ext ernal penet rat i ng rad i at i on i s  the Cr i t ica l  As semb ly  Fac i l i ty ,  

where h i gh i ntens i ty rad i ati on  fi el ds  are produced for ext remel y short peri ods .  The faci l i ty i s  l ocated 

adjacent to Paj a r i to Road , a DOE-owned road that t raverses  the Laboratory s i t e  and i s  normal ly open t o  

the general publ i c  for passage to  a n d  from Wh i t e  R ock . At the  edge of the roadway near the faci l i ty , 

ext ernal penet rat i ng radi at i on doses of a s  muc h a s  1 1 20  mrem/yr i n  1 9 76  ( about 1 000 mrem/yr above the 

ave rage background of about 1 40 mrem/yr)  a re recorded . Trave l ers al ong the road may be exposed t o  some 

fract i o n  of t h i s  i ncrement ( s ee Sect i on 4. 1 . 3 for d i scu s s i o n )  i f  they happen  to pass  the s i te when an 

experi ment i s  i n  progres s .  I f  u se of the fac i l i ty we re d i scont i nued , o r  i f  the faci l i ty were rel ocated 

fa rt her from the road , the potent i al for exposure wou l d be el im i nated or  reduced . However,  other obv i ou s  

a l t ernat i ves wou l d cost much l es s  and achi eve the s ame res u l t .  Some o f  the these a re d i scussed bel ow . 

S im i l ar con s i derat i ons and argument s appl y to the Meson Phys i c s  Faci l i ty ( LAMPF ) and to the Van  de 

Graaff acce l erator.  

The new Pl uton i um P roces s i ng Faci l i ty c ompl eted i n  1 9 79 wi th muc h more modern fac i l i t i e s  i s  a 

g reater di sta nce from the town s i te  and a i rport wh i ch has  precl uded the potent i a l  for some rel at i ve ly  

c onsequent i a l  acci dent s .  T h e  new faci l i ty reduces  the  rout i ne rel eas es of rad i oact i ve effl uent , t h u s  

mi n im i z i ng cont i nu i ng envi ronment al  i mpact s .  I t  mi ght have been phys i c a l l y  pos s i b l e  t o  re l ocate such a 

new fac i l i ty at a d i fferent DOE l aboratory ,  but th i s woul d impa i r  the i nt eract i v e  contact between sc i en

t i sts . I t  wou l d  s i mpl y t ransfer the impact and ri sk to another a rea . 

The Meson Phys i c s  F ac i l i ty ( LAMPF ) i s  the l argest consumer of energy , account i ng for about hal f of 

the el ectr ic  powe r expended at LASL ( FY 76 ) ,  a nd a maj or  sav i ngs  i n  energy wou l d be rea l i zed by d i scon

t i nu i ng i t s  u se .  I f  i t  were rel oc ated anywhere el s e  i n  the  country the powe r con sumpt i on wou l d be the  

s ame , s o  there wou l d  be  no  change from a nati onal  perspect i ve .  Thu s  t h e  expendi ture o f  energy i s  a d i rect 

cost  fo r the benef its  of research performed at LAMPF . Th i s  research i nc l udes ba s i c  phys i c s  as we l l  a s  

s pec i f i c  appl i cati ons  rang i ng from ca ncer therapy to  weapo ns  devel opment , many of  wh i ch can be carri ed 

on  concurre ntl y .  The expend i ture of energy , wh i l e  l arge , i s  effi c i ent . 

Open dyn am i c  experi ments wi th  h i gh expl os i ve s  are an  uncontrol l ed source of a i rborne contami nants 

i nc l udi ng tox i c s ubstances such a s  mercury , beryl l i um ,  l ead , and urani um ( see Sect i on 4.  1 . 2 for deta i l s ) .  
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Al though the se are not bel i eved to cause a d i scernab l e impac t off- s i t e ,  i t  wo ul d be pos s i b l e  to el im i nate 
even the potent i al for impact by d i sc o nt i n u i ng th i s  type of experiment i n g  at LASL.  One al tern ati ve  

wou l d be  to rel oc ate s uc h  work at  an even  more remote area s uc h  a s  the  Nev ad a  Te st S i te .  Th i s  woul d 

requi re the rel oc ati o n  or repl i c at i o n  of the fl ash  rad i og raphi c fac i l i ty ( PHERMEX ) to der i v e  ful l 

i nfo rmat i o n  fran the ex pe rime nts . Carryi ng out such exper iments at a d i fferent l ocat i o n  wa ul d red uc e 

the effi c i ency o f  i nterac t i o n  between theoret i c al and ex perimental sc i e nt i st s  wo rki ng on rel ated researc h .  

Com pl ete el i m i nat i o n  o f  the exper imentat i o n  i s  not a prac t i c al opt i o n  b ec ause o f  i t s  essent i a l pl ace i n  

d efi n i ng propert i e s  o f  mate r i al s .  Excl us i v e  rel i ance o n  com puter s i mul ati o n  and theoret i cal model s to 

repl ace actual ex per iments waul d unaccept a b l y  r ed uce  the qual i ty of  i nformat i o n .  A techn i c al al ternat ive  

i n  the fo rm of contai nment of  experiments wi l l  be  d i scussed bel ow . 

Modi fi cat i on of F uture T rends - --- ---

The propo sed act i o n  i s  conti nued operat i o n  of LASL wi th g rowt h i n  em pl oyment of ab out 3% a year  up 

to  a max i m um  Fu l l  Ti me Equi val ent ( FTE )  l evel  of ab out 7 , 500. Th i s  i s  an i nc rease of ab out l , 500 over 

the ( FY  7 7 ) empl oyment of 6 , 000. Th i s  i nc rea se is pred i cated on the l i ke l y  expan s i o n  or  add i -

t i o n  of certai n researc h prog ram s .  The no- act i o n  al tern at i v e  d i scussed earl i er wa s defi ned as no 

change in e i t her empl oyment or  prog rams fr an the prese nt . The pos s i b i l i ty of el i m i nat i o n  of the 

Labor atory h a s  al so been d i scussed conc ept ual l y .  

However , o the r pa tterns o f  g rowt h can b e  cons i dered . These i nc l ud e accel erated growt h  a t  a rate 

hi gher than  3% a yea r ;  reach i ng a pl atea u or  cont i n ued g rowt h to a l arger max i m um empl oyment . A f i nal 

categ ory wa ul d be a g rad ual red uc t i o n  in total empl oyment . 

Any of the se al tern at i ves , a l though d i scus sed i n  terms of empl oyment , wo ul d change prog rammat i c  

ac ti v i t i es s uc h  a s  prog ram emphasi s ,  combinat i o ns o f  prog rams  pursued , or  speed o f  compl et i on .  Any 

maj or dev i ati o ns fr an the pr opo sed act i o n  wo ul d probab l y  b e  t i ed to s ub stant i v e  c hanges i n  nat i o nal  

po l icy  mad e at the co ng ressi o nal or ex ec ut i v e  l ev el s of  fed eral gov ernment . As s uc h ,  s pec i fi c  po s s i b i l 

i t i e s  can not b e  el uc id ated because of the ir  uncertai nty . But ,  some b road specul ati o ns can b e  mad e .  

Fo r exampl e ,  i t  i s  conc ei v ab l e  that a maj or new federal l y  s upported prog ram t o  devel op new e nergy tech

nol og i es at a fa ster pace  coul d l ead to rapi d expan s i o n  of at l east some LASL research ac t i v i t i e s .  A 

conso l i d ati o n  of we a po ns rese arch prog rams at LASL caul d l ead to a s i g n i fi c ant expans i o n  of many research  

acti v i t i es .  On the other hand , conso l i d a t i o n  o f  we apo ns work a t  another l ab or atory coul d l ead t o  a 

r ed uc t i o n  at LASL.  

These pos s i b l e  changes d o  not gua rantee a reduc t i o n  of env i ronmental or human ri s k  potent i al per se . 

Fo r exampl e ,  a c hange to no nnuc l ear research prog rams may c arry potent i a l  haza rds  of another sort , s uc h  

a s  the heavy metal s or  orga n i c s  po l l ut i o n  wh i c h  cause r i s k  potent i a l s i n  i nd us try . Wh i l e  premature 

decomm i s s i o n i ng and decontam i nati o n  d ecreases  the bur i al burden at LASL , c o nt i n ua t i on of the prog ram 

at al tern at i v e  fac i l i t i e s  woul d i nc rease the wa ste burden at the new s i te s ,  t h us d i s pl aci ng not eras i ng 

ri s ks .  

Wi tho ut a m ore ac cur ate fo recast of fut ure nat i o nal  po l i cy d ec i s i o ns , i t  i s  i m poss i b l e to ident i fy 

effects  o n  LASL prec i sel y ,  a l tho ug h  certai n type s  of i m pacts can be  ident i fi ed . Add i t i o nal  growt h ,  

e i t her at a fa st er  pace o r  to h i g her max im um empl oyment l ev el s , waul d i nd uc e  b oth pr imary and second ary 

impac t s . Th e pr imary i m pacts v10ul d i nc l ud e  those of new c onstruc t i o n  and add i t io nal l and use . There 

i s  am pl e devel opab l e s pace  fo r a moderate g rowt h wi thout caus i ng maj or impacts  on total propo rt i o n  of 

l and used or g reatl y d i sturbi ng wi l dl i fe hab i ta t .  Th e Lab oratory ' s l ong- range pl ann i ng efforts have 

ident i fi ed l and area s s u i tab l e  for d eve l opment that woul d perm i t  cons id erab l e  expans i o n  of  fac i l i t i e s .  
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Pos s i b l e  growt h pl ans  wou l d be tempered , however , because a ny expans i o n  wou l d l i ke l y  i ncrease 

consumpti on of water and energy res ources in  c l ose propo rt i o n  to the numbe r of empl oyees .  

Waste  di s posal  req ui reme nts wou l d al s o  i ncrease;  but  effl uents mi ght not necessari l y  i ncrease because 

of bette r control and treatme nt . New c onstruct i on a nd i ncreases i n  empl oyment wou l d  add greater 

econom i c  i nput to  the reg i on .  

Secondary i mpacts o f  accel e rated or  hi gher max imum l evel s o f  g rowt h wou l d  be t i ed c l os el y t o  

hou s i n g  and publ i c  servi ce requi rements . Hou s i ng i n  the L o s  Al amos area i s  i n  short supp ly  because of 

recent growt h .  Acce l erated growt h wou l d pl ace even more pressure on the exi s t i n g  ma rket and cou l d  push  

pr i ces even h i gher .  Wate r  and  energy use , a s  wel l as so l i d  and  l i qu i d  waste  di spo s al for the commun i ty , 

wou l d i nc rease more or  l ess  i n  proport i o n  to total popul at i on .  The rate of g rowth wi l l  l arge l y  determ i ne 

the  d i ffi cu l ty i n  deal i ng wi th these probl em s ,  but pl ann i n g  i s  underway that wou l d  perm i t  expan s i o n  of 

c ommu n i ty s i ze and mun i c i pa l  serv i ces . 

L i m i tat i on of Adverse I mpacts 

Th e modi fi c ati on of l aborat o ry proced ures or  faci l i t i es wi th the  object i ve of reduci ng the 

envi ronmental  impact from present research operat i ons  can be accompl i s hed product i ve l y  and 

economi cal l y .  New faci l i t i es are now b e i n g  des i gned wi th more attent i o n  t o  envi ronmental con s i derat i ons  

than seve ral years  ag o .  B as i c  mech ani sms operate at LASL w ith  the goa l  of i dent i fyi ng and deal i ng w ith  

potent i a l and real probl ems before they i ncur s i g ni f i cant i mpact s .  One maj or  thru st i s  i n  the re v i ew 

of new proj ect propo sal s by a ppropri at e  grou ps i n  the Heal th  D i v i s i on and E ng i neeri ng Department , wh i c h  

i nc l ude t h e  Qua l i ty Assurance Program rev i ews o f  proj ect s i n  t h e  des i gn stag e .  These systemat i c  

rev i ews i dent i fy potent i al probl ems and suggest a l t ernat i ves o r  appropr i ate  m i t i gat i ng act i ons befo re 

work progres ses .  For any new propo s al s i nvo l v i ng hazards or unusua l  ri sks , a formal Safety Anal ys i s  

Report i s  undertaken t o  ens ure that adeq uate attent i on i s  g i ven  to potent i a l probl ems .  The sec ond 

maj or  thrust i s  the ong o i n g  envi ronment al  surve i l l a nce program des i gned to  document act ual  performa nce 

and detect trends that coul d i nd i cate the devel opment of unde s i rab l e  cond i t i o ns so  that correct i ve 

measures can be i n i t i ated befo re s i g n i fi c ant i mpacts  occu r .  

Several b a s i c  approaches to  impl ement i n g  reduct i ons i n  env i ronmental impact are funct i on i ng or  

pos s i b l e  at LASL . These i nc l ude repl acement of faci l i t i es to perm i t  cont i nued operat i o ns wi th great er 

s afety and bette r envi ronment al  control s ,  appl i cati on  of new or d i ffe re nt technol og i es to  ex i st i ng 

operat i ons , a l t erat i on of procedures , c on serva t i o n ,  a nd l ong-range coordi nated s i te pl ann i ng . Several 

exampl es of these approaches that have been undertaken recent l y  or that are bei ng con s i dered are 

di scus sed bel ow. 

A pr ime exampl e of faci l i ty repl acement i s  the new Pl uton i um Process i ng Faci l i ty .  It wi l l  both 

reduce rou t i n e  rel ea ses and ri sk of acci dent s .  The o l d faci l i ty c ou l d not be  ec onomi cal l y  upgraded to 

meet recent requ i rements fo r fi re protec t i o n ,  vent i l at i o n ,  fi l t rat i on ,  rad i at i on protect i o n ,  a nd protec

t i on from natural di sasters such as tornado or earthquak e .  The total proj ect cost wa s over $ 75  m i l l i on 

and i ncorporated the most rel i ab l e  des i gns  for mi n i m i z i ng rout i ne rel eas es a nd the probab i l i ty of an 

acc i dent al  rel eas e .  A i r fi l t rat i on equi pment wi l l  keep emi s s i ons  so  l ow that depo s i t i on of pl uto n i um 

i n  so i l s  i n  the  v i c i n i ty shou l d not be detectab l e  above l eve l s occurri ng from wo rl dwi d e  fal l out .  The 

bu i l d i ng and emergency protect i on systems wi l l  ensure contai nment wi t h i n  the structure of  the effect s 

of any c red i b l e  cri t i cal i ty acci dent or  fi re .9 - l  As noted earl i er ,  the s i te of the new fac i l i ty ,  

wh i c h  i s  now operat i onal , i s  further from the town s i te and the a i rport , thereby the ri sks  from th i s 

operat i on are reduced . 
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Another fac i l i ty repl acement currentl y  pl a nned i s  t h e  i ndustri a l  waste sewer that co l l ects l i qu i d  

wastes contam i nated w i th toxi c materi al s o r  rad i oact i v i ty from several  tech n i ca l  areas and t rans ports 

them to the Central  Waste Treatment P l ant . The current i nsta l l at i on  i s  o l d  and of obso l ete construct i on 

for hazardou s  wastes .  Two l eaks from the l i ne i n  1 9 74 ( wh i ch were c l eaned up  wi th  no l asti ng i mpact ) 

focused attent i on on the probl em and l ed t o  temporary measure s .  The repl aceme nt l i ne wi l l  i ncorpo rate 

doub l e  cont a i nment wi th  prov i s i o n  fo r fl ow and l eak mon i tori ng to reduce the probabi l i ty of future 

s pi l l s  to  a techno l ogi cal  mi n i mum. The enti re proj ect , wh i ch i nc l udes  prov i s i on for removal  and 

decontami nat i on of the o l d l i ne ,  i s  esti mated to  co st approx i mately $ 1 2 . 5  mi l l i on .  

I mprovements t o  exi st i ng faci l i t i es for control o f  effl uent s  have resu l ted i n  substant i a l  decreases 

i n  the  quant i ty of a irbo rne pl utoni um dur i ng the l ast  several years . A recent l y  c ompl eted improvement 

was the upgrad i ng of the a i r f i l t rat i on system for th e Chemi stry and Metal l urgy Research ( CMR ) l aboratory 

bu i l d i ng .  The rep l acement of the o l d a i r  f i l t rat i on systems des i gned i n  the  early 1 950 ' s wi th  doub l e  

stage H i g h  E ff ic i ency Part i c u l ate Ai r ( HEPA ) f i l ters reduced the amount of pl utoni um rel eased by a 

factor of about 2 00 from 7 , 900 mC i i n  1 9 72 t o  about 40 mC i i n  1 97 6 .  Th i s  i mprovement cost approxi mate ly  
$ 3 mi l l i on .  S imi l ar i mprovements we re made i n  the rel eases from the present pl uton i um process i ng 

fac i l i ty ,  and those rel eases wi l l  be further reduced when the  new P l utoni um Process i ng Faci l i ty i s  

compl eted . Such improvements al s o  i l l u strat e the i s sue of co sts versus  benefi t s  for further l im i t at i ons 

of re l eases . The rema i n i ng l argest source of a i rborne pl u toni um re l ease i s  from one wi ng of the CMR 

bu i l d i ng that emi tted about 28 mC i i n  1 9 76 .  Th i s  rel ease was about 4 1 %  of the Laboratory total  ai rborne 

pl uton i um effl uent i n  1 9 7 6 , t hough fi ve years ago wou l d have been l es s  than 0 . 5% of the total . To 

i nsta l l HEPA f i l t rat i on i n  th i s  wi ng wou l d  cost an esti mated $ 1 m i l l i on .  Thus  t he margi nal  costs of 

further c l eanup necess i t ate con s i derat i on a l ongs ide  other i mport ant i mprovements that cou l d  be made for 

an equi va l ent expend i ture . 

Maj or  i mprovements to the l i qui d waste treatment fac i l i t i e s ,  i n  add i t i on to the i ndustri al sewer 

l i ne repl acement al ready d i scu s sed , have been proposed and are i dent i f i ed for probab l e  fundi ng i n  FY 

8 1 . Several  supp l ementary processes  i nc l ud i ng raw waste f i l t rat i on ,  i on exch ange , carbon ads orpt i o n ,  

and effl uent evaporat i on are t o  b e  added by faci l i ty add i t i ons  t o  the Central Waste Treatment Pl ant . 

The suppl ementary processes  as we l l  as s ome changes i n  operat i ng procedures are expected to reduce the 

vari ous  rad i oacti v i ty c ontents of the  pl ant effl uent by factors of as much as  20 ( see Sect i on 4 . 1 . 1 . ) 

from current va l ue s .  Th i s effl uent wi l l  then be di rected t o  a seri es of so l ar evaporat i on ponds to  

compl ete ly  e l imi nate the di sch arge of  t reated i nd u stri a l  effl uent i nto  Mortandad Canyo n .  There wi l l  be  

some i ncrease in  the amount and rad i oact i v i ty content of resu l t i ng so l i d  res i du e s ,  wh i ch wi l l  be  bur i ed 

at the so l i d  rad i oac t i v e  wa ste di sposal  s i te and there wi l l  be some atmos pheri c d i spersal  and di l ut i on 

of tri t i um .  Th i s  med i a  t rade off i s  preferabl e because t here wi l l  be a n  el im i nat i on o f  add i t i on s  t o  

t he canyon system s ubject to  env i ronmental  trans port and d i spersal . The cost of t h e  l i qu i d  waste 

treatment system u pg rad i ng i s  est i mated at approxi mately  $ 1 4  mi l l i on .  

Another exampl e o f  a faci l i ty mod i f i cat i on that coul d reduce effl uents i nvo l ves  the  decontami nat i on 

of an o l d  now-unu sed tr it i um g l ovebox l i ne .  B u i l di ng vent i l at i on requi rements for occupat i o na l  safety 

h ave resu l ted i n  the rel eas e of about 2000 Ci a year of tri t i um ( rough l y  34% of the total  LASL ai rborne 

t ri t i um rel eases in 1 976 ) . The decontami nat i on and removal of th i s  equi pment wou l d  e l i m i nate the 

effl uent and wou l d free some present l y  unusab l e  l aboratory s pace . Th i s  decontam i nat i on operat i on 
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began i n  earl y 1 9 79 and i s  expected to be compl eted by m id-summer of 1 9 79 . E st i mated cost when com

p l eted wi l l  be about $300 thousand .  Decommi s s i on i ng and decontami nat i o n  proj ect s are repo rted i n  

the Env i ronmental Surve i l l a nce re po rt s ;  the  most recent act i v i t i e s  are documented i n  Ap pend i x  H .  

Nuc l ear react i ons wi t h  a i r cause t he l argest rad i at i on doses ( cal cu l ated ) t o  members of the pub l i c  

from Laboratory operat i ons . Argon-41 , a rad i oact i ve nob l e gas , i s  rel eased by t h e  Omega West re search 

reactor , l ocated i n  Los Al amos Canyon  j u st south of the ma i n  town s i t e .  It i s  produced by neutron 

act i vat i o n  of argon prese nt i n  the reactor a i r .  To reduce these emi s s i ons , a l l pl aces i n  the reactor 

where pract i cabl e were seal ed to  prevent a i r i nf i l trat i on .  Carbon di ox i de i s  i nj ected to  red uce t h e  

amou nt o f  a i r prese nt i n  the  reactor.  S i nce t h e  reactor i s  l ocated on t h e  canyon fl oor ,  vent i l ated 

gases are exhausted th rough a p i pe up the s i de of the canyo n and then up  a 46 m ( 1 50 ft ) stack on the 

top of Mes i ta  del  Buey .  The tran s i t  t i me th rough th i s vent i l at i on system is  about one hour;  th i s  

add i t i o na l  del ay al l ows for decay of the 4 1 Ar ( hal f- l i fe 1 . 8 hours ) . These measures have reduced the  
4 1 Ar emi s s i o ns . 

The effl uents res pons i b i l e fo r t he h i ghest probabl e exposure to the publ i c  i n  Los  Al amos are the 

sh ort- l i ved i sotopes 1 1 c , 1 3
N ,  a nd 1 3o em i tted from LAMPF operat i ons . Ai r l eaks i n  sh i el di ng around 

the  target areas and beam chan nnel s cause act i vated a i r  to  d i ffuse from these areas i nto  experi ment al  

a reas . To prevent experi mental  probl ems and un necessary personnel  exposure ,  a nd a l so  t o  determi ne any 

sou rce-term , the a i r i n  the target areas and beam channel s i s  exh au sted through a stack . 

There i s  an ongoi ng program at LAMPF t o  reduce th i s  source-t erm .  Tops of target cel l s  have been 

sea l ed w ith  l a rge sheets of metal . Cracks are bei ng seal ed w i th  pol yurethane foam . Ai r vo l umes around 

target cel l s  may be abl e to  be reduced . I sotope product i ons target s to  be i nstal l ed i n  the beam stop 

area wi l l  further reduce a i r  vo l umes . W i t h  a better exhau st capab i l i ty ,  i t  is ant i c i pated , exhaust 

ve l oc i ty may be reduced , a l l owi ng for l onger decay t i mes pri or to  rel ease of exhaust gases .  Thus , 

pos i t i ve steps are be i n g taken to reduce publ i c  exposure as far bel ow the l i m i t s  as i s  pract i cab l e .  

I n  some cases the reduc t i o n  o f  actual o r  potent i al env i ronme ntal impacts wou l d  req u i re s ubst ant i ve 

changes i n  research procedu res , i n  contrast to modi fi cati ons that can be made to the  fac i l i t i es i n  

wh i ch research i s  conducted wi thout any part i cu l ar conseque nce fo r the research i tse l f .  One i mportant 

exampl e of t h i s type of s i t uat i on i s  the use of uncont a i ned experiments wi th  h i gh expl os i ves i n  materi al s 

research . The dyn am i c  experiments permi t the eval uat i on of propert i es of materi al s for vari ous  eng i neeri ng 

programs . Data are col l ect ed by a vari ety of means i n c l ud i ng f l ash rad i ography and compl ex el ect ron i c  

sens i ng .  Deto nat i on of the  h i gh  expl o s i ve di sperses toxi c materi al s s uch as mercury ,  beryl l i um ,  l ead , 

and urani um i nto the atmos phere and onto the ground around the f i ri ng po i nt ( see Sect i on  4 . 1  . 2  for data  

on atmos pheri c rel ea ses ) . I t  wou l d be tech nol o g i cal ly  feas i b l e  t o  perform al l such exper i ments i n  a 

cont a i nment vessel  so that no rel eas es wou l d re su l t from the detonat i ons . Th i s  woul d requi re some new 

faci l i t i es and some changes i n  the procedures . Data col l ect i on by rad i ography wou l d be more d i ffi cu l t ,  

and some o f  the advantages of the PHERMEX fac i l i ty i n  part i cu l ar  wou l d  be l ost . The t i me req ui red for 

the experi ments wou l d be i ncreased by as much as a factor of two . The extra t i me wou l d i n  part be 

req u i red for more d i ffi cul t set up i n  confi nement vessel s and for cl eanup of the vessel s ,  after each 

use . Because no d i l ut i o n  of f i ne part i c u l ates wou l d occur i n  the ves sel con s i derab l e  care wou l d be 

requi red from an oc cupat i onal heal th standpo i nt .  The bas i c  approach has  been shown feas i b l e  and i s  i n  
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fact used for some experiments when p l uton i um i s  i nv ol ved.  The addi t i ona l  t i me requ i red to conduct al l 

experiments i n  cont a i nment has  seve ral imp l i cat4 ons .  The most impo rtant  i s  that i t  wou l d  stretch out 

the  t i me requi red for eng i neeri ng programs by about two years over the current three- to  fi ve-ye ar 

peri od . Anot her pos s i b i l i ty wou l d keep the overal l eng i nee r i ng period the same by expans i on and con

s truct i o n  of new faci l i t i e s  that wou l d perm i t  wo rk on  d i ffe rent expe r iments to  proceed i n  paral l el .  An 

addi t i ona l  upgrad ed PHERMEX-type fac i l i ty wou l d perm i t  test set up and c l eanup operat i ons to proceed 

concur rent l y .  Such a faci l i ty i s  rough l y  esti mated to  cost in the tens of m i l l i ons  of dol l a rs and 

wou l d  requ i re a s i x- to  ei ght-ye ar  l ead t ime to  become operat i onal . Th us , wh i l e  techn i c al l y  po s s i b l e ,  

the  e l i m i n at i o n  of some ai rborn e effl uents that have produced no d i scernab l e  effects and the el i m i nat i on 

of some cont i nu i ng contam i nati on of rel at i ve ly  sma l l l a nd areas wou l d be q u i te cost l y  when compared to  

t he rel at i ve  env i ronment al  and human  ri sk potent i a l . 

Conservat i o n  can be appl i ed to vari ous type s of resource consumpt i on .  Some type s o f  conservat i o n  

c a n  b e  effect ed by c hanges i n  operat i onal pract i c es , others wou l d requ i re some i n i t i al i nvestment to 

real i ze ga i ns .  Water and energy use are the maj or  areas i n  wh i ch conservat i on pract i ces coul d reduce 

conti nu i ng impacts . 

Wate r from the  DOE s uppl y  sys tem i s  d i str ibuted approxi mate ly  o ne-th i rd to Laboratory uses  and 

two-th i rds to  the commun i ty .  There are some d i rect water sav i ng measures that have been and coul d be 

empl oyed by l ab operat i ons ; i mpo s i ng conservat i on measures on the commun i ty i s  more compl ex .  W i th i n 

the  l ab i t  has  been a pract i c e  to l i m i t  the use of l ands c ap i ng  that requ i res wateri ng . A Southwe st  

styl e of l andscapi ng , empl oyi ng rock s and grave l , has  even  been used t o  repl ace some areas  prev i ou s l y  

i n  l awns .  Cool i ng cont i nues  to b e  a maj or  u s e  o f  water i n  Laboratory operat i on s .  A n  est imated 1 2% of 

total  Laboratory-u sed wate r goes to once-through non-cont act cool i ng .  Th i s  water i s  di scharged wi th 

on ly  the  addi t i o n  of some heat . An apparent conservat i o n  measure wou l d  be to  repl ace once-through 

c oo l i ng systems wi th  reci rcul ati n g  heat exchanger systems or  refr i gerat i on systems . I n  most i n stances , 

i t  i s  not po s s i b l e  to use a i r  cool i ng because the m i n im um requ i red temperatures are l ower than s ummer 

a i r  temperatures . The trade off i s  that these other cool i ng methods woul d i nv o l ve s i g n i fi c ant capi tal 

expend i ture s .  Addi t i o na l ly  some of t he once-through cool i ng i nvo l ves  numerous  rel a t i v e l y  smal l 

Laboratory c oo l i ng appl i cat i ons  s uch  as condensers . Such appl i cat i ons  are often not amenabl e to be i ng 

connect ed to central i zed c h i l l er  sys tems , a s  program needs are cons tant ly  chang i ng .  However,  c ool i ng 

water use i s  rev i ewed and changes made whenever  appropr i ate  to l im i t  once-through use both as a water 

conservat i on measure and to l i m i t  l oads on wa ste-water t reatment systems . The re-use  of effl uent from 

the san i tary sewage t reatment pl ant serv i ng the ma i n  tech n i cal  area ( see Sect i on 3 . 3 . 1 ) for makeup water 

i n  the cool i ng towers of the powe r pl ant i s  an exampl e of an effect i ve conservat i o n  measure . 

E nergy c on se rv at i o n  potent i al  encompasses a range of poss i b i l i t i e s  from i mprovements and mod i fi c a

t i ons  i n  exi st i n g  faci l i t i es to d i ffe rent methods of construct i on and energy s upp ly  i n  new fac i l i t i e s .  

E xamp l es o f  energy c ons ervat i on measu res taken to  date i nc l ude the addi t i o n  o f  exten s i v e  i ns u l at i o n  to 

t he new P l uton i um P roces s i n g  Faci l i ty ,  some reduct i o n  i n  l i ght i ng ,  and  repa i r  and ma i ntenance of 

faci l i t i e s  to m i n im i ze unnecessary l os se s .  A new fac i l i ty ,  the Nat i o nal  Securi ty and Resources St udy 

Center , deri ves a maj or  fract i o n  of i t s  energy for heati n g  and cool i ng from so l a r  col l ecto rs . Addi t i ona l  

meas ures fo r energy conservat i o n  i n  the future are  the s ubj ect of  a maj or study . Prel im i nary eval u at i ons 
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i nd i cate the potent i a l  for total energy savi ngs of approxi mately 20% over present l y  proj ected uses  by 

1 9 85 .  The conserva t i o n  measures bei ng cons i d ered i nc l ude i mproved i n su l at i o n ;  changes i n  heat i ng ,  

venti l ati ng , a nd ai r cond i t i on i ng sys tem equi pment and operat i on ;  h i gher effi c i ency l i ght i ng and 

moto rs ; u se of waste energy from process  heat i ng ;  a nd a vari ety of  smal l er improvement s .  The capi tal 

a nd operat i ng costs of such modi fi c ati ons  al so  wi l l  be eval uated . 

On  a Laboratory-w i d e  basi s ,  mi n im i za t i on of i mpacts i s  a maj or fa ctor i n  the l ong- range pl a nn i ng  

conducted by the Laboratory .  A ma ster pl an i s  be i n g devel oped to prov i de a coord i nated ba s i s  for 

determ i n i ng l and u se .  As ma ny el ements as po s s i b l e are bei ng cons idered i n  th i s  pl a nn i ng  effo rt such  

a s  topography , s i te geol ogy ,  t ransportat i o n ,  ex i st i ng wa ste-hand l i ng systems , energy and water req ui re

ments , a nd secu r i ty .  Th i s  pl anni ng wi l l  hel p to ens ure that fut ure Laboratory devel opment m i n i m i zes  

i mpacts  and  take s ful l advantage of ex i st i ng i nstal l at i ons . 

I n st i tu t i onal  Al ternat i ves 

Some types of env i ronmental impac ts  coul d be affected by i nst i tuti onal act i o ns . The range of 

po s s i b i l i t i es i s  wi de  and i n  many cases woul d prov i de admi n i strat i ve l y  s i mpl e ways of avoi d i ng or 

m i n i mi z i ng actual  or potent i a l env i ronmental impact s .  A few poss i b i l i t i es are outl i ned here.  

Potent i a l  ex posure of members of the general  publ i c  from rad i at i o n  near the Cr i t i cal As sembl y 

Fac i l i ty ,  t he Van  de Graaff acce l erato r ,  a nd LAMPF coul d be reduc ed or el im i nated by c l os i ng the  road s 

run n i ng acro s s  the s i t e  to publ i c  acces s .  Th i s  woul d requi re addi t i o n a l  manned entrance gates at the  

La boratory bounda ri es . There  wou l d be a substant i al effect on tran sportat i on patte rns , forci ng more 

traffi c onto the state roads  and resu l t i ng i n  i nconveni ence fo r many res i dents of the area . 

Some tran s po rtat i on-rel ated impacts coul d be affected by adm i n i strat i ve act i o n .  An impl ementat i o n  

of mass  tran s i t  fo r Laboratory em pl oyees i n  the l ocal  res i d ent i a l  areas coupl ed w i t h  park i ng cont rol s 

or  ot her i ncenti ves to encourage car pool i ng coul d reduce gasol i ne cons umpt i o n  and the associ ated 

rel ease of atmos pheri c pol l utant s .  

Conservat i o n  o f  water m ight b e  ext ended i nto the real m o f  commun i ty u s e  by mod i fi c at ions o f  the 

contract under wh i c h  DOE s uppl i es wa ter to Los Al amos County . One po s s i b i l i ty wo ul d be to requ i re a 

stron g l y  prog res s i ve rate structure that wou l d be des i g ned to l im i t  hi gh consumpt i o n .  H i g h  consumpt i o n  

i s  a part i c u l ar  prob l em i n  summer months when extens i ve wateri ng o f  home l a ndscap i ng pus hes the l i m i t s  

o f  capa c i ty of  the water s uppl y sys tem . 

Add i t i o na l  sa l e of DOE-control l ed l and coul d ease some of the pres sure on hou s i ng by prov i d i ng 

more deve l opment opportun i t i es .  Rel ease  of l and i s  purs ued on a cont i nu i ng bas i s .  J udgment i s  careful ly  

exerc i sed to be  cert ai n that suc h  l and is  trul y excess  to Laboratory operat i on s .  

Reference 

9-l U . S .  Atomi c Energy Commi s s i o n , " Env i ronmental Statement : P l utoni um Fac i l i ty ,  Los  Al amos 

Sc i ent i fi c  La boratory ,  New Mex i co , " WASH-1 507 ( J a nuary 1 9 72 ) .  
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1 0 .  ENV I R ONMENTAL TRADE -OFF ANALYS I S  

Th i s  d i scuss i o n  i s  founded l argel y i n  qual i t at i ve  and ph i l osoph i c al tenns  s i nce  i t  i s  i m po s s i b l e 

to set quant i tat i ve  val ue s on the benefi t s  of nat i onal  defense or the unc erta i n po tent i a l  of b a s i c  

re searc h .  I t  woul d b e  presum ptuous to  try t o  set an econom i c  val ue on  the cumul ati v e  and ex pected 

re s ul ts  of  nucl ear wea po n s  research as they b ene fi t the nat i onal  defense po st ure . A strong nucl ear 

c a pab i l i ty i s  a matter of nat i o na l  po l i cy , and the Lo s Al amos  Sc ient i fi c  Laboratory has h i sto r i c al l y  

pl ayed an important rol e i n  carryi ng out that po l i cy .  Un i que fac i l i t i e s  a t  Lo s Al amos , s uch  a s  the 

Cl i nton  P .  Anderson Meson  Phys ic s  Fac i l ity ( LAMPF ) , prov i d e  worl d-w i de usefu l  too l s .  

Other maj or areas i n  wh i ch benef i t s  have been o r  are ex pected t o  b e  real i zed on a nati onal  scal e 

by the  propo sed cont i n ued operat i o n  of the Laboratory i nc l ude the devel opment of a l ternat i v e  energy 

resources and a ppl i ed energy techno l ogy , b i omed i c al and env i ronmental researc h ,  a nd phys i c al researc h .  

Detai l s  of  prog ram goal s wi t h i n  these areas a r e  g i ven  i n  Chapter 2 .  Part i cu l arl y i mpo rtant pr ograms  

i nc l ude tho se deal i ng wi th l aser- i n it i ated fus i o n ,  l aser i sotope se parat i o n ,  secur i ty of  nuc l ear 

mater i al s , v ar ious  a spects  of fi s s i on  reactors , s pac e nuc l ear systems , mag net i c  fus i on ,  geothennal 

energy resources , so l ar energy resources , c ryogen ic  energy storage and transm i s s i o n  technol ogy , recovery 

of nuc l ear materi al s ,  b i omed i c al research i nc l ud i ng rad i ob i ol ogy and cancer detec t i o n  and treatment , 

env i ronmenta l  stud i e s  emphas i zi ng the behav i or of rad i onuc l i d e s  i n  terrestr i al eco sys tems , wa ste 

management technol ogy ev al u a t i o n  and d evel opment , and bas i c  researc h i n  n uc l ea r ,  mol ecul ar , a nd mater i al s 

sc i enc e .  If  the g oal s o f  such research are real i zed the benefi t s  wo ul d encompa s s  i nc rea sed sel f

s uffi c i ency o f  energy resources , mai ntai ned or improved qual i ty o f  l i fe , a nd red uc t i o n s  of env i ronmental 

impact throughout th e nat i on .  

On a l ocal sc al e ,  benefi t s  are econom i c al l y ,  phys i c al l y ,  a nd soc i al l y  s i g n i fi c ant . A t otal 1 978 

payrol l of about $ 1 90 mi l l  ion i s  a substant i a l po rt i o n  of  househo l d i ncomes i n  north- central New Mex i c o .  

Muc h of  t h e  1 1 1-km2 ( 2 7 , 500-acre) l and area reserv ed for Laborato ry u s e  funct i ons  a s  a wi l d l i fe 

and archaeo l og i c  preserve b ecause of the excl u s i o n  o f  the general publ i c  for secur i ty and sa fety reaso n s .  

Ce rta i n  area s used fo r grazi ng i n  pre-Laboratory t imes  are reg ai n i ng carryi ng capac i ty for wi l d l i fe .  

Em pl oyment by the Laboratory and rel ated act i v i t i e s  has prov i d ed s i g n i fi c ant oppo rtun i t i es for i n d i v idua l s 

c o n s i d ered as nat i onal m i nor i t i e s ,  d ral'm fran s urround i ng commun i t i e s .  The pre se nc e of the Laboratory 

h a s  made po s s i b l e  certai n h i gher ed uc at i o n  oppo rtun i t i e s  i n  conj unct i on wi th the Un i vers i ty of New 

Mex i c o .  

Ten s  of  thousand s  of  man-years and hund red s o f  m i l l i on s  of  d ol l ars hav e al ready b een i nve sted i n  

e stab l i shi ng the Laboratory and conduct i ng  i t s  researc h prog rams  to date . The ex i st i ng phys i c al pl an t 

h a s  an est imated re pl acement v a l ue o f  $870 m i l l i o n , wi th  most fac i l i t i e s  hav i ng many u seful years 

remai n i n g .  To tal Laboratory- rel ated empl oyment FY 78 was ab out 8 , 000.  Total federal l y  funded ex pend i t ures  

rel ated to the Lo s Al amos  Proj ect in  FY  78 were about  $ 3 2 5  m i l l i o n  i nc l ud i ng LASL , Zi a ,  LAC I ,  EG&G , and 

the LAAO. Fut ure expan s i o n ,  e s pec i al l y i n  energy-rel ated research area s ,  cou l d requ i re sub stant i al 

i ncreases i n  em pl oyment , o perat i n g  bud gets , a nd fac i l i t i e s .  

Pr i nc i pa l  commi tments of  natur al reso urces i nc l ud e l and , water , n atural ga s ,  a nd el ectr i c i ty .  The 

124  maj or Labor atory st ruc t ures  are l ocated i n  3 1  desi g nated techn i c al area s wi th i n  the 1 1 1-km2 
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{ 2 7 , 500-acre)  s i te reserved by the fed eral gov ernment for LASL.  On l y  a smal l port i o n  of the total 

l and area i s  d evel oped ; most of  it i s  l es s  tang i b l y  u sed to prov ide  i so l at i o n  for sa fety and sec ur i ty .  

L i m ited l and areas are c ommitted to toxi c  c hem i cal  and rad i oac t i v e  wa ste d i sposal ; i t  may never be  

prac t i c al to  return these areas to un restr icted al ternat i v e  use . Ot her area s have  l ow l evel s of  

rad i oact i v e  or  tox i c  mater i al contami nat i o n  resu l t i ng from test  act i v i t i e s  or wa ste d i s po sal . These 

a reas woul d probab ly  have to be  decontam i nated shoul d i t  be  d eemed desi r ab l e  to rel ease them to 

un restr i c ted al tern a t i v e  us e s .  Water for Laboratory and commun ity use  is  prod uc ed from fed eral l y  

owned wel l s  pe netr at i ng a deep g round water aqui fe r .  Total produc t i o n  i n  1 978 was about 5 .  7 X 1 06
m

3 

( 1 .  5. x 1 09 
gal ) ; about 35% wa s used by the Laboratory , w i t h  the bal ance sol d to Lo s Al amos  County .  

Natur al gas  i s  purcha sed from pr i vate ut i l i t i e s .  Total con sumpt i o n  i n  1 978 wa s about 102  x 1 0
6

m3 

{ 3 . 59 x 1 0
9 

ft3 ) ; ab out hal f wa s used to operate the federal l y  owned el ectr i c  generat i ng pl ant ,  

about 20% wa s d i str i buted i n  the town s i te  by the County , and  the bal ance wa s used d i rectl y by the 

Lab oratory . To tal Laboratory consumpt i o n  of  el ectric i ty i n  1 978 wa s about 310 x 1 06 kwh . Ab out 

30% of the el ect r i c i ty wa s prod uc ed by the generat i ng pl ant ,  the bal unce wa s purchased . 

Env i ronmental costs are i ncurred as a re sul t of manag i ng wa ste s .  Some l and areas a re' comm i tted 

to sol id-wa ste bur i al and storag e .  Some rad i oact i v i ty i s  rel eased to the env i ronment i n  fi l tered 

gaseous  effl uents or treated l i qu i d  effl uents . 

Al l rel eases are contro l l ed  to a s sure that rad i at i o n  expo sure to ind i v i d ua l s and popul at i o n  g roups 

wi l l  be  l im i ted to th e l owe st l evel s tech n i c al l y  and econom i c al l y  pract i c ab l e .  The max imum i nc rement 

of  expo sur e ,  r esu l t i ng from LASL  o perati o n ,  l i ke l y  to be rec e i v ed by an  i nd i v idual  in the general 

publ i c  in Lo s Al amos , i s  about 3 . 8  mrem/yr or about 1% of the DOE Rad i at i on Protec t i o n  Standard . The 

ent ire  po pul at i o n  of Lo s Al amos  Co unty rec e i v ed an e st i mated i ncrement of rad i at i on expo s ure o f  about 

0 . 4 4% more than attr i butab l e to natural backg round . 

Other secondary env i ronmental costs are at l ea st i n  part attr i butab l e  to the prese nc e of the 

Labor atory . These have to do  wi th  l and and other n atural resources commi tted to the res i d ent 

commun ity.  Los Al amos , Wh i te Rock , a nd Paj ar i to Ac res have  a combi ned est i mated 1 978 popul ati o n  of  

about  1 9 , 600 ,  the  maj or ity b ei ng empl oyees of  the Laboratory and  the i r  fam i l i e s .  About 6 , 400 ac res 

are he l d  by pr i v a te owners or the County o f  Lo s Al amos .  

These l argel y short-term commitments and  uses  of the  natural resources and  the  l ocal env i ronment 

of  Los Al amos  are cons id ered mi nor i n  rel at i o n  to the demonstrated and expected l ong-term benefi t s  

real i zed from s uc h  g oal s a s  m a i ntai n i ng nat i o nal  secur ity , better and more sel f- s uffi c i ent use of 

energy resources , i ncrea sed understand i ng in areas  of ba s i c  researc h ,  a nd improv ed qua l i ty of  l i fe 

through b i omed i c al re search .  

W i th reference to  some of the  al ternat i v e s  con s i dered i n  Ch a pter 9 . 0 ,  a further compari so n 

of costs , r i s ks ,  a nd benef i t s  can be s ummar i zed . The  al tern at i v e s  of e i ther compl ete or part i al 

term i nat i o n  of the Laboratory c o ul d onl y b e  impl emented at great cost . The cost i nv ol v ed woul d be 

the l os s  of  the benef i t s  of the research to the nat i o n .  The resul t i ng benefi ts  woul d i nc l ud e onl y 

the el i m i n at i o n  of rel at i v el y m i nor and cantral l ed env i ronmental cost s .  I n  e i ther c ase , t he eco nom i c  

costs to the l ocal reg i on wa u l  d b e  severe through l as s  of empl oyment , a nd there wa ul d b e  maj or nonpro

duc t i v e  co sts  to the nat i o n  fo r un real i zed use o f  ex i st i ng ex pe n s i v e  fac i l i t i e s  wi th  remai n i ng usefu l  

l i fetimes , fo r extens i ve deco ntam i nat i o n  and  demol i t i o n ,  a nd po s s i b l y  for  ex pens i v e  reconstruc t i o n  of  

new fac i l i t i e s .  
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Impl ementat i o n  of al tern at ive  act i o n s  to  red uc e the env i ronmental impac t s  of certa i n  Laboratory 

operat i o n s  cou l d i n  most c a se s  ach i ev e  the same env i ronmental b enefi t s  a s  term i nat i o n  or rel ocati o n ,  

wi t h  m uc h  l ower costs  and n o  l os s  i n  produc t i v i ty .  Some of  these a l ternati v e s ,  s uc h  a s  repl ac ement 

of the  P l uton i um P r oc es s i n g  Fac i l i ty and the i nd u st r i al wa ste sewe r ,  u pg rad i ng the Ce ntral Wa ste 

Trea tment P l ant , further c onservat ion  of energy and wate r ,  and decontam i nat i on of  the tr i t i um g l ove  

b ox l i ne , were d i sc u ssed in  Chapter 9 and  are  summar i zed i n  Tab l e 1 0 -1 . Each s uc h  al ternat i v e  must 

be i nd i v i dua l l y  c o n s i d ered a s  to i t s  m on i tor i ng and env i ronmental cost effec t i vene s s .  Several of 

them are act i vel y b ei n g  pl anned and wi l l  be impl emented i f  fun d i ng i s  made ava i l ab l e . Others a re 

o nl y  formul ated as conc ept ua l po s s i b i l i t i e s  and wi l l  have to rec e i v e  further st udy to determ i ne 

desi r ab i l i ty o r  c o st effec t i venes s .  

In  s ummary , t h e  an t i c i pated benefi t s  o f  t h e  propo sed cont i n ued operat i o n s  a t  the Lo s Al amos 

Sc ient i fi c  Laboratory si t e  a p pear  to be g reat . Cont i n ued operat i on wo ul d reta i n  the b enefi t s  of 

research and rea l i ze the ful l u se of  ex i st i ng un i que i n stal l at i o ns wh i l e  m i n im i zi ng s pec i fi c  

env i ronmental costs through  s ui tab l e improvements i n  proc ed ures and fac i l i t i e s .  
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TABLE 10-1 

SUMMARY OF PLANNED AND POTENTIAL MIT IGATING MEASURES TO REDUCE 

ENVIRONMENTAL IMPACTS OF THE PRESENT LASL OPERATIONS , FY 1 9 7 8  

Alternative 

Rep lacement of Plutonium 
Processing Facility 
( comp leted in 1 9 78)  

Replacement o f  Industrial 
Waste Sewer 

Install HEPA f ilter on 
one wing of CMR Building 

Upgrading of Central 
Was te Treatment Plant 

Decontamination of 
Tritium Glove Box Line 
( comp l eted in 1 9 7 9 )  

Decrease Release of 
11c ,  13N ,  and13o from 
LAMPF 

Change from Uncontained to 
Contained Dynamic 
Experiments 

Full Energy Conservation 

Limit Public Access t o  
Roads Traversing S i te 

Encourage Wa ter Conserva
tion in Community by Change 
in Rate Struc ture 

Mass Trans i t / Car Pooling 

Bene fit 

Reduction of risk f rom accident ; 
reduc tion of some airborne 
radioac cive effluents 

Vir tual elimina tion of potential 
for leak or spill of untreated 
radioac tive l iquid waste , removal 
of existing contaminated line 

Eliminate release of approxi
mately 28 �Ci/yr of airborne 
p lutonium ( 41% of 1976 total) 

E l iminate release of approxi
mately 90% of radioac tive 
l iquid effluent 

Elimination of airborne 
release of approximately 
2 000 Ci/yr of Trit ium ( 3 4 %  
of 1976 total) 

Reduce effluents causing 
largest estimated incremental 
radiation dose . maximum about 
4 mrem/year . 

Eliminate some airborne 
release o f  uranium and 
heavy me tals , eliminate 
fur ther land contaminat ion 

Reduce energy consump tion by 
20% f rom proj ected usage by 
1985 

Reduce or e liminate increment 
of external radiation dose from 
accelerators and critical assem
b lies , es timated at <1 mrem/year 
for regular traveler 

Reduced water consump tion 

Reduced gasoline consump tion ; 
reduced atmospheric emissions 

Approximate 
Cost 

�5 mi llion capital 
co st 

$12 . 5  million capital 
cost 

$ 8 . 7 million cap i tal 
cost 

No unique costs 
s ince sealing cracks 
will be covered by 
operational budge t .  

Increase t ime required 
for exper imentat ion 
unacceptably 

or 
Ten ' s  of millions of 
capital cost in dup li
cated facilities to 
permit work in parallel 

Under continuing 
imp lentation ; some large 
cap ital costs expected 
for upgrading exis ting 
fac ilities 

Operating cost for 
addit ional guard stations ; 
inconvenience for local 
res idents 

Admini strative 

Not evaluated ; some 
cap ital and operational cost 



l l - 1 

1 1 .  COMMENTS 

On J une  27 , 1 9 78 ,  the  Department of Energy ( DOE )  i ss ued for publ i c  rev i ew and c omment a Draft 

Env i ronment al St atement ( D E I S )  that assessed the env i ronmental impact a s soci ated wi th the current and 

c ont i nu i ng act i v i t i es at the Los Al amos Sc i ent i fi c  Laboratory .  Comment l etters were rece i ved from 

15 i nd i v i dua l s and organ i zat i ons wh i c h  are reproduc ed in Appe nd i x  I of th i s  document . The subs tant i ve 

c onc erns ra i s ed i n  the wr i tten comments pe rta i ned to : ( 1 )  the m i ss i on and l ocati on  of the Laboratory ,  
( 2 )  the b i ol ogi cal behav i or of rad i onuc l i d es , ( 3 ) wa ter s uppl y for Los  Al amo s ,  ( 4 )  wa ste management , 
( 5 )  acc ident  anal ys i s ,  ( 6 ) rad i ol ogi cal doses and dose i nterpretat i ons , ( 7 )  rad i oact i ve materi al s i n  

t he env i ronment , ( 8 ) transpo rtat i on of rad i oact i ve materi al s ,  a nd ( 9 )  addi t i ona l  detai l s  des i red . The 

fo l l owi ng di scu ss i on  has been prepared to c l ari fy and summar i ze the areas of s ubstanti ve conce rn wh ich  

we re ra i sed and to i nd i cate the general nature  of the mod i f i c ati ons  wh i ch have  been made i n  the  E I S  i n  

res po nse thereto . 

1 .  M i s s i on and L ocat i on of the L aboratory 

There we re several comments request i ng that the E IS i nc l ude an eva l uat i on of the env i ronmental 

effects of nuc l ear wa r ,  t he des i gn and test i ng of nuc l ear weapons , and that it general l y  be  expa nded 

so as to addres s the U . S .  Nuc l ear Weapo ns  Program. One comment i n  part i c u l ar  requested a more deta i l ed 

anal ys i s  of the envi ronment al  i mpacts of cl os i ng or rel ocati ng the Laboratory .  

Th i s  env i ronmental impac t  s tatement was prepared t o  prov i d e  i n put fo r dec i s i o n s  on  t h e  cont i n ued 

operat i on of DOE ' s Los Al amos Sc i ent i f i c  Laboratory .  Nuc l ear we apons research and devel opment , wh i c h  

i s  c onducted i n  s upport of U . S . nuc l ear weapons requ i rements , has  been and cont i nues to  b e  a pr i nc i pal 

m i s s i on of LASL operat i o n s .  Req u i rements fo r nuc l ear we apo ns  are imposed on DOE by Cong res s and the 

P resi dent as part of the ove ral l nati onal defense po l i cy .  The scope of the E I S ,  t herefo re , i s  l im i ted 

to addres s i ng the s i te s pec i fi c  envi ronmental impact s  of LASL operat i ons  and does n ot i nc l ud e  assess i ng 

the potent i al envi ronmental i mpacts of U . S .  po l i cy to devel op and test nuc l ear we apons . 

The opt i ons of termi nati ng or compl etel y rel ocat i ng the Laboratory are not cons idered real i st i cal l y  

ava i l ab l e .  Accord i ng l y ,  the di scu s s i o n  o f  t h e  envi ronmental consequences fo r these al ternat i ves  has 

been l eft somewh at general in scope . A more deta i l ed or  s i te-s pec i fi c  treatment of the Laboratory 

rel oc at i o n  al ternat i ve i s  not cons i dered j u s t i fi ed .  Rath er ,  the empha s i s  was l eft on tho se al ternat i ves  

that  c oul d be con s i dered feas i b l e ,  a l be i t  subject to the  d i rect i ons  of Congres s fo r fund i ng ,  a nd that 

offe r potent i �  for m i n im i z i ng or  el i m i nat ing  ad verse impac ts of conti nued operat i o ns . 

2 .  B i o l og ica l  Behav i or of Rad i onucl i des 

A n um ber of comments  fo cu sed on  the General B i ol o g i cal  Behav i or of rad i onucl i d es po rt i on of 

Sect i o n  4 . 1 . 3 ,  wh ich  i s  a bri ef s ummary of background i n fo rmat i on on  the effects of rad i onuc l i d es 

i n  b i o l og i cal orga n i sms  i n c l ud i ng man.  The comments suggested a number of more current references , 

some pub l i s hed after  the DE IS , a nd ampl i f i c at i ons  to avo id  mi s understand i ng s .  

Su i tab l e  changes we re made i n  the text and appropr i at e refe rences were ad ded i n  thi s sect i o n  

a nd the sect i o n  o n  acci dent s .  
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Comments and que st i o ns were rai sed wi th reg ard to the i ss ue s  of adequacy of future water supp ly  

for Lo s Al amo s ,  effects on the  qua nt i t_y and  qual i ty of the  g round \'later aqui fe r ,  and  effect s  on the 

R i o  Grande r i v er a s  a co nsequence of cont i n ued or i nc rea sed pumpage of wel l s  for the Laboratory and 

commun ity water suppl y .  

Add i t i o na l  i nformat i o n  on the geohydrol ogy of  the area , d ata fr001 test wel l s  at a d i stance fr001 

the pumped f ie l ds , e l ab orat i o n  on  the rel ati o ns h i p between  pumped g round water and rec entl y acqui red 

s urfac e water ,  a nd u pd ated u se trend s were i nc l ud ed i n  Sec t i o ns 3 . 1 . 2 ,  3 . 3 . 1 ,  4 . 1 . 1 ,  and  4 . 3 . 1 .  

I n  s ummary , g i ven  the e st imated t h i c kne s s  of the fresh  water aqui fer ( about 1 200 m or 3 900 ft ) and 

d rawd01�n of 1 e s s  than 1 m (3 ft ) s i nee 1960 at a d i stance of several km fr001 the pumpi ng fi el d s ,  t he re 

i s  v i rtual l y  no  i nd i c at i on of phys i c al effect on the aqui fe r  on a reg i onal bas i s .  The s urface water 

av a i l ab l e  fr001 Los  Al amos  wi l l  be useful to offset any effect on the R i o  Grande from i nc rea sed pumpage 

i n  the future .  Reduc ed consumpt i o n  of water duri ng the l ast two years l ed to an annual  rate for 1978 

that wa s about 30% l owe r than in 1976 .  Th us , the  proj ect i o ns made i n  the  DE I S  now  appear too  h i g h  and 

it i s  l i ke l y tha t the phys i c a l l y  and l ega l l y  av a i l ab l e water wi l l  suffi ce for several decades  un l ess  

d rast i c  unant i c i pat ed changes  i n  g rowth oc cur . Detai l ed  d ata on  the  qual i ty of s urfac e and g round 

water i s  i nc l ud ed in the new Ap pend i x  H. 

4 .  Waste Management 

The wi d e  vari ety of  quest i ons  reg ard i ng manag ement of rad i oact i v e  wa stes at LASL general l y  f i t  

i nto three subc ategor i es : add i t i o na l  deta i l o n  operat i o n s , env i ronmental cond i t i o ns  a n d  effects 

rel ated to current and hi stor i c  wa ste d i sposal , and pl an s for future management of sol i d  wa ste 

d i sposal  or retr i evab l e  storag e a re a s .  

Many changes , add i t i ons , u pd ates , a nd new refe rences were i ncorporated i nto Sect i o n  3 . 3 . 3  a nd 

othe r appropr i at e  port i o ns of the text reg ard i ng l i qu id , so l i d , a nd a i rborne rad i oac t i v e  wastes . The 

port i o n  of Sec t i o n  3 . 3 . 3  on sol i d  wa ste s wa s compl etel y rev i sed to avoid  some a p pa rent co nfus i o n  

i ntroduc ed by the pr ior  org a n i za t i o n  o f  t h e  d i sc u s s i o n .  Add i t i o ns we r e  made t o  i nd i c ate the extent 

of the cont i n u i ng env i ronmental and technol ogy d evel opment st ud i es  cond uc ted at LAS L ,  e spec i al l y  i n  

rel at i on to so l i d wa ste manag ement . Refe rences to numerous pub l i c l y  av a i l ab l e  report s  d ocument i n g  

the deta i l ed resul t s  o f  suc h stud i es we r e  added . Add i t i o na l  deta i l o n  t h e  nature  a n d  l ocat ion  o f  

c urrent l i qu i d and a i rborne rel eases , a nd the i r  a s soc i ated env i ronmental conseque nces , has  been 

i ncorporated i nto th e document by add i t i o n  of the 1 978 mon itor i ng report for LASL as Append i x  H. 

Future pl ans  for manag i ng sol i d  wa ste d i s po sal  area s are now under study.  Th i s  maj or effort , 

i n i t i ated after the DE IS  wa s pub l i shed , wi l l  exam i ne al l a spect s of hi storic  and current sol i d  

wa ste d i sposal areas at LASL i n  an effort to formul ate and ev al uate al ternat i v e s  that  range fr001 

cont i n ua t i o n  of present prac t i c es to var ious  eng i neered improvements and po s s i b l e  ret r i eval  of some 

prev i ous l y  bur i ed wa st e s .  It  i s  ex pected that th i s  effort wi l l  take several years t o  compl ete and 

wi l l  i nc l ude extens i v e  co n s i d erat i o n  of env i ronmental consequenc e s  of suc h  al ternat i v e s .  

One area o f  part icu l ar concern ex pres sed by some commentors rel ated t o  the l im i ted amount o f  

i n format i o n  reg ard i ng wa ste d i s po sal pract ices a t  LASL duri ng the 1940s and earl y 1950s . Some of the 

word i ng in the DE IS  coul d have been i nterpreted to i nd ic ate that there wa s no i nformat i o n  at al l 

av a i l ab l e  for c ertai n pe ri o d s  wi th the impl i c at i o n  that there m i g ht be numerou s  un known l ocat i o ns 
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conta i n i ng rad i oac t i ve wa stes . Th i s  i s  not the case .  There are suffi c i ent record s and hi sto r i c  

d ocuments fran the earl y years  o f  t h e  Laborato ry t o  ident i fy the areas used for wa ste d i s po sal and 

the general nat ure  of wa stes pl aced i n  the area s .  I t  i s  often true that fo r such area s there i s  no  

deta i l ed docume nta t i o n  o n  the  prec i se amounts , form s , a nd l ocat i on of the rad i oact i v e  wa stes wi th i n  

these d i spo sal  area s .  However , these  l im i tat i o ns o n  records d o  not detract materi al l y  fran our 

understa ndi ng or an al ys i s  of the a s soci ated env i ronmental impact s .  Env i ronmental mon i tor i ng data 

i s  av a i l ab l e  to i nd i cate the sat i sfactory c ontai nment of  sol i d  wa stes ,  o r ,  i n  the c ase of former 

l i qui d waste d i spo sal areas , res id ual  env i ronmental l evel s that are l ow enough to precl ud e the 

i nference of  any s i g n i fi c ant , or even meas urab l e ,  d ose i ncrements . More i nfonnat i o n  i s  desi rab l e ,  

and i s  c urrent l y  b e i n g  col l ected by the cont i n u i ng wa ste manag ement research and fut ure al ternat i ves  

stud i es ,  t o  ens ure the best po s s i b l e  dec i s i o ns regard i ng act i o ns that  may be desi rab l e  to prec l ude 

or res po ns i b l y  l im i t  potenti al l ong-term co nseque nce s .  

5 .  Acci dent Analys i s  

Comments o n  the acc ident anal ys i s  i n  the DE IS ( Sect i o n  4 . 2 ) i nc l ud ed reque sts for h i sto r i c  

i nformat i o n , addi t i o na l  deta i l  regard i ng bases for i n d i v idual acc id ent eval uat i o ns , and respo n ses  

to  acc i d ent s i nc l ud i ng emerg ency pl ans and  decontami nat i o n  proced ures . 

The acc i dent sect i o n  wa s upd ated to refl ect changes i n  proced ures and fac i l i t i e s  that have 

el i m i nated the po s s i b i l i ty of  some acc idents prev i ous l y c o n s i d ered . New desc r i pt i o ns we re i nc l uded 

of the scope of standard ope rat i ng procedures des i g ned to reduc e the po s s i b i l i ty of acc i d ents and of 

the range of emergency response pl ans  i nc l ud i ng means  for coord i nat i ng wi th the l ocal gov ernment . Some 

add i t i o nal  i nformat i o n  on hi st oric  acc idents , more detai l ed  bases for eval uat i on s , a nd decontam i n at i on 

procedures and cost s were i ncorpo rated by b rief s ummary and hi ghl i g h t i ng the ava i l ab i l i ty o f  other 

pub l i c l y  ava i l ab l e  documents and some new references . The bas i s fo r certa i n dose c al cul at i o n s  wa s 

c l ari fi ed a s  appropr i ate  i n  the text and tab l e s .  Rel ated i n format i on on fl ood ha zards was i nco rporated 

i nto Sect ion  3 . 1 . 2 . 

6 .  R ad i ol ogi cal  D oses and Dose  Assessment 

Several comments i nd i c ated the desi rab i l ity of i nc l ud i ng i nformat i on on occupa t i o nal expo s ure 

doses rec e i ved by workers at LA SL . Several s pec i fi c  comments rel ated to c l ar i fi c at i o n  of the bas i s 

for some of the measurements and cal cul at i o ns for dose s rec e i ved by the pub l i c  under c urrent normal  

operat i ng cond i t i o n s .  One comment reque sted add i t i o nal  i nterpreta t i o n  of the cal cul ated and mea sured 

d oses i n  term s  of  heal th  conseque nce s .  

Summary i n fo rma t i o n  fo r occ upat i onal expo sures d u r i ng the l ast three ye ars and a breakd own of  

occupa t i o na l  ex po s ures dur i ng 1 978 have  been  prov i d ed in  Sect i o n  4 . 1 . 3 . 

The port i o n  of Sec t i o n  4 . 1 . 3  ent i t l ed "Cal cul ated and Mea s ured Doses"  has  been com pl etel y rev i sed . 

It wa s upd ated , a nd add i t i o na l  d i scuss i on was i ncl uded regard i ng assumpt i o ns fo r dose cal cul at i on s .  

Su ppl ementary and more deta i l ed i nformat i o n  i s  al so  now ava i l ab l e  b y  refe rence t o  Append i x  H wh i c h  

prov i d es detai l s  of t h e  env i ronmental  mea s urements made dur i ng 1 978 ,  i nc l ud i ng ful l i nform at i o n  o n  

sam pl i ng proced ures , a n al yt i c al tech n i que s ,  qual i ty control o f  res ul ts , stat i st i c al methodol ogy , and 

i nterpreta t i o n .  An i nterpreta t i o n  of the doses wa s prov i d ed i n  the fo rm of cal cul ated i nd i v idual  ri sk 

expres sed a s  a probab i l i ty of i nj ury . Th i s  a pproach wa s chosen as b e i ng more ea s i l y  understood than 

n umbers of  est imated heal th effect s .  
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Est imates of rad i ol o g i c al r i sks we re made based on the r i sk factors for total stocast i c  r i sk pro
v i d ed  by the I nte rnat i onal Comm i s s i on  on Rad i o l.og i cal  Protect ion  ( I CRP ) i n  ICRP Pub l i cat i on 2 6 . 4-1 01A 

The ri s k  can  be  ex pressed as  a probab i l ty of i nj ury to a n  i nd i v i d ua l  i n  the ex posed popul at i on .  Us e 
of the dose equi va l ent fo r the max imum i nd i v idual  i n  the po pul at ion  prov i d es an uppe r  bound for 
probab i l i ty of i nj ury . For  exampl e ,  us i ng the ICRP r i sk facto rs the probab i l i ty of i nj ury for a 
Los Al amos res i dent due to who l e  body i rrad i at i on from nat ural sources i s  1 i n  8 3 , 000 per  year .  Fo r 
t he average who l e  bnri v ri ose attr i b utab l e  to LASL  operat i ons  for an i nd i v idua l  l i v i ng in the Los Al amos 
towns i te the added r i �k of i nj ury by c ancer  i s  estimated as b etween ze ro and 1 i n  1 2 , 000 , 000 per  year .  

Ot he r r i sks  of  i nj ury c an be  cal c ul ated from tab l es of  d ose equi v al ents us i ng t he  fo l l owi ng ICRP 
factor s :  

Un i fo rm  whol e  body i r rad i at i o n  
1 .  Ca ncer mortal i ty 
2 .  Hered i tary effects  

Ti ssues  at  R i s k  
1 .  Gonads-Hered i tary r i sk 
2 .  Red bone marrow - l eukem i a  
3 .  Bone cancer  
4 .  Lung  cancer  
5 .  Thyro id  
6 .  Breast canc e r  
7 .  Al l ot he r t i s s ue s  

- 4  10  per  rem 
-5 4 x 10 per rem 

10-4 per rem 
2 x 1 0-5 per  rem 
5 x 1 0-6 per  rem 
2 x 1 0

-5 per  rem 
-6  5 x 1 0  per  rem 

-5  2 . 5  x 1 0  per  rem 
5 x 1 0-5 per  rem 

Di ffe rences i n  age st ructure  can al ter the r i sk factors used . However ,  at the t ime of t h i s  
wr i t i n g  the ful l report of  t h e  Ad vi sory Commi ttee o n  the B i ol o g i c al Effects of  I o n i zi ng Rad i at ions , 
D i v i s i on of Med i cal  Sc i ences , Nat i onal Academy of Sc i ences , referred to as B E I R  I I I ,  other tha n the 
s ummary ,  i s  not ava i l ab l e .  Cons i derat i ons i n  the forthc omi ng B I ER I I I  report may prov i d e  d i fferent 
r i sk factors . 

7 .  R ad i oact i ve Mater i a l s i n  the Env i ronment 
Some comments ex pressed concern that there we re rad i oact i v e  materi a l s i n  the envi ronment as a 

resu l t of past and current operat i ons at LASL .  
It i s  true that past and cur rent operat i ons at LASL h ave  co ntrib uted or  cont i nue t o  contri bute 

some rad i oact i v i ty to the env i ronment . The addi t iona l  i nformat ion  i nc l uded in  t h i s  fi nal Envi ronmental 
Impact St atement , part i c u l a rl y  the data for i nterpret i ng i nc remental heal th  r i s ks , t he deta i l ed envi ron
mental mon itori ng data i n  Ap pend i x  H, a nd  the d i sc us s i ons of add i t ional  i nv est i g at i ons as the Formerl y 
Ut i l i zed S i te s  Remed i al Act i on Program , a nd the waste management a l t ern at i ves  stud i es ,  prov i d es 
an improved pers pect i ve fo r assessi ng s i g n i fi canc e .  I t  i s  bel i ev ed that there a re n o  unacceptab l e  
ri sks  bei ng imposed on the pub l i c .  Neverthe l ess , c ons i d erab l e  effo rt i s  bei ng expended to furthe r 
reduce  the r i sk s  of cont i nu i ng operat i ons and l im i t  the l ong-term effects of past ,  present , a nd 
fut ure operat i ons . 
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8 .  Transportat i on of Radi oact i ve Material s 

Several comments i nd i cated the des i r ab i l i ty of address i ng the trans portat i on of rad i oact i v e  

mater i al s a s soc i at ed wi th the operat i on o f  LASL b oth on  and off t h e  Laboratory s i t e .  

Two com pl etel y new sect i o ns we re devel oped and have been i nc l ud ed i n  the fi nal Env i ronmental 

Impact Statement . Sect i o n  3 . 3 . 5  i nc l udes a descri pt i o n  of proced ures , regul at i ons , a nd actual 

operat i on s  for trans port at i on of  rad i o act i v e  rnateri a 1 s at LASL as we 1 1  as sh i prnents to and from 

Los Al amos mad e  by g overnment and commerci al carr i er s .  Data i s  prese nted to s ummar i ze the trans

portat i o n  act i v i ty d ur i ng 1 978.  Sec t i o n  4 . 2 . 14 prov ides  an  eval uat i o n  of both rout i ne normal 

transportat i on and potent i a l acc i dent s .  The eval uat i o n  wa s perfo rmed us i ng a stat i st i c al 

methodol ogy d evel oped for the Nucl ear Reg ul atory Comm i s s i o n ' s Env i ronmental Impact Statement 

on  Transportat i on of  Rad i oact i ve Materi al by Ai r and Ot her Modes ( N UR EG-0 1 70 , Decem ber 1977 ) . 

9 .  Add i t i onal  Det a i l s  D es i red 

Numerous  comments we re rec e i v ed request i ng add i t i o nal  deta i l be i nc l ud ed in the fi nal 

Env i ronmental Impact St atement . Often an answer to s uch  comments al ready a p peared el sewhere 

i n  the document . Add i t i o na l  cro s s- refe renc i ng has been ut i l i zed to remedy these d i ffi cul t i es 

wh erever po ss i b l e .  I n  case s  where add i t i o na l  i nfo rmat i o n  wa s ava i l ab l e i n  other documents ev ery 

attempt wa s made to i ncl ud e  the most up-to- date refe rences c i ted at appropr i ate po i nts  i n  the text .  

I n  some case s , s ummari zed or more current i nformati on  has  been i ncorporated at an a ppropr i ate l ocat i on 

i n  the text . 

One s ub stant i al add i t i o n  to the document wa s the i ncorporat i o n  of the annual  mon i tor i ng re port , 
" Env i ronmental Surve i l l ance at Lo s Al amos Dur i ng 1 978 , " a s  Ap pend i x  H i n  th i s document . Refe rences to 

th i s  a ppe nd i x  were noted in the text at numerous l ocat i ons where i t  coul d be consul ted for add i t i onal 

or upd ated deta i l s .  
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APPENDIX A 

VEGETATION SPECIES FOUND IN THE LOS ALAMOS VICINITY 

COMMUNITY TYPE (ELEVATION IN �illTERS) a 

Aceraceae 

Acer glabrum 

Acer negundo 

Amaranthaceae 

Amaranthus 
retroflexus 

Anacardiaceae 

Rhus trilobata 

Berbe ridaceae 

Berberis fendleri 

Berberis repens 

Maple Family 

Rocky Mountain maple 

box elder 

Amaranth Family 

red root 
amaranth 

Cashew Family 

skunk-bush sumac 

Meadow 
2850 2850 

X 

2550  2250 

X 

X 

X 

* Betulaceae 

Barberry Family 

Colorado barberry 

creeping mahonia 

Bi rch Family 

water birch 

* 

* 

* 

* 

* 

Betula 
---occidentalis 

Boraginaceae 

Cryptantha 
fendleri 

Cryptantha j amesii 

Lappula Redowskii 

Li thospermum 
multif lorum 

Lithospermum 
incisum 

Mertensia 
franciscana 

Cactaceae 

Echinocereus 
viridiflorus 

Mammillaria 
vivipara 

Opuntia compre ssa 
var . macrorhiza 

Opuntia erinacea 
var . xanthos temma 

Borage Family 

Fendler 
cryp tantha 

James cryp tantha 

stickseed 

many-flowered 
s toneseed 

gromwell 

blue bell 

Cactus Family 

varied hedgehog 
cactus 

ball cactus 

tuberous pricklypear 

Grizzlybear 
pricklypear 

Opuntia imbr icata walking st ick cholla 

Opuntia phaeacantha purple-fruited pricklypear 

Opuntia polyacantha 

Campanulaceae 

Campanula 
ro tundifolia 

Capparidaceae 

Cleome 
---;;;:rula t a 

plains pricklypear 

Bell Flower Family 

bluebell 

Caper Family 

Rocky Mountain 
beeplant 

X 

X 

X X 

X X 

aSamples were collected at g iven elevation;  see Table 3 . 1 . 4-1 for community typ e .  
* 

Presumed , no t ver if ied ; no community association given . 

1950 

X 

X 

X 

X 

X 

1650 

X 

X 

X 

X 

X 

X 

X 

X 



* 

* 

* 

Ca:erifoliaceae 

Lonicera 
involucrata 

Virburnum 
lent ago 

CarlOJ2hlllaceae 

Arenar ia f endleri 

Celas traceae 

Pachyst ima myrs inites 

Cheno12odiaceae 

Atri:elex canescens 

Cheno:eodium 
cycloides 

Cheno:eodium 
fremontii 

Cheno:eodium 
le:etoJ2hlllum 

Chenopodium incisum 

Cheno:eodium watsoni 

Kochia sco:earia 

Salsola kali 

Com:eositae 

Achillea lanulosa 

Ago seris aurantiaca 

Ago seris glauca 

Ambrosia 
artemisiifolia 

Antenna ria 
:earvifolia 

Artemisia cana 

Art emi sia 
dracunculoides 

Artemisia 
f ilifolia 

Artemisia 
franseriodes 

Artemisia frigida 

Artemisia 
ludoviciana 

Artemisia 
tridentata 

Aster arenosus 

As ter Bigelovii 

As ter glaucodes 

Honelsuckll Famill 

bearberry 
honeysuckle 

black haw 

Pink Famill 

Fendler sandwort 

Bitt er-sweet Family 

myrt le boxleaf 

Goosefoot Famil):: 

four-winged saltbush 

goosefoot 

Fremont 
goosefoot 

slimleaf 
goosefoot 

goosefoot 

goosefoot 

summer Gyprus 

Russ ian thistle 

Sunf lower Famill 

western yarrow 

orange agoseris 

pale agoseris 

common 
ragweed 

pussytoes 

silver sagebrush 

false-tarragon 
sagebrush 

sand 
sagebrush 

ragweed 
s agebrush 

fr inged sagebrush 

Louisiana 
wormwood 

big 
sagebrush 

sand aster 

Bigelow aster 

aster 
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COMMUNITY TYPE (m) 
Meadow 

2850 2850 2550  2250 1950 1650 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X X X 

X 

X 

X 

X X X 

X 

X X X 

X 

X X 

X X X 

X X 

X 

X 

X 



* 

* 

* 

* 

* 

* 

* 

* 

As ter hirtifolius 

Aster occidentalis 

As ter Eauciflorus 

Bahia dissecta 

Bidens cernua --- ---

Brickellia 
californica 

Brickellia 
grandiflora 

ChrysoEsis villosa 
var . folios a 

ChrysoEsis villosa 

Chrz:sothamnus 
nauseosus 

Chrz:so thamnus 
Earryi howardi 

Cirs ium 
neomexicanum 

Cirsium Eallidum 

Cirs ium undulatum 

Conyza canadensis 

CoreoEsis t inctoria 

Dz:ssodia EaEEOSa 

Erigeron diver gens 

Erigeron 
flagellaris 

Erigeron divergens 
var . nudiflorus 

Erigeron 
Eeregrinus 

Erigeron 
sEeciosus 

Erigeron 
subtrinervis 

Erigeron suEerbus 

Eupatorium 
herb aceum 

Gaillardia 
Eulchella 

GnaEhalium 
chilense 

Grindelia 
aEhanactis 

Grindelia 
fastigiata 

Gutierrezia 
Sarothrae 

baby aster 

western aster 

aster 

ragleaf bahia 

beggartick 

California 
b rickellia 

t asselflower 
brickellia 

leafy 
goldaster 

hairy goldaster 

rubber 
rabbitbrush 

rabbitbrush 

New Mexico 
thistle 

thistle 

wavy leaf thistle 

horseweed 

t ickseed 

dogweed 

spreading fleabane 

trailing 
fleabane 

fleabane 

as ter 
fleabane 

Oregon 
fleabane 

three-nerve 
fleabane 

pale erigeron 

whi te 
thoroughwort 

Blanket-flower 

cottonbatting 
cudweed 

gumweed 

rayless 
gumweed 

broom 
snakeweed 
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COMMUNITY TYPE (m) 
Meadow 

2850 2850 2550 2250 1950 1650 

X X 

X X X 

X X 

X 

X 

X 

X X X X 

X X 

X X X X 

X 

X 

X 

X 

X X 

X X 

X X 

X X 

X 

X 

X 

X 

X X X 
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COMMUNITY TYPE (m) 
Meadow 

2850 2850 2550 2250 1950 1650 

HaElOEaEEUS s tar 
gracilis goldenweed X X 

HaEloEaEEus Parry 
2arryi goldenweed X X 

Helianthus annuus sunflower X X X 

Hieracium sp . hawkweed X X 

Hymeno2a2Eus thread-leaved 
filifolius hymenopappus X 

Hymeno�s s temless 
a caul is hymenoxys X X 

* H}':menOX}':S argentea Perky Sue 

* Hymenox}':s Brandegei actinea 

H}':monox}':S 
richardsonii pingue X 

Liatris dotted 
2unctata gayfeather X 

Pericome t ailleaf 
caudata peri come X 

* Psilostro2he wooly 
tagetina paper flower 

Rudbeckia black-eyed 
laciniata Susan X 

Senecio we stern golden 
ambrosio:Ldes groundsel X X 

Senecio thick-leaf 
crassulus groundsel X 

* Senecio Fendler 
fendler i groundsel 

* Senecio thread leaf 
longilobus groundsel 

Senecio ragwort 
mult icaEitatus groundsel X 

Senecio New Mexico 
* neomexicanus groundsel 

Senecio wootonii Wooten groundsel X X 

Solidago decumbent 
s2athulata goldenrod X X X 

Solidago nana baby goldenrod X 

* Sonchus as2er prickly sowthis tle 

Taraxacum common 
officinale dandelion X 



* 

* 

* 

* 

* 

* 

Theles12erma 
mega)2otamicum 

Theles12erma trif idum 

Townsendia exca12a 

Trago)2ogon dubius 

Verbesina 
encelioides 

Viguiera 
mul tiflora 

Xanthium s trumarium 

Convolvulaceae 

Convolvulus 
arvensis 

Crucif erae 

Descurainia obtusa 

Draba s12ectab ilis 

Erysimum argillosum 

Er:tsimum 
incons12icuum 

Lesguerella 
intermedia 

Sisymbrium 
l inearifolium 

S isymbrium 
altissimum 

Thelypodium 
integr ifolium 

ThlaSJ2i 
f endleri 

CuJ2ressaceae 

Juni12erus 
monos12erma 

Juni12erus 
SCOJ2Ulorum 

C:tJ2eraceae 

C:tJ2erus 
f endlerianus 

Elaeagnaceae 

Elaeagnus 
angustifolia 

Eguisetaceae 

Eguisetum 
laevigatum 

Ericaceae 

Arc tostaJ2h:tlos 
uva-ursi 
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COMMUNITY TYPE (m) 
Meadow 

2850 2850 2550 2250 1950 1650 

Hopi-tea 
green thread X X 

green thread X X 

ground daisy 

goats beard X X X 

golden 
crown beard 

showy 
goldeneye X 

cocklebur X 

Morning Glor:t Famil:t 

f ield 
b indweed 

Mustard Famil:t 

tansy mus tard X X 

whitlow grass 

wallflower X 

smallflower 

bladderpod X 

tumblemustard 

tumblemus tard X 

thelypody X 

wild 
candy tuf t X 

one-seed 
j uniper X X X 

Rocky Mountain 
j uniper X X X 

Sedge Famil:t 

Fendler 
f lat sedge X X 

Oleaster Famil:t 

Rus s ian-olive X 

Horsetail Famil:t 

smoo th 
horsetail X 

Heath Famil:t 

bearberry X X 
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COMMUNITY TYPE �m) 
Meadow 

2850 2850 2550 2250 1950 1650 

Vaccinium myrtle 
myrtillus whortleberry X 

Eu]2horbiaceae SJ2urge Famil;t: 

Croton t exensis Texas doveweed X 

EuJ2horbia ge;t:eri Euphorbia X X 

Eu]2horbia thymeleaf 
ser]2;tllifolia spurge X X 

Fagaceae Beech Famil;t 

Quercus gambe lii Gambel oak X X 
* Quercus grise a gray oak 

guercus shrub 
turbinella live oak X X 

Fumariaceae Fumitor;t: Famil;t 

* Cor;tdalis au rea golden corydalis 

Gent ianaceae Gentian Famil;t: 

Gentiana Bigelow 
Bigelovii gentian X 

Gentiana Rocky Mountain 
J2lebeia gentian X X 

Swertia radiata deer ' s  ears X 

Geraniaceae Geranium Famil;t: 

Erodium Alfileria 
cicutarium s torks bill X 

Geranium Fremont 
Fremontii geranium X X 

Geranium Richardson 
Richardsonii geranium X X 

Gramineae Grass Famil;t: 
* Agro]2;tron cres ted 

crista tum wheatgrass 

Agro]2;tron 
latiglume wheatgrass X X 

Agro]2;tron s lender 
trach;tcaulum wheatgrass X X 

Agrostis 
semivert icillata waterbentgrass X 

Andro]2ogon little 
* SCOJ2arius blue-stem 

Aris tida six-weeks 
adscensionis three-awn X 

Aristida Arizona 
arizonica three-awn X 

Aristida Fendler 
Fendleriana three-awn X 

Aristida red 
longiseta three-awn X 
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COMMUNITY TYPE (m) 
Meadow 

2850 2850 2550 2 250 1950 1650 

* Aristida prairie 
o l igantha three-awn 

Ble£haroneuron pine 
t richolepis drop seed X X X 

Boutelous needle 
aristidoides grama X 

Bouteloua s ide-oats 
curt iEendula grama X 

Bouteloua erio£oda black grama X 

Bouteloua gracilis blue grama X 
* Bromus Fringed 

ci liatus bromegrass 

* Bromus weeping 
frondosus bromegrass 

Bromus mountain 
marginatus brome X X X 

Bromus Japanese 
* j aponicus bromeg rass 

Bromus Eurgans Canada brome X X 
* Bromus tectorum cheatgrass 

* Eragros t is 
barrelieri lovegrass 

Festuca sororia ravine fescue X 

Festuca Thurber! Thurbe r fescue X 

Hi laria jamesii galleta grass X 

Koeleria prairie 
cris tata j unegrass X X 

Muhlenbe rgia mountain 
montana muhly X X X 

* Muhlenbergia 
£Ulcherrima muhly 

* Panicum caEillare witchgrass 

Panicum ob tusum vine-mesqui te X 

Phleum alEinum alpine timothy X 
* Poa fendleriana mut t on grass 

Poa nevadensis Nevada bluegrass X 
* Poa Patterson! Pat terson b luegrass 

Poa Eratens is Kentucky b luegras s X 

Pol�£ogon rabbitfoot 
monsEeliensis grass X 

* Schedonnardus 
Eaniculatus tumblegrass 

* Setaria bristle 
geniculata grass 

Si tanion bott lebrush 
h�st rix squirrel tail X X 



* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

Sporobolus asper 

Sporobolus 
contractus 

Sporobolus 
cryptandrus 

S t ipa 
neomexicana 

Tridens pulchellus 

Trisetum S£icatum 

Ir idaceae 

Iris 
missouriensis 

Sis;trinchium 
mont anum 

Labiatae 

Agas tache 
Eal l idif lora 

Hedeoma 
drummondii 

Mentha sp . 
Monarda 

austromont ana 
Leguminosae 

As tragalus 
insular is 

Astragalus 
am£hioqs 

Astragalus 
crassicarEus 

As tragalus emor;tanus 

As tragalus 
missouriens is 

As tragalus 
shortianus 

Gl;tcyrrhiza 
le:Eidota 

Lath;trus sp . 

LuEinus 
argent eus 

Medicago 
lu£ulina 

Medicago sativa 

Melilotus 
alba 

Melilotus 
off icinalis 

Petalostemon 
comEactus 
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COMMUNITY TYPE �m) 
Meadow 

2850 2850 2550 2250 1950 1650 

drop seed 

sp ike 
drop seed X 

sand 
drop seed X X 

New Mexico 
f eathergrass 

fluff grass X 

sp ike trisetum X 

Iris Famil;t 

Rocky Mountain 
iris X X 

blue-eyed-grass X 

Mint Famil;t 

giant 
hyssop 

false 
pennyroyal X 

mint X 

Bean Fami l;t 

milkvetch X 

milkvetch 

ground p lum 
milkvetch 

milkvetch 

milkvetch X 

milkvetch 

American 
l icorice 

sweetpea X X X 

silvery 
lupine 

black 
medick 

alfalfa 

white 
sweet clover X 

yellow 
sweetclover 

prairie 
clover 



* 

* 

* 

* 

* 

Petalos temon 
villosus 

Robinia 
neomexicana 

Phaseolus 
leiospermus 

Thermopsis 
mont anum 

Thermopsis 
pinetorum 

Trifolium 
hybridum 

Trifolium pratense 

Trifolium 
procumbens 

Trifolium 
repens 

Vi cia 
americana 

Vicia producta 

Liliaceae 

Allium cernuum 

AndrosteJ2hium 
breviflorum 

Calochortus 
gunnisonii 

Smilacina 
racemosa 

Smilacina 
s tellata 

Yucca baccata 

Yucca glauca 

Zygadenus 
elegans 

Linaceae 

Linum 
puberulum 

Loasaceae 

Mentzelia 
12umila 

Mentzelia rusb;ti 

Malvaceae 

SJ2haeralcea 
cocinea 

SJ2haeralcea 
fendleri 

SJ2haeralcea 
inc ana 

A-9 

COMMUNITY TYPE (m) 
Meadow 

2850 2850 2550 2250 1950 1650 

prairie 
clover X 

New Mexico 
locus t X 

wild bean X 

goldenpea 

golden pea X X 

alsike 
clover X 

red clover X 

low hop 
clover X 

white 
clover X 

American 
vetch X X 

vetch X 

Lily Family 

nodding onion X X X 

funnellily 

Gunnison 
mariposalily X 

false 
Solomonplume X 

s tarry 
Solomonplume X X X 

datil yucca X 

soapweed yucca X 

mountain 
deathcamas X 

Flax Family 

yellow 
flax X X 

Blaz ing S t ar Famil;t 

golden 
blazing-star X 

blazing s tar 

Mallow Famil;t 

scarlet 
globe mallow 

globe 
mallow 

globe 
mallow 



* 

* 

* 

* 

* 

Nyctaginaceae 

Boerhaavia 
coul teri 

Mirabilis 
linearis 

Mirabilis 
mul tif lora 

Oleaceae 

Forestiera 
neomexicana 

Onagraceae 

Epi lob ium 
angus tif olium 

Gaura parvif lora 

Oenothera 
albicaulis 

Oenothera 
caespi tosa eximia 

Oenothera 
coronopif olia 

Oenothera harwegii 
var . toumeya 

Oenothera Hookeri 

Oenothera 
primiveris 

Orchidaceae 

Goodyera 
oblongifolia 

Malaxis Soulei 

Oxalidaceae 

Oxal is 
violacea 

Pinaceae 

Abies concolor 

Picea engelmanni 

Pi cea pungens 

Pinus edulis 

Pinus f lexilis 

Pinus ponderosa 

Pseudo tsuga 
t axif olia 

Po lemoniaceae 

Gilia aggregata 

Gilia calcarea 

Four-O ' clock Family 

Coulter 
sp ider ling 

four-o ' clock 

Colorado 
four-o ' clock 

New Mexico 
forestiera 

A- 1 0  

Evening-primrose Family 

f ireweed 

butterfly weed 

evening 
primro se 

tuf ted 
evening-primrose 

evening-p rimrose 

evening-primrose 

evening primrose 

evening 
primrose 

Orchid Family 

we stern rattlesnake 
p lantain 

addersmouth 

Wood-sorrel Family 

violet 
wood-sorrel 

Pine Family 

white fir 

Engelmann spruce 

blue spruce 

pinon pine 

l imber pine 

ponderosa p ine 

Douglas-fir 

Phlox Family 

skyrocket gilia 

gilia 

2850 

X 

X 

X 

X 

X 

X 

X 

Meadow 
2850 

COMMUNITY TYPE (m) 

2550 

X 

X 

X 

X 

X 

2250  

X 

X 

X 

X 

X 

1950  1650 

X 

X 

X X 

X X 

X 

X 



* 

* 

* 

* 

* 

* 

* 

* 

* 

Gilia longiflora 

Gilia texana --- ----

Pol�gonaceae 

Eriogonum 
pauciflorum 

Eriogonum 
racemosum 

Eriogonum 
j amesii 

Portulacaceae 

Portulaca 
oleracea 

Primulaceae 

Androsace 
se:etentrionalis 

Plrolaceae 

Plrola secunda 

Plrola virens 

Ranunculaceae 

Actaea arguta 

Aguilegia 
elegantula 

Clematis 
ligust icifolia 

Clemat is 
:eseudoal:eina 

Pulsatilla 
ludoviciana 

Thalictrum 
f endleri 

Rhamnaceae 

Ceanothus fendleri 

Rosaceae 

Amelanchier 
alnifolia 

Amelanchier 
utahensis 

Cercocar:eus 
mont anus 

Fallugia :earadoxa 

Fraga ria 
americana 

Fraga ria 
bracteata 

Fragaria 
oval is 

A-l l 

COMMUNITY TYPE (m) 
Meadow 

2850 2 850 2550 2250 1950 1650 

gilia X X 

gilia 

Buckwheat Family 

umbrella 
p lant 

red root 
buckwheat X 

antelope 
sage X X 

Purslane Family 

common 
purs lane X 

Primrose Famil� 

rock 
j asmine 

Wintergreen Famil� 

sidebe lls wintergreen X 

wintergreen X 

Buttercu:e Famil� 

we s tern baneberry X X 

red 
columbine 

we s tern 
virgins bower X 

virgin ' s  
bower 

pas que 
flower 

meadowrue 

Buckthorn Famill 

buck bush 

Rose Famill 

Saskatoon 
serviceberry X 

Utah 
serviceberry 

true 
mountain mahogany X 

Apache-p lume X X 

American 
s trawberry X X X 

bracted 
s trawberry X 

wild 
s trawberry X X X 



* 

;, 

* 

* 
* 

* 

Geum sp . 

Potentilla 
anser ina 

Potentilla 

Potent illa 
fruticosa 

Potentilla 
gracilis 

Potent illa 
h iJ2J2iana 

Potent illa 

crinita 

J2Ulcherrima 

Prunus 
americana 

Prunus 
virginiana 

Rosa neomexicana 

Rosa woodsii 

Rubus 12arviflorus 

Rubus 
s trigosus 

Rubiaceae 

Galium boreale 

Galium triflorum 

Rutaceae 

Pte lea trifoliata 

Salicaceae 

Salix bebb iana 

Salix irrorata 

Salix las iandra 

PoJ2ulu� 
angustifo lia 

PoJ2ulus 
tremuloides 

Saxif ragaceae 

Jame sia 
amer icana 

Ribes cereum --- ----
Ribes inerme --- ----
Ribes 

mont igenum 

Sc rophulariaceae 

Cas t i lleja 
integra 

A- 1 2  

COMMUNITY TYPE (m) 
Meadow 

2850 2 850 2 5 50 2 2 5 0  1 9 5 0  1650 

avens X 

s ilverweed 
cinquef oil X X X X 

cinquefoil X 

shrubby 
cinquef oil X 

goldcup 
cinquef oil X X 

horse 
cinquefoil X X 

beauty 
cinquefoil X X X X 

American 
p lum X 

common 
chokecherry X 

New Mexico rose 

Wood ' s  rose 

western thimbleberry X 

American 
red raspberry X X 

Madder Family 

northern beds traw X 

sweets cented bedstraw X 

Rue Family 

hop tree 

Willow Family 

bebb willow X 

willow 

Pacific willow 

narrow leaf 
cot tonwood X 

quaking 
aspen X X 

Saxifrage Family 

cliffbush 
waxflower 

wax currant X X 

whi tes tem gooseberry X 

gooseberry 
currant X 

Figwort Family 

whole leaf 
paintbrush X X 



* 

* 

* 

* 

* 

* 

* 

* 

* 

Castilleja 
l inariaefolia 

Castilleja 
rhexifolia 

Orthocarpus 
luteus 

Orthocarpus 
purpureo albus 

Verbas cum thapsus 

Pens temon 
barbatus 

Pens temon 
j amesii 

Pens temon oliganthus 

Pens temon 
virgatus 

Solanaceae 

Datura meteloides 

Phlsalis f endler i 

Solanum sp . 

Solanum 
e laeagnif o li um 

Tamaricaceae 

Tamarix gallica 

Tlphaceae 

� latifo lia 

Umbelliferae 

Foeniculum vulgare 

Harbouria 
trachlpleura 

Pseudocl!!!opterus 
mont anus 

Valerianaceae 

Valeriana capitata 

Violaceae 

Viola 
canadens is 

Viola nephrophllla 

Vi taceae 

Vitis vulpina 

Zlgophlllaceae 

Kallstroemia 
hirsutissima 

Tribulus t errestris 

A-13 

COMMUNITY TYPE �m) 
Meadow 

2850 2 8 5 0  2 5 5 0  2250 1950 1650 

Wyoming 
paintbrush X X 

sp litleaf 
paintbrush X 

ye llow 
owlclover X 

purplewhite 
owlclover X 

flannel mullein X 

scarlet 
beard tongue 

beard tongue 
beard tongue 

wand bloom 
pens temon X 

Nigh tshade Famill 

Indian apple X 

groundcherry X 

nightshade X 

white 
horsenettle X 

Tamarisk Famill 

salt cedar 

Cat-tail Famill 

cattail 

Carrot Famill 

fennel 

whiskbroom 
pars ley X 

mountain 
parsley X X X X 

Valerian Famill 

valerian 

Violet Famill 

Canada 
violet 

violet 

Grape Famill 

wild grape X 

Caltrop Famill 

caltrop X 

puncturevine X 
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APPENDIX B 

PRELIMINARY LIST OF INVERTEBRATE TAXONOMIC GROUPS IN THE LOS ALAMOS ENVIRONS 

Phylum 

Annelida 

Nematomorpha 

Arthropoda 

Class 

Oligochaeta 
( segmented worms) 

Gordiaceae 
(round worms) 

Chilopoda 
(centipedes )  

Diplopoda 
(millipede s )  

Arachnida 

Insecta 

Order 

Acarina 
(ticks and mites )  

Solpugida 
( sun "scorpions ")  

Chelonethida 
( false scorpions ) 

Phalangida 
(Harves tment )  

Araneida ( sp iders ) 
16 families 

Thysanura 

Collembola 

Orthoptera 

Psocoptera 

Thysanoptera 

Hemiptera 

Homoptera 

Coleoptera 

Mecoptera 

Neuroptera 

Rhaphidioidea 

Trichoptera 

Lepidoptera 

Diptera 

S iphonaptera 

Hymenoptera 
(Formicidae 2 2-25 ) 

Protura 

Diplura 

Total No . Species 

Estimated 
No . Species 

1 

2 

5 

1 

>80 

1 

1 

1 

74-100 

1 

32-3 7 

4-6 

3-4 

4-6 

28-33 

18-23 

46-51 

1 

3-5 

1 

1 

9-12 

50-5 7 

2-3 

54-65 

1 
3 

430-5 3 5  



- �-------------------------------------------------------, 
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APPENDIX C 

MAMMALS IN LOS ALAMOS ENVIRONS 

Verified Presence Threatened a 

to be Reported or or 
in Area Sus2ected Endangered 

Cervidae 

Odocoileus Rocky Mountain 
hemionus Mule Deer X 

Cervus Rocky Mountain 
canadensis Elk X 

Erethizont idae 

Erethizon Porcupine 
dorsa tum X 

Sciuridae 

Tamiasciurus Red Squirrel 
hudsonicus X 

Sciu rus aberti Tassel-eared 
Squirred X 

SEermoEhilus Rock Squirrel 
variegatus X 

SEermoEhilus Spot ted Ground 
SEilosoma Squirrel X 

SEermoEhilus Golden Mantled 
lateralis Ground Squirrel X 

Eutamias Cliff Chipmunk 
dorsalis X 

Eutamias Colorado Chipmunk 
guadrivittatus X 

Eutamias Leas t Chipmunk 
minimus X 

Cynom;ts gunnisoni White-tailed 
Prairie Dog X 

LeEoridae 

Sylvilagus Mountain 
nuttallii Cot t ontail X 

LeE US Black-tailed 
calif ornicus Jackrabbit X 

Ochotonidae 

Ochotona Pika 
2rince2s X 

Muridae 

Mus musculus House Mouse X 

Heterom�idae 

DiEodomys ordii Ord ' s  Kangaroo 
Rat X 

Perognathus Silky Pocket 
flavus Mouse X 

Cricet idae 

Peromyscus White-Footed 
leUCOEUS Mouse X 

a)
Presently classif ied as Group (Endangered Species ) or Group 2 (Threatened Species ) as def ined by 
the State of New Mexico Game Commission Regulation No . 5 63 ,  as adopted January 24 , 1 97 5 .  
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Verified Presence Threatened a 

to be Repor ted or or 
in Area SusEected Endangered 

Cricetidae ( cont . )  

Peromyscus Deer Mouse 
maniculatus X 

Peromyscus Brush Mouse 
boylii X 

Peromyscus Pinon Mouse 
truei X 

Reithrodontom;ts Wes tern Harves t 
megalotis Mouse X 

Cle thrionom;ts Gappers Red-Backed 
ga:E:Eeri Vole X 

Microtus Montane Vole 
montanus X 

Microtus Long-tailed Vole 
longicaudus X 

Microtus Meadow Vole 
Eenns;tlvanicus X 

Geom;tidae 

Thomomys bo ttae Valley Pocket Gopher X 

Thomom;ts Northern Pocket 
tal:Eoides Gopher X 

Soricidae 

Sorex nanus Drawf Shrew X 
--- ---

Sorex vagrans Vagrant Shrew X 

Procyonidae 

Procyon l o tor Raccoon X 

Mustelidae 

Taxidea taxus American badger X 

Martes americana Pine Marten X 

Mus tela ermine a Ermine /Short-tail 
Weasel X 

Mus tela Black-footed 
nigr i:Ee s Ferret X X 

Me:Ehitis Striped Skunk 
mephitis X 

Canidae 

Urocyon cine reo- Grey Fox 
argenteus X 

Vulpes fulva Red Fox X 

Canis latrans Coyote X 

Ursidae 

Ursus americanus Black Bear X 

Felidae 

Lynx rufus Bobcat X 



Felis concolor 

Castoridae 

Castor 
�dens is 

Plethodontidae 

Plethodon 
neomexicanus 

Teiidae 

Chemido:ehorus spp . 

Iquanidae 

Phr:z:nosoma spp .  

Crota:eh:z:tus 
collaris 

Scelo:eorus 
magister 

Vi:eeridae 

Crotalus 
viridis 

Colubridae 

Pituo:ehis 
melanoleucas 

Thamno:ehis 
sirtalis 

Thamno:ehis 
elegans 

Lam:ero:eeltis 
getulus 

Cato stomidae 

Catostomus 
commersoni 

Car];!oides car];!iO 

C:z::erinidae 

Cy:erinus car:eio 

H:z:bo:esis sp . 

Salmonidae 

Salmo t rutta --- ----

C-3 

Mountain Lion 

Beaver 

Verified 
to be 
in Area 

X 

AMPHIBIANS AND REPTILES 

Jemez Mountain 
Salamander 

Whip tail 

Horned Lizard 

Collared Lizard 

Desert Spiny 
Lizard 

Prairie Rat tlesnake 

Bull Snake 

Common Garter 
Snake 

Wes tern Garter 
Snake 

Common King 
Snake 

White sucker 

Carp-sucker 

Carp 

Chub 

Brown trout 

X 

X 

X 

X 

X 

X 

X 

X 

X 

FISH 

X 

X 

X 

X 

X 

Presence 
Reported or 
Sus:eected 

X 

X 

Threatened a 

or 
Endangered 

X 
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APPENDIX D 

BIRDS KNOWN OR EXPECTED TO OCCUR IN THE ENVIRONS OF THE LOS ALAMOS SCIENTIFIC LABORATORY 

Gaviiformes 

Gavia imme r 

Podicipiformes 

Podiceps caspicus 

Anseriformes 

Branta canadensis 

Anas platyrhynchos 

Anas s trepera 

Anas acuta -- ---

Anas carolinensis 

Anas discors 

Anas cyanoptera 

Mareca americana 

Spatula clypeata 

Aythya collaris 

Aythya affinis 

Bucephala albeola 

Oxyura j amaicensis 

Mergus merganser 

Falconiformes 

Cathar tes aura 

Accipiter gentilis 

Accipiter striatus 

Accipiter cooperii 

Buteo j amaicensis 

Buteo albono tatus 

Buteo lagopus 

Buteo regalis 

Aquila chrysae tos 

Circus cyaneus 

Pandion haliaetus 

Falco mexicanus 

Falco peregrinus 

Falco columbarius 

Falco sparverius 

Nest 
in 

� 

Common loon 

Eared grebe 

Canada goose 

Mallard 

Gadwall 

Pintail 

Green-winged teal 

Blue-winged teal 

Cinnamon teal 

American widgeon 

Shoveler 

Ring-necked duck 

Lesser scaup 

Bufflehead 

Ruddy duck 

Common merganser 

Turkey vulture 

Goshawk 

Sharp-shinned hawk 

Cooper ' s  hawk 

Red-tailed hawk 

Zone-tailed hawkc 

Rough-legged hawk 

Ferruginous hawk
c 

Golden eagle 

Marsh hawk 

Ospreyc 

Prairie falconc 

Peregrine falconb 

Merlin (pigeon hawk) 

American kes trel 

X 

X 

X 

X 

Summer a 

resident 

X 

X 

X 

X 

X 

Yearlong 
resident 

X 

X 

X 

X 

X 

X 

X 

Winter 
resident 

X 

X 

X 

Migrant 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Casual or 
irregular 

X 

X 

X 

Uncommon 

a ) This category only cuvers summer residents that nest in the area . Clearly yearlong residents also nest 
in the area. 

b) Presently classif ied as Group I (Endangered Spec ies )  a s  def ined by the State of New Mexico Game 
Commis sion Regulation No . 5 6 3 , as adopted January 24 , 197 5 .  

c) Presently clas sified as Group I I  (Threatened Specie s )  a s  defined above . 



Galliformes 

Dendraga2us 
obs curus 

Calli2e2la 
sguamata 

Lo2hor tyx gambelii 

Melagris gallo2avo 

Gruiformes 

Grus americana 

Grus canadensis 

Rallus l imicola 

Porzana carolina 

Charadriif ormes 

Charadrius vociferus 

Ca2ella gallinago 

Ac titis macularia 

Cato2tro2horus 
semi2almatus 

Stegano2us 
tricolor 

Recurviros tra 
americana 

Larus delawarensis 

Larus 2i2ixcan 

Columb iformes 

Columba fasciata 

Zenaida macroura 

Cuculiformes 

COCClZUS 
americanus 

Geococclx 
californianus 

St rigiformes 

Otus asio -- --

Otus flammeolus 

Bubo virginianus 

Glaucidium gnoma 

Strix occidentalis 

Aegolius acadicus 

Ca2rimulgiformes 

Phalaeno2tilus 
nut tallii 

Chordeiles minor 

D-2 

Nest 
in SuDD!ler 

a 
Yearlong Winter Casual or 

area resident resident res ident Migrant irregular Uncommon 

Blue grouse 
X 

Scaled quail 
X 

Gambel ' s quail X 

Wild turkey X 

Whooping crane b 
X 

Sandhill crane X 

Virginia rail X 

Sora X 

Killdeer X 

CoDD!lon snipe X 

Spotted sandpiper X 

Willet 
X 

Wilson ' s  
phalarope X 

American avocet 
X 

Ring-billed gull X 

Franklin ' s  gull X 

Band-tailed pigeon X X 

Mourning dove X X 

Ye llow-billed 
cuckoo X 

Roadrunner 
X X 

Screech owl X 

FlaDD!lulated owl X X 

Great horned owl X X 

Pygmy owl X 
Spot ted owl X 

Saw-whet owl X 

Poor-will 
X X 

CoDD!lon nighthawk X X 
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Nest 
in Summer a 

Yearlong Winter Casual or 
area resident resident resident Migrant irregular Uncommon 

AJ2odif ormes 

Aeronautes White-throated 
saxatalis swif t X X 

Archilocus Black-chinned 
alexandri hummingbird X X 

Selas12horus Broad-tailed 
J2lat;tcercus hummingbird X X 

Selas12horus rufus Rufous hummingbird X 

Stellula callioEe Calliope 
hummingbird X 

Piciformes 

Co laEtes auratus Common flicker X 

Melaner12es Acorn woodpecker 
formicivorus X 

Melaner12es Red-headed 
er;tthroceEhalus woodpecker c X 

SJ2h;traEicus Yellow-bellied 
varius sapsucker X 

SJ2h;traEicus Williamson ' s  
thyroideus sap sucker X X 

Dendroco12os Hairy 
villosus woodpecker X 

Dendroco12os Downy 
J2Ubescens woodpecker X 

Dendroco12os Ladder-backed 
scalar is woodpecker X 

Asyndesmus lewis Lewis ' woodpecker X 

Passerif ormes 

Tr;tannus Cassin ' s  
voci ferans kingbird X X 

M;tiarchus Ash-throated 
cinerascens flycatcher X X 

Sa;tornis Say ' s  phoebe 
say a X X 

EmJ2idonax Traill ' s  
traillii flycatcher X X 

EmJ2idonax Hammond ' s  
hammondii flycatcher X X 

EmJ2idonax Dusky 
oberholseri f lycatcher X 

EmJ2idonax Gray 
wrightii f lycatcher X X 

EmJ2idonax Wes tern 
diff icilis flycatcher X X 

ContOJ2US Wes tern 
sordidulus wood pewee 

Nut t allornis Olive-sided 
borealis f lycatcher X X 
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Nest 
i� Sununer a 

Yearlong Winter Casual or 
area resident resident resident Migrant irregular Uncommon 

Passeriformes (con t )  
Eremophila Horned lark 

al12estris X 
Tachrcineta Violet-green 

thalassina swallow X X 

IridoJ2rocne Tree swallow 
bicolor X 

cranocitta Blue j ay X 
cristata 

cranocitta St eller ' s  
s telleri j ay X 

AJ2helocoma Scrub j ay 
coerulescens X 

Corvus corax Common raven X --- ---

Corvus Common crow 
brachrrhrnchos X 

Nucifraga Clark ' s  
co lumbiana nut cracker X X 

G;[mnorhinus Pinon j ay 
C;[anoCeJ2halus X 

Parus Black-capped 
atricaJ2illus chickadee X 

Parus gambelli Mountain 
chickadee X 

Parus inornatus Plain titmouse X 

Psal tri12arus Common 
minimus bush tit X 

Sitta White-breas ted 
�olinensis nuthatch X 

Sitta Red-breas ted 
canadensis nuthatch X 

Certhia Brown 
familiar is creeper X X 

Sitta Pygmy 
� nuthatch X 

Cinclus mexicanus Dipper X 
Troglodrtes House wren 

aedon X X 

Cather12es Canyon wren 
mexican us X X 

SalJ2inctes Rock wren 
ob soletus X 

Dumetella Catbird 
carolinensis X 

Toxostoma Brown 
rufum thrasher X 

Oreosco12tes Sage 
mont anus thrasher X 
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Nest 
in Sul!Uller a 

Yearlong Winter Casual or 

area resident resident resident Migrant irregular Uncommon 

Passerif ormes (cont )  
Turd us Robin 

migratorius X 

H�locichla Hermit 
guttata thrush X 

H�locichla Swainson ' s  
ustulata thrush X X 

Seiurus Northern 
noveboracensis waterthrush 

Sialia Western 
mexicana bluebird X 

Sialia Mountain 
currucoides bluebird X 

M�adestes Townsend ' s  
townsendi solitaire X 

PolioEtila Blue-gray 
caerulea gnatcatcher X 

Regulus Golden-crowned 
satraEa kinglet X 

Regulus Ruby-crowned 
calendula kinglet X 

An thus Water pipit 
sEinoletta X 

Bomb�cilla Bohemian 
garrulus waxwing X 

Bomb�cilla Cedar 
cedro rum waxwing X 

Lanius Northern 
excubitor shrike X 

Lanius Loggerhead 
ludovicianus shrike X 

Sturnus Starling 
vulgaris X 

Vireo Solitary 
s oli tarius vireo X X 

Vireo Red-eyed 
Ollvaceus vireo 

X 

Vireo Warbling 
gilvus vireo X 

Vermivora Orange-crowned 
celata warbler X 

Vermivora Nashville 
ruf icaEilla warb ler X 

Vermivora Virginia ' s  
virginiae warbler X X 

Dendroica Yellow 
Eetechia warbler 

Dendroica Black-throated 
caerulescens blue warbler 
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Nes t  
in Summer a 

Yearlong Winter Casual or 
Passeriformes (cont) area resident resident resident Migrant irregular Uncommon 

Dendroica Yellow-rumped 
corona ta warbler X 

Dendroica Black-throated 
nigrescens gray warbler X 

Dendroica Townsend ' s  
townsendi warbler 

Dendroica Black-throated 
vir ens green warbler X X 

Dendroica Grace ' s  
graciae warbler X 

Dendroica Chestnut-s ided 
12ennsllvanica warbler X 

Oporornis MacGi llivray ' s  
tolmiei warbler X 

Icteria Yellow-b reasted 
virens chat X 

Wilsonia Wilson ' s  
J2USilla warbler X 

SetOJ2haga American 
ruticilla redstart X 

Passer House 
domesticus sparrow X 

Sturnella Wes tern 
neglecta meadowlark X 

Xanthoce12halus Yellow-headed 
zanthoce12halus blackbird X 

Agelaius Red-winged 
J2hoeniceus b lackbird X 

Icterus Bullock ' s  
bullockii oriole X 

EuJ2hagus Rusty 
caro linus blackbird X 

EuJ2hagus Brewer ' s  
ClanoceJ2halus b lackb ird X X 

guiscalus Common X 
guiscula grackle 

Molothrus Brown-headed 
ater cowbird X 

Piranga Wes tern 
ludoviciana tanager X X 

Piranga Hepatic 
f lava t anager X 

Piranga Summer 
rubra tanager X X 

Pheucticus Rose-breasted 
ludovicianus gro sbeak X 

Pheucticus Black-headed 
melanoce12halus grosbeak X X 

Guiraca Blue 
caerulea grosbeak X 
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Nes t 
in Summer a 

Yearlong Winter Casual or 
Passeriformes (cont . )  area resident resident resident Migrant irregular Uncommon 

Passer ina Indigo 
cyanea bunting X 

Passer ina Lazuli 
amoena bunting X 

Hes:eeri:ehona Evening 
ves:eert ina grosbeak X 

Car:eodacus Cassin ' s  
cassinii finch X 

Car:eodacus House 
mexicanus f inch X 

Pinicola Pine 
enucleator grosbeak X 

Leuc os ticte Gray-crowned 
te:ehrocotis rosy finch X 

s:einus :einus Pine siskin X X 

s:einus Lesser 
:esal tria goldfinch X 

Loxia Red 
curviro s tra crossbill X 

Pi:eilo Green-tailed 
chlorurus t owhee X X 

Pi£110 Rufous-sided 
erL::throphthalmus towhee X 

Pi£ilo fus cus Brown towhee X 

Calamos:eiza Lark 
melanocor:ls bunting X 

Pooectes Vesper 
gramineus sparrow X 

Chondestes Lark 
grammacus sparrow X X 

Am£his:eiza Sage 
belli sparrow X 

Junco Dark-eyed 
h:lemalis j unco X 

Junco Gray-headed 
canice:es j unco X 

s:eizella Tree 
arborea sparrow X 

S:eizella Chipping 
:easserina sparrow X X 

s:eizella Clay-colored 
:eallida sparrow 

S:eizella B rewer ' s  
breweri sparrow X 

S:eiz ella Field 
pusilla sp arrow 

Zono trichia Harris ' 
g_uerula sparrow X 

Zonotr ichia White-crowned 
leuco:ehr:ls sparrow X 

Zonotrichia Golden-crowned 
atrica:eilla sparrow 



Passeriformes (cant )  

Zonotrichia White-throated 
albicollis sparrow 

Passere lla Fox 
iliaca sparrow 

MelOSJ2iza Lincoln ' s  
lincolnii sparrow 

MelOSJ2iza Swamp 
georgiana sparrow 

Melo sJ2i Za Song 
melodia sparrow 

D-8 

Nest 
in Summer

a 

area resident 
Yearlong Winter 
resident resident 

X 

X 

Migrant 
Casual or 
irregular 

X 

X 

X 

Uncommon 



APPENDIX E 

SUMMARY OF ANNUAL ATMOSPHERIC RADIOACTIVITY MONITORING IN LOS ALAMOS VICINITY 

Number and Type o f  
Sampling Locat ions 

11 regionala 

10 perimeterb 

5 on-s i tec 

11 regional 

10 perimeter 

5 on-s i te 

Type o f  
Analys is 
Performed 

gros s a 

gross a 

gross a 

gross f3 
gross f3 
gross f3 

Mean 
Radioactiv i ty 
Concentration 

1 9 7 3  

1 . 2 x 10-lS mCi/m£ 

1 . 0 x 10-lS mCi /m£ 

1 . 0 x 10-l S  mCi/m£ 

39 

39 

38 

-15 x 10 mCi/m£ 
-15 x 10 mCi/m£ 

-15 x 10 mCi /m£ 

11 regional 

10 perimeter 

5 on-site 

tritiated H2 0 12 

tritiated H2 0 3 7  

tri tiated H2 0 49  

x 10-12 mCi /m£ 

x 10-12 mCi/m£ 

-12 x 10 ;nCi/m£ 

11 regional 

10 perimeter 

5 on-site 

11 regional 

10 perimeter 

5 on-site 

11 regional 

10 perimeter 

5 on-site 

4 regional 

5 perimeter 

2 on-s i te 

2 38Pu 
2 3 8  pu 
2 38Pu 

2 39Pu 
2 3 9Pu 
2 3 9Pu 

Uranium 

Uranium 

Uranium 

241Am 
241Am 
2 4 1Am 

a) O . S  - 50 km from the LASL boundary. 
b ) <O . S  km from the LASL boundary . 
c ) Within the LASL b oundary. 

15 x l0-18 mCi/m£ 

18 x l 0-18 mCi/m£ 

-18 10 x 10 mCi/m£ 

2 1  x l0-18 mCi/m£ 

-18 26 x 10 mCi/m£ 

15 x l0-18 mCi /m£ 

3 llO pg/m 
3 llO pg/m 
3 140 pg/m 

8 

5 

5 

-18 x 10 mCi/m£ 

-18 x 10 mCi/m£ 

-18 x 10 mCi /m£ 

d ) l6 off-site , 10 perimeter , and 10 on-site s ta t ion s for this year only . 
e ) Percent of Concentration Guide s .  

% CGe 

1 . 9  

1 . 6  

0 . 05 

0 . 1 3 

0 . 13 

0 . 004 

0 . 01 

0 . 02 

0 . 001 

0 . 01 

0 . 02 

0 . 0004 

0 . 03 

0 . 04 

0 . 000 7 

0 . 001 

0 . 001 

0 . 0001 

0 . 004 

0 . 002 

0 . 0001 

1 9 74 
Mean 
Radioactivity 
Concentration 

1 . 4  x 10-lS mCi /m£ 
-15 1 . 3 x 10 mCi/m£ 

1 . 3 x 10-lS mCi /m£ 

175  

1 7 3  

167  

X 

X 

X 

X 

X 

10-lS mCi /m£ 

10-lS mCi/m£ 

10-l S  mCi/m£ 

10-12 mCi/m£ 

l0-12 mCi/m£ 

17 

35 

84 x 10-12 mCi /m£ 

2 . 1  x l0-18 mCi /m£ 

1 . 5  x l0-18 mCi /m£ 

1 . 3 x l0-18 mCi/m£ 

2 7  

2 7  

2 6  

x l0-18 mCi /m£ 

x l0-18 mCi/m£ 

x l0-18 mCi/m£ 

3 80 p g /m 
3 90 pg/m 
3 

90 pg/m 

% CGe 

2 . 3  

2 . 2  

0 . 1 

0 . 6  

0 . 6  

0 . 02 

1 9 7 5  
Mean 
Rad ioactivity 
Concentration % CGe 

1 . 0  x 10-lS mCi/m£ 1 . 8 

1 . 1  x 10-lS mCi /m£ 1 . 9 

1 . 1 x 10-lS mCi /m£ 0 . 01 

76 

80 

7 7  

-15 x 10 mCi /m£ 

-15 x 10 mCi /m£ 
-15 x 10 mCi/m£ 

0 . 3  

0 . 3  

0 . 01 

0 . 01 20 x l0-12 mCi/m£ 0 . 0 1 

0 . 02 42 x l0-12 mCi/m£ 0 . 02 

-12 0 . 002 104 x 10 mCi/m£ 0 . e02 

0 . 003 

0 . 002 

0 . 0001 

0 . 05 

0 . 05 

0 . 001 

-18 0 . 8 x 10 mCi/m£ 0 . 001 
-18 0 . 6  x 10 mC i /m£ 0 . 001 

-18 0 . 5  x 10 mCi/m£ 0 . 00003 

19 

24  

20 

-18 x 10 mCi /m£ 0 . 0 3 

x l0-18 mCi /m£ 0 . 04 

x l0-18 mCi /m£ 0 . 001 

3 0 . 001 45 pg/m 0 . 0005 

0 . 0004 

0 . 00002 

3 0 . 001 37 pg/m 
3 0 . 00004 45 pg/m 

4 

8 

5 

-18 x 10 mCi /m£ 0 . 02 

-18 x 10 mCi/m£ 0 . 004 

x l0-18 mCi /m£ 0 . 0001 

rn I 
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APPENDIX F 
GLOSSARY OF TERMS 

The fol l ow i ng b r i e f  g l ossary of terms u sed in th i s  report i s  i ntended to a i d  the reader to 

understand spec i a l  techn i ca l  terms wi th  part i c u l ar mean i ng s . I t  i s  not  a comprehen s i ve l i s t i ng and 

does not i nc l ude tec h n i ca l  terms wh i c h  are read i l y found in  standard commo n l y  used d i c t i onar i es . A 

se l ected l i s t  of  u n i ts of measuremen t wi th symbo l s  and convers i ons  and common metr i c  p re f i xes  i s  

i nc l uded a t  the end . 

ACT IVAT ION  - the i nducti on of  rad i oact i v i ty i n  mate r i a l  by i rra d i a t i o n  wi th neutron s .  

ACT I V ITY - a mea s u re of  the rate at wh i c h  a mater i a l i s  em i tt i ng nucl ear rad i at i ons , u sua l ly  g i ven  i n  

terms of  the number of  n uc l ear d i s i nteg rati ons  occ u r i n g  i n  a g i ven q uanti ty o f  mate r i a l  over a u n i t  of  

t ime . The common u n i t  of acti v i ty i s  the cur i e ( C i ) 

ALPHA RAD IATION - an em i s s i on of  parti c l es ( he l i um n uc l e i ) from a mater i a l  undergo i ng nuc l ear tra n s 

format i o n ;  t h e  parti c l es have a nucl ear m a s s  numbe r of four  a n d  a charg e  of p l u s two ( symbo l . a ) . 

A4U I F ER - a s u bs urface fo rma t i on conta i n i ng suffi c i en t  saturated permeab i l e  mate r i a l  to y i e l d  s i g n i fi cant 

quant i t i e s  of  wa te r .  

ARKO S I C  - perta i n i ng to arkose , a quartz-fe l dspar  sandstone u s u a l l y formed i n  desert a reas by rap i d  

ero s i on and  depos i t i on of  fe l dspar-r i ch  i gneou s rocks . 

BAC KGROUND (RAD IAT I O N ,  LEVELn w i t h  respect to rad i a t i on , the amounts  that are produced by natu ra l ly  

occurr i ng rad i oact i ve  mater i a l s i n  t he  crust  of the  ea rth , cosm i c  rad i at i o ns , and the fa l l out  from 

nuc l ear weapons tes ts . ( I n  the U . S .  natural  rad i at ion  bac kg rounds vary from p l ace to p l ace by 

rough ly  a factor of  two . ) 

BETA RAD IAT I ON - essen t i a l ly  we i g ht l e s s  charged parti c l e s  ( e l ectrons and pos i tro ns ) em i tted from the 

nuc l eus  of an atom underg o i ng nuc l ear trans format i o n  ( sym bo l : b ) .  

B IOHE - a maj or  reg i onal  eco l og i ca l  commun i ty of p l ants  and an imal s extend i ng over l arge natura l  area s .  

The p l ants  of  l and b i omes compr i se  the ' · formati ons ' o f  p l ant  eco l og i sts . 

BREEDER REACTOR - a reacto r hav i ng the capab i l i ty of both produc i ng con sumab l e  power and usab l e fuel . 

CONC ENTRAT ION G U I UE - the average concentra t i on of a rad i onuc l ide  i n  a i r  or water to wh i c h  a worker or  

member of  the general  popu l at i on may be con ti nuo u s l y  exposed wi thout exceed i ng acceptab l e rad i a t i on 

dose s tandard s .  
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CONDUCTANCE (CONDUCT IV ITY)  - a  common way to  express g enera l mi neral content of water . I t  i s  l i tera l l y 

the spec i f i c  e l ectr i ca l  conductance ( or  e l ectri ca l  conduct i v i ty ) ;  a measure of the capac i ty of water 

to conduct an e l ectr i ca l  cu rrent under standard test  cond i t i ons . Conducti v i ty i ncreases  as concentra
t i ons of d i sso l ved and i on i zed consti tuents i ncrease . I t  i s  actua l l y mea sured a s  resi stance ( i n  
m i l l i onths o f  a n  o hm )  but reported a s  mi cromhos ( the rec i proca l  of m i l l i onths of a n  ohm ) .  As a ru l e of 
thumb , d i sso l ved so l i ds concentrat ion  ( i n  mg/ £ )  is 60-70 percent of spec i fi c  conductance ( i n  mocromhos ) .  
Metr i c  un i ts for conductance a re mi l l i S i emens/meter ( mS/m )  where l mS/m = l O�mho/cm . 

COOL I NG TOWER - a structure des i g ned for the evapora t i ve coo l i ng of heated water .  

CREEP - a p rocess for m i g rat i on of s urface so i l  part i c l es under the i nf l uence of w i n d .  Loose so i l  
part i c l es i n  the m i l l i meter s i ze range may ro l l  and  bounce a l ong the s u rface when w i nd speeds a re 
s trong enough . 

CR IT I CAL - capabi l i ty of f i s s i onabl e nuc l ear  materi a l  to s u sta i n  a cha i n  react i on at a constant l evel . 

DAC IT IC  - perta i n i ng to daci te , a f i ne-grai ned extru s i ve roc k  w i th the  same general compos i t i on a s  
andes i te but  hav i ng a l ess  ca l c i c  fe l dspar .  

DAUGHTER - the nucl i de formed i n  the radioact i ve d i s i ntegrati on of a f i rs t  nuc l i de ( parent ) .  

DECAY - w i th respect to rad i at i on , the d i s i ntegra t i on from one nucl i de to another unt i l  a s tab l e 
(nonrad i oacti ve ) daug hter i s  reached . 

DEPLETED URAN I UM - uran i um cons i s t i ng pr imari l y  of 238u and depl eted of the 235u i sotope .  Depl eted 
u ran i um genera l l y  conta i ns l ess  than 0 . 2 wt % 235u . 

DOSE COW1 ITMENT - the i ntegrated dose that resu l ts from an i n ta ke of radi oacti ve materi a l , eval u ated 
from the beg i n n i ng of i ntake to a l ater t ime ( us ua l l y  50 years ) ;  a l so used for the l onger term 
i n tegrated dose to wh i ch peop l e  a re cons i dered commi tted becau se rad i oacti ve materi a l  has  been rel eased 
to the env i ronment .  

ECOTONE - a fa i rl y  broad tran s i t i on reg i on between adjacent b i omes . 

ENRI CHED-URAN I UM - u ran i um  treated to i ncrease the concentrat i on  of the 235u i sotope .  

EVAPOTRANS P I RAT ION  - l oss  of water from the  soi l both  by  evaporat ion from the  s urface and by 
trans p i rat ion from the p l ants g rowi ng there i n .  

EXTERNAL PENETRAT I NG RADIAT ION  - see  penetrat i n g  rad i a ti o n .  

F ECAL COL I FORMS - a g roup o f  bacteri a common to the i ntes ti n a l  tracts of man a n d  other an ima l s .  The 
p resence of fecal col i forms in water i s  an i n di cator of  domest i c  sewage pol l u t i on and of  potent i a l l y  
dangerous bacteri a l  contami nat ion , a l thoug h they themsel ves are not d i sease caus i ng .  
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F I REBREAK - a barri er from wh i ch fue l s  have beeD removed and  uti l i zed to s top  or check f i res . 

FUELBREAK - a s e l ected strateg i ca l l y l ocated stri p or b l ock of l and , norma l l y  2 to 7 cha i ns w i de , where 

esthet i c  va l ues have been ma i n ta i ned or enhanced by fuel  mod i f i cat i ons . Veh i cu l a r  access i s  prov i ded 

where poss i bl e .  Fue l breaks pro v i de a safe l ocat i on from wh i ch f i refi ghters can attack and control a 

f i re .  I t  may o r  may not have a c l eared fi rel i n e  cons tructed i n  i t  pr i or  to f i re occurrence . 

GALLERY - a hori zontal storage reservo i r constructed for the p u rpose of i ntercept i ng ground water for 
d i str i b ut i on .  

GAMI-1A RAD IAT ION - e l ectromagnet i c energy emi tted duri ng a nuc l ea r  tran s i t i on ( symbo l : y ) . 

GAUSS IAN ( PLUNE , NODEL ) - a c l a s s  of atmos pher i c  turbu l ent d i ffus i on  est ima t i on schemes i n  wh i ch 
pol l utant materi a l  i s  a s s umed to be d i stri buted as a norma l , or  ga us s i an funct i on about i ts �verage 
downw ind  trajectory .  The mode l s typ i ca l l y  conserve mass and req u i re i nputs of p l ume spread rate w i th 
travel d i s tance a s  a funct i on of meteoro l og i ca l  cond i t i ons . 

GROSS-ALPHA - tota l a l pha rad i a t i on act i v i ty w i th no d i scr im i nat i on between spec i fi c  rad i onucl i des . 

GROSS-BETA - tota l beta rad i at i on a ct i v i ty w i th no d i scr im i nati on between speci f i c  rad i onucl i des . 

GROSS-GAI'lNA - tota l gamma rad i at ion  acti v i ty w i th no d i scr im i nati on between spec i fi c  rad i onucl i des . 

HARDNESS - deri ved l a rgely from contact w i th s o i l and rock format i ons , hardness i n  water i s  caused by 
d i va l ent meta l l i c cat i ons , p r i n c i pa l l y ca l c i um , magnes i um , stronti um ,  ferrous  i ron , and ma nganour i ons . 
Hard waters are a s  sat i s factory for human consumpt ion as soft waters . Beca use of  the i r  adverse act i on 
wi th soap , however , the use for c l ea n i ng purposes i s  q u i te unsa t i s factory ,  and  they produce s ca l e  i n  
hot water p i pes , heaters , boi l ers , and other un its i n  wh i ch the temperature o f  water i s  i ncreased materi a l l y .  

HEAT I NG DEGREE DAYS - *the departure of the mean da i l y temperature be l ow a g i ven standard ( i n th i s  case , 
6 5 ° F  or l 8 . 3° C ) . One degree-day i s  counted for each degree of departure be l ow the standard duri ng one 
day . Degree days a re usua l ly  accumu l ated over a month , season , o r  yea r .  

* 
from G l ossary of  f'leteorol ogy , R .  E .  H ushke , ed . , ANS , Boston , 1 959 . 

HEPA F I LTER - a h i gh eff i c i ency part i cu l ate a i r  f i l ter hav i ng a f i brous med i um wh i c h  produces a 
part i c u l a te removal effi c i ency of at l east  99 . 97% for a l l measurab l e ( 0 . 3  m i crons and l a rger ) 
part i c l es on a count bas i s .  

HYDRAUL I C  CONDUCT I V I TY - the vo l ume of water a t  the exi s t i ng k i nemat i c  v i scos i ty that w i l l  move i n  un i t  
t ime under a u n it  hydrau l i c  gra d i ent through a un i t  a rea measured a t  ri ght a ng l e s  to the d i rect i on of 
fl ow .  
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I ON EXCHANGE _ a process for se l ect i ve ly  remo v i ng a consti tuent (for examp l e ,  a hard water softener )  

from a waste stream by revers i b ly transferri ng i ons between a n  i nso l ub l e so l i d  a n d  the waste stream. 

( 1 f 
· " 1 )  an then be washed and  the waste co l l ected o r  

The exchange medi um usua l l y  a c o  umn o res 1 n  o r  so 1  c 

taken to a d i s posa l  s i te .  

LAT I T I C  - perta i n i ng to l ati te ,  a porphyr i t i c  extrus i ve rock hav i ng p l ag i oc l a se a n d  pota ss i um fel dspar  
( p robably most ly  fel dspar )  present in  near ly  equa l  amounts a s  p henocrysts , l i tt l e  or  no  quartz , and a 
fi ne ly  crysta l l i ne to g l a s sy g roundmass , wh i c h  may conta i n  obscure potas s i um fel dspa r ,  the extrus i ve 
equ i va l ent of monzon i te .  

L IMBURG I TI C - perta i n i ng to l imburg i te ,  a dark-co l o red porphyri t i c  extrus i ve i gneo us  rock hav i ng  
o l i v i ne and  c l i nopyroxene a s  phenocri p t  m i nera l s i n  an  a l ka l i -ri ch g l a s sy g ro undmas s  wh i ch may have 
m i crol i tes  o f  c l i nophropene , o l i vene , and opaque oxi des ; some nephe l i ne and/or ana l c ime may be present ,  
and  fel dspars a re typ i ca l l y  absent .  

NAN-REI� - a u n i t  of  pop u l a t i on dose ,  o ften the a verage dose per i nd i v i dua l  expressed i n  rems t imes  the 
pop u l at ion  affected .  

MES I C - perta i n i ng t o  a so i l ' s  water re l at i on s h i p s  i ntermedi a te between dry ( xeri c )  a n d  wet ( hydri c ) . 

NUCL I DE - a s pec i es o f  atom hav i n g  a spec i f i c  mass , atom i c  number ,  and nucl ear  energy s tate .  

OVERSTORY - the l ayer of fol i age in a forest canopy ;  a l so ,  i ts trees . 

PARENT - a nuc l i de wh i c h  d i s i ntegrates  rad i oacti ve ly  to fonm a second nucl i de ( daughter ) . 

PASCAL - a meas ure o f  p res s ure i n  un i ts o f  N/m2 ( newtons per sq uare mete r ) . 

P ENETRAT ING  RAD IATI ON - fonms of  rad i ant  energy capabl e o f  pass i ng through s i gn i f i cant thi ckness o f  
s o l i d  materi a l ; these  usua l l y  i nc l ude gamma rays , xrays , a n d  neutron s .  

PERCHED AQU I FER - unconf i ned g round water separated from the under ly i ng  ma i n  aqui fe r by an  unsaturated 
zone . 

P I EZOMETR I C  SURFACE - imag i na ry s urface represent i n g  the stat i c head of ground water. 

popu l at i on dose - the total i on i z i ng rad i at i on dose recei ved by the ent i re pop u l a t i on in q uest i o n .  
I t  i s  the sum of the doses recei ved by each member of  the popu l a t i o n .  

rad - a un i t  of  meas ure for the absorbed dose o f  rad i at i on ; one rad equa l s 1 00 e rg s  absorbed per 
yram of  materi a l .  

rad i onucl i de - a rad i oacti ve nucl i de .  
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rad i at i on protecti on standards - the radi at i on  protect i on s tandards a re a set of  maximum external  and  

i ntern a l  radi ati on dose  eq u i va l ents ( rem ) for i nd i v i dual s  i n  contro l l ed and  uncontro l l ed areas and  

popul ati ons . The s tandards  a re s tated for ca l endar quarters and  annual expos ure periods for  the  whole  

body and speci fi c organs or t i s s ues . 

_ a  process ,· nvol v i ng the attachment to an an ima l  of a sma l l rad i o  transmi tter that 
rad i o- tel emetry 

emi ts l ong  wave freq uenci es  perm i tt i ng i nvesti gators to p i n po i nt  l ocation  of the an ima l . 

rem - a un i t  of measure for the dose of i on i z i ng rad i ati on that  has  the same b i o l og i ca l  e ffect a s  one 
roentgen of x ray s .  One rem is approximate l y  equa l  to one rad for X , gamma , o r  beta rad i a t i on . 

SAN I D I N E  - a h i g h-temperature m i nera l  of the a l kal i fe l dspar group . I t  i s  a h i gh l y  di sordered , 
monocl i n i c  form of  o rthoc l ase  occurring i n  c l ea r , g l assy , often tabu l a r  crysta l s  embedded i n  
una l tered ac i d  vo l cani c rocks .  

SC INTILLAT ION (COUNT ING ) - l i ght fl ashes produced i n  crysta l l i ne mater i a l  by i on i z i ng rad i ati on ; 
meas u rement of the l evel of acti v i ty of  the source . 

SHERD - vari ati on o f  shard .  A fragment of a bri ttl e substance , as  of an  earthen vesse l ( pottery ) . 

STORAGE COEFF I C I ENT - the vo l ume of water  an aqui fer  re l ea ses from or takes i nto s torage per un i t  
surface a rea o f  the aq u i fer per un i t  change i n  head . 

THERMOLUMINESCENT DOS IMETER - a pass i ve detecto r,  usua l l y  conta i n i ng a phosphor materi a l , used to 
cumu l a t i ve ly  mea s ure i n c i denta l i on i z i ng rad i a t i on ( i n  th i s  case , terrestri a l  gamma and cosmi c 
rad i a t i on ) . Upon heat i ng , the detector emi ts v i s i b l e  photons i n  a quanti ty p roport i ona l  to the 
amount of i on i z i ng rad i at i on to wh i ch the detector was exposed . 

TRANSM I SS I V ITY  - a coeffi c i ent rel at i ng the vol umetr i c  fl ow through a un i t  wi dth o f  groundwater to 
the dri v i ng force ( hydra u l i c  potenti a l ) . I t  i s  a fun ct i on of the porous medi um , fl u i d  propert i es , 
and saturated th i c kness of  the aqu i fer .  

TRANSURAN IC  WASTE - those wastes contam i nated w i th l ong-l i ver a l pha-em i tt i ng radi onuc l i des  i n c l ud i ng 
2 33u and i ts daughter p roducts , p l utoni um and transp l uton i um  nuc l i des ( those w i t h  atom i c  n umber �94 ) 
except 2 38P u  and 241 P u .  

TR I CKL ING  F I LTER - a b i o l og i ca l  sewage treatment techno l ogy con s i sti ng of a bed of  " fi l ter" med i um , 

an underdra i nage system , and a mechan i sm for di s tri buti ng the sewage evenl y  ove r  the su rface o f  the 
" fi l ter . " The word " fi l ter"  i s  a m i s nomer .  There i s  no stra i n i ng or  f i l te ri ng i n vol ved . Actua l ly , 
the " fi l ter" i s  a bed of  grave l , bro ken stone , etc. , on wh i ch a f i l m  of  growth de ve l ops . As sewage 
perco l ates through the bed , the o rgan i sms in the fi l m  of g rowth uti l i ze the o rgan i c  matter in the 
sewage for growth .  



F-6 

UNDERSTORY - a l ayer of fo l i age  i n  a forest be l ow  the l eve l of  the ma i n  canopy ; a l so ,  the trees 
form ing  s uch a l ayer . 

WIND  ROSE - a di agrarrrnat i c  representat i on of the di stribut i on of preva i l i ng w i nd d i rections at  a 
g i ven  l ocat i on ;  some vari at i ons i ncl ude w ind  s peed grou p i ngs  by d i recti on . 
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APPEND I X  G 

UN ITS OF MEASUREMENT WITH 
SYMBOLS AND SELECTED METRI C - ENGL ISH  CONVERS I ONS  

Un i t  

Bri t i s h  thermal uni t 
C ub i c  Centimeter 
C ub i c  meter 
C uri e 
Gal l ons  per m i nute 
Gram 
Ki l og ram 
Ki l ometer 
Ki l owatt hour 
L i ter 
Meter 
Mi l l i on e l ectron vol ts 
M i l l i on ga l l ons  per day 
Thousand cub ic  feet 
Thousand ki l owatt hours 
Thousand  s tandard cub i c  feet 
Metri c ton 
Parts per m i l l i on 
Pasca l  
Pounds p e r  square i nch 
Roentgen 

Prefix 

mega 
k i l o  
dec a 
centi 
mi l l  i 
micro 
nano 
p i  co 

Symbol 

BTU 
cm3 (cc ) 
m3 

C i  
gpm 
g 
kg 
km 
kwh 
R. 
m 
MeV 
MGD 
MCF 
MKWH 
MSC F  
MT 
ppm 
Pa  
pse  
R 

METR IC  PREF IXES 

� 
M 
k 
da 
c 
m 

\1 
n 
p 

Convers i on 

1 056 jou l e s  
0 . 034 ounce ( fl u i d )  
264 gal l ons , 35 . 3  ft3 

3 . 7  x 1 0 1 0  d i s i ntegra i ons/sec 
3 .  78 l i ters/m i n  
0 . 035 ounce ( avoi rdupo i s )  
2 . 2  l b  
0 . 62 1  mi l e  
3 . 6  x 1 06 j o u l e s  
0 . 264 ga l l on 
3 . 28 feet 

3 . 6  x l 09joul es 
2 8 . 3  m3 

l 000 kg 

0 . 02 1  l b/ft2 

6895 Pa  

M u l t iQl i er 

1 06 

1 03 

1 0 1 

1 0-2 

1 0-3 

1 0-6 

1 0-9 

1 0- 1 2 





H - i  

APPEN D I X  H 

Environmenta l  Survei l lance at Los Alamos 
During 1 978 

Environmental Survei l lance Group 

LA-7800-ENV 

UC-41 

Issued : April 1 979 



H- i i 
An Affirmative Action/Equal Opportunity Employer 

The four most recent reports in this series, 
unclassified, are LA-5977-PR, LA-632 1 -MS, 
LA-6801 -MS, and l.A-7263-MS. 

This report w a s  prepared a s  a n  account o f  work sponsored 

by the Umted States Government. Neither the Umt�d States 

nor the Untted States Department of Energy, nor any o f  their 

employees, nor any of their con tractors, subco ntractors. or 

the1r employees, makes any warranty, express or implied, or 

assume!> any legal habality o r  responslbihty for the accuracy, 

completeness. or usefulness o f  anv informatiOn, apparatus, 

product, or proCess disclosed, or represents that Its use would 

not infnnge privately owned rights. 

U N I TED STATES 
D E P A R TM E N T  OF E N E R G Y  
C O N T R A C T  W·7 4011·ENG. 3 6  



H - i i i  

CONTENTS 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

I. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
A. Physical Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
B. Geology-Hydrology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
C. Meteorology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
D .  Demographics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
E .  Waste Disposal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
F. Environmental Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

II. SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

III. MONITORING RESULTS . .  . . .  . . .  . .  . . .  . .  . .  . .  . .  . . . .  . . .  . . .  . . .  . . . .  . . . .  . . . .  . . .  . . 9 
A. Radiation and Radioactivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

1 .  Penetrating Radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
2. Air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1  
3 .  Radioactivity in Surface and Ground Waters . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
4 .  Radionuclides in Soil and Sediments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
5 .  Radioactivity in Foodstuffs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
6. Radioactive Effluents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

B. Chemical Constituents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
1. Chemical Quality of Surface and Ground Waters . . . . . . . . . . . . . . . . . . . . . . . . 32 
2.  Water Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
3. Nonradioactive Effluents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
4. Herbicide Damage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 

IV. ENVIRONMENTAL EVALUATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 
A. Radiation Doses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 
B. Environmental Protection Programs at LASL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

1. LERC/EEC Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
2. Quality Assurance Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
3 .  Archeology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 
4. Decontamination and Decommissioning Work . . . . . . . . . . . . . . . . . . . . . . . . . . .  44 

C. Related Environmental Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
1. Ecological Investigation of Dry Geothermal Energy at Fenton Hill . . . . . . . . .  44 
2. Fenton Hill Site (TA-57) Surface and Ground Waters . . . . . . . . . . . . . . . . . . . . 45 
3. The Comparative Distribution of Stable Mercury, Cesium-137, and 

Plutonium in an Intermittent Stream at Los Alamos . . . . . . . . . . . . . . . . . . . . .  46 
4. Mule Deer Movement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 
5. Botanical Survey for Critical Habitats in the LA/NERP . . . . . . . . . . . . . . . . . .  48 
6. La Mesa Fire . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51 

Long-Term Ecological Effects of Exposure to Uranium . . . . . . . . . . . . . . . . . . .  51 
D.  Resurvey Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 

1 .  Bayo Canyon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
2 .  Acid-Pueblo Canyon System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 

ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 



H - i v  

APPENDIXES 

A. STANDARDS FOR ENVIRONMENTAL CONTAMINANTS . . . . . . . . . . . . . . . . . . . . . .  57 
B. SAMPLING PROCEDURES AND 
B .  STATISTICAL TREATMENT OF DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61 
C .  ANALYTICAL CHEMISTRY METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 
D .  METHODS FOR DO SE CALCULATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73 
E. ENVIRONMENTAL DATA TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 

FIGURES 

1 .  Regional location of Los Alamos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
2 .  Topography of the Los Alamos, New Mexico area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
3 .  Summary of 1978 weather in Los Alamos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
4. LASL technical areas and adjacent community areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
5 .  Thermoluminescent dosimeter (TLD) and air sampler locations 
5. on or near the LASL site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
6 .  Regional surface water, sediments, soil, and air sampling stations . . . . . . . . . . . . . . . . . . . . . 13  
7 .  Monthly average long-lived gross beta radioactivity, 1973-1978, 

by sampling station groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14  
8 .  Annual mean atmospheric tritiated water vapor concentrations 

in the vicinity of LASL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
9 .  Surface and ground water sampling locations on or near the LASL site . . . . . . . . . . . . . . . . . 17  
10. Soil and sediment sampling stations on or  near the LASL site . . . . . . . . . . . . . . . . . . . . . . . 22 
1 1 .  Summary of atmospheric releases of 41Ar, l lC ,  13N,  and 150 . . . . . . . . . . . . . . . . . . . . . . .  30 
12 .  Summary of tritium effluents (air and liquid) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31  
13 .  Summary of  plutonium effluents (air and liquid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1  
1 4 .  Summary o f  strontium liquid effluents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 2  
1 5 .  Water sampling locations i n  vicinity o f  Fenton Hill (TA-57) Geothermal Site . . . . . . . . . .  47 
16. Capture of a mule deer at LASL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
17. Graph of the 1976 0-2 .5 em depth segment soil 

uranium concentration and the phoswich portable survey 
instrument counts in 1978 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

TABLES 

I. EXTERNAL PENETRATION RADIATION DURING 1978 . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  
II .  SUMMARY OF ANNUAL ATMOSPHERIC RADIOACTIVITY MONITORING . . . . . .  1 6  
III. MAXIMUM RADIOACTIVITY CONCENTRATIONS IN 

REGIONAL AND PERIMETER WATERS . . . . . . . .  . .  . . . . .  . . . .  . .  . .  . .  . .  . .  . . . .  . . . . . 18  
N. MAXIMUM RADIOACTIVITY CONCENTRATIONS IN WATER SUPPLY . . . . . . . .  19 
V.  MAXIMUM RADIOACTIVITY IN ONSITE WATERS IN 

AREAS NOT RECEIVING EFFLUENTS . . . . .  . .  . . . . . . .  . .  . .  . . . . . .  . . .  . .  . . .  . .  . . . .  . .  19 
VI. MAXIMUM RADIOACTIVITY CONCENTRATIONS IN WATERS IN 

AREAS RECEIVING EFFLUENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
VII. MAXIMUM RADIOACTIVITY IN REGIONAL SOIL AND SEDIMENTS . . . . . . . . . . 21  
VIII. MAXIMUM RADIOACTIVITY IN PERIMETER SOILS AND SEDIMENTS . . . . . . 23 
IX . MAXIMUM RADIOACTIVITY IN ONSITE SOILS AND SEDIMENTS . . . . . . . . . . . . 23 
X.  RADIOCHEMICAL AND CHEMICAL ANALYSES OF STORM RUNOFF . . . . . . . . . .  24 



H-v  

XI. TRITIATED WATER CONTENT O F  FOODSTUFFS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
XII . URANIUM CONCENTRATIONS IN FOODSTUFFS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
XIII. 238pu AND 239pu CONCENTRATIONS IN FOODSTUFFS . . . . . . . . . . . . . . . . . . . . . 27 
XIV. 90Sr CONTENT IN FOODSTUFFS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
XV. RADIOACTIVITY CONTENT OF PINON NUTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
XVI. RADIOACTIVITY IN FISH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
XVII. MAXIMUM CHEMICAL CONCENTRATIONS IN 

REGIONAL AND PERIMETER WATERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
XVIII. MAXIMUM CHEMICAL CONCENTRATIONS IN 

ONSITE NON-EFFLUENT WATER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
XIX. MAXIMUM CHEMICAL CONCENTRATIONS IN 

EFFLUENT AREA WATERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
XX. BASELINE DATA FOR ORGANIC CHEMICALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
XXI. MAXIMUM CHEMICAL CONCENTRATIONS IN WATER SUPPLY . . . . . . . . . . . . 36 
XXII . SUMMARY OF ATMOSPHERIC PARTICULATE CONCENTRATIONS IN 

LO S ALAMOS AND WHITE ROCK 
DURING 1978 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 

XXIII. ESTIMATES OF AIR POLLUTION EMISSIONS 
ASSOCIATED WITH MAINTENANCE AND OPERATION OF 
THE VEHICLE FLEET . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

XXIV. ESTIMATES OF STACK GAS EMISSIONS 
FROM THE TA-3 POWER PLANT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

XXV. ESTIMATED LOSSES OF GASES AND VOLATILE CHEMICALS . . . . . . . . . . . . .  38 
XXVI. ESTIMATED EMISSIONS FROM BURNING OF EXPLOSIVE WASTES . . . . . . 38 
XXVII. CALCULATED BOUNDARY AND MAXIMUM INDIVIDUAL DOSES FROM 

AIRBORNE RADIOACTIVITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
XXVIII. 1978 WHOLE BODY POPULATION DOSES TO LOS ALAMOS 

COUNTY RESIDENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
XXIX. RELATIVE TRAPPING DENSITIES AND TRAPPING SUCCESS FOR 

SMALL MAMMALS IN VARIOUS VEGETATIVE COMPLEXES . . . . . . . . . . . . . .  45 
XXX . ARITHMETIC MEAN CONCENTRATIONS AND COEFFICIENTS OF 

VARIATION OF MERCURY, CESIUM, AND PLUTONIUM 
F A  FUNCTION OF LOCATION IN MORTANDAD CANYON SOILS . . . . . . . . . . .  48 

XXXI. SUMMARY OF LA/NERP PELLET GROUP DATA FOR DEER . . . . . . . . . . . . . . . . 50 
XXXII. SUMMARY OF LA/NERP PELLET GROUP DATA FOR ELK . . . . . . . . . . . . . . . .  50 

A-I . DOE RADIOACTIVITY CONCENTRATION GUIDES . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 
A-II. DOE RADIATION PROTECTION STANDARDS FOR EXTERNAL AND 

INTERNAL EXPO SURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
A-III . MAXIMUM CONTAMINANT LEVEL IN WATER SUPPLY FOR 

INORGANIC CHEMICALS AND RADIOCHEMICALS . . . . . . . . . . . . . . . . . . . . . . . . . 60 

C-I .  ANALYTICAL METHODS FOR VARIOUS ELEMENTS AND ANIONS . . . . . . . . . . . 67 
C-II. ANALYTICAL CAPABILITIES EVALUATED FROM QUALITY 

CONTROL AND QUALITY ASSURANCE STANDARDS . . . . . . . . . . . . . . . . . . . . . . .  69 
C-III. QUANTITY OF CONSTITUENT REPORTED IN BLANKS . . . . . . . . . . . . . . . . . . . . 70 
C-IV. DETECTION LIMITS FOR ANALYSES OF TYPICAL 

ENVIRONMENTAL SAMPLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 



H - v i  

E-1 . MEANS AND EXTREME S O F  TEMPERATURE AND 
PRECIPITATION CLIMATOLOGICAL SUMMARY 1951 -1978 . . . . . . . . . . . . . . . . . . .  75 

E-11 . ANNUAL THERMOLUMINESCENTT DOSIMETER MEASUREMENTS . . . . . . . 76 
E-III. REGIONAL AVERAGE BACKGROUNDS 

ATMOSPHERIC RADIOACTIVITY CONCENTRATIONS . . . . . . . . . . . . . . . . . . . . . .  77 
E-IV . LONG-LIVED ATMOSPHERIC GROSS BETA 

CONCENTRATIONS FOLLOWING CHINESE 
NUCLEAR TEST ON MARCH 14, 1978 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 

E-V. LONG-LIVED ATMOSPHERIC GROSS BETA 
CONCENTRATIONS FOLLOWING CHINESE 
NUCLEAR TEST ON DECEMBER 14, 1978 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 

E-VI . LOCATION OF AIR SAMPLING STATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 
E-VIl. ANNUAL ATMOSPHERIC LONG-LIVED GROSS ALPHA AND 

GROSS BETA ACTIVITY CONCENTRATIONS . .  . .  . .  . .  . .  . .  . . .  . .  . .  . . .  . .  . . . . . .  80 
E-VIII. ANNUAL ATMO SPHERIC TRITIATED WATER 

VAPOR CONCENTRATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81 
E-IX . ANNUAL ATMOSPHERIC 238Pu AND 239pu CONCENTRATIONS . . . . . . . . . . . .  82 
E-X. ANNUAL ATMOSPHERIC URANIUM CONCENTRATIONS . . . . . . . . . . . . . . . . . . .  83 
E-XI .  ANNUAL ATMOSPHERIC 241Am CONCENTRATIONS . . . . . . . . . . . . . . . . . . . . . .  84 
E-XII. LOCATIONS OF SURFACE AND GROUND WATER STATIONS . . . . . . . . . . . . . .  85 
E-XIII. RADIOCHEMICAL AND CHEMICAL QUALITY OF 

SURFACE WATER FROM REGIONAL STATIONS . . . . . . . . . . . . . . . . . . . . . . . . . .  88 
E-XIV. RADIOCHEMICAL AND CHEMICAL 

QUALITY OF SURFACE AND GROUND WATER 
FROM PERIMETER STATIONS . .  . . . .  . .  . . .  . .  . .  . .  . .  . .  . .  . . . . .  . .  . .  . . .  . .  . .  . .  . .  89 

E-XV. RADIOCHEMICAL AND CHEMICAL 
QUALITY OF WATER FROM 
MUNICIPAL SUPPLY AND DISTRIBUTION . . . . .  . . . . .  . . . . .  . . . .  . .  . .  . . . . .  . .  . .  92 

E-XVI. RADIOCHEMICAL AND CHEMICAL QUALITY OF WATER FROM 
ONSITE STATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 

E-XVII. LOCATION OF SOIL AND SEDIMENT STATIONS . . . . . . . . . . . . . . . . . . . . . . . . . 96 
E-XVIII. RADIOCHEMICAL ANALYSES OF REGIONAL SOILS AND SEDIMENTS . . 99 
E-XIX. RADIOCHEMICAL ANALYSES OF PERIMETER SOILS AND SEDIMENTS . .  100 
E-XX . RADIOCHEMICAL ANALYSES OF ONSITE SOILS AND SEDIMENTS . . . . . . .  101 
E-XXI. ATMOSPHERIC RADIOACTIVE EFFLUENT TOTAL FOR 1978 . . . . . . . . . . . . . .  102 
E-XXII. QUALITY OF EFFLUENTS FROM LIQUID RADIOACTIVE 

WASTE TREATMENT PLANTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 
E-XXIII . ESTIMATED CONCENTRATIONS OF TOXIC ELEMENTS 

AEROSOLIZED BY DYNAMIC EXPERIMENTS . . . . . . . . . . . . . . . . . . . . . . . . . .  104 
E-XXIV. TOTAL SUSPENDED PARTICULATES AT LOS ALAMOS AND 

WHITE ROCK DURING 1978 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105 
E-XXV. SANITARY SEWAGE TREATMENT FACILITIES 

EFFLUENT QUALITY SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  106 
E-XXVI. INDUSTRIAL LIQUID EFFLUENT QUALITY SUMMARY . . . . . . . . . . . . . . . . .  107 
E-XXVII. CHEMICAL QUALITY OF WATER IN VICINITY OF FENTON HILL . . . . . . .  108 



H- 1 

ENVIRONMENTAL SURVEILLANCE AT LOS ALAMOS 
DURING 1978 

Environmental Surveillance Group 

ABSTRACT 

This report documents the environmental surveillance program conducted 
by the Los Alamos Scientific Laboratory (LASL) in 1978. Routine monitor
ing for radiation and radioactive or chemical substances is conducted on the 
Laboratory site and in the surrounding region to determine compliance with 
appropriate standards and permit early identification of possible un
desirable trends. Results and interpretation of the data for 1978 on 
penetrating radiation, chemical and radiochemical quality of ambient air, 
surface and ground water, municipal water supply, soils and sediments, 
food, and airborne and liquid effluents are included. Comparisons with ap
propriate standards and regulations or with background levels from natural 
or other non-LASL sources provide a basis for concluding that environmen
tal effects attributable to LASL operations are minor and cannot be con
sidered likely to result in any hazard to the population of the area. Results of 
several special studies provide documentation of some unique environmen
tal conditions in the LASL environs. 

I .  INTRODUCTION 

This report documents results of the environmen
tal monitoring program conducted at the Los 
Alamos Scientific Laboratory (LASL) during 1978 . 
In keeping with Department of Energy (DOE) and 
Laboratory intent to describe and document possi
ble influences of operations on the environment, this 
report provides data and interpretation of en
vironmental conditions in the vicinity of LASL. 

The Laboratory is administered by the University 
of California for DOE, under contract W-7405-ENG-
36. The LASL environmental program, conducted 
by the Environmental Surveillance Group, is part of 
a continuing investigation and documentation 
program. 

Since its inception in 1943 , the Laboratory 's 
primary mission has been nuclear weapons research 
and development. National security programs in
clude weapons development, laser fusion, nuclear 

materials research, and laser isotope separation, as 
well as basic research in the areas of physics, 
chemistry, and engineering that support such 
programs. Research on peaceful uses of nuclear 
energy has included space applications, power reac
tor programs, magnetic fusion, and radiobiology and 
medicine . In more recent years other programs have 
been added in astrophysics, earth sciences, energy 
resources, nuclear fuel safeguards, lasers, and 
biomedical and environmental research. 

A unique combination of facilities , which con
tribute to the various research programs, exists at 
Los Alamos. These facilities include the 800 MeV 
proton accelerator, a tandem Van de Graaff ac
celerator, the Laser Laboratory, the Magnetic Fu
sion Laboratory, a flash radiographic facility, and a 
10 megawatt research reactor . Some of these 
facilities encourage participation and joint projects 
by researchers from other laboratories and research 
facilities. 
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In  August 1977, the LASL site, encompassing 111  
km2, was dedicated as  a National Environmental 
Research Park. The ultimate goal of this regional 
facility is to encourage environmental research that 
will contribute understanding of how man can best 
live in balance with nature while enjoying the 
benefits of technology. Park resources are made 
available to individuals and organizations outside of 
LASL for the purpose of facilitating self-supported 
research on those subjects deemed compatible with 
the LASL programmatic mission. 

A. Physical Setting 

The Los Alamos Scientific Laboratory and adja
cent residential areas of Los Alamos and White Rock 
are located in Los Alamos County in north-central 
New Mexico, about 100 km NNE of Albuquerque 
and 40 km NW of Santa Fe by air (Fig. 1 ) .  The 1 1 1  
km2 Laboratory site and adjacent communities are 
situated on the Pajarito Plateau. The Plateau con
sists of a series of mesas separated by deep canyons 
cut by intermittent streams that trend eastward 
from an altitude of about 2400 m at the flank of the 
Jemez Mountains to about 1800 m at the eastern 
margin where it terminates above the Rio Grande 
valley . Most Laboratory and community develop
ments are confined to the mesa tops (see Fig. 2 and 
inside front cover) .  The surrounding land is essen
tially undeveloped with large tracts of land north, 
west, and south of the Laboratory site held by the 
U.S.  Forest Service and U.S .  Park Service (see land 
ownership map inside back cover) . San Ildefonso In
dian lands border the Laboratory to the east. 

All Los Alamos County and vicinity locations 
references in this report are identified by the LASL 
cartesian coordinate system, which is based on 
English units of measurement. This system is stan
dard throughout the Laboratory but is independent 
of the U.S.  Geological Survey and New Mexico State 
Survey coordinate systems. The major coordinate 
markers shown on the maps are at 3 .048 km ( 10 000 
ft) intervals, but for the purpose of this report are 
identified to the nearest 0 .30 km ( 1000 ft) . The area 
within the LASL boundary is a controlled area 
because DOE has the option to completely restrict 
access . This control can be instituted when neces
sary. 

B. Geology-Hydrology 

The canyons and mesas in the Laboratory area are 
underlain by the Bandelier Tuff composed of ashfall 
and ashflow pumice and rhyolite tuff that form the 
surface of the Pajarito Plateau. The tuff ranges from 
nonwelded to welded and is in excess of 300 m thick 
in the western part of the Pajarito Plateau and thins 
to about 80 m toward the east above the Rio Grande. 
It was deposited as a result of a major eruption of a 
volcano in the Jemez Mountains to the west about 
1 . 1-1.4 million years ago. 

The tuffs lap onto the older volcanics of the 
Tschicoma Formation, which form the Jemez Moun
tains along the western edge of the Plateau and are 
underlain by the fanglomerate of the Puye Forma
tion in the central and eastern edge along the Rio 
Grande . The Chino Mesa basalts interfinger with 
the fanglomerate along the river. These formations 
overlie the siltstone/sandstone Tesuque Formation, 
which extends across the Rio Grande Valley, and are 
in excess of 1000 m thick. 

Los Alamos area surface water is primarily inter
mittent stream flow. Springs on the flanks of the 
Jemez Mountains supply base flow to the upper 
reaches of some canyons, but the amount is insuf
ficient to maintain surface flows across the 
Laboratory area before it is depleted by evaporation, 
transpiration, and infiltration. Runoff from heavy 
thunderstorms or heavy snowmelt reaches the Rio 
Grande several times a year. Effluents from sanitary 
sewage, industrial waste treatment plants, and cool
ing tower blowdown are released to some canyons at 
rates sufficient to maintain surface flows for as long 
as 1 .5 km . 

Ground water occurs in three modes in the Los 
Alamos area: ( 1 )  water in shallow alluvium in the 
canyons, (2) perched water in basalt, and (3)  the 
main aquifer of the Los Alamos area. 

Intermittent stream flows in canyons of the 
Plateau have deposited alluvium that ranges from 
less than 1 m to as much as 30 m in thickness .  The 
alluvium is quite permeable in contrast to the un
derlying volcanic tuff and sediments. The intermit
tent runoff in the canyons infiltrates the alluvium 
until its downward movement is impeded by the less 
permeable tuff and volcanic sediment. This results 
in a shallow alluvial ground water body that moves 
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downgradient in the alluvium . As water in the al
luvium moves downgradient, it is depleted by 
evapotranspiration and movement into underlying 
volcanics) 

In lower Los Alamos and Pueblo Canyons a small 
local body of perched water is formed in the basalts 
by water infiltrating from the alluvium into underly
ing volcanics. This perched water discharges into 
Los Alamos Canyon west of the Rio Grande . This is 
the only perched water body beneath the Plateau in 
the main aquifer. 

The main aquifer of the Los Alamos area is the 
only aquifer in the area capable of serving as a 
municipal water supply . The surface of the aquifer 
rises westward from the Rio Grande within the Tesu
que Formation into the lower part of the Puye For
mation beneath the central and western part of the 
plateau . Depth to the aquifer decreases from 360 m 
along the western margin of the Plateau to about 180 
m at the eastern margin. The water is under water 
table conditions in the western and central part of 

�he plateau and under artesian conditions in the 
eastern part and along the Rio Grande.2 

The major recharge area to the main aquifer is the 
intermountain basin of the Valles Caldera. The 
water table in the caldera is near land surface . The 
underlying lake sediment and volcanics are highly 
permeable and recharge the aquifer through 
Tschicoma Formation interflow breccias and the 
Tesuque Formation . The Rio Grande receives 
ground water discharge from springs fed by the main 
aquifer. The 18.4 km reach of the river between 
Otowi Bridge and the mouth of Rito de Frijoles 
receives an estimated 5.3 to 6.8 X 106 m3 annually 
from the aquifer. 

C. Meteorology 

Los Alamos has a semiarid, continental mountain 
climate. The average annual precipitation of 46 em 
is accounted for by warm-season orographic convec
tive rain showers and winter migratory storms.  
Seventy-five per cent of  the annual total moisture 
falls between May and October, primarily as 
thunderstorms. Peak shower activity is in August. 
Winter precipitation falls primarily as snow, with 
annual accumulations of about 1 .3 m .  

Summers are cool and pleasant. Maximum 
temperatures are generally below 32°C, and a large 
diurnal variation keeps nocturnal temperatures in 

the 12-15°C range. Winter temperatures are typical
ly in the range from - 10°C to 5°C.  Many winter 
days are clear with light winds, and strong solar 
radiation makes conditions quite comfortable even 
when air temperatures are cold. A single heating 
degree day equals 18.3°C minus the average of the 
daily maximum and minimum temperatures. The 
average total heating degree days per year between 
1951 and 1978 was 3528°C days, with .January ac
counting for over 622°Cdays. Summaries of the 1978 
weather and climatological data from 1951 through 
1978 are presented in Table E-I and Fig. 3 .  

Major spatial variation of  surface winds in Los 
Alamos is caused by the unusual terrain. Under 
moderate and strong atmospheric pressure dif
ferences, flow is channeled by the major terrain 
features. Under weak pressure differences, a distinct 
daily wind cycle exists. The interaction of these two 
patterns gives rise to a westerly flow predominance 
on the western part of the Laboratory site and a 
southerly component at the east end of the mesas. 

Historically, no tornadoes have been reported in 
Los Alamos County. Lightning, however, is common 
in the vicinity of the Pajarito Plateau. Local 
climatological records indicate an average of 62 
thunderstorm-days per year. Lightning protection is 
an important consideration applied to each facility 
at LASL. 

D. Demographics 

Los Alamos County is demographically different 
from the surrounding area. With a population es
timated at 19 600, it is characteristically urban in 
nature, surrounded by more rural communities rely
ing on farming and cattle and sheep herding, 
primarily in the valley areas . Two residential and 
related commercial areas exist in the county (see 
Fig. 4 and inside back cover) . Los Alamos, the 
original area of development, has an estimated pop
ulation of 13 300, while White Rock has about 6300 
residents. Commuting and general traffic are served 
by State Road 4, which runs through White Rock, 
and Loop 4, which runs through Los Alamos (see 
Fig. 4) . Two federally owned roads, East Jemez and 
Pajarito Roads, cross this site and are normally open 
to public use . About one third of those employed in 
Los Alamos commute from other counties. Popula
tion estimates for 1978 place 105 000 people within 
an 80 km radius of Los Alamos. 
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Summary of 1978 weather in Los A lamos. 

E. Waste Disposal 

LASL's activities are carried out in 30 active 
technical areas (T A) distributed over the site (see 
Fig. 4) . Wastes requiring disposal are generated at 
virtually all these locations . Sanitary sewage is 
treated by a number of plants employing conven
tional secondary treatment processes or by septic 
tanks. Uncontaminated solid waste is disposed in a 
County -operated landfill  located within the 
Laboratory boundary. Nonradioactive airborne ef
fluents include combustion products from the power 
and steam plants, vapors of fumes from numerous 
local exhaust systems such as chemistry laboratory 
hoods, and burning of high explosives wastes. 

Most of the liquid radioactive or chemical 
laboratory waste is routed to one of two waste treat
ment facilities by a collection system that is in
dependent of the sanitary sewage system. The 
balance of such wastes from remote locations is ac-

cumulated in holding tanks and periodically col
lected and transported to the treatment plants for 
processing. Radioactivity is removed at the treat
ment plants by physiochemical processes that 
produce a concentrated sludge subsequently 
handled as solid radioactive waste. The treated ef
fluents are released to canyons. 

Between 90% and 95% of the total radioactively 
contaminated sol id waste volume from the 
Laboratory is disposed of by burial at the waste dis
posal area, TA-54. The remaining 5-10% is classed 
as transuranic waste and stored retrievably. En
vironmental containment is provided by the dry 
geologic formations of the burial ground. 

Airborne radioactive effluents are discharged from 
a number of facilities after receiving appropriate 
treatment such as filtration for particulates, 
catalytic conversion and adsorption of tritium, or 
decay time for short-lived activation gases. 
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F. Environmental Monitoring 

Routine monitoring of radiation, radioactive 
materials, and chemical substances is conducted on 
the Laboratory site and in the surrounding region to 
assure compliance with appropriate standards, iden
tify possible undesirable trends, inform the public, 
and contribute to general environmental knowledge . 
This monitoring in the environment serves as a 
check on specific effluent release points such as the 

radioactive waste treatment plants and various 
stacks at nuclear research facilities. 

Exposure from external penetrating radiation 
(primarily gamma radiation) in the LASL environs 
is monitored at stations equipped with ther
moluminescent dosimeters (TLD) . Atmospheric 
radioactivity samples are collected monthly at con
tinuously operating air sample stations in Los 
Alamos County and vicinity . Monitoring for surface 
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and ground water radioactivity provides routine sur
veillance of the possible dispersion of effluents from 
LASL operations, while regional surface waters 
within 75 km of LASL are sampled to ascertain 
natural levels of radioactivity in water of the area. 
Soil and sediment samples are also collected from 
the area for analysis. Sampling stations in Los 
Alamos County and the Rio Grande Valley are used 
to monitor locally produced foodstuffs, principally 
fruits and vegetables. 

II. SUMMARY 

This report presents the results of LASL en
vironmental monitoring programs for 1978 . Data 
and interpretive comparisons are included for :  

• penetrating radiation 
eradioactivity in air, water, soil, and foodstuffs 
•radioactivity in airborne and liquid effluents 
•chemical contaminants in airborne and liquid ef-

fluents 
• chemical and radiochemical quality of water sup

ply 

Several special studies on environmental conditions 
at Los Alamos are summarized. 

Penetrating radiation in the Los Alamos area out
side the LASL boundary averaged 108 mrem/yr from 
multiple sources of natural radiation ; LASL opera
tions did not contribute to the total. Penetrating 
radiation at onsite locations near facilities emitting 
radiation reached a maximum of about 700 
mrem/yr. The annual mean concentration of 
tritiated water vapor in air at perimeter locations 
was 13 X 10- 12 J.l Ci/mP,, about 9 X lQ- 12 JJ.Cilm£ 
higher than background measured at regional sta
tions, showing some effect of laboratory effluents. 
The mean concentration at perimeter locations is 
about 0.007% of the applicable uncontrolled area 
concentration guide ( C G) . 

Uncontrolled area concentration guides represent 
levels of radioactivity considered acceptable in air 
breathed or water consumed by members of the 
public and were derived to insure that continuous 
breathing of air or drinking of water containing 
radioactivity at the CG levels would not cause 
human radiation doses exceeding the Radiation 
Protection Standards (see Appendix A) . However, 
the CGs do not account for concentration 
mechanisms that may exist in environmental media. 

Consequently, other media such as sediments, soils, 
and foods are monitored. 

Atmospheric long-lived gross alpha and gross beta 
mean concentrations in the LASL environs were 1 .5  
X lQ- 15 and 86 X lQ- 15 JJ.Cilm£,  respectively, 
2.4% and 0 .09% of their respective uncontrolled area 
CGs. Gross beta activity was elevated during March 
and December, shortly after detonations of at
mospheric nuclear devices by the People 's Republic 
of China. The maximum beta activity concentra
tions were less than 0.6% of the appropriate CG. The 
atmospheric 239Pu mean concentration offsite in the 
LASL environs was about 80 X lQ- 18 JJ.Cilm£, 
which was 0 . 13% of the uncontrolled area CG.  The 
airborne radioactive effluents of possible concern 
were the air activation products 41Ar, ll C,  13N, and 
150, released from the research reactor (TA-2) and 
the linear accelerator at the Los Alamos Meson 
Physics Facility (LAMPF, TA-53) . Concentrations 
for these isotopes at occupied locations were 
theoretically calculated using atmospheric disper
sion models in order to estimate doses. Measured 
doses at the Laboratory boundary north of LAMPF 
indicate that the theoretically calculated concentra
tions probably overestimate actual concentrations. 

Radiation doses to members of the public ( �0 .1  
mrem/yr or  greater) attributable to  radioactive air
borne effluents from LASL op erations were 
calculated from these measured or theoretically es
timated concentrations or from penetrating radia
tion measurements . Such calculations indicate that 
maximum doses to people at occupied locations 
could be as high as 0.7 mrem/yr from 41Ar [0. 14% of 
the DOE Radiation Protection Standard (RPS) ,  see 
Table A-II] , and 3 .8 mrem/yr from combined l l C,  
13N, and 15Q (0.76% of  the RPS) .  The estimated 
total whole body population dose attributable to 
LASL operations for residents of Los Alamos County 
was 10.5 man-rem or about 0 .44% of the population 
dose due to normally present background radiation 
and about 0.52% of the population dose received 
from medical radiation (diagnostic x-rays only) . 

No pathways to humans were identified for 
radioactivity in treated liquid effluents. All water af
fected by such effluents contained radioactivity at 
levels well below appropriate CGs. No pathways for 
sediments in liquid waste discharge areas were iden
tified. Analyses of fish from the Cochiti Reservoir 
showed no measurable concentrations of activity at
tributable to Laboratory operations . 
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Commuters making 1 5  round trips a week o n  one 
federally owned road (Pajarito Road) crossing the 
site would have received <0.5 mrem/yr from one 
technical area where radiation emitting experiments 
are carried out . Two possible food pathways, involv
ing honey and venison, could have resulted in doses 
of <4 mrem/yr to a few people . 

The water supply met all applicable US En
vironmental Protection Agency (EPA) and New 
Mexico Environmental Improvement Division 
(NMEID) chemical quality and radioactivity stan
dards. The integrity of the geological formations 
protecting the deep groundwater aquifer was con
firmed by the lack of any measurements indicative 

III. MONITORING RESULTS 

A. Radiation and Radioactivity 

1 .  Penetrating Radiation 

of non-natural radioactivity or chemical contamina
tion in the municipal water supply sources .  

Nonradioactive airborne effluents from sources in
cluding a power plant, steam plants, an asphalt 
plant, a beryllium shop, and experiments utilizing 
high explosives were well within environmental 
quality standards. Effluents from 6 of 10 sanitary 
sewage plants operating under provisions of EPA 
permits exceeded one or more permit limits during 
at least one month of the year. Industrial effluents 
from 104 sources came under provisions of an EPA 
NPDES permit during October 1978 . Data on the 
quality of these effluents are presented. 

Levels of penetrating radiation, including x and gamma rays from cosmic, terrestrial, 
and man-made sources in the Los Alamos area are monitored with thermoluminescent 
dosimeters deployed in two independent networks. The environmental network consists of 
50 locations divided into three groups (Fig. 5 ) .  Three of these locations are 28 to 44 km from 
the Laboratory boundaries in the neighboring communities of Espanola, Pojoaque, and 
Santa Fe, and form the regional group (Fig. 1 ) .  The perimeter group consists of 1 6  

dosimeters placed within 4 km of the boundary. Thirty-one locations within LASL boun
daries are classed as the onsite group. The dosimeters are changed each calendar quarter. 
The second network consists of 25 locations, all within LASL boundaries. This network was 
established to monitor radioactivity of the gaseous effluent from LAMPF at ground level 
approximately 1 km from the stack. The dosimeters are changed in accordance with the 
operating schedule of LAMPF. No measurements at regional or perimeter locations in the 
environmental network for any calendar quarter showed any statistically discernible in
crease in radiation levels that could be attributed to LASL operations. The LAMPF 
network showed an increase of 13.7 ± 1 .4  mrem/yr at the LASL boundary north of the 
LAMPF facility. Table I summarizes the annual total doses by the regional, perimeter, on
site, and LAMPF groups for 1978. 

Natural penetrating radiation background has 
two components. The natural terrestrial component 
results from the decay of 40K and the radioactive 
daughters from the decay chains of 232Th and 238U. 
The cosmic component includes both photon radia
tion and neutrons .  The thermolum inescent 
dosimeters used in the LASL monitoring program 
(TLD-100®) are insensitive to neutrons so neutron 
contribution to natural background radiation was 
not measured and, therefore , will be excluded from 
this discussion. The cosmic ionizing radiation level 

increases with elevation because of reduction in the 
shielding effect of the atmosphere . At sea level it 
averages between 25 and 30 mrem/yr. Los Alamos, 
with a mean elevation of about 2 .2  km, receives 
about 60 mrem/yr from the cosmic component . The 
regional monitoring locations, ranging from about 
1 .7 km elevation at Pojoaque to about 2 . 1  km at 
Santa Fe, receive from 50-60 mrem/yr.3 

In contrast to this fairly constant cosmic compo
nent, the dose from the natural terrestrial compo
nent in the Los Alamos area is highly variable. The 
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Thermoluminescent dosimeter (TLD) and air sampler locations on or near the LASL site. 

temporal variation at any particular location (Fig. 5) 
is  about 15-25% because of variations in soil 
moisture content and snow cover.3 There is also 
spatial variation because of different soil and rock 
types in the area.4 These natural sources of variation 
make it difficult to detect any increases in the radia
tion level from man-made sources, especially if the 
magnitude of such an increase is small compared to 
natural fluctuations. 

In order to discriminate between these man-made 
and natural components of variation, data were used 

from two different dosimeter configurations at each 
LAMPF network location. One measures total 
penetrating radiation, both cosmic and terrestrial . 
The second is shielded from below with enough lead 
to eliminate about 90% of the direct terrestrial 
gamma-ray component and from above by enough 
Lucite to eliminate virtually all beta particles and 
positrons (whether from natural sources or from 
LAMPF operations) .  Gamma rays from annihila
tion of positrons and electrons can penetrate the 
Lucite . 



TABLE I 

EXTERNAL PENETRATING RADIATION 
DURING 1978 

Dose (mrem) 

Group Minimum Maximum Average 

Regional 74 . ±  5 96. ±  6 84. ± 22 
Perimeter 82 . ±  6 135 .± 6 108 . ±  29 
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Onsite 97 . ±  5 681 . ±  13 160 . ±  212 
LAMP Fa 8 1 . ±  5 127 . ±  7 llO .± 10 

a Extrapolated from data obtained during the fourth 
calendar quarter when the LAMPF network was 
completed. 

Three of the locations in the LAMPF TLD 
network are 7 .5  to 9 km from LAMPF in similar ter-

2. Air 

rain. These three locations are not influenced by any 
laboratory radiat ion sources and are used as 
background locations. By comparing ratios of un
shielded to shielded doses recorded during the same 
period at the background locations and at each field 
location in the LAMPF network, the component of 
the total penetrating dose due to LAMPF operations 
can be determined for each field location. 

Because the TLD dosimeters used in the LAMPF 
network are insensitive to neutrons, independent 
neutron measurements with sensitive portable 
equipment were made at the nearest boundary to 
LAMPF (0.8 km north) . With all LAMPF targets in 
use and a beam current of about 40% of the max
imum planned current, the neutron dose rate in
crease at this location is less than 0 . 1  mrem/yr. 
When full power is eventually reached, the dose rate 
due to LAMPF produced neutrons will be less than 
0.2 mrem/yr. 

Worldwide background atmospheric radioactivity is composed of fallout from at
mospheric nuclear weapons tests, natural radioactive constituents in dust from the earth's 
surface, and radioactive materials resulting from interactions with cosmic radiation. Air is 
routinely sampled at several locations on Laboratory land, along the Laboratory perimeter, 
and in distant areas to determine the existence and composition of any contributions to 
radionuclide levels from Laboratory operations. During 1 978, no statistically significant 
difference was observed between the atmospheric concentrations of gross alpha, gross beta, 
americium, plutonium, and uranium measured at sampling locations along the Laboratory 
perimeter and those measured in distant areas.  This indicates Laboratory contributions to 
concentrations of these contaminants were less than the local variability in background 
levels. Tritiated water vapor (HTO) concentrations at perimeter and onsite stations were 
about three and four times higher, respectively, than regional background HTO levels and 
are attributable to the Laboratory' s  HTO stack effluents. Elevated levels of airborne ac
tivity from short-lived fission products were detected for short periods of time following 
nuclear atmospheric detonations by the People' s  Republic of China on March 1 4  and 
December 14.  

a.  General. Atmospheric radioactivity samples 
were collected at 25 continuously operating air 
sampling stations in Los Alamos County and 
vicinity. Onsite and perimeter station locations are 
shown in Fig. 5 and identified by map coordinates 
(Table E-VI) .  Perimeter stations are 0 to 4 km from 
the Laboratory boundary. The regional monitoring 
stations, located 28 to 44 km from the Laboratory at 
Espanola, Pojoaque, and Santa Fe (Fig. 6) , serve ai'i 
reference points in determining the regional 
background for atmospheric radioactivity. 

When interpreting data from this air sampling 
program , one must first be aware of natural and fall
out radioactivity levels and their fluctuations. 
Worldwide background atmospheric radioactivity is 
largely composed of fallout from atmospheric 
nuclear weapons tests, natural radioactive con
stituents in dust from the decay chains of 232Th, 
238U, and materials resulting from interactions with 
cosmic radiation, such as tritiated water vapor. 
Because suspended particulates are mostly from soil 
resuspension, there are large temporal fluctuations 
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in radioactivity concentrations as a result of chang
ing meteorological conditions. Periods of high winds, 
resulting in relatively high suspended particulate 
concentrations, contrast with periods of heavy 
precipitation, which remove much of the suspended 
mass. Spatial variations may be dependent on these 
same factors . Previous measurements of background 
atmospheric radioactivity concentrations are sum
marized in Table E-III and are useful in interpreting 
the air sampling data. 

b.  Ch inese Fa llout Mo nitoring. Two at
mospheric nuclear tests by the People 's Republic of 
China were conducted over their Lop Nor testing 
area in southwest China. Both tests (March 14 and 
December 14) were reported to be nuclear devices 
with explosive power equivalent to approximately 20 
000 tons of TNT. Radioactive materials were in
jected into the troposphere and stratosphere over the 
mid-latitudes of the northern hemisphere by the 
above-ground detonations. Prevailing air currents 
then carried the airborne radioactive materials to 
the North American continent where the radioactive 
debris slowly dropped to the earth 's  surface as fall
out . 

After each explosion, supplementary sampling 
was initiated to measure the fallout . Daily par
ticulate samples were taken at the Occupational 
Health Laboratory (N050 E040) and at the offsite 
station at Espanola, 28 km distant from the 
Laboratory (see Fig. 6) . The highest observed long
lived (counted after 7 to 10 days) ,  gross beta con
centration for the March 14 test was 570 ( ±70) 
X w- 15 J.LCilm.t and for the December 14 test was 
190 ( ±20) X w- 1 5  J.LCi/m.t. These concentrations 
are 0.6% and 0.2%, respectively, of the uncontrolled 
area CG for 1311. Qualitative gamma spectral 
analyses of the atmospheric particulate samples 
showed the presence of fresh fission products (e .g . ,  
141 Ce,  131I, 95Zr) from the detonations .  Tables E
IV and E-V contain all data collected during the 
special Chinese fallout monitoring programs. 

c .  A nnual Gross A lpha and Gross B eta 

Radioactivity. The annual average 4-wk gross 
alpha and gross beta concentrations are summarized 
in Table II and are shown in detail in Table E-VII . 
Temporal variations in long-lived gross beta con
centrations (Fig. 7) were observed during the year. 
The elevated activity during the spring was typical 

of that observed during most springs when mixing of 
the stratosphere with the troposphere causes in
creased fallout of particulates. 

Data plotted in Fig. 7 also show that there were no 
significant differences in atmospheric gross beta 
concentrations among the regional, perimeter, and 
onsite sampling stations this year. There have been 
no statistically significant differences over the past 
six years. This lack of statistically significant dif
ferences in concentrations indicates that Laboratory 
operations have negligible influence on the ambient 
atmospheric radioactivity in the Los Alamos vicinity 
and suggests that this radioactivity originates from 
widespread sources-fallout from nuclear test 
detonations and naturally occurring materials-and 
not from a localized source such as the Laboratory. 

d. Tritium. Atmospheric tritiated water con
centrations for each station for 1978 are summarized 
in Table II and shown in detail in Table E-VIII . The 
relatively higher levels observed at the Los Alamos 
airport (station 8) and TA-21 (station 15) are similar 
to those observed in previous years and are at
tributable to stack effluents from nearby TA-21 . The 
relatively higher concentrations at TA-54 (station 
22) result from evapotranspiration of buried tritium
contaminated wastes at this site . The annual mean 
for the onsite stations is statistically higher (at a 
>99% confidence level) than the regional and 
perimeter means. The higher value reflects tritium 
releases from Laboratory operations (see Sec .  
III.A.6) . The annual mean atmospheric tritium con
centrations for the perimeter and onsite stations are 
shown in Fig. 8. The highest annual mean of 57 
( ±74) pCi/m3 was at TA-54 (station 22) . 

e. Plutonium. The annual average 238Pu and 
239Pu concentrations for each station are sum
marized in Table II and listed in Table E-IX. Prac
tically all 238Pu concentrations were less than the 
minimum detectable limit of 2 X 10- 18 J.LCilm.t ;  
239Pu concentrations were comparable to  1977 data 
and showed no anomolies. The regional, perimeter, 
and onsite group 239Pu means are statistically in
distinguishable from one another, indicating 
Laboratory contributions of 239Pu to the at
mosphere are at background levels. 
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Monthly average long-lived gross beta radioactivity, 1973-1978, by sampling station groups. 

f, Uranium and Americium. The 1978 at
mospheric uranium concentrations are summarized 
in Table II and listed in Table E-X. The uranium 
concentrations are dependent on the immediate en
vironment of the sampling station. Those stations 
with higher annual averages and maximum values 
were all located in dusty areas where a higher filter 
dust loading accounts for the collection of more 
natural crustal-abundance of uranium.  The annual 
averages of the stations are typical of regional 
werage background atmospheric uranium con-

centrations (Table E-III) . There were no statistically 
significant (at a >99% confidence level) temporal or 
geographical differences among the regional,  
perimeter, and onsite station groups. 

The 1978 atmospheric americium concentrations 
are summarized in Table II and listed in Table E
XI.  All data were below the analytical detection 
limit, so no statistical analysis was made. Only 0.034 
JJ.Ci of 241Am (Table E-XXI) was released to the at
mosphere from LASL during 1978. 
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TABLE II 

SUMMARY OF ANNUAL ATMOSPHERIC RADIOACTIVITY MONITORING 

Composite 
Analysis Group 

Gross Alpha Regional 
Perimeter 
Onsite 

Gross Beta Regional 
Perimeter 
Onsite 

Tritiated Regional 
Water Vapor Perimeter 

Onsite 

238Pu Regional 
Perimeter 
Onsite 

239Pu Regional 
Perimeter 
Onsite 

241 Am Regional 
Perimeter 
Onsite 

Uranium (total) Regional 
Perimeter 
Onsite 

Units 

10-15 J.LCilm.t 
10-15 J.LCilm.t 
10- 15 J.LCi/m.t 

10-15 J.LCi/m.t 
10-15 J.LCilm.t 
10- 15 J.LCilm.t 

10-12 J.LCi/m.t 
10- 12 J.LCilm.t 
10- 12 J.LCilm.t 

10- 18 J.LCilm.t 
10-18 J.LCilm.t 
10-18 J.LCilm.t 

10- 18 J.LCilm.t 
10-18 J.LCilm.t 
10-18 J.LCilm.t 

10- 18 J.LCilm.t 
10-18 J.LCilm.t 
10-18 J.LCi/m.t 

pg/ma 
pg/ma 
pg/ma 

Maximum 
Observed 

1 . 9  ± 0.8 
6 .8  ± 3 .2  
4 .6 ± 2 .0 

200 ± 60 
240 ± 60 
440 ± 120 

19 ± 6 
107 ± 34 
1 18 ± 38 

- 1 . 1 ± 1 .6  
-0 . 1  ± 1 .9  

8 .8  ± 3 .2  

44  ± 81  
79 ± 14  

153  ± 13  

0 .3  ± 3.6 
7 .4  ± 15 
4 . 2  ± 4.8 

184 ± 38 
238 ± 49 
177 ± 40 

Minimum Annual Mean As 
Observed Mean % CG 

-0.3 ± 0 . 1  0 .9 ± 0.9 1 .6 
-0.0  ± 0 . 1  1 . 5  ± 1 .9 2 .4 
-0.1 ± 0.6 1 .5 ± 2 .0 0 .1  

9 ± 2  72  ± 102 0.07 
13 ± 3 86 ± 108 0.09 
4 ± 1  83 ± 109 0.002 

0 . 2  ± 0 .6 4 ± 9 0.002 
0.6 ± 0 .2 13 ± 33 0.007 
0. 1 ± 0.6 18 ± 48 0.0004 

-4.5  ± 4.8 -2 .3  ± 1 .3 0.00 
-4 .7  ± 3 .9 - 1 .8 ± 1 .3 0.00 
-4.7  ± 2 .3 - 1 . 2 ± 3.7 0.00 

1 . 2  ± 1 . 5  2 0  ± 39 0.034 
-0.6 ± 1 .4  27  ± 43 0.044 
-0.5 ± 1 .3 32 ± 67 0.0016 

-2.0 ± 9 . 1  - 0 . 5  ± 2 . 2  0.00000 
- 2 . 7  ± 6.4 0.5 ± 6.7 0.00026 
-3.3  ± 4.8 0.1  ± 4.2 0 .000002 

34 ± 18 102 ± 94 0.00 1 1  
1 9  ± 2 2  7 4  ± 88 0.0008 
16 ± 2 1  68 ± 66 0.00003 

See footnotes in Tables E-VIl (gross alpha and beta) ,  E-VIII (tritiated water vapor) ,  E-IX 
(238Pu and 239Pu) , E-X (uranium) ,  and E-XI (241Am) for minimum detectable limits, 
Concentration Guide values, and other pertinent information. 

3. Radioactivity in Surface and Ground Waters 

Surface and ground waters are monitored to provide routine surveillance of potential dis
persion of radionuclides from LASL operations. The results of these analyses are compared 
to DOE CGs (see Appendix A) as an indication of the very small amounts of radionuclides in 
the environment. The results of the 1978 radiochemical quality analyses of water from 
regional, perimeter, water supply, and onsite non-effluent release areas indicate no effect 
from effluent releases from LASL. Waters in the onsite liquid effluent release areas contain 
trace amounts of radioactivity. These onsite waters are not a source of industrial, 
agricultural, or municipal water supplies .  
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a. Regional and Perimeter Waters. Analyses of 
surface and ground waters from regional and 
perimeter stations reflect base line levels of radioac
tivity in the areas outside the LASL boundaries . 
However, the CGs do not account for concentration 
mechanisms that may exist in environmental media. 
Consequently, other media such as sediments, soils, 
and foods are monitored. Regional surface waters 
were collected within 75 km of LASL from six sta
tions on the Rio Grande, Rio Chama, and Jemez 
River (Fig. 6 ,  Table E-XII) . Samples were also col-
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lected from five perimeter stations located within 
about 4 km of the LASL boundaries and from 26 sta
tions in White Rock Canyon of the Rio Grande (Fig. 
9 ,  Table E-XII) . Excluded from this discussion is 
Acid-Pueblo Canyon, a former release area for in
dustrial liquid waste, which has four offsite stations 
and three onsite stations (Fig. 9) . As a known release 
area and for hydrologic continuity, the monitoring 
results in Acid-Pueblo Canyon are discussed in the 
following section concerning onsite surface and 
ground waters. Detailed data from the regional and 

E 3 0 0  E 4 0 0  E500 E600 

Fig. 9. 

Surface and ground water sampling locations on or near the LASL site. 
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perimeter stations are in Tables E-XIII and E-XIV, 
respectively (see Appendix B.3 for methods of collec
tion, analyses, and reporting of water data) . A com
parison of the maximum concentrations found in 
these waters with CGs for uncontrolled areas is given 
in Table III. 

Radionuclide concentrations in surface and 
ground waters from the six regional and five 
perimeter stations are low and have shown no effect 
from release of liquid effluents at LASL. Plutonium 
concentrations are near detection limits . The con
centrations are well below CGs for uncontrolled 
areas . 

b. Water Supply. The municipal and industrial 
water supply for the Laboratory and community is 
from 15 deep wells (in 3 well fields) and one gallery 
(underground collection basin for spring discharge) .  
The wells are located on the Pajarito Plateau and in 
canyons east of the Laboratory (Fig. 9 ) .  The water is 
pumped from the main aquifer, which lies at a depth 
of about 350 m below the surface of the plateau. The 
gallery discharges from a perched water zone in the 
volcanics west of the plateau. During 1978 produc
tion from the wells and gallery was about 5.6 X 
106m:\ with the wells furnishing about 97% of the 
total production and the gallery about 3%. Water 
samples were collected from the wells and gallery 
and at 5 stations on the distribution system . The 5 
stations on the distribution system are located 
within the Laboratory and community (Fig. 9, Table 
E-XII) . 

Detailed radiochemical analyses from the wells , 
gallery, and distribution system are presented in 
Table E-XV. A comparison of maximum concentra
tions found in these waters with the EPA National 
Interim Primary Drinking Water Standards9 is 
given in Table IV. 

Radioactivity occurring in the water supply is low 
and naturally occurring. Plutonium is below detec
tion limits . Samples from the water distribution 
system showed gross alpha activity lower than the 
EPA screening limit (see Appendix A) even though 
one well (LA-1B, Los Alamos field) contained 
natural alpha activity about 40% greater than the 
screening limit. Dilution by water from the wells 
results in concentrations at points of use that meet 
the EPA criteria for municipal supply without re
quiring further detailed analyses . 

c. Onsite Surface and Ground Waters. The on
site sampling stations are grouped according to areas 
that are not located in effluent release areas and 
those located in areas that receive or have received 
industrial liquid effluents. The onsite noneffluent 
release areas consist of seven test wells completed 
into the main aquifer, and three surface water 
s o u r c e s  ( F i g .  9 ;  T a b l e  E - X I I ) . D e t a i l e d  
radiochemical analyses are shown in Table E-XVI. 
The maximum concentration of radioactivity at the 
ten stations is in Table V.  The concentrations were 
low, near or below detection limits, and well below 
CGs for controlled areas. 

TABLE III 

MAXIMUM RADIOACTIVITY CONCENTRATIONS IN 
REGIONAL AND PERIMETER WATERS 

Perimeter CG for 
Units Five White Uncontrolled 

Analyses J.LCilm£ Regional Stations Rock Canyon Areas 

3 H  10-6 3.6 1 .4  1 .3 3000 
137 Cs 10-9 < 140 < 100 < 120 30 000 
238 pu 10-9 <0.03 <0.02 <0.02 5000 
239 pu 10 -9 <0.02 <0.03 <0.02 5000 
Gross Alpha 10-9 5.2 6.3 13 5000 
Gross Beta 10-9 24 8.7 18 300 
Total U }lg/ .e 4.5 14 20 1800 
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TABLE IV 

MAXIMUM RADIOACTIVITY CONCENTRATIONS IN 
WATER SUPPLY 

Units Wells and Distribution EPA 
Analysis �JCVm.t Gallery System NIPDWR8 

3 H 10-6 0.6 1 .2 20 
137 Cs 10-9 <80 <80 200 
238 pu 10-9 <0.01 <0.01 7.5 
239 pu 10-9 <0.01 <0.01 7 .5  
Gross Alpha 10-9 7 .0  2 .9 5 
Gross Beta 10-9 5 .2  5 .9 
Total U 1-Lg/.t 6.3 4.2 1800 

a Environmental Protection Agency 's  National Interim Primary Drinking Water Regulations . 

TABLE V 

MAXIMUM RADIOACTIVITY IN ONSITE WATERS IN 
AREAS NOT RECEIVING EFFLUENTS 

Analysis 
Units 

(�JCVm.t) 
Onsite 

Non-Effluent Area 
CGs for 

Controlled Areas 

3 H 
137 Cs 
238 pu 
239 pu 
Gross Alpha 
Gross Beta 
Total U 

10-6 
10-9 
10-9 
10-9 
10-9 
10-9 
1-Lg/.t 

Canyons that receive or have received industrial 
effluents are Acid-Pueblo, DP-Los Alamos, Sandia, 
and Mortandad. Samples were collected from sur
face water stations or shallow observation holes com
pleted in the alluvium . Surface water in these can
yons infiltrates into the alluvium before leaving the 
LASL boundaries (Fig. 9, Table E-XII ) .  The max
imum concentration of radioactivity in each of the 
four canyons is given in Table VI. Radioactivity 
observed in Acid-Pueblo Canyon (7 stations) results 
from residuals of treated and untreated radioactive 
liquid waste effluents released into the canyon 

4 .2 
70 

<0.01 
0.01 
2.3 

17.0 
2 .4 

100 000 
400 000 
100 000 
100 000 
100 000 

10 000 
60 000 

before 1964 (Table E-XVI) . Radionuclides that were 
adsorbed by channel sediments are now being 
resuspended by runoff and municipal sanitary ef
fluents. 

Sandia Canyon (3 stations) receives cooling tower 
b lowdown from the TA-3 power plant and some 
sanitary effluent from the TA-3 areas. Analyses of 
samples from this canyon show no release of 
radionuclides to the environment (Table E-XVI) . 

DP-Los Alamos Canyon (8 stations) receives in
dustrial effluents that contain low levels of 
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TABLE VI 

MAXIMUM RADIOACTIVITY CONCENTRATIONS IN WATERS 
IN AREAS RECEIVING EFFLUENTS 

Units Acid- DP-Los 
Analysis .uCi/m.t Pueblo Alamos 

3 H  10 -6 21 .5 93.4 
137 Cs 10 -

9 110 < 100 
238 pu 1o -

9 0.04 13.1 
239 pu 10-9 4 .22 5.49 
90 Sr 10 - 9 77 197 
Gross Alpha 10 -9 15 3100 
Gross Beta 10 -

9 220 1220 
Total U .ug/.t 50 1 160 

radionuclides and some sanitary effluents from TA-
21 .  Mortandad Canyon (8 stations) receives in
dustrial effluent containing radionuclides (Table E
XVI) . 

The three areas, Acid-Pueblo, DP-Los Alamos, 
and Mortandad Canyons, contain surface and 
ground water with measurable amounts of radioac
tivity . The concentrations are well below CGs for 
controlled areas. Surface and ground waters of these 
canyons are not a source of municipal, industrial, or 

4. Radionuclides in Soil and Sediments 

CGs for 
Sandia Mortandad Controlled Areas 

8.4 464 100 000 
29 960 400 000 

0.02 8 .60 100 000 
0.01 5 . 13 100 000 
0.90 137 10 000 
5.0 560 100 000 

25 1230 10 000 
7.9 143 60 000 

agricultural supply. Surface waters in these can
yons normally infiltrate into the alluvium of the 
stream channel within LASL boundaries. Only dur
ing periods of heavy precipitation or snowmelt does 
water from Acid-Pueblo and DP-Los Alamos Can
yons reach the Rio Grande . In Mortandad Canyon, 
there has been no surface water runoff past the 
LASL boundary since hydrologic studies in the can
yon began in 1960, 3 yr before release of any in
dustrial effluents . 

The number of soil and sediment stations was increased this year over the number in 
1977. A sample from one soil station in the regional net contained 137Cs and 239Pu in excess 
of natural fallout. Three soil samples from perimeter stations contained 137Cs and one sta
tion contained 239Pu in excess of natural fallout. The concentrations were less than 10 
times worldwide fallout levels. Eight other perimeter sediment samples, all from a former 
release area, contained concentrations of 241Am, 238Pu, and 239Pu above fallout levels .  
Five onsite soil stations contained activity above normal fallout and are near Laboratory 
activities. Sediment samples that contained activity greater than fallout were from effluent 
release areas. 

a. Regional Soils and Sediments. Regional soils 
are collected in the same general locations as the 
regional waters (Fig. 6) . Regional sediments are also 
collected at the same locations with additional sam
ples collected on the Rio Grande downgradient from 
the station at Otowi (Fig. 6) . The exact locations are 

presented in Table E-XVII (see Appendix B.3 for 
methods of collection, analysis, and reporting of soil 
and sediment data) . These samples provide a 
baseline for comparison with samples collected in 
and adjacent to the Laboratory. The maximum con
centrations of radionuclides in the regional samples 
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for 1978 were compared with maximum concentra
tions in soils for 1970 and in soils and sediments for 
1974-77 in Table VII. Cesium and 239Pu in soil from 
Otowi were slightly elevated from previous levels. 
The remainder of analyses in 1978 were comparable 
to previous analyses. Four sediment samples col
lected from the Rio Grande to Otowi (Fig. 6, Table 
E-XVIII) showed only background concentrations of 
radionuclides. 

b. Perimeter Soils and Sediments. Eight 
perimeter soil stations were sampled in areas >4 km 
from the Laboratory. Twenty sediment samples 
were collected from major intermittent streams that 
cross the Plateau. Locations of the stations are 
described in Table E-XVII and mapped in Fig. 10. 
The maximum concentrations are summarized in 
Table VIII and are grouped into those above 
background and background. 

Soi l  analyses indicated 137 Cs was above 
background in three samples and 239Pu in one (see 
Table E-XIX for detailed analyses) .  The above 
background concentrations in soils are due to 
Laboratory activities. Cesium and 239Pu were only 
slightly above background.  Concentrations of 
241Am, 238Pu, and 239Pu were found in sediments 
from Acid-Pueblo Canyon (offsite ) ,  which are due to 
release of industrial effluents into the canyon before 

1964 (Table E-XIX) . The concentrations in lower 
Los Alamos Canyon (Totavi to Rio Grande) reflect 
transport by intermittent storm runoff from Acid
Pueblo Canyon and from onsite release of liquid ef
fluents into DP-Los Alamos Canyon. The concentra
tions decrease downgradient in the canyons and are 
only slightly higher than the regional baseline con
centrations (Table E-XVIII) . 

c. Onsite Soils and Sediments. Onsite soil sam
ples were collected from 19  stations within 
Laboratory boundaries. Sediment samples were col
lected from 32 stations within the boundaries (Fig. 
10, Table E-XX) . Ten of the sediment samples are 
from areas that receive or have received liquid ef
fluents . The detailed analyses are shown in Table E
XX, while descriptions of locations are noted in 
Table E-XVII. The maximum concentrations are in 
Table IX. 

Concentrations of 3H ( 1  station) ,  137Cs (2 sta
tions) ,  238Pu (1 station) ,  239Pu (5 stations) ,  and 
gross beta (1 station) in the onsite soils were above 
background levels. These levels are probably due to 
deposition of airborne effluents from past 
Laboratory operations. Above background levels of 
137Cs, 90Sr, 241Am, 238Pu, 239Pu, gross alpha , and 
gross beta were found mainly in sediments of can
yons that are now receiving treated effluents. They 

TABLE VII 

Analysis 

3 Ha 
137 Cs 
90 Sr 
238 pu 
239 pu 
Gross Alpha 
Gross Beta 

a pCi/m.t. 

MAXIMUM RADIOACTIVITY IN 
REGIONAL SOIL AND SEDIMENTS 

(concentrations in pCi/g, except as noted) 

1 978 1974-77 

Soils Sediments 

1970 

Soils Soil and Sediments 

29.5 
1 .02b 0.26 1 .00 

0.87 1 .06 
<0.016 <0.020 0.004 0.010 

0.053b <0.014 0.012 0.045 
4.8 16 18 
7 .6 14 13 

b Maximum value except for Otowi analyses: 1 . 73 pCi/g 137 Cs; 239Pu 0.15 pCi/g. 
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Fig. 10. 

Soil and sediment sampling stations on or near the LASL site. 

are Acid-Pueblo, DP-Los Alamos, and Mortandad 
Canyons. The radionuclides in the treated effluents 
are adsorbed or attached to sediment particles in the 
alluvium . Concentrations are highest near the ef
fluent outfall and decrease downgradient in the can
yon as the sediments and radionuclides are tran
sported and dispersed by other industrial effluents, 
sanitary effluents, and periodic storm runoff. 

The 238Pu in sediments from Mortandad Canyon 
near the CMR laboratory (station 33, Fig. 10) is from 
an acid sewer spill in 1974. The bulk of the con
tamination was removed. Above background levels 
of 137Cs and 239Pu were reported from two stations 
in Water Canyon . The 137Cs is slightly above 
background, while 239Pu is about a factor of 2 above 
normal levels (Table E-XX) . 
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TABLE VIII • , 

MAXIMUM RADIOACTIVITY IN PERIMETER 
SOILS AND SEDIMENTSa 

(concentrations in pCi/g, except as noted) 

Soil Sediments 

Above Above 
Analysis Background Background Background Background 

3 H6 
137 Cs 
9o sr 
241 Am 
238 pu 
239 pu 
Gross Alpha 
Gross Beta 

1 .6 (3) 

0 .460(1 )  

12 .2(8 )  
1 .08(5) 
0.92(4) 

<0.020(8) 
0.041 (7) 
6 .2(8) 
8.9(8) 

0 .590(3) 
0.040(2) 
6.46(6) 

--------------------

a Parentheses ind icate number of stations in J;roup 
with the maximum value noted . See Table E-XVII 
and Fig. 1 1  for description of location.  

b lo-6 1-l Cilm.t. 

TABLE IX 

MAXIMUM RADIOACTIVITY IN ONSITE 
SOILS AND SEDIMENTSa 

(concentrations in pCi/g, except as noted) 

0.81 (25) 
0.90(6) 

< 0.024(8) 
<0.009( 17) 
<0.022( 13) 

7 .4(23) 
7 4(19)  

Soil Sediments 

Above Above 
Analysis Background Background Background Background 

157( 1 )  29. 7 ( 18)  3 Hb 
137 Cs 
go sr 
241 Am 
238 pu 
239 pu 

1 .50(2) 1 . 10(17)  1260(12) 
0.83(7) 17(6) 
0.003 ( 1 )  

0.700 ( 1 )  0.015(18) 35 .2(8) 
2 .52(5) 0.026( 14) 1 1 .6 (14)  

1 1 ( 19)  52(3) Gross Alpha 
Gross Beta 22( 1 )  14(8) 1710(8) 

a Parentheses ind icate number of stations in group 
with the maximum \'alue noted. Se(• Ta b le E ·XVII 
and Fig. 1 1  f0r descript ion of loca t ion . 

b lo-6 J.t Ci/m.t . 

1 . 15(20) 
1 .05(8) 
0.016(12) 

<0.027(24) 
0 .056(18) 
8 .5 (29) 

12 (24)  
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d. Study of Radionuclide Transport in Storm 
Runoff. The major transport mechanism for 
radionuclides from canyons receiving treated liquid 
radioactive eff1uent is in storm runoff (solution and 
suspended sediments) . Cumulative samplers were 
set up in intermittent streams to collect samples of 
runoff for analyses (see Appendix B.3 for methods of 
collection, analyses, and reporting of data) . Rendija 
Canyon was used as a control . Pueblo, Los Alamos, 
and Mortandad Canyons receive liquid waste ef
fluent, while Sandia Canyon receives sanitary ef
fluents .  Water and Ancho Canyons drain small areas 
that were burned during the ,June 1977 La Mesa fire 
( Fig. 10 ) . All sampler locations were within 
Laboratory boundaries except for the control 
sampler in Rendija Canyon. 

Analyses were performed for 137 Cs, 238Pu, and 
239Pu in solution and for 238Pu and 239Pu in the 
suspended sediments .  In addition , chemica l  
analyses were performed for Ca,  Mg,  Cl ,  F, and total 
dissolved solids (TDS) when enough sample was col-

lected. The runoff volume of each event varied, so if 
there was low volume , the sample collected may 
have been too small for particular analyses. In addi
tion, due to localized rainfall on the Plateau, one 
stream might run, while the adjacent stream might 
not. All streams sampled are tributary to the Rio 
Grande ; however, in Mortandad Canyon, storm 
runoff infiltrates into the alluvium within the 
Laboratory boundary. The average radiochemical 
and chemical concentrations for a number of flow 
events are in Table X.  

Runoff from Rendija Canyon (used as  a control) 
shows little radioactivity, while runoff from Pueblo, 
Los Alamos, and Mortandad Canyons contains 
plutonium both in solution and suspended sedi
ments. The plutonium in Pueblo Canyon is mainly 
239Pu, while that in Los Alamos and Mortandad 
Canyons is both 238Pu and 239Pu. The 239Puf238Pu 
ratios are 742, 3 , and 0 .3 , respectively, in the 
suspended sediment. The three canyons have or are 
now receiving treated eff1uents. Trace amounts of 

TABLE X 

Canyon 

Rendija near G-6 
Pue blo near SR-4 
Los Alamos near SR-4 
Sandia near SR-4 
Mortandad near :v!C0-7 
Water at SR-4 
Ancho at SR-4 

Canyon 

Rendija near G-6 
Pueblo near SR-4 
Los Alamos near SR-4 
Sandia near SR-4 
Mortandad near MC0-7 
Water at SR-·± 
Am·ho at SR-4 

RADIOCHEMICAL AND CHEMICAL ANALYSES 
OF STORM RUNOFF 

(average concentrations) 

Radiochemical 

Solution Suspended Sediments 

(pCi/t) (pCi/g) 
No. of 
Events 137Cs "'Pu '"Pu '"Pu '"Pu 

:l 12 ± 29 -0.003 ± 0.004 -0.004 ± 0.016 -0 .042 ± 0 .058 - 0 . 0 1 2  ± 0.028 
4 12 ± 12  0 .002 ± 0.013 0.051 ± 0.046 -0.014 ± 0.069 10 .4  ± 8.8 
7 7 ± 16  0 .026 ± 0 .058 0. 074 ± 0 . 1 04 1 .88 ± 1 .05 4 . 59 ± 2.28 
:J 128 ± 1 86 -0.012  ± 0 .006 - 0 .001 ± 0.006 -0.004 ± 0 . 0 1 2  0.079 ± 0.044 
2 25 ± :15 0 .621  ± O. ii71l 0.09:? ± 0. 1 24 8 1 . 6  ± 87.8 8.9 ± 10 .0  
7 6 ± 2 1  -().008 ± 0 .008 0 . 0 1 1  ± 0 .008 0 .008 ± 0 . 164 0 . 1 19 ± 0.298 
:J 20 ± 28 -o.o21 ± o .o:J4 -0.019  ± 0.028 0 .001 ± 0 .001 0.0/fi ± 0.042 

Chemical 

(solution concentrations in mg/t) 

Ca Mg Cl F TDS 

:J 16 ± 2 4 .4  ± 8 . 1  4 ± :J 0 . 4  ± 0 . 1  184 ± 84 
4 1 1  ± 2 2 . 1  ± 0.6  1 0  ± 10  0 .7  ± 0.4 242 ± 8:1 
8 10 ± 2 1 .4 ± 0.9 7 ± :J :1 . 4  ± :1.6 277 ± 86 
:3 14 ± 6 :1.0 ± 1 .8 20 ± 28 0 .4  ± 0 . 2  265 ± 2 1 7  
2 8 ± 1 1 .8 ± o . . 'i fi ± 1 0 .9  ± 0 . 1  1 72 ± 54 
1l 14 ± 9 :1 .9 ± 1 .8 :J ± :l 0 . 2  ± 0 . 1  164 ± 64 
4 1 4  ± 6 2 .6  ± 0 . 7  :J ± 1 O. :J ± 0 . 1  1 :12 ± 99 

:\ot e :  ± \·alue is standard deviation of the distribution of a number of analyses. 
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239Pu are found in suspended sediments of  Sandia, 
Water, and Ancho Canyons, which may be from 
Laboratory operations or fallout. 

The calcium, magnesium, and chloride analyses 
of runoff show no trends. Fluorides are high (3.4 ± 
3.6 mg/£) in runoff from Los Alamos Canyon, while 
the remainder shows no particular trends. The 
relatively higher TDS in runoff from Pueblo, Los 

5. Radioactivity in Foodstuffs 

Alamos, and Sandia Canyons may ref1ect the release 
of sanitary eff1uents into the canyons . 

The seven canyons contain intermittent streams 
that flow only during storm runoff. It is evident that 
in three canyons-Pueblo, Los Alamos, and 
Mortandad-transport of radionuclides occurs dur
ing storm runoff events both in solution and in 
suspended sediments. 

Fruit and vegetable samples collected in the vicinity of LASL showed no apparent in
fluence from Laboratory operations except for peach tree leaves collected at an onsite loca
tion near a facility that emits tritium. 

Fruit and vegetable samples were collected during 
the fall to monitor foodstuffs for possible radioactive 
contamination from Laboratory operations. Collec
tion was made in the Los Alamos area and in the Rio 
Grande Valley above and below the conf1uences of 
intermittent streams crossing the Laboratory and 
the Rio Grande . Samples were cleaned but not 
washed. Moisture was distilled from them for HTO 
analyses and the remaining fraction dried, ashed, 
and chemically digested for 238Pu, 239Pu, total 
uranium and 90Sr analyses. A study completed in 
1978 analyzed the 1977 pinon nut crop for radioac
tivity. Additionally, fish muscle samples from a 1976 
ecological research project were analyzed for 137 Cs 

' 

238,239Pu, and total uranium . 

The data presented in Table XI summarize the 
tritium content in fruit and vegetable samples from 
the 1978 harvest according to different water sup
plies. Sample moisture ranged from 64 to 96% of the 
total sample weight . With the exception of the TA-
35 sample, there is no significant difference in HTO 
content between any batches of samples analyzed. 
Observed concentrations are within the range of 
values measured in local surface water and at
mospheric water vapor. Thus, there is no indication 
of any measurable offsite contribution from 
Laboratory operations. The peach trees of TA-35 
produced a small crop, which was gone before we 
were able to sample, so leaves were analyzed as be
ing representative of the HTO content of peaches. 

TABLE XI 

TRITIATED WATER CONTENT OF FOODSTUFFS 

Location 

Espanola 
Espanola, San Juan 
Pena Blanca 
White Rock 
Los Alamos 
TA-35 

Irrigation No. of 
Water Source Samples 

Rio Chamaa 5 
Rio Grandea 6 
Rio Grandeb 4 
LA County 4 
LA County 5 
LA County 1 

a Upstream from Laboratory stream conf1uence.  
b Downstream from Laboratory stream conf1uence .  

Tritium Concentration 
(pCi/m£) 

A verge 
( ±  l a) 

1 .3 ± 1 .5 
1 .2 ± 0.8 
0.4 ± 0.5 

-0.7 ± 0.1 
-0.1  ± 0.4 
17 

Range 

-0.8 to 3 . 1  
0.4 to 2 .2  

-0.3 to 1 .0 
-0.8 to 0.6 
-0.6 to 0.3 
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As expected, there was some Laboratory contribu
tion to the tritium content of those leaves because 
the trees are within 20 m of a 23 m high stack where 
tritium is released. The few peaches do not represent 
a significant pathway to man because they are 
within a Laboratory fence, represent a very small 
volume of ingestible water, and have considerably 
less tritium than the uncontrolled area CG (3000 
pCi/m.t) for water. 

As can be seen in Table XII, uranium concentra
tions in all cases are low and consistent with results 
reported earlier. The three highest values, 247, 184, 
and 20 pCi/g, are from samples of lettuce (LA 
County) , peach leaves (TA-35 ) ,  and spinach (White 
Rock) , respectively. Samples of non-leafy vegetables 
from the Los Alamos and White Rock areas did not 
show such concentrations of uranium, which in
dicates the uranium was from soil on the leaf surface 
and not from the water supply. 

Plutonium 238 and 239 analyses were made on all 
the samples. Only four samples had detectable ac
tivity, as indicated in Table XIII. Ingestion of 1 kg of 
lettuce contaminated to 1 . 2  X 10 -3 pCi/g would 
result in a 50 yr dose commitment of 1 .4  X 10 -4 
mrem to the critical organ (bone) . Contamination 
and doses of this magnitude indicate they are due to 
fallout or soil contamination on the plant surface 
and not to Laboratory related effluents. 

Results of 90Sr analyses (Table XIV) show two 
s a m p le s  with  s l i ght ly  e l evated  90 S r  c o n 
centrations-lettuce leaves i n  Los Alamos and peach 
leaves from TA-35. The lettuce (which has a high 
surface to volume ratio) had the highest uranium 
and plutonium concentrations .  The contamination 
was likely due to external contamination from fall
out, which would be removed by washing. Eating 1 
kg of unwashed lettuce would give a 50 yr dose com
mitment to the bone of 0 .56 mrem.  Contamination 
at T A-35 is likely due to elevated concentrations of 
90Sr in the vicinity, caused by early work at TA-35 
on radioactive lanthanum sources in which 90Sr is a 
contaminant. Obviously, the peach leaves are not a 
route of ingestion for man and ingestion of peaches 
from T A-35 would not have as much 90Sr con
tamination as the leaves because of the lower surface 
to volume ratio of the peaches . 

Analysis of bees and honey for radioactive con
tamination was established in 1972 (phased out in 
1974) as part of the ongoing environmental research 
program at the Laboratory . Results were reported 
elsewhere.5-8 Three stations from this network (DP 
outfall ; Effluent Canyon, and Mortandad Canyon) 
were reestablished and a new station (TA-54) added 
in September 1978 to monitor radioactive and non
radioactive contaminants in waste disposal areas. 

TABLE XII 

URANIUM CONCENTRATIONS IN FOODSTUFFS 

Uranium Concentration (ng/g)c 
Irrigation No. of 

Location Water Source Samples 

Espanola Rio Chamaa 5 
Espanola, San Juan Rio Grandea 6 
Pena Blanca Rio Grandeb 4 
White Rock LA County 4 
Los Alamos LA County 5 
TA-35 LA County 1 

a Upstream from Laboratory stream confluence. 
b Downstream from Laboratory stream confluence.  

Average 
( ±  lu)  Range 

8.0 ± 4.6 4 . 1 to 13 
1 .4 ± 2.2 0 to 4.5 
6 . 1  ± 6.6 0 to 15 
5 .4 ± 9.6 0 to 20 

49.4 ± 1 10 0 to 247 
184 

c Concentrations are given in ng/g of dry weight. After collecting water for tritium analysis, sam
ples were dried at 100°C for 48-72 h .  
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TABLE XIII 

238Pu and 239Pu CONCENTRATIONS IN FOODSTUFFS 

pCi/g (dry weight) 

Location Foodstuff 238pu 239pu 

Pena Blanca Cucumbers 3 .6 x w -4 

Los Alamos Lettuce 1 .2 x w -3 

Los Alamos Squash 3 .2  x w -4 

TA-35 Peach Leaves 8.5 x w -4 

TABLE XIV 

90 Sr CONTENT IN FOODSTUFFS 

90Sr Concentration (pCi/g)c 

Irrigation No. of Average 
(± lu) Location Water Source Samples Range 

Espanola Rio Chama a 5 0.021 ± 0.015 0.005 to 0.040 
Espanola, San Juan Rio Grandea 6 0.028 ± 0.032 0.0016 to 0.077 
Pena Blanca Rio Grandeb 4 0.020 ± 0.009 0 .008 to 0 .031 
White Rock LA County 4 0.029 ± 0.039 0.007 to 0.086 
Los Alamos LA County 5 0.058 ± 0.088 0.008 to 0 .215 
TA-35 LA County 1 1 .58 ± 0.06 

a Upstream from Laboratory stream confluence . 
b Downstream from Laboratory stream confluence. 
c Dry weight. 

Several of these disposal areas could be readily ac
cessible to bees from privately-owned hives that 
might be placed near Laboratory boundaries .  
Because the honey producing season was over at the 
time hives were placed by the Laboratory, no sam
ples were available for 1978. However, the hives 
should be well established and productive for sam
ples during 1979. Estimates of the maximum ex
posure to an individual from eating honey were 
made from data collected during the research por
tion of this program.  The maximum individual dose 
was calculated to be 0 . 12  mrem/yr from eating honey 
slightly contaminated with tritium ,  which 
theoretically would come from nectar made from 
clover growing over a contaminated solid waste dis
posal site . 

Over half the Laboratory land area of 1 1 1  km2 is 
covered with the pinon pine tree (pinus edulis ) ,  
which yields a southwestern speciality food-the 
pinon nut. A study was made of the 1977 crop to 
determine possible radionuclide intake through 
pinon nut consumption, because many employees 
and some of the public harvest nuts on Laboratory 
lands . In this initial study, unwashed whole nuts 
were analyzed because some people eat unwashed, 
whole nuts (although most people prefer to remove 
the shell) . Nuts were harvested by picking them off 
the ground. Results are summarized in Table XV. 

S l i ghtly e levated c o n ce n trat ions  ( a b o v e  
background sample concentrations) of 90Sr, total 
uranium, and tritium occurred in several technical 
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TABLE XV 

RADIOACTIVITY CONTENT OF PINON NUTS 

90 Sr 
238pu 
239 pu 
u 
137 Cs 
7 Be 
3 H 

fCi/g 
fCi/g 
fCi/g 
ng/g 
fCi/g 
fCi/g 
pCi/m.t 

Background 
Compositeb 

3.0 ± 1 . 1  
0 .12 ± 0 . 18 
0.051 ± 0 . 18 
1 .4 ± 0.35 
0.070 ± 0 .28 
0 .40 ± 0.21 
4.9 ± 0.4 

a Units are per gram of wet weight. 

Six Technical Areas 

Average 

13.5 ± 15.6 
- 1 .3 ± 1 .2  

0 . 1 1  ± 2.9 
14. ± 28 
0.30 ± 0.41 
0.57 ± 0.47 

12.6 ± 7.7 

Range 

0.2 to 42 
-3 .2  to -0.056 
-4.8 to 4.4 

1 .6 to 71 
0.00 to 1 . 1  
0.09 to 1 . 1  
5 .6 to 24.2 

b Collected from Nambe, Santa Fe, and Abiquiu. 

areas . For 90Sr and total uranium we believe this in
crease is due to greater external soil contamination 
that contains fallout 90Sr and to naturally occurring 
uranium, because the nuts were harvested in areas 
with no record of contamination and no noticed in
crease of these contaminants in the soil .  The sample 
with elevated tritium concentrations comes from a 
waste disposal area where there is known tritium 
contamination. We plan to study this pathway 
further by examining whether contamination is in
ternal or external and by analyzing the soil from 
which the nuts are removed. 

If one were to eat 1 .5 kg of whole, unwashed nuts 
from the areas with maximum concentrations, one 
would receive a 50 yr dose commitment to bone from 
90Sr of 0.45 mrem and a whole body dose of 2 X 
lQ-3 mrem from HTO . 

6. Radioactive Effluents 

As part of the environmental research program,  
fish samples were collected from three locations at 
Cochiti Reservoir on the Rio Grande in 1976, and at 
Heron and Costilla Lakes in northern New Mexico in 
1976 and 1973, respectively. These samples ( muscle 
only) were analyzed in 1978 for 137Cs,  total 
uranium, and 238,239Pu. Results are summarized in 
Table XVI. 

As can be seen from the data, there are no signifi
cant  d ifferences  b etween  Cochit i  a n d  the  
background stations at  Heron and Costilla Lakes. 
Species chosen for analysis were mostly bottom 
feeders (e .g . ,  suckers) , which are more likely to in
gest any contamination present in sediments than 
species of higher trophic levels. 

Airborne radioactive effiuents released from LASL operations in 1978 were typical of 
releases during the last several years. The greatest change was an increase in activation 
products from higher power operation of the linear accelerator at LAMPF. Liquid effiuents 
from three waste treatment plants contained radioactivity at levels well below controlled 
area concentration guides. 

Effluents containing radioactivity are discharged 
at LASL in the form of airborne materials in stack 
exhausts at twelve of the technical areas and as li
quid discharges from two industrial waste treatment 

plants and one sanitary sewage lagoon. The air
borne effluents consist principally of filtered ventila
tion exhausts from gloveboxes, other experimental 
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TABLE XVI 

RADIOACTIVITY IN FISH 

137Cs (pCiJga) U(ng/ga) 

Location 
No. of 

Samples Average Range Average Range 

Cochitib 
Herron 
Costilla 

5 
2 
2 

-0 .0082 ± 0.049 
0.0040 ± 0 .078 

0.013 ± 0 . 1 1  

-0.067 t o  0.056 
--0.051 to 0.059 
-0.065 to 0.091 

2.0 ± 2 .1  
1 .5 ± 2 . 1  
2 .6  ± 3 .6 

0.0 to 4.5 
0.0 too 3.0 
0.0 to 5 . 1  

No.  of 
Samples 

238Pu (fCiJga) 239Pu (fCiJga) 

Location 

Cochitib 

Herron 
Costilla 

5 
2 
2 

Average Range 

-0 .064 ± 0.067 -0.16 to 0.010 
-0.075 ± 0. 120 -0.16 to 0.010 

- 1 .0 ± 1 .4 - 2 .0 to -0.06 

Average Range 

-0.044 ± 0.028 -0.090 to 0.020 
-0.060 . ±  0 . 1 1  -0.14 to 0.020 

- 1 .2 ± 1 . 7  - 2 . 4  to 0.040 

aRadionuclide concentration in muscle tissue based on tissue weight after oven drying. 
bBelow confluence of the Rio Grande with intermittent Laboratory streams. 

facilities, and some process facilities such as the li
quid waste treatment plants; exhausts from the 
research reactor (TA-2) ; and exhausts from the 
linear accelerator at LAMPF (T A-53 ) .  The releases 
of various isotopes from the technical areas are 
detailed in Table E-XXI. The quantities of radioac
tivity released depend on the research programs con
ducted and result in significant year-to-year varia
tions . For example, the amount of air activation 
products, especially 1 1 C, 13N, and 150, was higher 
by a factor of about 2 in 1978 compared to 1977 (Fig. 
1 1 )  because the linear accelerator was operating at 
higher power levels in 1978. However, these short
lived (2 to 20 min) isotopes decay rapidly. For in
stance, 4 h after a release of a quantity of 1 1 C (half
life of 20 min) ,  <0. 1% of the original amount dis
charged would remain. A Task Force on Radioactive 
Air at LAMPF has been formed to explore ways to 
reduce rad ioactive airborne effluents from LAMPF. 
Airborne tritium releases at T A-33 in 1978 were 
higher by a factor of about 30 compared to 1977 
releases (Fig. 12 )  because of increased research ac
tivity. Other releases showed variation expectable 
from programmatic differences (Figs . 13 and 14) . 

Treated liquid effluents containing low levels of 
radioactivity are released from the Central Liquid 
Waste Treatment Plant (TA-50) ,  a smaller plant 
serving the old plutonium processing facility (TA-
21 ) ,  and the sanitary sewage lagoon serving LAMPF. 
Detailed results of the effluent radioactivity 
monitoring are presented in Table E-XXII and Figs. 
12-14.  A total of 1 .3 X 107 P, of effluent was dis
charged from the TA-53 sanitary lagoon containing 
0.05 Ci of 7Be and 2 .4 Ci of 3H. The source of the 
radioactivity was leaks of activated beam stop cool
ing water. None of the isotopes were at concentra
tions higher than about 2.6% of CGs for water in 
controlled areas. The amount of radioactive liquid 
waste processed at the smaller plant (T A-21 )  has 
declined through the year as research operations 
have moved to the new plutonium facility (TA-55) 
and is expected to continue to decline in 1979. 
Design work is underway for an upgrading of the 
larger plant (T A-50) , which will further reduce the 
amount of contaminants released in the effluent. 
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Summary of atmospheric releases of 41Ar, 1 1  C, 13N, and 150. 

The releases from the large plant (TA-50) are dis
charged into a normally dry stream channel (Mor
tandad Canyon) in which surface flow has not pas
sed beyond the Laboratory boundary since before 
the plant began operation. The discharges from the 
smaller plant (TA-21)  are made into DP Canyon, a 
tributary of Los Alamos Canyon where runoff does at 
times flow past the boundary and transports some 
residual activity adsorbed on sediments. 

In addition to the airborne releases from stacks, 
some depleted uranium (uranium consisting almost 
entirely of 238U) is dispersed by experiments 
employing conventional high explosives. In 1978 
about 137 1 kg of depleted uranium were used in such 
experiments. Based on known isotopic composition, 

this mass is estimated to contain approximately 0.51 
Ci of activity. Most of the debris from these experi
ments is deposited on the ground in the vicinity of 
the firing point. Limited experimental information 
indicates that no more than about 10% of the 
depleted uranium is aerosolized .  Approximate dis
persion calculations indicate that resulting airborne 
concentrations at site boundaries would be in the 
same range as attributable to natural crustal
abundance uranium in resuspended dust. This 
theoretical evaluation is compatible with the con
centrations of atmospheric uranium measured by 
the continuous air sampling network (see Sec. 
III .A.2 ) .  Estimates of nonradioactive releases from 
these experiments are discussed in Sec. III .B.3 .  
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Summary of plutonium effluents (air and liquid). 
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Summary of strontium liquid effluents. 

B. Chemical Constituents 

1 .  Chemical Quality of Surface and Ground Waters 

Chemical analyses of surface and ground waters from regional, perimeter, and onsite 
non-effluent release areas varied slightly from previous years, but showed no significant 
change. The chemical quality of water from the municipal supply for the Laboratory and 
community meets the standards set by the EPA and NMEID. Analyses from onsite effluent 
release areas indicated that some constituents were higher than in naturally-occurring 
waters ; however, these waters are not a source of municipal, industrial, or agricultural 
supply. Analyses were performed for 33 parameters related to water quality. 

a. Regional and Perimeter. Regional and 
perimeter surface and ground waters were sampled 
at the same locations as were used for radioactivity 
monitoring (Table E-XII) . The regional surface 
waters were sampled at six stations, with perimeter 
waters sampled at seven stations plus 26 stations in 
White Rock Canyon (Fig. 9) . Detailed analyses from 
the regional and perimeter stations are presented in 
Tables E-XIII and E-XIV, respectively. ( See Appen-

dix B.3 for methods of collection, analyses, and 
reporting of water data) . The maximum concentra
tions for 12 parameters are in Table XVII. 

The chemical quality of surface water varies at 
given stations during a year because of dilution of 
base flow with runoff from precipitation. There has 
been no significant change in the quality of water 
from previous analyses . 
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TABLE XVII 

MAXIMUM CHEMICAL CONCENTRATIONS IN 
REGIONAL AND PERIMETER WATERS 

(concentrations in mg/£) 

Perimeter 

Five 
Analysis Regional Stations 

Ag 0.02 <0.01 
As 0.08 <0.01 
Ba 0.4 0.49 
Cd <0.010 0.010 
Cl 82 9 
Cr <0.01 <0.01 
F 0.9 0.6 
Hg <0.001 <0.001 
N03 <2 8 
Pb <0.01 <0.01 
Se <0.005 <0.005 
TDS 540 286 

b. Onsite Surface and Ground Waters. Water 
samples were collected from three surface water sta
tions and seven wells completed in the main aquifer 
(Table E-XII) . They are located in onsite areas that 
do not receive industrial effluents (Fig. 9 ) .  Detailed 
results of analyses are given in Table E-XVI. The 
maximum concentrations for selected constituents 
are in Table XVIII. 

Water quality at the surface water stations also 
varies slightly as base flow is diluted with varying 
amounts of storm runoff. Two surface water stations 
contained above normal amounts of barium (Water 
Canyon) and fluorides (Canada del Buey) ,  which 
may result from release of cooling or process water at 
sites upgradient from the stations. The quality of 
surface and ground waters has not changed 
significantly from previous analyses. 

Table E-XVI details the chemical quality 
analyses of surface and ground water from 21 sta
tions located in canyons that receive sanitary and/or 
industrial effluent (Fig. 10, Table E-XII) . The max
imum concentrations of selected constituents found 
in each canyon are sum'marized in Table XIX. 

Acid-Pueblo Canyon received industrial effluents 
from 1943 to 1964 and currently is receiving treated 
sanitary effluents, which are now the major part of 

White Rock Standard or 
Canyon Criteria 

0.05 
0.05 
1 .0 
0.010 

29 250 
0.05 

1 .0  2 .0  
0.002 

60 45 
0 .05 
0.01 

552 1000 

the flow. Sandia Canyon receives cooling tower 
blowdown and some treated sanitary effluents. DP
Los Alamos and Mortandad Canyons receive 
treated industrial effluents that contain some 
radionuclides and residual chemicals used in the 
waste treatment process. The high TD S and 
chlorides reflect effluents released into the can
yons. Cadmium in Acid-Pueblo ; chromates in San
dia and DP-Los Alamos ; fluorides in DP-Los 
Alamos and Mortandad; and nitrates in the four 
canyons were above drinking water standards;9 

however, these onsite waters are not a source of 
municipal, industrial, or agricultural supply (Table 
XIX ) .  The maximum concentrations occurred near 
the effluent outfalls . The chemical quality of the 
water improves downgradient from the outfall . 
There is no surface flow to the Rio Grande in these 
canyons except during periods of heavy precipita
tion. 

Baseline data were collected from the main 
aquifer upgradient (location 41, Fig. 9) and at the 
discharge from the aquifer (location 6, Fig. 9) 
downgradient from a solid waste disposal site, which 
has been proposed to be used for disposal of organic 
wastes.  The analyses are compared to EPA drinking 
water standards9 and are in Table XX. 



H - 34 

TABLE XVIII 

MAXIMUM CHEMICAL CONCENTRATIONS IN 
ONSITE NON-EFFLUENT WATER 

(concentrations in mg/.t) 

Standard or 
Analysis Surface Water Ground Water Criteria 

Ag 0.03 <0.01 0.05 
As <0.01 0.01 0.05 
Ba 8.15 0.72 1 .0 
Cd <0.010 <0.010 0.010 
Cl 95 6 250 
Cr <0.01 <0.01 0.05 
F 4.2 1 .2  2 .0 
Hg <0.001 <0.001 0.002 
N 03 <2 < 2  45 
Pb <0.01 <0.01 0.05 
Se <0.005 <0.005 0.01 
TDS 440 290 1000 

TABLE XIX 

MAXIMUM CHEMICAL CONCENTRATIONS IN 
EFFLUENT AREA WATERS 

(concentrations in mg/.t) 

Acid- DP- Standard or 
Analysis Pueblo Sandia Los Alamos Mortandad Criteria 

Ag <0.01 0 .07 0.01 0.02 0.05 
As 0.01 <0.01 <0.01 <0.01 0.05 
Ba <0.3 <0.3 <0.2 <0.3 1 .0 
Cd 0.240 0.017 0.007 0.014 0.010 
Cl 102 62 104 44 250 
Cr <0.01 5 .38 0 .11  0.04 0.05 
F 0.9 1 .9 25 2 .7  2 .0 
Hg <0.001 <0.001 <0.001 <0.001 0.002 
N03 46 33 68 276 45 
Pb <0.01 <0.01 <0.01 <0.01 0.05 
Se <0.005 0.005 0.005 <0.005 0.01 
TDS 558 916 1908 1340 1000 
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TABLE XX 

BASELINE DATA FOR ORGANIC CHEMICALS 
(concentrations in mg/.t) 

Location 

4 1  6 6 
Analysis PM-2 Spr 3 Spr 4A Standard 

PCBs <0.0001 <0.0001 <0.0001 
Chlordane <0.003 <0.003 <0.003 
Endrin <0.0002 <0.0002 <0.0002 0.0002 
Heptachlor <0.0001 <0.0001 <0.0001 
Heptachlor Epoxide <0.0001 <0.0001 <0.0001 
Lindane <0.004 <0.004 <0.004 0.004 
Methoxychlor <0 .1  <0 .1  <0 .1  0 . 1  
Toxaphene <0.005 <0.005 <0.005 0.005 
2 ,4-D (acid) <0 .1  <0 .1  <0.1  0 .1  
2 ,4,5-TP Silver (acid) <0.01  <0.01 <0.01 0.01 

2. Water Supply 

The federally-owned well field produced water for the Laboratory and County, which met 
all applicable EPA standards. 

Municipal and industrial water supplies for the 
Laboratory and community were sampled at 15 deep 
wells, one gallery, and at five stations on the dis
tribution system (Table E-XII, Fig . 9 ) .  Detailed 
analyses are in Table E-XV. Appendix A gives the 
federal and state standards and criteria for 
municipal water supplies . The maximum concentra
tions of chemical constituents from wells, gallery, 
and distribution system stations are compared to 
criteria in Table XXI. The concentrations of 

naturally-occurring arsenic in the Guaje Well Field 
(G-2) ,  and fluoride and silver in the Los Alamos 
Well Field (LA- lB and LA-5, respectively) were 
sl ightly above standards9 for drinking water; 
however, dilution in the distribution system reduces 
the concentrations to acceptable levels. All con
stituents met the criteria for water supply in the dis
tribution system . There has been no significant 
change in chemical constituents from individual 
wells from previous years. 
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TABLE XXI 

MAXIMUM CHEMICAL CONCENTRATIONS IN 
WATER SUPPLY 

(concentrations in mg/.t) 

Supply Wells Standard or 
Analysis and Gallery Distribution Criteria 

Ag 0.07 0.02 0 .05 
As 0.08 0.01 0 .05 
Ba 0 . 1  0 . 1  1 .0 
Cd 0.008 0.006 0.010 
Cl 13 7 250 
Cr 0.03 0.02 0.05 
F 2 .2 1 . 1  2 .0 
Hg <0.001 <0.001 0.002 
N0:3 <2  1 45 
Pb 0.02 0.01 0.05 
Se 0.001 0.001  0 .01  
TDS 624 274 1000 

3. Nonradioactive Effluents 

Nonradioactive effluents include airborne and liquid discharges.  Airborne effluents from 
the asphalt plant; beryllium shop; gasoline storage and combustion; power plant; gases 
and volatile chemicals ; waste explosive burning; lead pouring; and dynamic testing did not 
result in any measurable or theoretically calculable degradation of air quality. A single 
NPDES permit for 104 industrial discharge points and 10 sanitary sewage treatment 
facilities took effect in mid-October. After the new permit took effect, 6 of the 10 sanitary 
sewage treatment facilities exceeded one or more of the EPA permit limits in one or more 
months and 18 of the 104 industrial outfalls exceeded one or more limit. 

a. A irborne Discharges. Particulate concentra
tions in the Los Alamos and White Rock areas are 
routinely measured by the state.  Table E-XXIII 
summarizes these data for 1978. The highest 24 h 
averages and the annual averages are compared to 
the �ew Mexico Ambient Air Quality Standards for 
particulates in Table XXII . Both the 24 h averages 
and annual geometric means are well within state 
standards . Although true 7 day and 30 day averages 
cannot be calculated, there is no indication that 
they would exceed state standards. 

The state does not routinely monitor the Los 
Alamos area for any air contaminants other than 
particulate matter. As reported last year, a series of 
S02 (sulfur dioxide) measurements was made by the 
state in October and November of 1976 to establish 

background levels. None of the hourly S02 measure
ments were above the minimum detectable level of 
0.01 ppm . The state standard for S02 is a 24 h 
average of 0 . 10 ppm and an annual arithmetic 
average of 0.02 ppm . 

During 1978 the Laboratory was surveyed to iden
tify air pollution sources and quantify amounts of 
materials emitted from these sources . Sources in
vestigated to date include the asphalt plant 
operated by the Zia Company, beryllium shop, gas
oline storage and combustion, TA-3 power plant, 
volatile chemical and gas emissions, waste explosive 
burning, and dynamic experiments. These sources 
are discussed separately in the following paragraphs. 

As reported last year,4 a consultant evaluated the 
emissions from the asphalt plant operated by the Zia 
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TABLE XXII 

SUMMARY OF ATMOSPHERIC PARTICULATE CONCENTRATIONS IN 
LOS ALAMOS AND WHITE ROCK DURING 1978 

New Mexico Ambient 
Air Quality Standards Los White 

for Particulates Alamos Rock 

Maximum 24 hour average 
Maximum 7 day average 
Maximum 30 day average 
Annual Geometric Mean 

Company in 1977 . The state particulate em1sswn 
standard for asphalt plants specifies a maximum al
lowable particulate emission rate as a function of the 
aggregate process rate of the plant. At the time of 
the study, the aggregate production rate of the 
asphalt plant was 68 metric tons per h. The al
lowable particulate emission rate for a plant of this 
size is 16 kg/h. The measured emission rate of 0.8 
kg/h was only about 5% of the standard. l0 

Beryllium emissions from the beryllium shop are 
continuously monitored. A total of about 20 mg of 
beryllium were emitted during 1978, and measured 
s t a c k  g a s  c o n c e n t r a t i o n s  r a n g e d  fr o m  
0.000 to 0.009 ,ug/m3. All stack gas concentrations 
were below the state ambient air standard of 0.01 
,ug/m3 . 

A large fleet of cars and trucks is maintained for 
the Laboratory complex by the Zia Company. Dur
ing fiscal year 1978, a total of 2 .4 X 106£ of gasoline 
were used by this fl eet .  C arbon monoxide , 
hydrocarbons, nitrogen oxides, sulfur oxides, and 
particulates are emitted during automobile opera
tion. There are also gasoline evaporative losses as
sociated with gasoline storage and vehicle refueling. 
By breaking down total gasoline usage among the 
size classes of vehicles and by applying the most ap
propriate EPA emissions factors1 1  to these data, air 
pollution emissions associated with maintenance 
and operation of the vehicle fleet (Table XXIII) were 
estimated. 

The TA-3 power plant is fueled with natural gas 
and thus comes under state regulations for gas burn
ing equipment. These regulations specify maximum 
allowable nitrogen oxide emissions but also contain 
a provision exempting facilities that have a heat in-

(,ug/m3) (,ug/m3) (,ug/m3) 

150 1 1 1  172 
1 10 
90 
60 36 22 

put of less than 1 X 1012 Btu/year/unit. The heat in
put for the TA-3 power plant boilers during 1978 
were 0.82 X 1012 Btu (Boiler No. 1 ) ,  0.77 X 1012 
Btu, (Boiler No. 2 ) ,  and 0.86 X 1012 Btu (Boiler No. 
3) . Total heat input for the power plant is 2.45 X 
1012 Btu, but inputs for the individual boilers are 
below the exemption threshold .  Measured NOx 
(nitrogen oxide) concentrations in the stack gases 
range from 30 to 50 ppm , or no more than about 20% 
of the limit that would apply were the heat input 
threshold exceeded. Using EPA emission factors1 1  
and volume of natural gas burned, the following es
timates of stack gas emissions were made (Table 
XXIV) . 

The Laboratory complex uses large quantities of 
various volatile chemicals and gases that are 
released into the atmosphere by evaporation or ex
haust. Using data from stock records and estimates 
of actual losses to the atmosphere by large users 
( > 680 kg/yr) of these chemicals, a preliminary es
timate of total releases during 1978 was compiled 
and is given in Table XXV. There are also many 
small users of chemicals throughout the Laboratory, 
and other chemicals released to the atmosphere will 
be added to this list as the smaller users are inven
toried .  

During 1978 about 26 480 kg of  high explosives 
wastes were disposed by open burning at the 
Laboratory. Estimates of emissions (Table XXVI) 
were made by using data from experimental work 
carried out by Mason & Hangar-Silar Mason Co. ,  
Inc . 12 Open burning of high explosives wastes is per
mitted by the New Mexico Air Quality Control 
regulations. 
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TABLE XXIII 

ESTIMATES OF AIR POLLUTION EMISSIONS 
ASSOCIATED WITH MAINTENANCE AND OPERATION 

OF THE VEHICLE FLEET 

Pollutant 

Gasoline Evaporative Losses 
Carbon Monoxide 
Hydrocarbons 
Nitrogen Oxides 
Sulfur Oxides 
Particulates, Exhaust 
Particulates , Tires 

Estimated 
Amount 

(metric tons) 

28.3 
213 

21  
29 

1 . 1  
0.6 
1 .2 

TABLE XXIV 

ESTIMATES OF STACK GAS EMISSIONS FROM 
THE TA-3 POWER PLANT 

TABLE XXV 

Pollutant 

Sulfur oxides 
Hydrocarbons 
Carbon monoxide 
P articulates 
Nitrogen oxides 

Estimated 
Amount 

(metric tons) 

0.6 
1 . 1  

17 .9 
10.5 

739 

TABLE XXVI 

ESTIMATED LOSSES OF 
GASES AND VOLATILE CHEMICALS 

Estimated 
Amount 

ESTIMATED EMISSIONS FROM BURNING OF 
EXPLOSIVE WASTES 

Chemical 

Acetone 
Carbon Monoxide 
Ethyl Acetate 
Freons 
Helium 
Methyl Ethyl Ketone 
Methylene Chloride 
Sulfur Hexafluoride 
Trichloroethane 
Trichloroethylene 

(kg) 

2700 
4100 
1600 
3300 
6800 - 13 600 
3500 
800 

8200 
13 700 

2000 

(Using data from Mason & Hanger-Silas Mason Co. , Inc. 12 ) 

Pollutant 

Carbon Monoxide 
P articulates 
Nitrogen Oxides 

Total Waste Burned 

Estimated 
Amount 

(kg) 

205 
477 
800 

26 480 kg 
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Dynamic experiments employing conventional ex
plosives are routinely conducted in certain test areas 
at LASL and may contain quantities of potentially 
toxic metals, including beryllium,  lead, and 
uranium . Some limited field experiments, based on 
aircraft sampling of debris clouds, provided infor
mation on the proportion of such materials 
aerosolized. This information was employed to 
prepare estimates of concentrations at the LASL 
boundary based on the current year 's utilization of 
the elements of interest. The results are presented in 
Table E-XXIV along with comparisons to applicable 
air quality regulations. The average concentrations 
are all less than 5 X lQ-4% of applicable standards. 

b. Liquid Discharges. Nonradioactive liquid 
wastes are released from 104 industrial discharge 
points and 10 sanitary sewage treatment facilities 
subject to NPDES requirements . A single NPDES 
permit issued by the EPA took effect in mid-October 
1978, placing specific effluent limits for the first 
time on 10 categories of industrial waste outfalls. 
Ten sanitary sewage treatment facilities, 9 of which 
previously had separate NPDES permits, were also 
included in the new permit. Under the new permit 
only two of the sanitary outfalls were assigned fecal 
coliform limits; all other parameters, including 5-
day biochemical oxygen demand total suspended 
solids, and pH, were the same as in the individual 
permits. Tables E-XXV and E-XXVI summarize 
the effluent quality and compliance status of the 
sanitary sewage and industrial waste outfalls, 
respectively. 

After the new permit took effect, four of the 
sanitary sewage outfalls met all limits, and two 
others (lagoons) exceeded only flow limits because of 
far above normal precipitation during the last three 
months of 1978. Eighteen of the 104 industrial out
falls exceeded one or more limit during the period 
the permit was in effect. Eight of those responsible 
for the largest number of deviations are scheduled 
for already-funded corrective measures to be carried 
out in 1979-80 . The two radioactive waste treatment 
plants have the largest number of limits with which 
to com ply , and only one of those plants exceeded one 
limit by about 5% on one day. Details of the effluent 
quality from these two plants are given in Table E-

XXII for both non-radioactive (including several not 
regulated by the NPDES permit) , and for radioac
tive parameters. 

4. Herbicide Damage 

During the spring and summer of 1978, many 
reports of dead and dying trees along Laboratory 
roads were received by the Environmental Surveil
lance Group. An initial estimate placed the damage 
at about 2400 dead and dying trees. The most 
probable causes of damage were insects, road salt, 
herbicides, or some combination of these factors. To 
check for the possibility of salt damage, samples of 
both healthy and damaged needles were analyzed 
for chloride content. Although the chloride content 
of the damaged needles was slightly higher than that 
of the healthy needles, both were within the range of 
concentrations previously associated with healthy 
needles. The damage symptoms also were not 
characteristic of salt damage. Forest Service 
specialists were called in to assess the possibilities of 
insect and herbicide damage . No evidence of insect 
damage was found, but the symptoms were 
characteristic of damage from bromacil, an her
bicide which was applied to the roadsides in the fall 
of 1977 to control roadside vegetation. Subsequent 
gas chromatographic analyses established the 
presence of bromacil residues in the needles from 
damaged trees. These residues were not present in 
the needles from healthy trees. As the incident was 
reconstructed, bromacil, which was applied in the 
fall, was washed laterally away from the roadside by 
unusually heavy rains in the spring following a 
winter with little snowfall . Normally, the herbicide 
is leached into lower soil horizons by melting snow. 
Some trees may have been weakened somewhat by 
road salt, but the herbicide was ultimately responsi
ble for their death. 13 

To prevent future recurrences of this problem, the 
Laboratory has formed two committees to review its 
policies and procedures regarding use and applica
tion of herbicides. The Vegetation Control Policy 
Committee will formulate guidelines for herbicide 
use , while the Vegetation Control Procedure Com
mittee will determine how to implement these 
guidelines. 
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IV. ENVIRONMENTAL EVALUATION 

A. Radiation Doses 

Some increments of radiation doses above natural and worldwide fallout background 
levels are received by Los Alamos County residents as a result of LASL operations. The 
largest estimated dose at an occupied location was 3.8 mrem or 0. 76% of the radiation 
protection standard. This estimate is based on boundary dose measurements of airborne ef
fluents from the proton accelerator at TA-53. Other minor exposure pathways such as 
direct radiation from an experimental facility and two unlikely food pathways may result in 
doses to several mrem/yr. No significant exposure pathways are believed to exist for 
radioactivity released in treated liquid waste effluents. The radioactivity is absorbed in the 
alluvium before leaving the LASL boundaries and some is transported offsite with stream 
channel sediments during heavy runoff. The total population dose received by residents of 
Los Alamos County in 1978 was estimated to be 10.5 man-rem or about 0.4% of the 2400 man
rem to the same population from background radiation and 0.5% of the population dose due 
to medical exposure. As no significant pathways could be identified outside the County, the 
10.5 man-rem dose also represents the population dose to the inhabitants living within an 80 
km radius of LASL who receive an estimated 1 1  900 man-rem dose from background radia
tion. 

One means of evaluating the significance of en
vironmental releases of radioactivity is to interpret 
the exposures received by the public in terms of 
doses that can be compared to appropriate stan
dards and naturally present background . The 
critical exposure pathways considered for the Los 
Alamos area were atmospheric transport of airborne 
radioactive eff1uents, hydrologic transport of liquid 
eff1uents, food chains, and direct exposure to 
penetrating radiation. Exposures to radioactive 
materials or radiation in the environment were 
determined by direct measurements for some air
borne and waterborne contaminants and external 
penetrating radiation, and by theoretical calculation 
based on atmospheric dispersion for other airborne 
contaminants. Doses were calculated from measured 
or derived exposures utilizing models based on 
recommendations of the International Council on 
Radiation Protection (see Appendix D for details) 
for each of the three following categories : 

1 .  Maximum dose at a site boundary, 

2. dose to individual or population groups where 
highest dose rates occur, and 

3. the whole body cumulative dose for the popula
tion within an 80 km radius of the site . 

Exposure to airborne 3H (as HTO) was deter
mined by actual measurements with background 
correction based on the assumption that natural and 
worldwide fallout activity was represented by the 
average data from the three regional sampling loca
tions at Espanola, Pojoaque, and Santa Fe . 

Exposures to l l C, 13N, 150,  and 41Ar from 
LAMPF were inferred from direct radiation 
measurements (see Sec. III .A. l ) .  Exposure from 
41Ar released from the TA-2 stack was theoretically 
calculated from measured stack releases and stan
dard atmospheric dispersion models. 

Estimates of a maximum lung exposure to 
plutonium were calculated by subtracting the 
average concentration at the regional stations from 
the average concentration from the perimeter sta
tion with the highest measured plutonium con
centration (Table XXVII) .  

The maximum boundary and individual doses at
tributable to these exposures are summarized in 
Table XXVII with a comparison to DOE Radiation 
Protection Standards (RPS) for the individual 
doses. 

All other atmospheric releases of radioactivity (see 
Table  E-XXI) were evaluated by theoretical 
calculations. All potential doses were found to be 
less than the smallest ones presented above and were 
thus considered insignificant. 
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TABLE XXVII 

CALCULATED BOUNDARY AND MAXIMUM INDIVIDUAL DOSES 

FROM AIRBORNE RADIOACTIVITY 

Maximum Maximum 
Boundary Dose Individual Dose 

Critical Dose Dose 
Isotope Organ Location (mrem/yr) Location (mrem/yr) % RPS 

3H (HTO) Whole Body TA-54 0.07 1 Airport 0.029 0.0058 

l l C,  13N,  15Q Whole Body Restaurant 14 a Restaurant 3.8 0.76 
N.  of TA-53 N .  of T A-53 

41Ar Whole Body Boundary N .  1 .2 Apts . N. of 0.7 0. 14 
of TA-2 Stack TA-2 Stack 

239Pu Lung TA-54 0.024 Bandelier 0.0079b 0.00053 

aEstimated from TLD measurements June-Dec 1978. 
bFor a 50 yr dose commitment, bone becomes the critical organ. A maximum individual would 
receive a 50 yr dose commitment to bone of 0.53 mrem. 

Liquid effluents, as such, do not flow beyond the 
LASL boundary but are absorbed in the alluvium of 
the receiving canyons ; excess moisture is lost 
primarily by evapotranspiration. These effluents are 
monitored at their point of discharge and their 
behavior in the alluvium of the canyons below out
falls has been studied. l4-17 Small quantities of 
radioactive contaminants transported during 
periods of heavy runoff have been measured in can
yon sed iments b eyond the LASL boundary . 
However, no significant exposure pathways from the 
sediments to humans have been identified. 

No radioactivity in excess of normal background 
concentrations was detected in drinking water, 
perennial surface water, or ground water at any of
site location. 

There are no known significant aquatic pathways 
or food chains to humans in the local area. Two 
minor potential foodstuff pathways involving 
venison and honey have been identified and were 
discussed previously.4 They have been estimated to 
result in a maximum of < 4  mrem/yr to an individual 
and are unlikely to actually occur. 

Measurements of external penetrating radiation 
showed no statistically distinguishable doses at any 
offsite locations that could be attributed to LASL 
operations. Variations among stations or over time 
were all within expectable ranges. 

As was stated in Sec. III.A. 1 ,  no measurements of 
external penetrating radiation at regional and 
perimeter stations in the environmental network in
dicated any discernable increase in radiation levels 
that could be attributed to LASL operations. The 
special network at the Laboratory boundary north of 
TA-53 indicated a 13 . 7  mrem increase above 
background due to l l C, 13N, 150 ,  and 41Ar emis
sions from LAMPP. The increase is considerably less 
than the 126 mrem dose theoretically estimated for 
that location from concentrations and cloud size 
calculated from standard atmospheric dispersion 
models. To reach the boundary, the effluent must 
cross a large canyon, which has a pronounced effect 
on plume dispersion, and for which there are no ade
quate theoretical models to predict cloud concentra
tions and size, which are the basis of dose calcula
tions. 



H-42 

Onsite measurements of  above background doses 
were expected and do not represent potential ex
posure to the public except in the vicinity of TA- 18. 
Members of the public regularly utilizing the DOE
controlled road passing by TA-18 would likely 
receive no more than 0.5 mrem/yr of direct gamma 
and neutron radiation. This value was derived from 
1975 data18 on total dose rates using 1978 gamma 
doses measured by TLDs and estimating exposure 
time by assuming a person made 15 round trips per 
week at an average speed of 40 mph past TA-18 
while tests were being conducted. The onsite station 
near the Laboratory boundary at State Highway 4 
recorded a dose of 216 mrem/yr. This is caused by a 
localized accumulation of 137Cs on sediments trans
ported from a treated effluent release point up
stream . 

Cumulative 1978 whole body doses to Los Alamos 
County residents from LASL operations with com
parison to exposure from natural radiation and 
medical radiation are indicated in Table XXVIII. 
Population data are based on Los Alamos County 

Planning Department figures of 13 300 residents in 
the Los Alamos townsite and 6300 in White Rock. 

The calculated 8.4 man-rem from atmospheric 
l l C ,  1:3N,  and 15Q is probably high because it is 
subject to many of the same uncertainties that 
caused boundary dose calculations to overestimate 
actual doses from these isotopes by a factor of 9. The 
whole-body population dose to the estimated 105 000 
inhabitants21 of the 80 km circle around Los Alamos 
because of LASL operations is estimated to be 10.5 
man-rem, which is the population dose to Los 
Alamos County inhabitants. This is because other 
population centers are far enough away that disper
sion, dilution, and decay in transit (particularly for 
l l C ,  13N,  15Q ,  and 41Ar) make exposure undetec
table and theoretically a very small fraction of the 
estimated 10.5 man-rem. By contrast, natural radia
tion exposure to the inhabitants within the 80 km 
circle is 11 900 man-rem. 

Thus, doses potentially attributable to releases of 
effluents contribute about 0.44% of the total dose 
received by Los Alamos County residents from 

TABLE XXVIII 

1978 WHOLE BODY POPULATION DOSES 
TO LOS ALAMOS COUNTY RESIDENTS 

Exposure Mechanism 

Atmospheric Tritium (as HTO) 
Atmospheric l l C ,  13N,  15Q 
Atmospheric 41Ar 
Total Due to LASL Atmospheric Releases 
Cosmic and Terrestrial Gamma Radiationa 
Cosmic Neutron Radiation 

( � 17 mrem/yr/person 19) 
Self lrradiation from ='Jatural Isotopes in the Body 

( � 24 mrem/yr/person3) 
Average Due to Airline Travel 

(0.22 mrem/hr at 9 km:3) 

Total Due to Natural Sources of Radiation 

Medical Exposure 
( � 10:3 mrem/yr/person20) 

Whole-Body Population Dose 
(man-rem) 

0.23 
8 .4 
1 .9 

10.5 
1570 

330 

470 

13 

2383 

2020 

aCalculations are based on measured (TLD) data. The indicate a 10% reduction in cosmic radia
tion due to shielding by structures and a 40% reduction in terrestrial radiation due to shielding by 
structures and self-shielding by the body. 
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natural radiation, about 0.52% to the same residents 
from medical radiation (diagnostic x-rays only) , and 
about 0.088% of the dose from natural radiation 
received by the population within an 80 km radius of 
the Laboratory. 

B. Environmental Protection Programs at LASL 

1. LERC/EEC Program 

In order to assist DOE to comply with require
ments of the National Environmental Policy Act 
(NEPA) , LASL has an official Laboratory En
vironmental Review Committee (LERC ) .  The 
membership consists of representatives from several 
Assistant and Associate Directors offices, Financial 
Management, the Engineering Department, and the 
Health Division and has the responsibility to review 
all environmental assessments ( EAs) and en
vironmental impact statements (EISs) prepared for 
DOE by the Laboratory. Additionally, LERC iden
tifies and reviews items of environmental interest 
that are generated by Laboratory activities or that 
affect the Laboratory programs and property. An 
Environmental Evaluations Coordinator (EEC) ,  
based in  the Environmental Surveillance Group, as
sists LERC by coordinating with user groups, Health 
Division and the Engineering Department on 
development of environmental documents and 
providing input to project design at the earliest stage 
for appropriate environmental decision making. 

Projects that may require an EA or EIS are 
screened by the EEC to determine level of data 
needed for the report. Various resource persons are 
identified to assist in preparation of the draft en
vironmental document for the proposed construction 
or programmatic project. High ·visibility or high risk 
projects that may require added attention are pas
sed through an ad hoc committee , chaired by the 
EEC and comprised of representatives of the 
Engineering Department, Health Division, the user 
group (s) , and other expert members as needed. 

The EEC also coordinates input on environmental 
matters for other official documents and the Quality 
Assurance (QA) program (see next section) .  The 
EEC works with those responsible for construction 
or programs and the Environmental Surveillance 
Group representative to the QA program to assure 
that the environmental considerations are included 
in the assessments and that they are implemented in 
the QA program . 

2. Quality Assurance Program 

In compliance with DOE Manual Chapter 0820, 
LASL has a QA program22 for engineering, con
struction, modification, and maintenance of DOE
owned facilities and installations. The purpose of 
the program is not only to minimize chance of 
deficiencies in construction, but also to improve cost 
effectiveness of facilities ' design, construction, and 
operation, and to protect the environment. QA is 
implemented from inception of design through com
pletion of construction by a project team approach. 
The project team consists of individuals from the 
DOE program division, the DOE Albuquerque 
Operations Office and Los Alamos Area Office, the 
LASL operating group (s) , the LASL Engineering 
Department, the design contractor, the inspection 
organization , and the construction contractor. 
Under the project team approach each organization 
having responsibility for some facet of the project is 
likewise responsible for its respective aspects of the 
overall QA program . For example, it is the inspec
tion organizatio n ' s  responsib il ity to provide 
assurance that the structures, systems, and compo
nents have been constructed or fabricated in accor
dance with the approved drawings and specifica
tions . 

Laboratory representatives are responsible for 
coordinating reviews and comments from all groups 
with a vested interest in the project. In particular, 
the Environmental Surveillance Group reviews 
proposed new construction, maintenance activities, 
and modifications to existing facilities to minimize 
any environmental degradation. Consideration is 
given to the present condition of the site (soils, 
geology, ground water, surface water, air quality, 
archeology,  flora ,  fauna ,  drainage features ,  
archeological resources, etc . ) ,  the environmental 
consequences of the proposed project ( airborne ef
fluents, liquid effluents, industrial waste, solid 
waste , noise levels, traffic patterns, etc . ) , and an en
vironmental impact assessment (air, water, land, 
visual, noise, odor, biota, etc . ) .  

3. Archeology 

Protection of archeological sites at LASL (man
dated by several Congressional acts and Executive 
Order 1 1593) is also part of the QA program . A 
proposed location for a new facility is checked to 
determine if there are any archeological sites in the 
area.  An attempt is first made to adjust siting so as 
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to preserve the site. If alternative siting is not feasi
ble, then the site is excavated to gain knowledge 
about it and recover artifacts before it is destroyed. 
The decision as to which course to follow is based on 
the value of the archeological site, on the availability 
of alternative locations for the new facility, and on 
the programmatic impact if the new facility were not 
built at that location. 

A survey of more than 450 archeological sites in 
LASL environs was made between March 1973 and 
July 1975. This survey of the pre-Columbian Indian 
ruins is summarized in a report,23 which is used dur
ing construction planning to avoid damage to such 
sites if possible, or to provide the lead time necessary 
to conduct required salvage archeology. Several uni
que sites were recommended for registration as 
national historic sites and formal nomination 
procedures are underway. This will ensure their 
preservation for future generations by establishing 
formal responsibility and authority to protect the 
sites . 

Ten additional archeological sites were located 
and added to the map of all archeological sites at 
LASL in 1978. Also, four sites were salvaged. One 
site was salvaged after it was uncovered by the La 
Mesa fire and found to have been damaged many 
years ago. Three others were excavated in advance of 
construction activity . Research now underway in
cludes analysis and identification of food plant re
mains recovered in archeological salvage activities ; 
plant pollen identification in mesa-top soils to ascer
tain farming practices of ancient civilizations as
sociated with the archeological sites; identification 
of ancient crop field locations via analysis of trace 
soil minerals ;  a study of minerals in pottery to deter
mine the pottery's origin ; and a study of ancient 
food preparation methods. 

4. Decontamination and Decommissioning 
Work 

During the spring and summer of 1978, all 
facilities at a small abandoned site (TA-42) built to 
incinerate plutonium contaminated waste were 
demolished. To monitor for possible airborne release 
of radioactive contaminants during operations, 
filters at two special air sampling stations (TA-50 
and TA-55) were collected weekly. There was no in
dication of airborne contamination from these 
operations. After the facilities were removed, the soil 
in the vicinity was decontaminated to levels deter-

mined to be as low as practicable. Final sampling 
results will be available in a forthcoming com
prehensive report on the decontamination and 
decommissioning of T A-42. 

An 227 Ac-contaminated filter building at TA-21 
(TA-21 - 153) was demolished in the summer and fall 
of 1978. Routine airnet sampling stations located at 
the airport, DP-East, and LAMPF and a special sta
tion established at Acorn Street provided documen
tation of any possible release of airborne material 
during demolition operations. Air samples were 
changed weekly. There was no indication of any air
borne radioactivity from these operations. 

C. Related Environmental Studies 

The Enviror1mental Studies Group (H-12) at 
LASL conducts research and experimental studies 
under auspices of the DOE. Some of the research 
programs conducted by H-12 complement routine 
monitoring carried out by the Environmental 
Surveillance Group (H-8) in providing a better un
derstanding of the ecosystem surrounding LASL in 
relation to the Laboratory 's operations. Following 
are highlights of several of these research programs. 

1. Ecological Investigation of Dry Geothermal 
Energy at Fenton Hill 
[Ken Rea (H-12) ] 

LASL is currently evaluating the feasibility of ex
tracting thermal energy from hot dry rock (HDR) 
geothermal reservoirs. The concept involves drilling 
two deep holes into HDR, connecting these holes by 
hydraulic fracture, and bringing thermal energy to 
the surface by circulating water through the 
system.24 

LASL's HDR project provides an opportunity to 
study the environmental impact of this new energy 
resource from its infancy. This study is designed to 
describe quantitatively the ecosystem surrounding 
the HDR site, to identify the types and amounts of 
chemicals and/or materials released during the 
various phases of development, and to evaluate 
potential impacts from site operations and effluents. 
Specific objectives include (a) development and 
maintenance of an environmental resource data base 
at the site, (b) periodic examination of permanent 
transects adjacent to the facility and at nearby con
trol sites to determine changes in composition and 
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quantity of ecosystem components, and (c )  iden
tification and evaluations of chemicals in effluent 
waste waters and stored residues.25 

Biological investigations include biomass, relative 
cover, and relative density measurements on the 
plant species of the three vegetative complexes sur
rounding the HDR site. Within each vegetative type, 
relative densities of small mammal populations are 
examined by live trapping techniques, and, within 
the grass forb complex, pellet group counting 
transects have been established to determine change 
in utilization patterns of the resident Rocky Moun
tain elk (Ceruus canadensis) population. 

Table XXIX is a brief summary of the small 
mammal trapping program for the 1967-1977 field 
seasons . The 1978 data have not been analyzed; 
however, the deermouse (Peromyscus maniculatus) 
was the most trappable species encountered in all 
vegetative types. Variations between trapping loca
tions within and/or between vegetative complexes 
fall within the bounds of natural variability and are 
not considered significant for the two years of 
analyzed data. Examination of the 1978 data shows 
no unexpected deviations from these previous collec
tions . 

The first extensive (10 000 h) run of the HDR 
system was accomplished during the summer of 
1978. Though the system is a closed loop with no ap
parent releases to the atmosphere, the gaseous com
ponent of the fluid was examined to determine what 

problems might arise during an accidental venting 
of the system.  Minute quantities of H2S were 
detected. This was the only toxic gas detected, and 
at the levels found, it should pose no environmental 
hazard, even for major releases of the fluid under 
emergency venting. 26 

Noise pollution has been considered one of the 
major problems of geothermal energy development. 
The major source of noise at the HDR site is the heat 
exchanger, and during the 10 000 h test, noise levels 
at the heat exchanger under full load conditions 
averaged less than 95 dB(A) , with frequencies less 
than 1000 Hz. 

2 .  Fenton Hill Site (TA-57) Surface and 
Ground Waters 
[R. Ferenbaugh and W. D .  Purtymun (H-8)]  

Studies have been carried out to determine the ex
tent to which water discharged from geothermal 
holding ponds at the Fenton Hill site (LASL's HDR 
Project) penetrates into the canyon below the site. A 
series of 1-2 m holes were drilled down-canyon of the 
site, and soil samples from these holes analyzed for 
fluoride, chloride, and uranium. Four of the holes at 
distances of 20, 60 295,  and 915 m from the point of 
discharge were cased. Water sampl� obtained from 
these holes after holding pond discharge were col
lected and analyzed for several chemical con
stituents in which the water from the geothermal 

TABLE XXIX 

RELATIVE TRAPPING DENSITIES AND TRAPPING SUCCESS 
FOR SMALL MAMMALS IN VARIOUS VEGETATIVE COMPLEXES 

(expressed in per cent) 

Mixed 
Grass Forb Aspen Conifer 

Species 1976 1977 1976 1977 1976 1977 

Deermouse 
Peromyscus maniculatus 99 100 51 65 63 83 

Chipmunk 
Eutamias minimus 1 0 44 35 28 17 

Other species 0 0 5 0 9 0 

100 100 100 100 100 100 
Trapping Success %a 72 28 23 63 41  33 

a Calculated as  total captures vs total traps. 



pond is enriched. Fluoride concentration, chloride 
concentration, and strontium isotope ratio were in
vestigated as tracers to determine the extent of 
penetration of discharged water down the canyon . 
Chloride concentration proved to be the most infor
mative, and the results of these analyses indicate 
that the discharged water is completely absorbed 
into the alluvium by the time it has moved 295 m 
down the canyon. Wells have been drilled around 
the holding ponds themselves to determine the ex
tent to which water infiltrates the soil surrounding 
the ponds . Samples from these wells indicate that 
most water movement from the ponds is vertical; 
there is little if any horizontal movement. 

Certain elements, which are present in the holding 
pond discharge, are of particular interest because of 
the low allowable levels specified in the proposed 
National Pollution Discharge Elimination System 
permit. These are arsenic ,  boron, cadmium, 
fluoride, and lithium. Soils and vegetation in the 
canyon into which the water is being discharged con
sequently are being monitored to determine if these 
elements are accumulating in the canyon. Plant 
growth studies and soil adsorption studies also are 
being carried out using water from the holding 
ponds. 

The canyon below the geothermal site into which 
water is discharged ultimately opens into Lake Fork 
Canyon (Fig. 15) . Although there is no flow of 
geothermal water into Lake Fork Canyon, wells and 
streams in the canyon are monitored for water 
quality. Other water sources in the vicinity of 
Fenton Hill are also monitored (Fig. 15) . Table E
XXVII summarizes the results of this monitoring 
during 1978. There has been no significant change in 
the quality of these waters from previous analyses .  

3. The Comparative Distribution of Stable 
Mercury, Cesium-137, and Plutonium in an Inter
mittent Stream at Los Alamos 
[T. E. Hakanson (H-12) ,  G. C. White (H-12) ,  E. S .  
Gladney (H-8) , and Mona Driecer (H-12) ] 

Mortandad Canyon has been used for disposal of 
liquid wastes since 1963 . Past studies in this canyon 
have emphasized the distribution and transport of 
137Cs, 238Pu, and 239,240Pu. Stable mercury is also 
a component of the waste released to Mortandad 
Canyon as a result of loss of the metal from chemical 
laboratories into drain systems. Records maintained 
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over the past few years show that a few tens to 
hundreds of grams of mercury are released annually 
to this canyon.27 The quantity of plutonium and 
cesium released annually to the canyon averages 
about 10 and 100 mCi, respectively. Although long 
term records are not available, we suspect that the 
isotopic composition of the waste has been varied 
considerably. 

Core samples were collected from 10 stream chan
nel and 10 stream bank locations randomly selected 
along a 100 m segment of Mortandad Canyon about 
500 m below the effluent outfall. A total of 10 stream 
channel cores and 40 stream bank cores (four per 
location) were collected. Frozen core samples were 
sectioned into 0-2.5, 2.5-7 .5, and 7.5-30 em seg
ments; 142 aliquots were then taken for Hg analysis. 
The remaining sample was oven-dried and counted 
for 137Cs on a Nal detector coupled to a multi
channel analyzer. Sample aliquots were analyzed for 
238Pu, 239Pu, and Hg using wet chemistry followed 
by instrumental analysis.28 Elemental concentra
tions in all cases were sufficient to limit instrumen
tal uncertainties to less than 10% (p <0.05 ) .  

The results of this study demonstrate the impor
tance of stream banks as deposition locations for 
stable mercury, cesium, and plutonium continuous
ly released to an intermittent stream channel over a 
13 yr period . The movement of contaminants from 
channel to bank results in concentrations that are 
generally equivalent or exceed those measured in the 
channel sediments (Table XXX ) .  These findings 
have implications on the long term distribution of 
contaminants in intermittent streams because 
stream banks not only retard downstream move
ment of the contaminants but may be a source of 
these materials to biota. 

4. Mule Deer Movement 

[G. White and L. Eberhardt (H-12)]  

Studies continue on the populations of elk and 
deer that inhabit the Los Alamos National En
vironmental Research Park (LNNERP) , and cross 
its boundaries into other protected and/or un
protected areas in Bandelier National Monument, 
Santa Fe National Forest, and on private lands . 
Movements of mule deer (Odocoileus hemionus) 
have been studied on the site since January 1975 in 
an effort to obtain baseline data on this species and 
to define i mportant deer habitats within the 
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TABLE XXX 

ARITHMETIC MEAN CONCENTRATIONS AND COEFFICIENTS OF 
VARIATION OF MERCURY, CESIUM, AND PLUTONIUM AS A 
FUNCTION OF LOCATION IN MORTANDAD CANYON SOILSa 

Stream Channel Stream Bank 

Number Coefficient Number Coefficient 
of of of of 

Samples Mean Variation Samples Mean Variation 

Hg (ppb) 
137 Cs (pCi/g) 
238 pu (pCi/g) 
239 pu (pCi/g) 

27 
28 
29 
30 

79 
370 

26 
5 .2  

1 .0 1 15 160 1 .6 
0.35 120 197 1 . 7  
0.32 120 23 1 .9 
1 .5 1 19 5 .8 1 . 7  

-----------------------

a Background concentrations in soils averaged about 10 ppb Hg, 0.5 pCi 137 Cs/g and 0.05 pCi 
Pu/g . 

LA/NERP. A total of 34 deer have been live-trapped 
(Fig. 16) , marked with collars and ear tags, and 
released.29 Both visual and radiotelemetry techni
ques have been used to determine deer movements. 
A total of 254 resightings have been made on 20 of 
the marked deer since their release. In addition, 
weekly locations of six radio equipped deer have 
been determined since March 1977. 

Deer movements generally paralleled the east
west oriented canyon systems. A few deer moved to 
lower elevations on the LA/NERP during the 
winters, but this was not a consistent trait in all deer 
studied. Adult female deer generally tended to con
centrate their activities in specific areas, while both 
adult and juvenile male movements were usually 
more scattered. Longest movement observed during 
this study was made by an adult female captured at 
TA- 16 in the LA/NERP and relocated one year later 
21 .4 km to the east across the Rio Grande. Average 
home range of the six radio collared deer was � 14 
km2 (standard deviation = 5 km2) ,  which is  con
siderably larger than that reported for mule deer 
elsewhere. 

Security fences on the LA/NERP probably affect 
deer movements, but several marked animals suc
cessfully circumvented the western boundary fence 
by moving around it or by passing through manned 
security gates. Specific individual deer consistently 
walked in and out of the unmanned security gate at 
TA-9. 

Pellet group plots are being used as an index to 
deer and elk densities, as well as indicators of dis
tribution . A summary of the LA/NERP pellet group 
data for deer and elk is presented in Tables XXXI 
and XXXII. For deer, there is a decline in pellet 
group counts since 1975 in the ponderosa pine and 
pinon-juniper habitats. There does not appear to 
have been a significant decline in deer in the mixed 
conifer habitat type. Not enough data are available 
to test for time differences in the other three 
habitats. No significant changes in elk density have 
occurred in the mixed conifer habitat type. Not 
enough data are available to test for differences in 
the other three habitats. 

5. Botanical Survey for Critical Habitats in the 
LA!NERP 

[T. Foxx and G. Tierney, Consulting Botanists 
(H-12) ] 

Presently, there are 37 candidate plant species on 
the federal Threatened and Endangered Species list 
for New Mexico. Examination of the list provided by 
the New Mexico Heritage Program of the State Fish 
and Game Department showed only one species, 
gram a grass cactus (Pediocactus paprycanthus) ,  
that was likely to be found within the LA/NERP. 
This species was located and photographed in 
various stages, including the reproductive stage.30 
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TABLE XXXI 

SUMMARY OF LA/NERP PELLET GROUP DATA FOR DEER 

Habitat 

Ponderosa Pinon 
Period Conifer Burn Meadow Alfalfa Pine Juniper 

Winter 75-76 0.73 3.80 1 .81 
Summer 76 1 .38 1 .45 0.94 
Winter 76-77 1 .00 1 .49 0.76 
Summer 77 0.46 1 .04 0 .39 
Winter 77-78 0.53 0.38 0.31 0.75 0.51 0 .73 
Summer 78 0 .58 0.76 0 .54 3 . 13 0.51 0 . 12  
Probability level of 
test for changes 
with time 0.34 <0.01 0.03 

TABLE XXXII 

SUMMARY OF LNNERP PELLET GROUP DATA FOR ELK 

Mixed 
Period Conifer 

Winter 75-76 0.60 
Summer 76 0 .50 
Winter 76-77 0.96 
Summer 77 0 .21 
Winter 77-78 0 .94 
Summer 78 0 .89 
Probability level of 
test for change 
with time 0.23 

Although the site location is outside the LNNERP 
boundaries per se, the species is very likely to occur 
within undisturbed sites where grama grass 
predominates. 

Most of the species presently on the list occur in 
the southern part of the state. This is due, in large 
part, to the paucity of floristic studies in the 
northern part of the state. Our survey was designed 
to identify any of the listed species and to locate 
other species that were rare to the area or perhaps 
endemic. During the course of the floristic search, 
several species were located that had not been noted 

Habitat 

Burn Meadow Alfalfa 

3 .76 2.77 12 .63 
0 .43 1 .23 6 .88 

by other LASL studies, by the present investigators, 
or by previous investigators. They are not necessari
ly rare, threatened, or endangered at the present 
time, but in areas sampled, they have a very low 
population number . An example of such a plant is 
the larkspur violet ( Viola pedatifida) .  

The federal list consists only of candidate species; 
the list is not yet static. Species are being added and 
deleted. A number of species are very loosely 
protected under New Mexico Statute 45- 1 1 .  Special 
attention was given to the occurrence of these latter 
plants within the area.  An annotated list of species 
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ennumerated under the Statute and which are 
known to be found within the LA/NERP or adjacent 
areas has been compiled. If these species are subse
quently added to the federal list or the New Mexico 
law becomes more stringent, this information will be 
readily available to DOE managers. 

Because the federal list is not yet static, we 
realized that a comprehensive plant survey would be 
the most useful.  Therefore, a more complete collec
tion was made than originally anticipated. As of 
May 1, 1978, 160 plants had been identified; 65 of 
these had not been reported previously. This in
dicates that, at the completion of the 1978 field 
season, the number of newly recorded species can be 
expected to increase considerably. 

From previous experience through contracts for 
the Museum of New Mexico, the University of New 
Mexico, and the National Park Service, a number of 
species have been found that are known to be of 
ethnobotanical significance . They were possibly 
utilized by the prehistoric inhabitants of the Pa
jarito Plateau as food, clothing, medicine, or for 
ceremonial purposes. Such species as white stem 
stickleaf (Mentzelia alb i caulis) are of special 
ethnobotanical significance and have been located 
in the study area. These observations have been 
useful in seed analysis studies done for archeological 
salvage studies at LASL. 

Finally, an unanticipated by-product of the study 
is a checklist of over 1000 plants compiled by Foxx 
and Tierney.30 This checklist is to be published as a 
LASL report and will give information such as plant 
distribution, synonyms, and references. Because no 
such publication now exists for the area, this report 
will be valuable to the Park Service, Forest Service, 
Department of Energy, naturalists, teachers, stu
dents, and interested laymen. 

6. La Mesa Fire 
[T. Foxx, Consulting Botanist (H-12 ) ]  

The L a  Mesa fire burned from June 16-23, 1977, 
ultimately consuming 62 km2 of Santa Fe National 
Forest, Bandelier National Monument, and LASL 
land ( 10.6 km2) .  

Subsequent to the fire 9.9 km2 of LASL land were 
reseeded with a mixture of native grass species 
(slender wheatgrass, western wheatgrass, hard 
fescue, blue grama, spiked muhley, and sand 
dropseed) and 0 .7  km2 were set aside for natural suc
cession studies. 

In October 1978, paired 20 by 50 m plots with fifty 
1 m by 2 m shrub plots and one hundred 5 decimeter 
by 5 decimeter plots were established in the seeded 
and unseeded area of the ponderosa pine zone . 
Relative foliage cover for herbaceous plants and 
shrubs was determined for each plot . Plots in the 
seeded area had 6.7% total foliage cover. Grass com
prised 56.5% of the total foliage cover; 41 .5% was the 
reseeded grass species Agropyron trachycaulum 
(slender wheatgrass) .  In the unseeded plots there 
was 5 .2% coverage. Less than 1% was grass and over 
99% was forbs .  Chenopodium ( lambsquarters) 
species made up 78.5% of the total foliage cover. 

Biomass was based on ten 1 m by 1 m plots. The 
biomass in the seeded area was 850 . 1  g/m2 and in the 
unseeded area 10 g/m2. Grass represented 31 .3% of 
the total biomass on the seeded side , whereas only 
5 .8% on the unseeded side . Forbs made up 94 .2% of 
the total biomass on the unseeded side and only 
68 .7% on the seeded side . Reseeded grasses made up 
69.3% of the total biomass on the seeded side and 0% 
on the unseeded side . 

7. Long-Term Ecological Effects of Exposure 
to Uranium 

[G. C .  White and T. E. Hakonson (H-12) ] 

An estimated 75 000 to 100 000 kg of uranium were 
expended during conventional explosive tests at 
several LASL testing areas during 1949- 1970. Of 
this, about 35 000 to 45 000 kg of natural uranium 
were used during 1949-1954, and 40 000 to 50 000 kg 
of depleted uranium (depleted of 235U) were used 
during 1955- 1970. The principal concern about 
depeleted uranium is the effect of its chemical tox
icity and pyrophoric properties on t errestrial 
ecosystems.  Methods to ascertain environmental 
transport are necessary. Also, rapid analysis for 
uranium in various matrices has become increasing
ly important with the advent of the energy crisis. 
Decontamination of uranium contaminated areas 
may be necessary because of the chemical toxicity 
aspects of that element . A fourth year of study of the 
transport of depleted uranium in the terrestrial 
ecosystem at LASL was completed, with emphasis 
on evaluation of the portable phoswich survey in
strument as a uranium field survey instrument. 

A firing site at LASL was resampled with the 
phoswich survey instrument at the same locations 
that were sampled in the 1976 soil uranium field sur
vey .31 The initial sampling grid was systematically 



placed on a polar coordinate system radiating from 
the detonation point every 45° with concentric cir
cles at 10, 20, 30, 40, and 50 m from the detonation 
point. 

Soil samples collected on the grid system during 
the 1976 uranium survey at the firing site were ob
tained with a polyvinylchloride coring tube with a 
2.5 em inside diameter. Field instrument measure
ments from the grid were compared with the 
uranium concentration in the 0 to 2.5 em depth seg
ment of each core . 

Correlation between the phoswich measurements 
and previous soil samples taken in 1976 at the site 
was excellent (Fig. 17) ,  with r = 0.95 (p <0.0001) , 
even though the respective measurements were 
taken two years apart. Changes in the distribution of 
uranium during the interval between samplings 
must have been minor relative to the total inventory 
of uranium in the soil. 

D. Resurvey Program 

For the past two years LASL's Environmental 
Surveillance Group has conducted some intensive 
radiological surveys as part of DOE's Formerly 
Utilized Sites Remedial Action Program (FUSRAP) . 
The results of these surveys will be utilized by DOE 
to determine whether any remedial measures are 
desirable to further reduce any residual effects from 
previous uses of the areas. In the Los Alamos Area, 
Bayo Canyon and the Acid-Pueblo Canyon system 
were investigated. A final report on the radiological 
survey of Bayo Canyon has been completed and is 
expected to be published by DOE's Division of En
vironmental Control Technology in 1979. The sum
mary from that report is included in this section. A 
draft report on Acid-Pueblo Canyon is expected to 
be submitted to DOE for review in 1979 . A brief 
summary of the status of that work follows the Bayo 
Canyon summary. 

1. Bayo Canyon 

A portion of Bayo Canyon (Fig. 5) was used 
between 1944 and 1961 as a site for experiments 
employing conventional high explosives in conjunc
tion with research on nuclear weapons development 
initially under auspices of the US Army Manhattan 
Engineer District and later the Atomic Energy Com
mission (AEC) .  The explosive test assemblies usual-
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ly included components made from natural or 
depleted uranium and a radiation source for blast 
diagnostics. The sources contained several hundred 
to several thousand curies of 140La (half-life 40.2 h) 
and a small proportion of 90Sr (half-life 28. 1  yr) . 
The explosive detonation resulted in the dispersion 
of radioactive materials-uranium, 1 40La and 
90Sr-in the form of aerosols and debris to the at
mosphere and onto the ground around the firing 
points . Radiochemistry operations conducted at the 
site resulted in the generation of liquid and solid 
radioactive wastes, which were disposed into the 
subsurface pits and leaching fields . 

The site was decommissioned by 1963 with the 
removal or demolition of structures, cleanup of sur
face debris, and excavation of contaminated waste 
disposal facilities. Radiological surveys resulted in 
the conclusion that the site was sufficiently free of 
contamination to permit the land to be released 
from Federal government control . The land was 
transferred to Los Alamos County by quit claim 
deed on July 1, 1967. 

In 1976 the Energy Research and Development 
Administration (ERDA) identified the Bayo Can
yon Site as one of the locations to be reevaluated as 
part of the FUSRAP using modern instrumentation 
and analytical methods as a basis for determining 
whether any further corrective measures would be 
desirable. 

The resurvey utilized information from a number 
of routine and special environmental surveillance 
studies conducted previously by LASL as well as ex
tensive new instrumental measurements, soil sampl
ing, and radiochemical analyses. Results showed 
that residual surface contamination due to 90Sr 
averaged about 1 .4 pCi/g or approximately 3 times 
the level attributable to worldwide fallout. Surface 
uranium averaged about 4.9 IJ.g/g or about 1 .5  times 
the amount naturally present in the volcanic
derived soils of the area. Subsurface contamination 
associated with the former waste disposal locations 
is largely confined within a total area of about 10 000 
m2 and down to depths of about 5 m .  Of 378 subsur
face samples, fewer than 12% exceeded 13 pCi/g of 
gross beta activity, which is comparable to the upper 
range of activities for uncontaminated local soils. 

Health physics interpretation of the data in
dicates that the present population of Los Alamos 
living on mesas adjacent to Bayo Canyon is not 
receiving any incremental radiation doses due to the 
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residual contamination. Potential future land uses 
of Bayo Canyon include development of a residential 
area. 

Theoretical evaluation of such potential uses by 
means of exposure scenarios ( including inhalation of 
contamination with dust by construction workers or 
residents) indicates that increments of radiation ex
posure due to residual contamination attributable to 
Bayo test operations would be small in comparison 
with either radiation protection guidelines or 
natural background. 

The worst case evaluations for maximum in
dividual exposures under these hypothetical condi
tions were calculated as 50 yr dose commitments, 
which represent the dose accumulated over 50 yr 
from exposure to radioactive material in the first 
year. Only several radionuclides are capable of ir
radiating an individual for years after exposure to 
that radionuclide . This occurs when these long-lived 
radioactive materials are inhaled or ingested and are 
incorporated into body tissues where they remain, 
such as incorporation of 90Sr into bone . These dose 
commitments are compared to the current DOE 
Radiation Protection Standards for annual doses to 
individuals in the general public and to average 
doses of radiation received from natural radiation in 
the area. Comparing 50 yr dose commitments to an
nual exposure guidelines is considered conservative 
because the actual dose received in any one year 
from a radioisotope capable of irradiating the in
dividual for years after exposure is considerably less 
than the 50 yr dose commitment. 

The largest dose an average resident of Bayo Can
yon would receive from present contamination levels 
would be 0 .43 mrem/yr due to external penetrating 
radiation, which is 0.086% of DOE Guidelines and 
0.24% of the dose received from natural radiation in 
Bayo Canyon. For maximum exposure it is assumed 
an individual consumes 50 kg/yr of vegetables and 
fruits produced from garden plots located in con
taminated soil in Bayo Canyon. This individual 
could receive a 50 yr dose commitment of 45 .8 mrem 
to the bone, which is 3 .0% of the guidelines for an
nual exposure and 25% of annual exposure from 
natural radiation in the Canyon. Another exposure 
pathway is inhalation of contaminated dust due to 
construction activity in contaminated soil. The 
maximum postulated 50 yr dose commitment to a 
construction worker is 23 mrem to the bone from in
stallation of underground structures or utilities. 

This would likely by a one-time exposure and would 
be only 1 .5% of the DOE guidelines for annual ex
posure and 13% of the annual dose due to 
background radiation in the Canyon. 

2. Acid-Pueblo Canyon System 

These deep canyons (Fig. 5) were the discharge 
area for untreated radioactive liquid wastes between 
1943 and 1951 resulting from research and process
ing at LASL. Starting in 1951 ,  treated radioactive 
effluents were discharged into the canyon from TA-
45 , the liquid waste treatment facility which 
operated until 1964 . The TA-45 waste treatment 
plant was sited on the mesa forming the south side of 
Acid Canyon. Acid Canyon is a deep canyon cut into 
soft volcanic rock, and is tributary to Pueblo Can
yon. Intermittent stream flow is ultimately tributary 
to the Rio Grande . 

Acid Canyon and part of Pueblo Canyon were 
transferred to the incorporated County of Los 
Alamos subject to recognition of an easement with 
AEC . This easement was generally a strip along the 
stream channel .  The right of access was to permit 
the construction and operation of test wells and to 
permit the collection of earth and water samples . 
The property was transferred by a quit claim deed 
on July 1, 1967. 

Plutonium, americium, and fission products were 
discharged into the canyons in liquid effluents from 
1943 to 1964. The first survey of Acid Canyon, for 
purposes of cleanup, was made on August 31 ,  1965. 
On October 4, 1966, work commenced on removing 
the TA-45 structures .  Five hundred truckloads of 
demolition debris and dirt from this location were 
removed to the dump. Ninety-four loads of debris 
from Acid Canyon were placed in a solid waste dis
posal area within the currently operational LASL 
site . This decontamination activity included the 
removal of all drain pipes, wires, rocks, tuff, and 
other debris found contaminated in Acid and Pueblo 
Canyons . This work was completed in 1967, and it 
was reported that a small amount of contamination 
remained in inaccessible places .  

Some radioecological and environmental surveil
lance evaluations have been completed and 
documented for Pueblo Canyon as reported in 
previous surveillance reports. 4-6,27 Several hundred 
soil and sediment samples were collected for the pre
sent detailed radiological survey during 1977. Data 
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show some limited areas at the TA-45 site and in the 
canyons that exceed EPA proposed soil screening 
guides for plutonium concentrations. Measurements 
of penetrating radiation showed no areas that exceed 
radiation protection standards. A draft report will be 
completed in 1979. 
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APPENDIX A 

STANDARDS FOR ENVIRONMENTAL CONTAMINANTS 

The concentrations of radioactive and chemical 
contaminants in air and water samples collected 
throughout the environment are compared with per
tinent standards contained in the regulations of 
several Federal and State agencies in order to verify 
the Laboratory 's compliance with these standards. 
LASL operations pertaining to environmental 
quality control are conducted in accordance with the 
directives and procedures contained in DOE's 
Health and Safety Manual , Chapters 0510,  051 1 ,  
0513, 0524, and 0550 . 

In the case of radioactive materials in the environ
ment, the guides contained in Manual Chapter 0524 
are used as a basis for evaluation . However, the 
DOE standard for uranium in water ( 1500 and 60 
mg/£ for controlled and uncontrolled areas, respec
tive ly)  does not consider chemical  toxicity .  
Therefore, for the purposes of this report, the more 
restrictive standardsA1 of the International Com
mission on Radiological Protection (ICRP) for 
uranium in water (60 mg/£ for an occupational 40-h 
week) are were used as a point of comparison. For at
mospheric uranium, the DOE and ICRP standards 
are in agreement. The standards are listed in Table 
A-I in the form of a Radioactivity Concentration 
Guide ( CG) . A CG is the concentration of radioac
tivity in the environment that is determined to 
result in whole body or organ doses equal to the 
Radiation Protection Standards (listed in Table A
II) for internal and external exposures. Obviously, 
there are uncertainties in relating the CG to the 
Radiation Protection Standards. Thus, common 
practice and stated DOE policy in Manual Chapter 
0524 are that operations shall be "conducted in a 
manner to assure that radiation exposure to in
dividuals and population groups is limited to the 
lowest levels technically and economically prac
ticable . "  

Because some radioisotopes remain in the body 
and cause exposure long after intake has occurred, it 

is common practice to consider the 50 yr dose com
mitment caused by ingestion of such isotopes .  At 
present, there are no standards for 50 yr dose com
mitments. 

For chemical pollutants in water supply, the con
trolling standards are those promulgated by either 
the EPA or the NMEID (Table A-III) .  

Radioactivity in public water supply is governed 
by EPA regulations contained in 40CFR141 . These 
regulations provide that combined radium-226 and 
radium-228 shall not exceed 5 pCi/£ and gross alpha 
activity (including radium-226, but excluding radon 
and uranium) shall not exceed 15 pCi/£. A screening 
level of 5 pCi/£ is established as part of the monitor
ing requirements to determine whether specific 
radium analyses must be performed. 

For man-made radionuclides the EPA drinking 
water regulations specify that concentration be 
limited to levels that would result in doses of 4 
mrem/yr calculated according to a specified 
procedure . The EPA calculated value for tritum 
(3H) is 20 X 10- 6 ,uCi/m£ and for cesium (137Cs) is 
200 X lQ- 9 ,uCi/m£ .A2 The calculated concentra
tion using bone as the critical organ and the EPA 
prescribed methodsA2 for 238Pu or 239Pu is 7.5 X 
lQ- 9 ,uCi/m£.  

REFERENCES 

A l .  International Commission on Radiological 
Protection (ICRP ) ,  Recommendations of the Inter
national Commission on Radiological Protection, 
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TABLE A-I 

DOE RADIOACTIVITY CONCENTRATION GUIDES (CGs) 

CONCENTRATION GUIDES FOR UNCONTROLLED AREASa,b 

CG for Air CG for Water 

Nuclide (,uCi/m£) (,uCi/m£) (nCi/£) 

3H 2 X lQ-7 3 x w-3 3000 
7Be 2 X lQ-3 2000 
l l C,  13N, 150 3 x w-8 
41Ar 4 x w-8 
89Sr 3 x w- 10 3 x w-6 3 
90Srd 3 x 10 - 1 1  3 x w -7 0.3 
131rd 1 x 10 - 10 3 x w -7 0.3 
137Cs 5 x 1Q- 10 2 x w-5 20 
238Pu 7 X lQ- 14 5 x w-6 5 
239pud 6 X lQ- 14 5 x w-6 5 
241Am 2 x 10- 13 4 x w-6 4 

(pg/m3)c (mg/£) 

U, naturale 9 x w-6 2 x w-5 60 
1 .8 (ICRP") 

CONCENTRATION GUIDE FOR CONTROLLED AREASa,b 

CG for Air CG for Water 

Nuclide (,uCi/m£) (,uCi/m£) (nCi/£) 

3H 5 X 10-6 1 x 10- 1 1 X 105 
7Be 5 x w -2 5 X 104 
l lC ,  13N, 150 1 x w-6 
41Ar 2 x w-6 
89Sr 3 x w-8 3 x w-4 300 
90Sr 1 x w-9 1 X lQ-5 10 
131Id 4 x w-9 3 x w -5 30 
137Cs 1 x w-8 4 x w-4 400 
238pu 2 x 10 - 12 1 x w-4 100 
239pud 2 x 10- 12 1 x w-4 100 
241Am 6 x 1Q- 12 1 x w-4 100 

(pg/m3)c (mg/£) 

U, naturale 2 . 1  X 108 5 x w-4 1500 
60 (ICRPe) 

•This table contains the most restrictive CGs for nuclides of major interest at LASL (DOE 
Manual Chap. 0524, Annex A) . 
bCGs apply to radionuclide concentrations in excess of that occurring naturally or due to fallout. 
cone curie of natural uranium is equivalent to 3000 kg of natural uranium. Hence, uranium 
masses may be converted to the DOE "uranium special curie" by using the factor 3 .3  X 10 - 13 
,uCi/pg. 
d0f the possible alpha and beta emitting radionuclides released at LASL, 239Pu and 1311, respec
tively, have the most restrictive CGs. The CGs for these species are used for the gross-alpha and 
gross-beta CGs, respectively. 
eFor purposes of this report, concentrations of total uranium in water are compared to the ICRP 
recommended values which consider chemical toxicity. 
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TABLE A-II 

DOE RADIATION PROTECTION STANDARDS FOR EXTERNAL 
AND INTERNAL EXPOSURES 

Individuals and Population Groups 
in Uncontrolled Areas 

Type of 
Exposure 

Whole body, 
gonads, or 
bone marrow 
Other organs 

Annual Dose Equivalent or 
Dose Commitment (rem)a 

Based on dose Based on an 
to individuals average dose 

at points of to a suitable 
maximum 
probable 
exposure 

0.5  
1 .5 

sample of 
the exposed 
populationb 

0 . 17 
0 .5 

Individuals in Controlled Areas 

Type of Exposure Exposure Period 
Dose Equivalent [Dose or Dose 

Commitmenta(rem)] 

Whole body, head and trunk, gonads, lens of 
the eye ,b red bone marrow, active blood 
forming organs . 
Unlimited areas of the skin (except hands 
and forearms) .  Other organs, tissues, and 
organ systems (except bone) . 
Bone 

Forearmsct 

Handsct and feet 

Year 
Calendar Quarter 

Year 
Calendar Quarter 

Year 
Calendar Quarter 

Year 
Calendar Year 

Year 
Calendar Quarter 

5 c 

3 

15  
5 

30 
10 
30 
10 
75 
25 

aTo meet the above dose commitment standards, operations must be conducted in such a man
ner that it would be unlikely that an individual would assimilate in a critical organ, by inhala
tion, ingestion, or absorption, a quantity of a radionuclide(s) that would commit the individual 
to an organ dose which exceeds the limits specified in the above table . 
bA beta exposure below a maximum energy of 700 keV will not penetrate the lens of the eye; 
therefore, the applicable limit for these energies would be that for the skin (15 rem/year) . 
ern special cases with the approval of the Director, Division of Safety, Standards, and Com
pliance , a worker may exceed 5 rem/year provided his/her average exposure per year since age 18 
will not exceed 5 rem per year. 
ctAll reasonable effort shall be made to keep exposure of forearms and hands to the general limit 
for the skin. 
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TABLE A-III 

MAXIMUM CONTAMINANT LEVEL (MCL) IN WATER SUPPLY 
FOR INORGANIC CHEMICALS AND RADIOCHEMICALSa 

Inorganic 
Chemical 

Contaminant 

As 
Ba 
Cd 
Cl 
Cr pb 
Pb 
Hg 
NO a 
Se 
Ag 
TDS 

Radiochemical 
Contaminant 

137Cs 
Gross Alpha 
aH 
2aspu 
2aspu 

MCL 
(mg/£) 

0.05 
1 .0 
0.010 

250 
0.05 
2 .0 
0.05 
0.002 

45 
0.01 
0.05 

1000 

MCL 
(J.lCi!m£ ) 

200 x i0-9 
5 X IQ-9 

20 X 10-s 
7 .5  X IQ-9 
7.5 X IQ-9 

alJSEPA National Interim Primary Drinking Water Regulations (EPA-570/9-76-00:3 ) ,  EPA, Of
fice of Water Supply ( 1976) and NMEID Water Supply Regulations (Regulations Governing 
Water Supply, N .M.  Environmental Improvement Agency, Santa Fe, N.M. ,  Dec. 9 197 7 ) .  
bBased o n  annual average of the maximum daily air temperature o f  1 4 . 6  to 1 7 . 7 ° C .  
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APPENDIX B  

SAMPLING PROCEDURES AND STATISTICAL TREATMENT OF DATA 

1 .  Thermoluminescent Dosimeters 

Harshaw High Sensitivity TLD-100® LiF (lithium 
fluoride) chips, 6 .4  mm square by 0.9 mm thick, are 
used in both the environmental and LAMPF 
network8. The chips are annealed at 400°C for 1 h 
and then cooled rapidly to room temperature . In 
order for the annealing conditions to be repeatable 
the chips are put into rectangular borosilicate glass 
vials that hold 48 LiF chips each. These vials are 
slipped into rectangular holes formed by stacking 
machined stainless steel blocks inside an oven main
tained at 400 ° C .  After 1 h the vials are removed from 
the oven and placed between massive copper blocks 
at room temperature. 

The TLD reader is an Eberline model TLR-5 set 
for 15s, 140 ° C  preheat and 15s, 240 ° C  integration cy
cles . Incandescent lighting is used exclusively during 
all phases of annealing, dosimeter preparation, and 
readout to prevent ultraviolet-induced spurious TL 
(thermoluminescence) .  Four chips are placed in a 
molded nylon acorn nut, size 3/8-16, then closed 
with a 3/8-16 X 1/4 in. nylon set screw. This as
sembly constitutes one dosimeter. 

For each annealed batch, two calibration sets are 
exposed. One set is read at the beginning of the 
dosimetry cycle along with field and calibration sets 
from the previous cycle. The second is read at the 
end of the cycle to detect possible sensitivity drift . 
Each calibration set consists of 20 dosimeters ir
radiated at the following levels : 3 at 0 mR are stored 
as laboratory controls, 3 at 0 mR accompany the set 
to the irradiation facility and serve as calibration 
controls, 3 at 0 mR accompany the field set as tran
sit controls, 4 at 10 mR, 4 at 20 mR, 1 each at 40, 80, 
and 160 mR. A factor of 1 rem (tissue) = 1 .061 R is 
used in evaluating the dosimeter data. This factor is 
the reciprocal of the product of the roentgen to rad 
conversion factor of 0 .957 for muscle for 60Co (the 
isotope used for TLD calibrations) and the factor 
0 .985, which corrects for attenuation of the primary 
radiation beam at electronic equilibrium thickness . 
A rad-to-rem conversion factor of 1 .0  for gamma rays 
is used as recommended by the International Com
mission on Radiation Protection .B1 A method of 
weighted least squares linear regression is used to 

determine the relationship between TLD reader un
its and dose (weighting factor is the reciprocal of the 
variance) .B2 

The TLD chips used are all from the same produc
tion batch and were selected by the manufacturer so 
that the measured standard deviation in TL sen

sitivity is 2.0 to 4.0% of the mean at 10 R exposure. 
At the end of each field cycle, whether calendar 
quarter or LAMPF operation cycle, the dose at each 
network location is calculated along with the upper 
and lower limits at the 95% confidence level.B3 At 
the end of the calendar year, individual field cycle 
doses are summed for each location. Uncertainty is 
calculated as the square root of the sum of squares of 
the individual standard deviation by assuming that 
the 95% confidence interval closely approximates 
the same interval as ±2 standard deviations. The 
dose at the LASL boundary north of LAMPF is 
calculated differently. Here 12 locations are in close 
proximity and the dose at the end of each cycle is 
calculated as the mean for these locations. Because 
there is a dosimeter containing four chips at each 
location, this is actually a grand mean (or mean of 
means) and the standard deviation is therefore 
smaller by a factor of almost a third ( 1/ylz) than 
that of any of the individual dosimeters. 

In order to calculate the magnitude of the compo
nent of the total dose caused by LAMPF operations, 
three locations along the south boundary of LASL 
are used for background values. These locations are 
distant from and unaffected by LAMPF or any other 
laboratory source of radiation. They are close 
enough in elevation to the LAMPF site to experience 
similar climatic conditions such as rain and snow
fall. The geologic formation along the south boun
dary is different from that near the north boundary 
and has a smaller terrestrial gamma component. 
However this causes an overestimate of the LAMPF 
contribution so that the calculated values are con
servative . 

The rationale for this calculation is based on the 
ratio of the dose recorded by the unshielded 
dosimeter to that for the lead and Lucite-shielded 
dosimeter. This ratio should be the same for 
dosimeters at both the north and south boundaries 
because the cosmic gamma component is quite 
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stable (and is responsible for nearly 90% of the dose 
recorded by the shielded dosimeters) and because 
the terrestrial conditions are nearly the same. Any 
decrease in the ratio at the north boundary is as
sumed to be caused by LAMPF operations. The ac
tual method of calculation follows. Let z be the dose 
component from LAMPF, u and v be the unshielded 
and shielded dose means, respectively, at the north 
boundary, u '  and v '  be their counterparts at the 
south boundary, and Su , Sv, Su • ,  Sv • be the stan
dard deviation of these means. Then 

z = u - (v[u'/v ' ] ) .  

The uncertainty associated with this value can b e  
determined from the relationship 

s� = (az/au)28a + (aJav)2 � + 
Wz/Clu ,) 2 sa, + caz/av,)2 �' · 

The doses at the other 10 locations in the LAMPF 
network are reported in the same manner as those in 
the environmental network. The ratios of unshielded 
to shielded doses are calculated for comparison pur
poses only. They serve as a check on the ratios at the 
north boundary and background locations. 

An independent comparison study between an in
tegrating high-pressure ionization chamber and the 
TLD system was also made to try to verify the 
ability of the TLD network to measure the north 
boundary dose . The ion chamber and TLDs were 
placed on top of a 10 m tower located on the boun
dary north of LAMPF from 16 Nov 1978 through 15 
,Jan 1979. The integrated total dose recorded by the 
ion chamber for this period was 23 .7 mrem. The 
TLDs recorded 22.7 ± 0 .4 (2cr) mrem. An estimated 
dose of 2 . 1  mrem due to LAMPF activities using 
data from the ion chamber compares with 3 .6  ± 2.4 
(2u)  mrem measured by the LAMPF network TLDs 
placed 1 m above ground in the vicinity of the tower. 
This close agreement between the two methods of 
dose measurement indicates that the TLD system is 
capable of measuring the boundary dose due to 
LAMPF activities with reasonable accuracy. 

2. Air Sampling 

Samples are collected monthly at 25 continuously 
operating stations during 1978 . High volume 

positive displacement air pumps with flow rates of 
approximately 3 £/s are used. Atmospheric aerosols 
are collected on 79 mm diam polystyrene filters. 
Part of the total air flow ( �2 m£/s) is passed through 
a cartridge containing silica gel to adsorb at
mospheric water vapor for tritium analyses. Air flow 
rates through both s a mpling cartridges are 
measured with variable-area flow meters, and 
sampling times recorded. 

Gross alpha and gross beta activities on the 
monthly air filters are measured with a gas-flow 
proportional counter on collection day and again 7 to 
10 days after collection. The first count is used to 
screen samples for inordinate activity levels. The se
cond count ( made after adsorbed, naturally
occurring, radon-thoron daughters had reached 
equilibrium with the long-lived parents) provides a 
record of long-lived atmospheric radioactivity. 

At one location (N050 E040) atmospheric radioac
tivity samples are collected daily (Monday through 
Friday) . Atmospheric particulate matter on each 
daily filter is counted for gross alpha and gross beta 
activities on collection day and again 7 to 10 days 
after collection. The first measurement provides an 
early indication of any major change in atmospheric 
radioactivity. The second measurements are used to 
observe temporal variations in long-lived at
mospheric radioactivity. 

After being measured for gross alpha and gross 
beta activities, the monthly filters for each station 
are cut in half. The first group of filter halves is then 
combined and dissolved to produce quarterly com
posite samples for each station . The second group of 
filter halves is saved for uranium analysis. 

Plutonium is separated from the solution by anion 
exchange . For 1 1  selected stations, americium is 
separated by cation exchange from the eluent solu
tions from the plutonium separation process . The 
purified plutonum and americium samples are 
separately electro-deposited and measured for 
alpha-particle emission with a solid-state alpha 
detection system .  Alpha-particle energy groups as
sociated with the decay of 238Pu, 239Pu, and 241Am 
are integrated, and the concentration of each 
radionuclide in its respective air sample calculated. 
This technique does not differentiate between 239Pu 
and 240Pu. Uranium analyses by neutron activation 
analysis (see Appendix C) are done on the second 
group of filter halves . 
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Silica gel cartridges from the 2 5  air sampling sta
tions are analyzed monthly for tritiated water. The 
cartridges contain a small amount of blue "in
dicating" gel at each end to indicate a desiccant 
over-saturation. During cold months of low absolute 
humidity, sampling flow rates are increased to en
sure collection of enough water vapor for analysis. 
Water is distilled from each silica gel sample, 
yielding a monthly average atmospheric water vapor 
sample . An aliquot of the distillate is then analyzed 
for tritium by liquid scintillation counting. 

Measurements of the air particulate samples re
quire that chemical or instrumental backgrounds be 
subtracted to obtain net values.  Thus, net values 
lower than the minimum detection limit (MDL) of 
the system were sometimes obtained (see Table C
IV) . Individual measurements often result in  values 
of zero or negative numbers because of statistical 
fluctuations in the measurements. Although a 
negative value does not represent a physical reality, 
a valid long-term average of many measurements 
can be obtained only if the very small or negative 
values are included in the population. For this 
reason, the primary value given in the tables of air 
sampling results is the actual value obtained from 
an individual measurement or group of measure
ments. These primary values are those used in mak
ing subsequent statistical analyses and in evaluating 
the real environmental impact of Laboratory opera
tions. 

Station and group means are weighted for the 
length of each sampling period and for the air 
volume sampled. The means were calculated using 
the following equation .B4 

N 
1: v1t1c1 

c = __ i_=-'1'----
N x v1t1 

i= l 

where 

c = annual mean station or group atmospheric 
radioactive species concentration . 

C i = atmospheric radioactive species concentration 
for station or group i during ti, 

N = total number of samples during 1978 for a sta
tion or group, 

� = length of routine sampling period for station or 
group i, and 

Vi = air volume sampled for station or group i during 
t i . 

Standard deviations for station and group means 
are similarly weighted by using the following equa
tion. 

ac = 

where 

N 
- r- -

N 
N � (v,ttc,) 2 

i = l  
N � (v1t1c1) 2 

i = l  ( . � v,t) 2 ( . r v,t ,cr 
1- t = l  - � t = l  -

N - 1  

ac = standard deviation ofc .  

To indicate the prec1s10n of the maximum and 
minimums, an uncertainty term representing twice 
the propagated measurement uncertainty (2cr) as
sociated with the reported maximum or minimum 
value is included in the data tables. 

3. Water, Soil, and Sediment Sampling 

Surface and ground water sampling points are 
grouped according to location and hydrologic 
similarity; i . e . ,  regional, perimeter, and onsite sta
tions. Surface and ground water grab samples are 
taken one to two times annually. Samples from wells 
are collected after sufficient pumpage or bailing to 
ensure that the sample is representative of the water 
in the aquifer. Spring samples (ground water) are 
collected at point of discharge . 

The water samples are collected in 4 £ (for 
radiochemical) and 1 £ (for chemical) polyethylene 
bottles.  The 4 £ bottles are acidified in the field with 
5 m£ of concentrated nitric acid and returned to the 
laboratory within a few hours for filtration through a 
0 .45 ,urn pore membrane filter. The samples are 
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analyzed radiochemically for dissolved cesium 
( 137Cs) , plutonium (238Pu and 239Pu) ,  and tritium 
as HTO, as well as for total dissolved gross alpha, 
beta, and gamma activities .  Total uranium is 
measured using the neutron activation method. 

Water is collected for chemical analyses at the 
same time as for radiochemical analysis and 
returned to the laboratory for filtration through a 
Whatman #2 filter. Samples for trace constituents in 
the water supply are collected and acidified in the 
field and returned immediately to the laboratory for 
filtration . 

Soil and sediment stations are also grouped ac
cording to location and hydrologic similarity; i .e . ,  
regional, perimeter, and onsite stations. 

Soil samples are collected by taking five plugs, 75 
mm in diameter and 50 mm deep, at the center and 
corners of a square area 10 m on a side. The five 
plugs are combined to form a composite sample for 
radiochemical analyses.  Sediment samples are col
lected from dune buildup behind boulders in the 
main channels of perennially flowing streams. Sam
ples from the beds of  intermittently flowing streams 
are collected across the main channel .  The soil and 
sediment samples are analyzed for gross alpha and 
gross beta activities, 137Cs and 238Pu and 239Pu. 
Moisture distilled from soil samples is analyzed for 
3H .  A few select samples are analyzed for 90Sr. 

Cumulative samplers are set in a dry stream to 
collect samples of intermittent storm runoff. The 
sampler consists of a heavy angle iron driven into the 
channel with a heavy polyethylene bottle attached 
by a strap. The intake nozzle to the bottle , con
sisting of a 1 em diam copper tube fitted through the 
plastic bottle cap, faces upstream and is placed 
about 4 em above the channel . A vent hole (0.4 em 
diam) is drilled into the bottle neck to vent air dur
ing initial filling of the sampler and to allow some 
continuous circulation of water and sediments into 
the bottle . The average time to fill the sampler is 

about 3 min; however, this can vary considerably, 
depending on the volume and velocity of flow. 

The samples are filtered through a 0.45 1-Lm filter. 
The radioactivity and chemical composition of the 
solution is defined as filtrate passing through the 
filter, while the radioactivity in suspended sedi
ments is defined as the residue on the filter. 

The average concentrations of radionuclides and 
chemical constituents are reported for a number of 
individual analyses in Tables E-XIII through E-XVI 
and Tables E-XVIII and E-XX. The minimum and 
maximum values reported are individual analyses in 
the groups, while the average is computed from all of 
the individual analyses in the group. The uncer
tainty following the primary value represents twice 
the standard deviation of the distribution of 
observed values, or the analytical variation for in
dividual results. 
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APPENDIX C 

ANALYTICAL CHEMISTRY METHODS 

1. Procedures 

a. Plutonium and Americium. Soil and sedi
ment samples are dried, sieved through a No. 12 
screen ( < 1 .7 mm) , and split into 10 g aliquots. Each 
aliquot is leached with HF - HN03 . 

Waters are acidified to � 1% HN03 in the field. 
Immediately upon arrival in the laboratory, they are 
filtered through 0 .45 .urn pore membrane filters, split 
into 500 m.t aliquots, and evaporated to dryness with 
HN03 . The residue is treated with HF to dissolve 
silica. 

Air filters are ignited in platinum dishes, treated 
with HF-HN03 to dissolve silica, wet ashed with 
HN03 - H202 to decompose the organic residue and 
treated with HN0 3 - H C l  to ensure isotopic  
equilibrium .  

Vegetation s a mples  a r e  a s h e d  in a high 
temperature oven and then treated like soil samples. 
All samples are spiked with standardized 242Pu and 
243Am during dissolution to serve as a chemical 
recovery tracer. 

Dissolved samples are thoroughly digested in 7 .2  
N HN03, and 1N NaN02 added to ensure that Pu is 
in the tetravalent state. The solution is passed 
through a pre-conditioned anion exchange column. 
The initial eluate and the first 20 m.t of a 7.2 N 
HN03 wash is saved for 241Am analysis . The 
column is then washed with 7 .2  N HN03 and 8 N 
HCl. Plutonium is eluted with a freshly prepared 
solution of 1 g/.t NH4I in 1 N HCl. The eluate is ap
propriately conditioned and Pu is electrodeposited 
from a 4% solution of (NH4)2C204. The plated Pu is 
counted on an alpha spectrometer. 

For water and air filter samples, the eluate from 
the Pu column is conditioned to ensure the removal 
of HN03 and adjusted to 0 .5 N HCl. This solution is 
loaded on a cation exchange column, rinsed with 0.5 
N HCl followed by 2.0 N HCl, and Am is eluted with 
4 N HCl.  The eluate is converted to the nitrate, 
made 6 N with HN03, then mixed with ethanol in 
the proportion 40% 6 N HN03-60% ethanol, and 
loaded on a preconditioned anion exchange column. 
The column is washed with 75% methanol-25% 6N 
H N O a ,  a n d  6 0 %  m e t h a n o l - 4 0 % 6 N  H N 0 3 . 
Americium is eluted with 60% methanol-40% 2.5 N 

HN03 . This non-aqueous solvent-anion exchange 
step separates the rare earth elements, other ac
tinides, and Ra from Am . 

For soil and vegetation samples the eluate from 
the Pu column is converted to 6 N HCl. Americium 
is extracted into 0 .015 N DEHPP and then back ex
tracted with (NH4)2C03 . The back extract is 
decomposed with HCl, HN03, and HCl04, dis
solved in 3 N HCl.  The solution is brought to 3 N in 
HF and Am is coprecipitated with YF3. The YF3 is 
dissolved with H3B03 in 6 N HN03, then mixed 
with ethanol in the proportion 40% 6 N HN03-60% 
ethanol, and loaded on a preconditioned anion ex
change column. The column is washed with 75% 
methanol-25% 6 N HN03 and 60% methanol-40% 6 
N HN03 . Americium is eluted with 60% methanol-
40% 2.5 N HNOa.  This non-aqueous solvent-anion 
exchange step separates the rare earth elements, 
other actinides, and Ra from Am. The Am effluent is 
evaporated and dissolved in 2 m.t HCl and 2 m.t 6 N 
NH4SCN. The pH is adjusted to �3 with NH40H. 
The adjusted sample is loaded on a preconditioned 
anion exchange column. The column is washed with 
2 N NH4SCN to separate rare earth elements . 
Americium is eluted with 2 N HCl. 

Air and water sample eluates from the methanol
HN03 column and soil and vegetation sample 
eluates from the SCN- column are conditioned and 
Am electrodeposited from 5 N NH4Cl adjusted to 
the methyl red endpoint. Electrodeposited Am is 
counted on an alpha spectrometer. 

b. Gross A lpha and Beta. Two g of soil or sedi
ment are leached in hot HN03-HCl, and the super
nate is transferred to a stainless steel planchet and 
dried for counting. 

Nine hundred m.t of water are acidified with 5 m.t 
of HN03 and evaporated to dryness . The residue is 
treated with HF-HN03 to dissolve silica, and H202 
and HN03 to destroy organics . Residue is dissolved 
in 7 .2  N HN03, and then transferred to a counting 
planchet. 

Air filters are mounted directly on counting 
planchets. 
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Samples appropriately loaded on the planchets 
are counted on a thin window, dual channel gas 
proportional counter. Activity is calculated with ap
propriate corrections for cross talk between the two 
channels and the effect of mass loading on the 
counting efficiency. 

c. Tritium. Soils are heated to evaporate the soil 
moisture, the condensate is trapped, and 5 m£ ali
quots are transferred to scintillation vials. 

Water samples are acidified to - 1% HN03 in the 
field and filtered through 0.45 J.Lm pore membrane 
filters immediately upon arrival in the laboratory. 
Five m£ of the water are transferred into a scintilla
tion counting vial. 

Atmospheric water is trapped in a desiccator in 
the field. Moisture is removed from the desiccant in 
the laboratory, and appropriate aliquots taken for 
scintillation counting. Fifteen m£ of scintillation li
quid are added to each sample, which is then 
vigorously shaken. 

Samples are counted in a Beckman LS-200 liquid 
scintillation counter for 50 min or 10 000 counts, 
whichever comes first. Standards and blanks are 
counted in conjunction with each set of samples . 

d. 137Cs and Gross Gamma. Soils and sedi
ments are sieved through a No. 12 ( < 1 .7  mm) 
screen. One hundred grams of the sieved soils are 
weighed into polyethylene bottles .  

Water samples are acidified in the field to - 1% 
HN03 and filtered through 0.45 J.Lm pore membrane 
filters. Five hundred m.e of each sample are transfer
red to a standard 500 m£ polyethylene bottle for 
counting. 

The radionuclide 137 Cs is determined by counting 
on a Ge(Li) detector coupled to a multichannel 
analyzer. The activity is calculated by direct com
parison with standards prepared in the same 
geometrical configuration as the samples. Gross 
gamma is measured by counting in an Nai(Tl) well 
counter, which accommodates the 500 m£ bottles. A 
single channel analyzer adjusted to register gamma 
radiation between 0 and 2 MeV is interfaced to the 
detector. Gross gamma determinations are reported 
as net counts per unit time and unit weight. 

e. 90Sr. Sample preparation and dissolutions are 
similar to those described in the section on Pu. After 
dissolution, the residue is dissolved in HCl, the pH is 

adjusted to 2, and Y is separated from Sr by extrac
tion into 20% HDEHP in toluene . The isolated 90Sr 
is left undisturbed for two weeks to allow the 
daughter 90y to attain radioactive equilibrium. 
After that period, inactive Y carrier is added and 
90y is again extracted from 90Sr by solvent extrac
tion into 5% HDEHP in toluene . Yttrium is back ex
tracted into 3 N HN03 and precipitated as the 
hydroxide . Yttrium hydroxide is redissolved and the 
oxalate is precipitated. This precipitate is oven fired 
to the oxide which is filtered and weighed to deter
mine the chemical yield. Yttrium oxide precipitate 
is counted on a gas proportional counter to measure 
the activity. Samples are recounted after three days 
to verify the separation of 90y from other beta
emitting nuclides. 

f. Uranium. Analyses for U were performed in 
one of two ways-instrumental epithermal neutron 
activation analysis or delayed neutron activation 
analysis. In the first method, two gram samples are 
irradiated in the epithermal neutron port at the Los 
Alamos Omega West Reactor. A period of two to four 
days is allowed to pass after the irradiation, and the 
samples are counted on a Ge (Li) gamma-ray 
spectrometer. The 228 and 278 keV transitions from 
239Np are used for the quantitative determination. 
The nuclear reaction is 238U (n , 'Y) 239U ___, 239Np + 
(3. Obviously the ratio measures the major isotope of 
U and calculates total U assuming 238U is >99% of 
the total U. This assumed value will probably not 
vary significantly in environmental samples . 

For samples with U concentrations greater than 
100 ppm, another epithermal irradiation may be 
used. Following a 5 min irradiation and 10 min 
decay, the 75 keV gamma ray from 239U may be 
observed directly rather than waiting for the total 
decay to 239Np. Results from both epithermal 
methods have been reported in the literature.C 1  

In the second method, samples are irradiated in a 
thermal neutron port and pneumatically transferred 
to a neutron counter where the delayed neutrons 
produced by the fission of 235U are measured. C2 
The technique is very manpower efficient and has a 
lower limit of detection than does the epithermal ir
radiation method. However, total U is calculated as
suming a 235Uj238U ratio of 0.0072. Variations in 
this ratio will produce inaccuracies in the result, 
hence samples likely to contain depleted U were not 
analyzed by this method because of the lower limits 
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of detection. Most of our U analyses are done by this 
method because it is the more sensitive. 

methods are summarized in Table CI. In addition, 
standard chemical methods are used for HC()s2, 

An advantage to having both U techniques 
available is that samples containing enriched U may 
be measured. The 235U content may be determined 
by delayed neutrons and the 238U content by 
epithermal activation. Total U is the sum of these, 
and a rough indication of the isotope ratio may also 
be given. 

total dissolved solids (TDS) ,  and total hardness . It 
should be noted that our Hg method of choice is cold 
vapor atomic absorption using the standard Perkin
Elmer technique . 

3 .  Analytical Chemistry Quality Evaluation 
Program 

A comparison of these methods with the more 
traditional fluorometric technique for U analysis in 
soils has been published. C3 

Control samples are analyzed in conjunction with 
the normal analytical chemistry workload. Such 
samples consist of two general types. Blanks are 
matrix materials containing quantities of analyte 
below the detection l imit of the analytical 
procedure. Standards are materials containing 
known quantities of the analyte. Analyses of control 
samples fill two needs in the analytical work. First, 
they provide quality control over the analytical 
procedures so that problems that might occur can be 
identified and corrected. Secondly, data obtained 

2. Stable Elements 

Four instrumental methods are used for a wide 
variety of stable element determinations. Neutron 
activation and atomic absorption are the principal 
techniques with ion chromatography and ion selec
tive electrodes used in a supplementary role. Ele
ments and anions determined by the various 

TABLE C-1 

ANALYTICAL METHODS FOR VARIOUS 
ELEMENTS AND ANIONS 

Technique Elements/ Anions Measured References 

Neutron Activation 

Instrumental Thermal AI ,Sb,As,Ba,Br,Ca,Ce,Cs,CI, Cr, C4,5,6,7  
Co,Dy,Eu,Au,Hf,In,I,Fe,La,Lu, 

Mg,Mn,K,Rb,Sm, Sc,Se ,Na,Sr, S ,  

Ta,Tb,Th,Ti,W,V,Yb , Zn 

Instrumental Epithermal AI,Sb,As,Ba,Br,Cs, Cr,F,Ga,Au, C8,9, 1 0, 1 1  

In,I,La,Mg,Mn,Mo,l'\i ,K,Sm,Se,  

Si ,Na,Sr,Th,Ti ,W,U, Zn,Zr 

Thermal Neutron Capture- AI,B,Ca, Cd, C,  Gd,H, Fe,Mg C!2, 1 3 , 14 
Gamma Ray N,P,K,Si ,Na , S ,ti 

Radiochemical S b , As,Bi,Cu,Au,Ir,Hg,Mo,Os,Pd Cl5, 1 6, 17, 18 

P,Pt,Ru , Se,Ag,Te,Th.W,U 19,20 

Atomic Absorption S b , As,Ba,Be,Bi,Cd,Ca,Cr,Co,Cu C 2 1 ,22,23 ,24, 

F,Ga,In,Fe,Pb,Li,Mg,Mn,Hg,Mo, 25,26,27 

Ni,K,Se,Si,Ag,Na, Sr,Te,TI , Sn,  

Ti ,V,Zn 

Ion Chromatography F- ,CI  ,Br ,NO ,, 

N03,S0s', S O.',PO,',NH � C28 

Ion Selective Electrodes F - ,N0 3,NH"'4 C29 
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from the analysis of control samples permits the 
evaluation of the capabilities of a ·  particular 
analytical technique under a certain set of circum
stances. The former function is one of analytical 
control, the latter is called quality assurance. 

Quality control samples are obtained from outside 
agencies and prepared internally. The EPA provides 
water, foodstuff, and air filter standards for analysis 
of gross alpha, gross beta, 3H,  137Cs, and 239Pu as 
part of the ongoing laboratory intercomparison 
program . The Environm e ntal Measurements 
Laboratory (EML) provides soil, water, bone, tissue, 
vegetation, and air filter samples each containing a 
wide variety of radionuclides. These are part of a 
laboratory intercomparison of DOE-supported 
facilities .  Uranium standards obtained from the 
Canadian Geological Survey (CGS) and the Inter
national Atomic Energy Agency (IAEA) are used to 
evaluate the uranium analysis procedures. Internal 
standards are prepared by adding known quantities 
of analyte to blank matrix materials. 

Quality assurance for the stable element analysis 
program is maintained by the analysis of certified or 
well-characterized environmental materials. The 
National Bureau of Standards (NBS) has a large set 
of silicate, water, and biological Standard Reference 
Materials (SRM ) .  The EPA distributes mineral 
analysis and trace analysis water standards. Rock 
and soil certified standards have been obtained from 
the CGS and the United States Geological Survey 
(USGS) . Other trace elemental standards have been 
purchased from Kodak. 

No attempt is made to make control samples un
known to the analyst. However, they are submitted 
to the laboratory at regular intervals and analyzed in 
association with other samples; i . e . ,  they are not 
normally handled as a unique set of samples. We feel 
that it would be difficult for the analyst to give the 
samples special attention even if they were so in
clined. We endeavor to run at least 10% of the stable 
element analyses as quality assurance samples using 
the materials described above. A more detailed 
description of our Quality Assurance Program using 
SRM is in preparation. 

The capabilities of the analytical procedures are 
evaluated from the quality control samples . Ac
curacy and precision are evaluated from results of 
analysis of standards. These results are normalized 
to the known quantity in the standard to permit 

comparison between standards containing different 
quantities of the analyte: 

Reported Quantity 
R = Known Quantity 

A mean value of (i ) of R for all analyses of a given 
type is calculated by weighting each value (xi) by 
the uncertainty associated with it ( u1) . 

X = 
2:1 xJu� 
2:1/1/ 0'� 

The standard deviation (u) of the weighted mean is 
calculated assuming a normal distribution. 

These calculated values are presented in Table C
II. The weighted mean of the R is a measure of the 
accuracy of the procedure . Values of R greater than 
unity indicate a positive bias and values less than 
unity, a negative bias in the analysis . The standard 
deviation is a measure of the precision. The preci
sion is a function of the quantity of analyte; i .e . ,  as 
the absolute quantity approaches the limit of detec
tion, the precision increases. For instance, the preci
sion for 137 Cs determinations is quite large because 
many of the standards approached the limits of 
detection of the measurement. Conversely, the 
precision for the uranium analyses is unrealistically 
small because the standards contained quantities of 
uranium significantly above the detection limits . 

Analysis of blanks provides a criterion to judge the 
probability that samples were contaminated during 
the analysis. Table C-III presented weighted means 
and standard deviations of the absolute quantity of 
analyte reported in blank materials analyzed during 
1978 . 

4. Limits of Detection 

Data from the analysis of blanks also provide a 
means of calculating limits of detection for the 
various procedures. Table C-III presents detection 
limits for analyses of various constituents in several 
environmental matrices .  The limits for 238,239Pu, 
241Am, 137Cs, and U are calculated from the 
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TABLE C-11 

ANALYTICAL CAPABILITIES EVALUATED FROM 
QUALITY CONTROL AND QUALITY ASSURANCE STANDARDS 

R 
(Weighted Mean) 

Analysis No. ofSamples X ± era 

go sr 9 1 .53 ± 0.57 3 H 30 0 .70 ± 0.39 
226 Ra 6 1 .09 ± 0.13 137 Cs 14 0 .92 ± 0.61 238 pu 23 0.84 ± 0.23 239 pu 37 0.90 ± 0.19 
241 Am 25 0.96 ± 0 .14 
Gross alpha 2 1  0.86 ± 0.23 
Gross beta 2 1  1 .07 ± 0.08 
u 87 0.99 ± 0.06 
Al 17 1 . 1 1  ± 0.27 
Sb 1 0.90 
As 10 0 .97 ± 0.05 
Ba 1 2  0.98 ± 0.13 
Br 2 0.87 
Ca 7 1 .08 ± 0 .12 
Ce 2 1 .05 
Cs 1 0.99 
Cl 35 0.99 ± 0 .11  
Cr 2 1 .08 
Co 1 1 .00 
Eu 5 1 . 1 1  ± 0.07 

8Three or more samples are required to calculate cr .  

weighted mean plus two standard deviations of  the 
analysis of blanks (Table C-IV) . For tritium, the 
detection limit is merely 2cr of repetitive determina
tions of the instrumental blank. Gross alpha and 
gross beta are measured simultaneously by counting 
on a gas proportional counter and electronically dis
criminating the output pulses . As there is crosstalk 
generated by the detection of the two types of emis
sions, the detection limit of one is a function of the 
counting rate of the other. Detection limits in Table 
C-III are calculated assuming that counting rates for 
both alpha and beta are at background levels. The 
detection limit for alpha increases 10% above the 
limit for every count per minute (cpm) of beta ac
tivity emitted by the sample. Similarly, the detec
tion limit for beta increases 40% for every 10 cpm of 
alpha. 

R 
(Weighted Mean) 

Analysis No. ofSamples X ± er
a 

F 43 1 .06 ± 0.20 
Hf 4 1 . 19 ± 0 .12 
Hg 15 1 .03 ± 0.04 
Fe 6 0.96 ± 0.07 
La 9 0.91 ± 0.04 
Lu 2 1 . 1 2  
M g  4 0.91 ± 0.08 
Mn 12 1 .07 ± 0.23 
K 15 1 .01 ± 0.04 
Rb 2 0.94 
Sm 7 1 . 18 ± 0.02 
Sc 2 0.98 
Se 15 0.91 ± 0.20 
Na 22 1 .02 ± 0.10 
Sr 5 0.91 ± 0.10 
Ta 3 0.98 ± 0.07 
Th 9 0.98 ± 0.04 
Ti 3 1 .02 ± 0.02 
w 6 0 .99 ± 0.01 
v 1 2  0.94 ± 0 .12  
Yb 5 1 .09 ± 0.08 

For most routine water samples, concentrations of 
137Cs were determined with a Nal(Tl) well counter. 
An automatic sample changer used in conjunction 
with the system significantly reduced the cost of the 
analyses . However, the smaller volume and higher 
background associated with the Nal(Tl) detector 
significantly degraded the limit of sensitivity for this 
analysis. No blanks were measured to assess these 
limits, but they are estimated to be an order of 
magnitude greater than that given in Table C-IV, 
which was determined by counting 500 m.t samples 
on a Ge(Li) detector. 

Results greater than the defined detection limits 
indicate the presence of the constituent at the 95% 
confidence level. However, results less than the 
detection limit do not necessarily indicate its 
absence . 
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TABLE C-III 

QUANTITY OF CONSTITUENT REPORTED IN BLANKS 

Quantity 
No. of (Weighted Mean) 

Analyses Samples x ± u  Units 

90 Sr 15 0.0055 ± 0.06 pCi 137 Cs 26 1 .2 ± 11 pCi 238 pu 23 -0.0064 ± 0.069 pCi 239 pu 23 0.0010 ± 0.029 pCi 241 Am 18 0 .021 ± 0.020 pCi 
Uranium 4 15 ± 6 ng 

(Delayed neutron) 
Uranium 153 25 ± 12 ng 

(Epithermal activation) 
Gross a 9 0.032 ± 0 .35 pCi 
Gross {3 9 0 .57 ± 0.93 pCi 

TABLE C-IV 

DETECI'ION LIMITS FOR ANALYSES OF TYPICAL 
ENVffiONMENT AL SAMPLES 

Approximate Sample Count 
Parameter Volume or Weight Time Concentration 

Air Sample 
Tritium 3 m  100 min 10 -12 �-tCi/m£ 
288Pu 1.2 X 104 m8 8 X 104 sec 2 X 10- 12 �-tCi/m£ 
2aepu 1 .2  X 104 rna 8 X 104 sec 10-12 �-tCi/m£ 
241Am 2.5 X 104 m8 8 x 104 sec 2 X 10- 12 �-tCi/m£ 
Gross-alpha 3.8 X 10a rna 100 min 3 X 10- 16 �-tCi/m£ 
Gross-beta 3.8 X 108 m8 100 min 3 X 10- 16 �-tCi/m£ 
Uranium 2 .5 X 104 m8 1 pg/m8 

(Delayed neutron) 

Water Sample 
Tritium 0.005 .e 100 min 7 X 10-7 �-tCi/m£ 
187Cs 0.5 .e 5 X 104 sec 4 X 10-a �-tCi/m£ 
2a6Pu 0.5 .e 8 X 104 sec 9 X 10- 12 �-tCi/m£ 
2aepu 0.5 .e 8 X 104 sec 3 X 10- n �-tCi/m£ 
241Am 0.5 .e 8 X 104 sec 2 X 10- 10 �-tCi/m£ 
Gross-alpha 0.9 .e 100 min 1 X 10-9 �-tCi/m£ 
Gross-beta 0.9 .e 100 min 5 X 10-9 �-tCi/m£ 
Uranium 0.025 .e 1 }lg/ .e 

(Delayed neutron) 

Soil Sample 
Tritium 1 kg 100 min 0.003 pCi/g 
187Cs 100 g 5 X 104 sec 10-1  pCi/g 
2a6Pu 10 8 X 104 sec 0.003 pCi/g 
2aepu 10 8 X 104 sec 0.002 pCi/g 
241Am 10 8 X 104 sec 0.01 pCi/g 
Gross-alpha 2 100 min 0.8 pCi/g 
Gross-beta 2 100 min 0.003 pCi/g 
Uranium 2 0.03 }lg/g 

(Epithermal activation) 
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APPENDIX D 

METHODS FOR DOSE CALCULATIONS 

A. Airborne Tritium and Actinides 

Measured annual average concentrations in air, 
after subtracting background, are multiplied by 
standard breathing ratesD1  to determine annual in
take via inhalation. This intake is then multiplied 
by appropriate dose conversion factorsD2 to convert 
intake into annual dose and 50 year dose commit
ments for various organs. Dose commitment factors 
for tritium include an increase by a factor of 2 over 
inhalation intake to account for skin absorption of 
tritium. 

B.  Airborne Air Activation Products 

Nuclear reactions with air in the target areas at 
LAMPF cause the air activation products ll C, 13N,  
and 150 to be  formed. These isotopes are all positron 
emitters and have 20.4-min, 10-min, and 122-sec 
half-lives, respectively. Neutron reactions with air 
at the Omega West Reactor and LAMPF form 41Ar 
( 1 .8 h half -life ) .  The concentrations of these isotopes 
at the appropriate site boundary are calculated us
ing the annual average meteorological dispersion 
coefficient 

X(r, O)/Q 

and the source term Q X(r ,0) is determined from 
Gaussian plume dispersion models. The dose 
calculated using semi-infinite cloud assumptions 
and then corrected for cloud size. The gamma dose 
rate in a semi-infinite cloud can be represented by 
the equationD3 

'Y "'  (x,y,o,t) = 0 .25 E-yX(x,y,o,t) , 

where 

y"' (x,y,o, t) =' gamma dose rate (rad/sec) to a per

son located at point x,y at ground level and time t, 

E'Y = average gamma energy per decay (MeV) , and 

X(x,y,o,t) = plume concentration in curies/m3 at 
time t. 

Dose rate corrections for estimated plume size (if 
the cloud cannot be construed to be semi-infinite) is 
taken from standard graphical compilations.D3 E'Y 
is 1 .02 MeV for the positron emitters (two 0.511 MeV 
gammas are produced in the positron annihilation 
process) and 1 .29 MeV for 41Ar. For maximum in
dividual doses, a shielding factor (because of struc
ture shielding) of 0.7 is used.D4 
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APPENDIX E 

ENVIRONMENTAL DATA TABLES 



Temperature ("C) 

Means 

TABLE E-1 

MEANS AND EXTREMES OF TEMPERATURE AND PRECIPITATION 

CLIMATOLOGICAL SUMMARY 1951-1978a 

Precipitation (mm) 

Extremes Rainb 
Snow/Frozen 
Precipitation 

Daily Mo. 

Mean No. of Days 

Max Min 
Precip Temp Temp 

Mo. 
Month Max Min Mean High Year Low 

Daily Mo. 
Year Mean Max Year Max Year Mean Max Year Max Year �2.5 mm �32°C :5 0 ° C  

Jan 4.4 
Feb 6.1  
March 9.4 
April 14.4 
May 19.7 
June 25.4 
July 26.8 
Aug 25.2 
Sept 22 .3 
Oct 16.7 
Nov 9.5 
Dec 4.9 

-7.5 

-5.9 

-3.0 

1 .0 
6 .1  

1 1 .3 

13.3 
12.4 

9.0 
3.7 

-2.6 
-6.8 

- 1 .6 
0 .1  

3 .2  

7 .7 

12 .9 
18.4 
20.1  
18.8 
20.7 
10.2 

3.5 
- 1 .0 

18.3 
17 .8 

21.7 
25.0 
31 . 1  
35.0 
34.4 
32.8 
31 . 1  
26.7 
18.9 
15.0 

1953 
1962 
1971 

1965 
1956 
1952 
1952 
1977 
1952 
1952 
1952 
1965 

Temperature ( °C) 

-27.8 1963 
-27.2 1951 
- 16.7 1971 
- 1 1 .7 1973 

-4.4 1976 
0.0 1975 
7.2 1961 
6.1 1957 

-3.3 1971 
-9.4 1976 

-25.6 1976 
- 25.0 1978 

19.0 
17 .6 
25.1 
21 .4  
26.9 
28.7 
85.6 

103.1 
42.5 
39.8 
25.0 
25.2 

24.9 1952 
24.4 1975 

41 .7 1973 

50.8 1975 

34.3 1952 
29.7 1969 

62.7 1968 

57.4 1951 

47.2 1973 

52.3 1957 

45.0 1978 

40.6 1978 

47.8 1952 

47.5 1964 

104.4 1973 
82.0 1975 
88.9 1952 
86.4 1960 

167.6 1968 

284.0 1952 

115.6 1975 

172.0 1957 

167.6 1978 

72.4 1965 

CLIMATOLOGICAL SUMMARY 1978a 

Precipitation (mm) 

230 
200 

250 
130 

20 

0 
0 

0 
2 

40 
130 
300 

Means Extremes Rainb 
Snow/Frozen 
Precipitation 

Month 

Jan 
Feb March 
April 
May 
June 
July 
Aug 
Sept 
Oct 
Nov 

Dec 

Max 

3.7 
5 .1  

10.8 
15 .8 
17.8 
25.9 
28.5 
26.0 
22.3 
18.0 
8.1 
2.6 

Min 

-6.5 
-6.5 

- 1 .7 
1.4 
4.4 

12.1  
13.4 

1 1 . 1  
8.0 
4.4 

- 1 .4 
-9.1 

Mo. 
Mean 

- 1 .4 
-0.7 

4.6 
8.6 

1 1 .1 
19.0 
21.0 

18.6 
15.2 
1 1 .2 

3.4 

-3.3 

High 

7.8 
12 .2 

20.0 
20.0 
26.7 
32.2 

31.7 
30.0 
27.8 
25.0 
17.8 
10.0 

-------------------------

Low 

- 13.9 
-16.7 

-9.4 
-2.8 
-4.4 

5.0 
10.0 

6.1 
0.6 

- 1 .7 
-8.3 

-25.0 

Total 

17.5 
7.1 

36.8 
7 . 1  

50.5 
35.1 

34.3 

35.3 
34.3 
26.7 

167.6 
57.1  

Daily 
Max 

8.4 
2.8 

12.2 
4.3 

31 .5 
19.6 
17.0 
12 .7 

19.8 
13.2 
45.0 
40.6 

Total 

150 

50 
130 

0 
410 

0 

0 
0 

0 .  
30 

180 
640 

aLos Alamos, New Mexico; latitude 35°32' north, longitude 106°19 '  west; elevation 2260 m .  
hincludes liquid water equivalent of frozen precipitation. 

Daily 
Max 

50 
50 

130 
0 

300 
0 
0 

0 
0 

30 
150 

560 

360 
270 
410 
510 
300 

0 
0 
0 

40 
180 
300 
560 

1974 590 
1975 490 

1973 910 

1975 850 

1978 410 
0 
0 

0 

1971 40 

1972 230 

1976 880 
1978 1050 

1974 
1964 
1973 

1958 
1978 

1971 
1959 
1957 
1967 

No. of Days 

Precip 
�2.5 mm 

2 
1 
6 

1 
3 
4 

5 
6 

3 
4 
7 
4 

Max 
Temp 
�32°C 

0 

0 
0 

0 
0 
1 
0 
0 

0 
0 

0 
0 

2 

2 
3 
2 

3 
3 
8 
9 
4 

3 
2 
2 

Min 
Temp 
:-::;ooc 

31 
28 
22 
10 
7 
0 

0 
0 

0 

6 
18 
31 

0 
0 

0 
0 

0 

0 
1 
0 
0 
0 
0 

0 

30 
26 

23 

13 
2 
0 
0 

0 
0 
7 

22 
30 

:r: 
I 

-.....J 
U1 



TABLE E-ll 

ANNUAL THERMOLUMINESCENT DOSIMETER MEASUREMENTS 

Annual Dose Annual Dose 

95% Conf 95% Conf 95% Conf 95% Conf 
Dose Interval Interval Dose Interval Interval 

Station Location Coordinates (mrem) (mrem) (per cent) Station Location Coordinates (mrem) (mrem) (per cent) 

Regional Stations (28-44 km) Uncontrolled Areas Onsite Stations (28-44 km) Controlled Areas 

Espanola 74.3 5 .2  7 .0 TA-21 N090 E170 111 .4 5 .5 4 .9 
Pojoaque 81 .7  5 .2  6.4 State Hwy 4 N070 E350 217 .1  5 .6  2 .6  
Santa Fe 95.5 5.7 5.9 Well PM-1 N030 E310 120.6 5.4 4.5 

Regional Average 83.8 ± 21 .5  TA-53 N040 E230 1 13 .9 5.5 4.8 
TA-53 N070 E160 121 .0 5 .5  4 .5  

Perimeter Stations (0-4 km) Uncontrolled Areas TA-53 N060 E190 143.4 5.5 3.8 
TA-53 N060 E200 185 .7 5.4 2 .9 

Barranca School N180 E 130 111 .8 5 .6 5 .0 TA-53 N060 E220 680.8  13.3 2.0 

Cumbres School N150 E090 106.8 5 .5  5 . 1  TA-53 N050 E230 159.3 5.5 3.4 

Golf Course N160 E060 109 .6 5.5 5.0 TA-2 N080 E100 1 19 .7  5 .4 4 .6 ::I: 
I 

Arkansas A venue N170 E020 135 .4 5.4 4 . 1  TA-2 N080 E110 138.0 5.5 4.0 '-I 
0) 

Diamond Drive N130 E020 104.9 5 .5  5 .2  TA-2 N080 E120 153.3 5.5 3.6 
48th Street N110 EOOO 128.2 5 .5  4 .2  TA-6 N060 W050 106.7  5 .2  4.9 
Fuller Lodge N110 E090 128.5 5 .5  4 .2  TA- 16 S030 W080 1 17.9 5.5 4 .7 
Acorn Street N100 E110 102 .6 5.6 5.5 TA-49 S100 E040 115 .6 5 .4 4 .7 
LA Airport N110 E160 1 13 .7 5 .5  4 .8  TA-33 S250 E230 105.8 5 .7  5 .3 
Bayo Canyon S .T.P. N110 E260 98.6 3.8 3 .8 Booster P-1 S100 E300 121 .0 5.6 4.6 
Bandelier Lookout S270 E200 105 .5 5.6 5.3 TA- 18 S040 E190 173.6 5.2 3.0 
Paj arito Acres S210 E370 82.4 5.6 6.8 TA-18 S030 E 190 251 .7  5 .7  2 .3  
White Rock S .T.P. S090 E430 87 .7  5 .2  6 .0 TA- 18 S040 E200 207 . 1  5 .3 2 .6 
Pajarito Ski  Area N130 W180 111 .2 5 .2  4 .7 TA-18 S060 E190 161.4 5 .3 3 .3 
Gulf Station N100 E100 101.0 5 .2  5 .2  TA- 18 S050 E 170 114.9 5.2 4 .5 
Royal Crest N080 E080 91 .3  5 .2  5 .7  TA-52 N020 E170 105.8 5 .2  4 .9  

Perimeter Average 107 .5 ± 29. 1  TA-35 N040 E110 123.4 5 .1  4 .2  
TA-35 N030 E110 119.2 5 .2 4.4 
TA-39 N030 E100 132.5 4.0 3.0 
TA-3 N040 E010 117.0 5 .2  4 .4 
TA-3 N060 E010 219.5 5.4 2.5 
TA-3 N050 E020 142.6 5.2 3.6 
TA-3 N050 E040 97.2 5 .0 5 .2  
TA-54 S080 E260 112.2 5 .2  4 .7 

Onsite Average 159.9 ± 211 .9 
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TABLE E-111 

REGIONAL AVERAGE BACKGROUNDS 
ATMOSPHERIC RADIOACTIVITY CONCENTRATIONS 

Radioactive 
Activity ( lo- 15 �J.Cilm.t) 

Constituent EPA a LASLb 

Gross ad Not reported 1 .4 ± 0 .2 
Gross {3e 83 105 ± 25 
241Am Not reported 0.004 ± 0.004 
238pu 0.0018 ± 0 .0018 0 .0012 ± 0.0026 
239pu 0 .0199 ± 0.0100 0.014 ± 0.007 
Tritium Not reported 1 1  000. ± 3500 
Uranium 0.0408 ± 0 .0300 0.034 ± 0.017 

( 120 ± 88)f ( 105 ± 54)f 

8 "Radiological Quality of the Environment, " (EPA-
520/1 -76-0 10 ) ,  US EPA, Office of Radiation 
Programs, Washington, DC ( 1976 ) .  

b Annual averages for 1973-1977. 
c Concentration Guide for uncontrolled areas. 
d Gross alpha activity compares to CG for 239Pu . 
e Gross beta activity compared to CG for 131 1 .  
fpg/m3 . 

CGC 

60 
1 X 105 

2 X 102 

70 
60 

2 X 108 

7 X 104 
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TABLE E-IV 

LONG-LIVED ATMOSPHERIC GROSS BETA CONCENTRATIONS 
FOLLOWING CHINESE NUCLEAR TEST ON 

MARCH 14, 1978 

Gross Beta ( 1o-15 J.iCi/m.t) 

Espanola 
Sampling Period 

OHL 
(Onsite) (28 km from LASL) 

3/13 - 3/17 
3/7 - 3/20 
3/20 - 3/21 
3/21 - 3/22 
3/22 - 3/23 
3/23 - 3/24 
3/24 - 3/27 
3/27 - 3/28 
3/28 - 3/29 
3/29 - 3/30 
3/30 - 3/31 
3/31 - 4/3 
4/3 - 4/4 

100 ± 10 
310 ± 40 
830 ± 110 
200 ± 30 
150 ± 20 
430 ± 50 
320 ± 40 
400 ± 50 
460 ± 60 
590 ± 80 
190 ± 20 
320 ± 40 

180 ± 20 
114 ± 15 
170 ± 20 
500 ± 608 
170 ± 20 
170 ± 20 
460 ± 60 
260 ± 30 
240 ± 30 
330 ± 40 
570 ± 70b 
190 ± 20 
230 ± 30 

a First pass of the fallout cloud. 
b Second pass of the fallout cloud. 

TABLE E-V 

LONG-LIVED ATMOSPHERIC GROSS BETA CONCENTATIONS 
FOLLOWING CHINESE NUCLEAR TEST ON 

DECEMBER 14, 1 978 

Sampling Period 

12/15 - 12/18 
12/18 - 12/19 
12/19 - 12/20 
12/20 - 12/21 
12/21 - 12/22 
12/22 - 12/26 
12/26 - 1 2/27 
12/27 - 12/28 
12/28 - 12/29 
12/29 - 1/2/79 
1/2 - 1/3 

a Peak. 

Gross Beta ( 10-15 J.iCi/m.t) 

OHL 
(Onsite) 

48 ± 6 
16 ± 3 
83 ± 14 
45 ± 6 
53 ± 7 

148 ± 19 
91 ± 12 
80 ± 11 
63 ± 8 
37 ± 5 
74 ± 10 

Espanola 
(28 km from LASL) 

77 ± 10 
37 ± 5 
39 ± 5 
40 ± 6 
20 ± 3 

190 ± 20a 
78 ± 11  
95 ± 13  
55 ± 8 
44 ± 6 
77 ± 10 
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TABLE E-VI 

LOCATION OF AIR SAMPLING STATIONS 

Latitude Longitude 
or or 

Station N-S Coord E-W Coord 

Regional (28-44 km) 

1 .  Espanola 36°00 '  106°06' 
2. Pojoaque 35°52' 106°02' 
3 .  Santa Fe 35°40' 106°56' 

Perimeter (0-4 km) 

4. Barranca School N 180 E130 
5 .  Arkansas Avenue N170 E020 
6. Cumbres School N 150 E090 
7. 48th Street N l lO EOOO 
8. LA Airport N l lO E160 
9. Bayo STP N l lO E260 

10.  Gulf Station N 100 E100 
1 1 .  Royal Crest N080 E080 
12 .  White Rock S090 E430 
13 .  Pajarito Acres S210 E370 
14. Bandelier S270 E200 

On site 

15 .  TA-21 N090 E170 
16 .  TA-6 N060 W050 
1 7 .  T A-53 (LAMPF) N060 E 190 
18 .  Well PM-1 N030 E310 
19 .  TA-52 N020 E170 
20. TA-16 S030 W080 
2 1 .  Booster P-2 S030 E190 
22. TA-54 S080 E260 
23. TA-49 S 100 E040 
24. TA-33 S250 E230 
25. TA-39 S210 E210 



TABLE E-VIl 

ANNUAL ATMOSPHERIC LONG-LIVED& 
GROSS ALPHA AND GROSS BETA ACTIVITY CONCENTRATIONS 

Gross Alpha Concentrations-I'Ci/m' (Hr"�tCi!ml) 

No. No. 
Total Air" 4-wk Samples 

Station Location Volume (m') Samples <MDL' Max d 
Mind 

Regional Stations (28-44 km) - Uncontrolled Areas 

1. Espanola 81 596 13 3 1.9 ± 0.9 0.3 ± 0.1 
2. Pojoaque 66 352 13 0 1.9 ± 0.8 0.6 ± 0.3 
3. Santa Fe 88 083 13 0 1.7 ± 0.8 0.5 ± 0.3 

Regional Group Summary 236 391 39 3 1.9 ± 0.8 0.3 ± 0.1 

Perimeter Stations ( -04 km) - Uncontrolled Areas 

4. Barranca School 94 684 13 2 2.9 ± 1.2 0.0 ± 0.1 

5. Arkansas Avenue 83 139 13 0 3.2 ± 1 .4  0.5  ± 0.3 
6. Cumbres School 79 786 13 0 2.8 ± 1.2 0.5 ± 0.3 
7. 48th Street 79 472 13 2 2.7 ± 1 .2  0.2  ± 0.1  
8. LA Airport 89 099 13 2 3.2 ± 1 .4  0.0 ± 0.1  
9. Bayo Stp 86 190 13 3 3.0 ± 1 .4 0.0 ± 0.1 
10. Gulf Station 91 868 13 1 4.3 ± 1.8 0.3 ± 0.2 
11. Royal Crest 89 726 13 0 2.6 ± 1.2 0.4 ± 0.2 
12. White Rock 81 501 13 4 3.5 ± 1.6 0.1 ± 0.2 
13. Pajarito Acres 82 750 13 1 3.3 ± 1 . 4  0.1 ± 0.2 
14. Bandelier 67 895 13 0 6.8 ± 3.2 0.5 ± 0.3 

Perimeter Group Summary 926 110 143 15 6.8 ± 3.2 0.0 ± 0.1 

Onsite Stations - Controlled Areas 

15. TA-21 63 527 13 2 3.2 ± 1.4 -0.1 ± 0.6 
16. TA-6 92 343 13 2 3.1  ± 1 .4 0.2 ± 0.2 
17. TA-53 (LAMPF) 81 513 13 2 2.2 ± 1 .0 0.0 ± 0.4 
18. Well PM-1 92 388 13 2 3.2 ± 1 .4 0.3 ± 0.2 
19. TA-52 94 496 13 1 3.4 ± 1 .6 0.2 ± 0.1  
20. TA-16 94 899 13 2 2.4 ± 1.0 0.1 ± 0.1 
21. Booster P-2 95 138 13 1 3.1 ± 1.4 0.2 ± 0.2 
22. TA-54 97 610 13 3 3.5 ± 1.6 0.2 ± 0.2 
23. TA-49 94 556 13 2 2.6 ± 1.2 0.1 ± 0.1 
24. TA-33 93 452 13 0 3.9 ± 1.6 0.3 ± 0.3 
25. TA-39 94 665 13 1 4.6 ± 2.0 0.3.± 0:2 

Onsite Group Summary 994 587 143 18 4.6 ± 2.0 -0.1 ± 0.6 

•The filters are held 7-10 days before analysis to allow naturally-occurring radon-thoron 
daughters to reach equilibrium with their long-lived parents. 
"Air volumes (m') at average ambient conditions of 77 kPa barometric pressure and 15°C. 

cMinimum Detectable Limit = 0.3 X 10-15 ,uCi/mt (a) 
= 0.3 X 10-15 ,uCi/ml {J 

dUncertainties for maximum and minimum concentrations are counting uncertainties at the 
95% confidence level (±2 sample standard deviations). Uncertainties for station and groups 
means are ±2 standard deviations. 

eof the possible radionuclides released at LASL, 239Pu and 131 I are the most restrictive. The CGs 
for these species are used for the gross alpha and gross beta CGs, respectively. 

Controlled Area Radioactivity Concentration Guide =2 X 10-12 ,uCi/mt (a) 
= 4 X 10-9 ,uCi/mt ({3) 

Uncontrolled Area Radioactivity Concentration Guide = 6 X 10-" ,uCI/m£ \aJ 
= 1 X 10-10 ,uCi!ml ({3) 

Mean d 

0.6 ± 0.7 

1 .3 ± 1.0 

1.0 ± 0.8 

0.9 ± 0.9 

1.4 ± 1.7 

1.8 ± 1.9 

1.4 ± 1.4 
1.2 ± 1.6 

1.5 ± 2.2 
1 . 1  ± 2.0 

1.4 ± 2.1 

1.5 ± 1.5 

1 . 1  ± 2.1 

1.6 ± 2.0 

2.3 ± 2.7 
1.5 ± 1.9 

1.8 ± 2.3 

1.5 ± 1.7 

1.1 ± 1.7 

1.5 ± 1.8 

1.3 ± 1.8 

1.1 ± 1.5 

1.4 ± 1.9 

1.6 ± 2.1 

1.4 ± 1.8 

1.9 ± 2.3 

1.8 ± 2.5 

1.5 ± 2.0 

Gross Beta Concentrations-I'Ci!m' (IO-" �tCVml) 

Mean No: No: 
as 4-wk Samples 

% CGe Samples <MOLe Max d Mind Mean d 

0.9 13 0 145 ± 38 9 ± 2  64 ± 10 
2.2 13 0 200 ± 60 23 ± 6 81 ± 9 
1.6 13 0 160 ± 40 13 ± 3 73 ± 104 
1.6 39 0 200 ± 60 9 ± 2 72 ± 102 

2.3 13 0 200 ± 60 24 ± 6 84 ± 113 
2.9 13 0 180 ± 40 23 ± 6 91 ± 86 
2.3 13 0 180 ± 40 24.± 6 79 ± 101 
2.0 13 0 190 ± 40 15 ± 4 71 ± 119 
2.5 13 0 160 ± 40 21 ± 6 75 ± 102 
1.9 13 0 190 ± 40 21 ± 6 86 ± 114 
2.3 13 0 147 ± 38 22 ± 6 81 ± 77 
2.5 13 0 190 ± 40 24 ± 6 94 ± 119 
1.8 13 0 180 ± 40 13 ± 3 76 ± 111  
2 .7  13 0 220 ± 60 31 ± 8 99 ± 125 
3.8 13 0 240 ± 60 40 ± 10 116 ± 145 
2.4 143 0 240 ± 60 13 ± 3 86 ± 108 

0.09 13 0 440 ± 120 4 ± 1 80 ± 133 
0.08 13 0 180 ± 40 26 ± 6 81 ± 85 
0.06 13 0 180 ± 40 4 ± 1 59 ± 114 
0,07 13 0 170 ± 40 25 ± 6 89 ± 111  
0.06 13 0 200 ± 80 6 ± 2 85 ± 122 
0.05 13 0 135 ± 34 6 ± 1 69 ± 82 
0,07 13 0 160 ± 40 21 ± 6 83 ± 102 
0.08 13 0 190 ± 40 31 ± 8 87 ± 109 
0,07 13 0 190 ± 40 27 ± 6 81 ± 93 
0.09 13 0 220 ± 80 35 ± 8 103 ± 125 
0.09 13 0 210 ± 80 33 ± 8 91 ± 116 
0,07 143 0 440 ± 120 4 ± 1 83 ± 109 

Mean 
as 

% CGe 

0.06 

0.08 

0,07 

0,07 

0.08 

0.09 

0.08 

0,07 

0,07 

0.09 

0.08 

0.09 

0.08 

0.10 

0.11 
:r: I 

0.09 
co 0 

0.002 

0.002 

0.001 

0.002 

0.002 

0.002 

0.002 

0.002 

0.002 

0.003 

0.002 

0.002 
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TABLE E-VIII 

ANNUAL ATMOSPHERIC TRITIATED WATER VAPOR CONCENTRATIONS 

No. Concentrations - pCiJm3 ( lo- 12 I'Cilmt) 

Total Air 4-wk No. Samples Mean as 
Station Location Volume (m3)a Samples <MDLb Maxc Mine Meanc % CGd 

---

Regional Stations (28-44 km) - Uncontrolled Areas 

1. Espanola 113 13 3 18 ± 6 0.9 ± 0.8 5 ± 1 1  0.003 
2. Pojoaque 121 13 0 9 ± 3 1 .1  ± 1.0 4 ± 4  0.002 
3. Santa Fe 121 13 2 19 ± 6 0.2 ± 0.6 5 ± 10 0.002 

---

Regional Group Summary 356 39 5 19 ± 6 0.2 ± 0.6 4 ± 9 0.002 

Perimeter Stations (0-4 km) - Uncontrolled Areas 

4. Barranca School 121 13 26 ± 8 0.7 ± 0.6 10 ± 15 0.005 
5. Arkansas Ave 121 13 1 36 ± 14 0.6 ± 0.2 10 ± 21 0.005 
6.  Cumbres School 120 13 0 27 ± 8 2.0 ± 1.0 10 ± 15 0.005 
7. 48th Street 113 13 0 106 ± 34 1 .9 ± 1.0 21 ±.60 0.010 
8.  LA Airport 113 13 0 107 ± 34 3.5 ± 1.2 26 ± 63 0.013 
9 .  Bayo STP 113 13 0 23 ± 8 1 .4  ± 0.8 7 ± 14 0.003 

10. Gulf Station 121 13 0 43 ± 14 4.2 ± 1.6 18 ± 27 0.009 
11. Royal Crest 121 13 0 67 ± 22 4.0 ± 1.4 16 ± 35 0.008 
12. White Rock 121 13 0 25 ± 8 1.9 ± 1 .8 7 ± 14 0.004 
13. Pajarito Acres 120 13 0 36 ± 12 2.6 ± 1 .2  10.  ± 20 0.005 
14. Bandelier 111 13 0 26 ± 8 2.6 ± 1.4 9 ± 15 0.004 

---

Perimeter Group Summary 1300. 143 2 107 ± 34 0.6 ± 0.2 13 ± 33 0.007 

Onsite Stations - Controlled Areas 

15. TA-21 114 13 0 118 ± 38 1.5 ± 1.0 23 ± 40 0.0005 
16. TA-6 117 13 1 15 ± 4 0.5 ± 0.4 5 ± 10 0.0001 
17. TA-53 (LAMPF) 114 13 0 33 ± 10 1.9 ± 0.8 13 ± 21 0.0003 
18. Well PM-1 115 13 1 95 ± 30 1 .2  ± 1.6 15 ± 53 0.0003 
19. TA-52 121 13 0 39 ± 12 3 . 1  ± 1.2 16 ± 21 0.0003 
20. TA-16 121 13 1 24 ± 8 0.6 ± 0.6 6 ± 15 0.0001 
21. Booster P-2 121 13 0 85 ± 28 2.3 ± 1.0 14 ± 45 0.0003 
22. TA-54 123 13 0 114 ± 36 9 .1  ± 3.0 57 ± 74 0.0011 
23. TA-49 120 13 1 19 ± 6 0 .1  ± 0.6 5 ± 10 0.0001 
24. TA-33 120 13 0 92 ± 30 6.5 ± 2.2 25 ± 54 0.0005 
25. TA-39 122 13 0 68 ± 22 2.7 ± 1.0 15  ± 38 0.0003 

Onsite Group Summary 1311 143 4 118 ± 38 0.1 ± 0.6 18 ± 48 0.0004 

--------------------

aAir volumes (m3) at average ambient conditions of 77 kPa barometric pressure and 15°C. 
bMinimum detectable limit = 1 X 10-12 J.LCi/ml. 
cUncertainties for maximum and minimum concentrations are counting uncertainties at the 95% 
confidence level (±2 sample standard deviations). Uncertainties for station and group means are 
±2 standard deviations. 
dControlled area radioactivity concentration guide = 5 X 10-6 J.LCi/mt. 
Uncontrolled area radioactivity concentration guide = 2 X lQ-7 J.LCilmt. 



TABLE E-IX 

ANNUAL ATMOSPHERIC 238Pu AND 239pu CONCENTRATIONS 

238pu ( lo- 1 8 �tCi/m.!a) 239pu (Io-18 �tCi/mla) 

Number of Mean Number of No. Mean 
Total Air• Quarterly No. as Quarterly Samples as 

Station Location Volume (m3) Samples <MDL' Maxc Mine Meanc % ca• Samples <MDL' Maxc Mine Meanc % ca• --- ---
Regional Stations (28-44 km) - Uncontrolled Areas 

1. Espanola 89 457 4 4 -1.1 ± 1.6 -2.4 ± 3.0 -1.9 ± 0.9 0.00 4 I 26 ± 7.7 1.2 ± 1.5 15 ± 30 0.025 
2. Pojoaque 65 350 4 4 -2.0 ± 1.9 -4.5 ± 4.8 -3.0 ± 1.8 0.00 4 0 41 ± 6.3 7.0 ± 3.9 21 ± 47 0.035 
3. Santa Fe 93 421 4 4 -1.1 ± 1.3 -3.4 ± 2.2 -2.2 ± 1.3 0.00 4 0 44 ± 8.1 6.2 ± 2.1 24 ± 46 0.040 ---- --- --- --- --- -- --- ---

Regional Group Summary 248 228 12 12 -1.1  ± 1.6 -4.5 ± 4.8 -2.3 ± 1.3 0.00 12 I 44 ± 8.1 1.2 ± 1.5 20 ± 39 0.034 

Perimeter Stations (0-4 km) - Uncontrolled Areas 

4. Barranca School 95 009 4 4 -0.7 ± 2.0 -3.0 ± 2.4 -1.8 ± 1.6 0.00 4 0 37 ± 8.1 6.5 ± 2.3 25 ± 44 0.041 
5. Arkansas Avenue 80 130 4 4 -1.2 ± 1.8 -2.4 ± 1.7 -1.9 ± 0.5 0.00 4 0 40 ± 5.2 8.6 ± 3.7 27 ± 43 0.045 
6. Cumbres School 80 511 4 4 -1.0 ± 1.5 -4.0 ± 2.3 -2.1 ± 2.2 0.00 4 I 49 ± 10 2.0 ± 2.3 24 ± 47 0.040 
7. 48th Street 78 886 4 4 -0.8 ± 2.1 -4.2 ± 5.0 -1 .7 ± 1.5 0.00 4 0 79 ± 14 4.9 ± 2.3 28 ± 52 0.046 
8. LA Airoort 92 171 4 4 -0.9 ± 1.3 -3.7 ± 3.4 -2.0 ± 1.9 0.00 4 0 33 ± 10 5.9 ± 2.9 20 ± 41 0.034 
9: Bayo STP 100 456 4 4 -1.2 ± 1.4 -2.5 ± 1.8 -1.8 ± 0.4 0.00 4 I 62 ± 7.6 -0.6 ± 1.4 27 ± 61 0.045 
10: Gulf Station 112 845 4 4 -1.2. ± 1.3 -2.3 ± 1.7 -1.6 ± 0.3 0.00 4 0 48 ± 7.7 10 ± 3.5 22 ± 33 0.037 
11. Royal Crest 89 941 4 4 -0.9 ± 1.3 -1.8 ± 1.8 -1.3 ± 0.4 0.00 4 0 56 ± 9.9 11 ± 3.9 32 ± 52 0.053 
12. White Rock 74 695 4 4 -1.0 ± 2.7 -4.7 ± 3.9 - 1 .9 ± 1.8 0.00 4 0 26 ± 4.6 6.9 ± 4.3 19 ± 35 0.031 
13. Pajarito Acres 82 758 4 4. -0.1 ± 1.9 -2.8 ± 2.1 -1.4 ± 1.9 0.00 4 0 52 ± 8.6 7.3 ± 3.0 31 ± 53 0.052 
14. Bandelier 67 406 4 4 -1.2 ± 2.0 -3.6 ± 2.4 -2.1 ± 1 .1  0.00 4 0 67 ± 10 14 ± 3.7 40 ± 66 0.066 --- --- --- --- -- --- ---

Perimeter Group Summary 954 808 44 44 -0.1 ± 1.9 -4.7 ± 3.9 -1.8 ± 1.3 0.00 44 2 79 ± 14 -0.6 ± 1.4 27 ± 43 0.044 
:r:: 

Onsite Stations - Controlled Areas 
I co N 

15. TA-21 72 942 4 4 -0.2 ± 2.5 -4.7.± 2.3 -2.0 ± 2.5 0.00 4 0 44 ± 5.7 3.6 ± 2.9 23 ± 51 0.0011 
16. TA-6 95 604 4 4 -1.5 ± 1.7 -2.3 ± 1.7 - 1 .8 ± 1.4 0.00 4 I 43 ± 6.6 -0.5 ± 1.3 27 ± 53 0.0013 
17. TA-53 (LAMPF) 81 191 4 4 -1.2 ± 1.4 -2.6 ± 3.5 -1.7 ± 0.5 0.00 4 0 33 ± 5.5 4.2 ± 2.7 17 ± 51 0.0009 
18. Well PM-I 92 806 4 4 -2.3 ± 1.9 -3.1 ± 2.6 -2.6 ± 2.8 0.00 4 0 40 ± 5.8 7.4 ± 2.9 26 ± 42 0.0013 
19. TA-52 94 693 4 4 -1.2 ± 1.5 -2.8 ± 1.7 -1.7 ± 1 .5 0.00 4 0 55 ± 7.5 5.7 ± 2.7 29 ± 58 0.0015 
20. TA-16 94 752 4 4 -1.2 ± 1.7 -1.6 ± 1.8 -1.4 ± 0.7 0.00 4 0 59 ± 6.7 7.9 ± 2.8 36 ± 77 0.0018 
21. Booster P-2 96 446 4 4 -1.1 ± 1.5 -2.6 ± 1.8 - 1 .6 ± 0.6 0.00 4 0 37 ± 5.3 7.1 ± 2.6 24 ± 41 0.0012 
22. TA-54 99 251 4 3 8.8 ± 3.2 0.3 ± 1.8 3.0 ± 6.8 0.0002 4 0 153 ± 13 15 ± 3.6 80 ± 120 0.0040 
23. TA-49 94 524 4 4 -1.0 ± 2.7 -2.2 ± 1.6 -1.5 ± 1.2 0.00 4 0 50 ±  9.7 7.1 ± 2.9 26 ± 41 0.0013 
24. TA-33 102 442 4 4 -0.6 ± 1.3 -2.2 ± 2.0 -1.2 ± 1.1 0.00 4 0 41 ± 5.4 8.9 ± 2.9 28 ± 48 0.0014 
25. TA-39 95 298 4 4 -0.6 ± 1.7 -2.5 ± 1.5 -1.4 ± 1.3 0.00 4 0 54 ± 6.6 6.4 ± 2.5 35 ± 70 0.0018 --- -- ---- ----

Onsite Group Summary I 019 949 44 43 8.8 ± 3.2 -4.7 ± 2.3 -1.2 ± 3.7 0.00 44 I 153 ± 13 -0.5 ± 1.3 32 ± 67 0.0016 

---
aAir volumes (m3) at average ambient conditions of 77 kPa barometric pressure and 15°C. 
liMinimum Detectable Limits = 2 X I0- 18 1-1Ci/ml (238Pu) 

= 3 X 10-18 1-1Ci/ml (239Pu) 
cuncertainties for maximum and minimum concentrations ae counting uncertainties at the 95% 

confidence level (±2 sample standard deviations) .  Uncertainties for station and group means are 
±2 standard devations. 
dControlled Area Radioactivity Concentration Guide = 2 X 10- 12 1-1Ci/m.t (238Pu) 

= 2 X 10-12 1-1Ci/ml (239Pu) 
Uncontrolled Area Radioctivity Concentration Guide = 7 X I0- 14 1-1Cilml (238Pu) 

= 6 X I0-14 1-1Ci/ml (239Pu) 



TABLE E-X 

ANNUAL ATMOSPHERIC URANIUM CONCENTRATIONS 

Uranium - pg!m3 

Number of No. 
Total Aira Quarterly Samples 

Station Location Volume (m3) Samples <MDLb Maxc 

Regional Stations (28-44 km) • Uncontrolled Areas 

1. Espanola 89 457 4 0 147 ± 29 
2. Pojoaque 65 350 4 0 184 ± 38 
3. Santa Fe 93 421 4 0 91 ± 18 ---

Regional Group Summary 248 228 12 0 184 ± 38 

Perimeter Stations (0-4 km) · Uncontrolled Areas 

4. Barranca School 95 009 4 0 92 ± 19 
5.  Arkansas Ave 80 130 4 0 134 ± 21 

6. Cumbres School 80 511 4 1 69 ± 15 
7. 48th Street 78 886 4 0 159 ± 21 

8.  LA Airport 92 171 4 0 107 ± 22 

9. Bayo STP 100 456 4 1 120 ± 23 

10. Gulf Station 91 940 4 0 177 ± 40 

11 .  Royal Crest 89941 4 0 236 ± 40 

12. White Rock 74 695 4 0 238 ± 49 

13. Pajarito Acres 82 758 4 0 79 ± 17 

14. Bandelier 67 406 4 0 113 ± 33 ---
Perimeter Group Summary 954 808 44 2 238 ± 49 

Onsite Stations - Controlled Areas 

15. TA-21 72 942 4 1 149 ± 30 
16. TA-6 95 604 4 0 177 ± 40 
17. TA-53 (LAMPF) 81 191 4 1 61 ± 21 
18. Well PM-1 92 806 4 0 103 ± 21 
19.  TA-52 94 693 4 1 94 ± 18 
20. TA-16 94752 4 1 80 ± 18 
21. Booster P-2 96 446 4 0 86 ± 19 
22. TA-54 99 251 4 0 134 ± 18 
23. TA-49 94 524 4 0 78 ± 18 
24. TA-33 102 442 4 0 81 ± 19 
25. TA-39 95 298 4 0 135 ± 19 ---

Onsite Group Summary 1 019 949 44 4 177 ± 40 

aAir volumes (m3) at average ambient conditions of 77 kPa barometric pressure and l5°C. 
bMinimum detectable limit = 2 pg/m3. 

CUncertainties for maximum and minimum concentrations are counting uncertainties at the 95% 

confidence level ( ±2 sample standard deviations) .  Uncertainties for station and group means are 

±2 standard deviations. 
dControlled area radioactivity concentration guide = 2.1 X 108 pg/m3. 

Uncontrolled area radioactivity concentration guide = 9 X 106 pg/m3. 
Note: One curie of natural uranium is equivalent to 3000 kg of natural uranium. Hence, uranium 

masses can be converted to the DOE "uranium special curie" by using the factor 3.3 X 
lQ- 13 I'Ci/pg. 

MinC 

34 ± 18 
128 ± 25 

44 ± 16 

34 ± 18 

59 ± 18 
43 ± 9  
19 ± 22 
28 ± 6 
37 ± 18 
20 ± 21 
30 ± 20 
44 ± 20 
56 ± 12 
45 ± 9 
38 ± 24 

19 ± 22 

23 ± 27 
36 ± 19 
16 ± 21 
40 ± 8 
19 ± 19 
20 ± 19 
59 ± 12 
78 ± 16 
32 ± 18 
43 ± 10 
52 ± 11 

16 ± 21 

Mean as 
Meanc % CGd 

105 ± 138 0.0012 
155 ± 38 0.0017 

63 ± 34 0.0007 

102 ± 94 0.0011 

73 ± 36 0.0008 
73 ± 59 0.0008 
42 ± 51 0.0005 
74 ± 80 0.0008 
73 ± 133 0.0008 
58 ± 60 0.0006 
84 ± 93 0.0009 

101 ± 127 0.0011 
115 ± 145 0.0013 

58 ± 28 0.0006 
61 ± 37 0.0007 ;I: I 
74 ± 88 0.0008 co ""' 

96 ± 159 0.00005 
72 ± 89 0.00003 
40 ± 58 0.00002 
59 ± 45 0.00003 
61 ± 61 0.00003 
48 ± 45 0.00002 
72 ± 21 0.00003 

103 ± 42 0.00005 
61 ± 54 0.00003 
61 ± 29 0.00003 
82 ± 40 0.00004 

68 ± 66 0.00003 



TABLE E-XI 

ANNUAL ATMOSPHERIC 24 1Am CONCENTRATIONS 

Number of No. 
Total Air Quarterly Samples Mean as 

Station Location Volume (m3)a Samples <MDLb Maxc Mine Meanc % CGd 

Regional Stations (28-44 km) - Uncontrolled Areas 

3 .  Santa Fe 73 671 3 3 0.3 ± 3.6 -2 .0 ± 9.1 -0.5 ± 2.2 0.00000 

Regional Group Summary 73 671 3 3 0.3 ± 3.6 -2 .0 ± 9 . 1  -0 .5  ± 2 .2  0.00000 

Perimeter Stations (0-4 km) - Uncontrolled Areas 

6 .  Cumbres 61 855 3 3 7.4 ± 15 - 1 .0 ± 5.9 3 . 1  ± 13 0.00156 
8. LA Airport 76 020 3 3 2 .6 ± 3.6 -2.7 ± 6.4 0.3 ± 5.9 0.00014 
9. Bayo STP 68 754 3 3 0 .6  ± 3.8 - 1 .9 ± 5.5 -0.3 ± 2.8 0.00017 

12. White Rock 74 695 4 4 1.9 ± 6.0 -2.0 ± 5.9 -0.6 ± 4.0 0.00029 

Perimeter Group Summary 281 324 13 13 7 .4  ± 15 -2.7 ± 6.4 0;5 ± 6.7 0.00026 :c 
' (X) 

"""' 

Onsite Stations - Controlled Areas 

16. TA-6 71 249 3 3 1 .4 ± 3.5 - 1 .2 ± 5.2 0.3 ± 2.8 0.000006 
17 .  TA-53 (LAMPF) 67 161 3 3 1 . 1  ± 6.0 -0.7 ± 3.8 0.0 ± 1 .9 0.000000 
20. TA-16 94 752 4 4 1 .3 ± 5 .2  -2 .0 ± 4.8 -0.4 ± 2.7 0.000000 
2 1 .  Booster P-2 96 446 4 4 1 .6 ± 4.7 -3;3 ± 4.8 - 1 .5 ± 5 . 1  0.000000 
22. TA-54 99 251 4 4 4.2 ± 4.8 -0.9 ± 5.0 2.2 ± 4 . 1  0.000036 
23. TA-49 73 746 3 3 2 .4 ± 3.8 -2 .7 ± 5.2 0.0 ± 5.4 0.000000 

Onsite Group Summary 502 605 21 21 4 .2  ± 4.8 -3.3 ± 4 .8 0 .1  ± 4.2 0.000002 
-------------

aAir volumes (m3) at average ambient conditions of 77 kPa barometric pressure and 15°C. 
bMinimum detectable limit = 2 X 10- 1 2  JLCi/m.t. 
Cuncertainties for maximum and minimum concentrations are counting uncertainties at the 
95% confidence level ( ±2 sample deviations) . Uncertainties for station and group means are ±2 
standard deviations. 
dControlled area radioactivity concentration guide = 5 X w-6 f.LCi/m.t. 
Uncontrolled area radioactivity concentration guide = 2 X IQ-7 JLCi/m.t. 
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TABLE E-XII 

LOCATIONS OF SURFACE AND GROUND WATER STATIONS 

Latitude Longitude 
or or 

N-S E-W Map 
Station Coordinate Coordinate Designations Typeb 

Regionalc 

Chamita-Rio Chama 36°05 ' 106°07 sw 
Embudo-Rio Grande 36° 12 '  105°58' sw 
Otowi-Rio Grande 35°52' 106°08' sw 
Cochiti-Rio Grande 35°37' 106° 19'  sw 
Bernalillo-Rio Grande 35°17 '  106°36' sw 
Jemez River 35 °40' 106°44' sw 

Perimeter 
Los Alamos Reservoir N105 W090 1 sw 
Guaje Canyon N300 ElOO 2 sw 
Basalt Spring N060 E395 3 GWS 
Frijoles Canyon S280 E180 4 sw 
La Mesita Spring 
White Rock Canyond 

N080 E550 5 GWD 

Puye Formation 6 GWD 
Tesuque Fm (F.G.  Sed) 7 GWD 
Tesuque Fm (C.  G. Sed) 8 GWD 
Tesuque Fm (Basalts) 9 GWD 
Surface Water 10 sw 

Surface Water (Sanitary effluents) 1 1  sw 

Water Supply 
Distribution 

Fire Station 1 N080 E015 12  D 
Fire Station 2 NlOO E120 13 D 
Fire Station 3 S085 E375 14 D 
Fire Station 4 N185 E070 15 D 
Fire Station 5 SOlO W065 16 D 

Los Alamos Field 
LA-lB N115 E530 17 GWD 
LA-2 N125 E505 18 GWD 
LA-3 N130 E490 19 GWD 
LA-4 N070 E405 20 GWD 
LA-5 N076 E435 21 GWD 
LA-6 N105 E465 22 GWD 

Guaje Field 
G- 1 N190 E385 23 GWD 
G-lA N197 E380 24 GWD 
G-2 N205 E365 25 GWD 
G-3 N215 E350 26 GWD 
G-4 N213 E315 27 GWD 
G-5 N228 E295 28 GWD 
G-6 N215 E270 29 GWD 
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TABLE E-XII (continued) 

Latitude Longitude 
or or 

N-S E-W Map 
Station Coordinate Coordinate Designation• Typeb 

Pajarito Field 
PM- 1  N030 E305 30 GWD 
PM-2 S0 55 E202 31  GWD 
PM-3 N040 E255 32 GWD 

Water Canyon Gallery S040 W125 33 GWD 

N oneffluent Areas 
Test Well l N070 E345 34 GWD 
Test Well 3 NOBO E215 35 GWD 
Deep Test-5A S l lO E090 36 GWD 
Test Well-8 N035 E170 37 GWD 
Deep Test-9 S 155 E140 38 GWD 
Deep Test-10 S120 E125 39 GWD 

Canada del Buey NOlO E150 40 sw 
Pajarito Canyon S060 E215 41 sw 
Water Canyon S090 E090 42 sw 
Test Well 2 N120 E150 43 GWD 

Eftluent Release Area 
Acid-Pueblo Canyon 
(Former Release Area) 

Acid Weir N125 E070 44 sw 
Pueblo 1 N130 E080 45 sw 
Pueblo 2 N120 E 155 46 sw 
Pueblo 3 N085 E315 47 sw 
Hamilton Bend Spring N l lO E255 48 GW 
Test Well lA N070 E335 49 GWS 
Test Well 2A N120 E140 50 GWS 

DP-Los Alamos Canyon 
DPS-1 N090 E 160 51 sw 
DPS-4 NOBO E200 52 sw 
Obs. Hole LAO-C N085 E070 53 GWS 
Obs. Hole LA0 - 1  N080 El20 54 GWS 
Obs. Hole LA0-2  NOBO E210 55 GWS 
Obs. Hole LA0-3 N080 E220 56 GWS 
Obs. Hole LA0-4 N070 E245 57 GWS 
Obs. Hole LA0-4.5 N065 E270 58 GWS 

Sandia Canyon 
SCS-1 NOBO E040 59 sw 
SCS-2 N060 E140 60 sw 
SCS-3 N050 E 185 61  sw 
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TAB LE E-XII (continued) 

Latitude Longitude 
or or 

N-S E-W Map 
Station Coordinate Coordinate Designation• Typeb 

Mortandad Canyon 
GS-1 N040 E200 62 sw 
MCS-3.9 N040 E140 63 sw 
Obs. Hole MC0-3 N040 E110 64 GWS 
Obs. Hole MC0-4 N035 E150 65 GWS 
Obs. Hole MC0-5 N030 E160 66 GWS 
Obs. Hole MC0-6 N030 E175 67 GWS 
Obs. Hole MC0-7 N025 E180 68 GWS 
Obs. Hole MC0-7 .5 N030 E190 69 GWS 
Obs. Hole MC0-8 N030 E205 70 GWS 

•See Fig. 9 for numbered locations. 
bSW = surface water; GWD = deep or main aquifer; GWS = shallow or alluvial aquifer; D = 

water supply distribution system. 
0See Fig. 8 for regional locations. 
dPuye Formation 7 stations ; Tesuque Fm (F.G. Sed) 4 stations; Tesuque Fm (C.G.  Sed) 9 sta

tions; Tesuque (basalts) 3 stations; surface water 2 stations; surface water ( sanitary effluents) 1 
station. 



No. of 
Station Analyses 

Cham ita 2 

Embudo 2 

Otowi 2 

Cochiti 2 

Bernalillo 2 

Jemez River 2 

No. of Analyses 
Minimum 
Maximum 
Average 

TABLE E-XIII 

RADIOCHEMICAL AND CHEMICAL QUALITY OF SURFACE WATER FROM 
REGIONAL STATIONS 

Radiochemical 
(average of a number of analyses) 

3H 137Cs 238Pu 239Pu Gross a 

I0-6 ,.Cifml J0-9 ,Cifmi I0-9 ,Ci/ml J0-9 ,.Ci/ml I0-9 ,Cifmi 

2.4 ± 3.5 25 ± 42 -0:01 ± 0.000 -0.01 O.Q7 1.7.± 0.3 

2.0 ± 3.5 65 ± 156 O.Ql ± 0.02 -0:01 . ±  0.00 2.2.± 6.3 

1.4 ± 1.8 15 ± 99 -O.Ql ± 0.02 0.01 ± 0.03 0:9 ± 1.0 

0.8.± 0.8 10 ± 28 -0:02 ± 0.03 -0.00 ± 0.02 1.5 ± 0.9 

1.1 ± 8.5 -5 ± 14 -0.02 ± 0.03 -O.Ql. ±  0.01 3.4 ± 0.1 

0.9 ± 0.0 -5 ± 14 -0:01 ± 0.04 -O.Q2 ± 0.05 4.6 ± 1.7 

12 12 12 12 12 

0.5 ± 0.6 -20 ± 160 -O.Ql ± 0.02 -0:04 ± 0.02 -0.8 ± 1.0 

3.6 ± 0.6 120 ± 140 0.02 . ±  0.03 C:02 ± 0.02 5.2 ± 3.0 

1:4 ± 2.0 18 ± 77 -O.Ql ± 0.02 -O.Ql ± 0.03 2.3 ± 3.5 

Chemical 
(one analysis) 

Stations SizO Ca Mg K Na C03 HC03 P04 S04 Cl F N03 
--- --- ---

Cham ita 13 55 13 3 33 4 149 <2 133 10 0.4 <2 

Embudo 21 26 6 3 19 4 112 <2 35 4 0.5 <2 

Otowi 18 38 9 3 24 0 139 <2 68 6. 0.5 <2 

Cochiti 27 36 8 3 25 5 156 <2 53. 2 0.5 <2 

Bernalillo 25 41 8 4 41 3 144 <2 70 9 0.6 <2 

Jemez River 39 38 5 12 61 0 178 <2 28 82 0.9 <2 

No. of Analyses 6 6. 6 6 6 6 6 6 6 6 6 6 
Minimum 13 26. 5 3 19 0 112 <2 28 2 0.4 <2 

Maximum 39 55. 13 12 61. 5 178 --- 133 82 0.9 ---

Average 24 ± 18 39.± 18 8 ± 6 5 ± 8  34 ± 30 3 ± 4  146 ± 44 <2 65 ± 75 19 ± 62 0.6 ± 0.4 <2 

Metal Ion 
(concentrations in ,.gJt, one analysis) 

Stations Ag AI As Ba Br Cd Co Cr Cu Fe Hg Mn Mo 
--- --- -- --- --- --- --- --- ---

Chamita 19 33 <5 420 <2 3 <5 <3 <300 <300 <0.2 <300 <10. 

Embudo 24 <10 <5 190 <2 3 <5 <3 <300 <300 <0.2 <300. 15 

Otowi 20 20 <5 320 <2. 6 <5 <3 <300 <300 <0.2 <300 13 

Cochiti 16 16 <5 270 <2. 3 <5 <3 <300 <300 <0.2 <300 12 

Bernalillo 20 1 1  < 5  260 <2. 3 <5 <3 <300. <300 <0.2 <300 27 

Jemez River 18 49 75 210 <2 4 <5 <3 <300 <300 <0.2 <300 25 

No. of Analyses 6 6 6 6 6 6 6 6 6 6 6 6 6 
Minimum 16 <10 1 190 <2 3 <5 <3 <300 <300 <0.2 <300 <10 

Maximum 24 49 75 420 --- € --- --- --- --- --- --- 27 

Average 20 ± 5 23 ± 30 17 ± 57 278 ± 167 <2 4 ± 2 <5 <3 <300 <300 <0.2 <300 17 ± 14 

Note: ± value represents twice the standard deviation of the distributions of observed values un-

less only one analysis is reported. Then the value represents twice the error term for that 

analysis. One sample used for chemical and metal ion analysis. 

Gross {J Totai U 
J0-9 ,Cifml ,gJl 

6.4 ± 6.9 2.1 ± 3.5 

2.8 ± 8.9 2 .1  ± 0.4 

5.2 ± 3.5 3.0 ± 1.8 

5.9 ± 1 .1  3 .0 ± 3.5 

7.7 ± 4.7 3.3.± 3.4 

20 ± 11 0.9 ± 0.4 

12 12 

-0.3 ± 1.0 0.7 ± 0.2 

24 ± 6.0 4.5 ± 0.8 

8.0 ± 12.7 2.4 ± 2.6 

Cond 
TDS Hard pH mS/m 

---

508. 191 8.5 52 

314 91 8.5 27 
394 131 8.5 35 ::c 

410 123 8.3 35 
I 00 

400 137 8.6 45 
00 

540 116 8.6 52 

6 6 6 6 
314 91 8.3 27 

540 191 8.6 52 

428 ± 165 132 ± 66 8.5 ± 0.2 41 ± 20 

Ni Pd Se Zn 
--- --- -

7 5 <5 <300 

7 <3 <5 <300 

8 4 <5 <300 

8 4 <5 <300 

9 7 <5 <300 

10. 8 <5 <300 

6 6 6 6 
7 <3 <5 <300 

10 8 --- ---

8 ± 2  5 ± 4 <5 <300 



TABLE E-XIV 

RADIOCHEMICAL AND CHEMICAL QUALITY OF SURFACE AND 
GROUND WATER FROM PERIMETER STATIONS 

Radiochemical 
(average or a number or analyses) 

No. or 3H 137Cs 238Pu 239Pu Gross a Gross {j Total U 
Stations Analyses I0-6 1'Ci/ml I0-9 1'Ci/ml I0-9 1'Ci/ml I0-9 1'Ci/ml I0-9 1'Ci/ml I0-9 1'Ci/ml l'gjl 

Los Alamos Reservoir 2 1 .2 ± 0.5 1 ± 31 -0.02 ± 0.00 O.Ql ± 0.03 -0.3 ± 0.7 4.7 ± 0.0 <0. 1  ± 0.2 
Guaje Canyon 2 0.9 ± 1.0 59 ± 88 -0.o2 ± 0.06 0.00.± O.Ql 0.7 ± 1.8 5.7 ± 7.2 0.3 ± 0.8 
Basalt Spring 2 0.8 ± 1.0 -1 ± 55 -O.Ql ± 0.02 -0.o2 ± O.o2 0.8 ± 2.1 4 .1  ± 0.4 1.7 ± 0.3 
Frijoles Canyon 2 1 .1  ± 0.3 13 ± 20 -O.Ql ± 0.00 -O.Ql ± 0.04 0.9 ± 2.7 6.0 ± 7.6 0.1 ± 0.3 
La Mesita Spring 2 1.0 ± 0.3 -6 ± 16 0.00 ± O.o2 0.00 ± O.o2 5.6 ± 2.1 6.9 ± 0.3 14 ± 1 .0 

No. of Analyses 10 10 10 10 10 10 10 
Minimum 0.4 ± 0.6 -20 ± 80 -0.04 ± 0.03 -0.03 ± 0.04 -0.5 ± 1.0 3.1 ± 1.6 <0.1 ± 0.2 
Maximum 1 .4  ± 0.6 90 ± 100 0.01 ± O.o2 O.Q3 ± O.Q3 6.3 ± 3.0 8.7 ± 2.0 14 ± 2.0 
Average 1.0 ± 0.6 13 ± 62 -0.01 ± 0.02 0.00 ± 0.03 1.5 ± 4.6 5.5 ± 4.1 3.2 ± 11  :X: 

' ()) White Rock Canyon <D 
Puye Formation 7 0.2 ± 0.6 14 ± 21 0.00 ± 0.01 -O.Ql ± 0.02 1.4 ± 2.1 2.7 ± 2.3 0.8 ± 1 .4 
Tesuque Fm (F.G. Sed) 4 0.1 ± 0.8 8 ± 38 -O.Ql ± 0.02 -0.00 ± O.oi 1.8 ± 5.2 3.6 ± 2.4 3.3 ± 6.4 
Tesuque Fm (C.G.  Sed) 9 0.3 ± 0.8 5 ± 51 0.00 ± 0.02 -O.Ql ± O.Ql 0.6 ± 1.9 2.3 ± 2.2 0.4 ± 1 .1  
Tesuque Fm (basalt) 3 <0.1 ± 0.2 7 ± 28 -0.01 ± 0.03 -O.Ql ± O.o2 5.3 ± 14 6.6 ± 7.5 7 .2 ± 23 
Surface Water (2 stations) 2 <0.1 ± 0.8 -20 ± 84 -O.Ql ± 0.03 -0.01 ± 0.04 1 . 1  ± 4.0 3.3 ± 3.0 0.3 ± 0.4 
Surface Water (sanitary eff) 1 0.1 ± 0.3 10 ± 80 0.00 ± O.o2 0.00 ± 0.02 -0.2 ± 2.0 18 ± 4.0 0.5 ± 0.2 

No. of Analyses 26 26 26 26 26 26 26 
Minimum <0.1 ± 0.6 -50 ± 120 -O.Ql ± O.o2 -0.03 ± 0.03 -0.5 ± 0.8 0;2 ± 1.4 <0.1 ± 0.2 
Maximum 1 .3 ± 0.6 60 ± 120 0.01 ± O.Q2 0.00 ± O.o2 13 ± 6.0 18 ± 4.0 20 ± 4.0 
Average 0.1  ± 0.7 6 ± 42 -O.Ql ± 0.03 -O.Ql ± 0.03 1.5 ± 5.4 3.8 ± 7.0 1.7 ± 8.2 



TABLE E-XIV'(continued) 

Chemical 
(concentrations in mg/l, one analysis) 

Cond 
Station Si02 Ca Mg K Na C03 HC03 � S04 __ C_l__ 

F N03 TDS Hard pH mS/m 

Los Alamos Reservoir foO 4 3 3 9 4 61 <2 2 1 0.2 <2 182 18 8.3 8.0 
Guaje Canyon 44 3 2 2 6 5 54 <2 2 1 0.3 <2 122 16 7.7 8.0 
Basalt Spring 36 17 7 3 14 2 98 <2 18 9 0.6 7 250 72 8.2 24.0 
Frijoles Canyon 48 5 3 2 10 2 185 <2 18 9 0.6 7 162 27 8.2 12.0 
La Mesita Spring 19 27 <1 3 29 4 222 <2 12 6 0.3 8 286 70 8.1 27.0 

No. of Analyses 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
Minimum 19 3 <1 2 6 2 54 <2 2 1 0.2 <2 122 16 7.7 8.0 
Maximum 50 27 7 3 29 5 222 --- 18 9 0.6 8 286 72 8.3 24.0 
Average 39 ± 25 11 ± 21 3 ± 5 3 ± 1  14 ± 18 3 ± 3 124 ± 151 <2 10 ± 16 5 ± 8  0.4 ± 0.4 5 ± 6 200 ± 133 41 ± 56  8.1 ± 0.5 15.8 ± 18.2 

White Rock Canyon 15 0 94 <2 5 3 0.4 <2 159 60 --- 19.0 
Puye Formation 55 13 3 --- 36 0 150 <2 7 3 0.7 <2 228 63 --- 28.5 
Tesuque Fm (F.G. Sed) 37 19 2 --- 12 0 90 <2 3 2 0.4 <2 173 53 --- 14.0 
Tesuque Fm (C.G. Sed) 57 8 3 --- 52 0 198 <2 9 4 0.4 3 296 71 --- 35.0 
Tesuque Fm (Basalts) 50 18 3 --- 12 0 98 <2 4 4 0.4 <2 173 67 --- 17.0 
Surface Water (2 stations) 66 12 4 --- 75 5 132 40 37 29 0.9 60 552 95 --- 60.0 
Surface Water (sanitary eft) 88 16 8 

No. of Analyses 26 26 26 --- 26 26 26 26 26 26 26 26 26 26 --- 26 
Minimum 30 3 <1 --- 10 0 63 <2 2 2 0.2 <2 112 20 --- 12.0 'f 
�:.���:m � ± 32 �� ± 13 � ± 3 ::: 1�� ± 52 i ± 8 : ± 128 � ± 18 

3� ± H 
2; ± 10 0.;·� 0.4 � ± 22 : ± 210 

1�i ± 8 ::: 22
6�-� 25.3 :g 

Metal Ions 
(concentrations in JJ.g/l, one analysis 

Station Aa A1 As Ba Br Cd Co Cr Cu Fe Hg Mn Mo Ni Ph Se Zn --- --- ---- -- ---- -- --- --- ----

Los Alamos Reservoir <10 32 . <5 30 <2000 5 <5 <3 <300 <300 --- <300 <10 8 5 <5 <300 
Guaje Canyon <10 71 <5 30 <2000 7 <5 <3 <300 500 --- <300 <10 8 4 <5 <300 
Basalt Spring <10 <10 . <5 110 <2000 5 <5 4 <300 <300 <0.2 <300 15 8 <3 <5 <300 
Frijoles Canyon <10 48 <5 60 <2000 4 <5 <3 <300 <300 <0.2 <300 <10 8 3 <5 <300 
La Meoita Spring <10 <10 <5 490 <2000 10 <5 4 <300 <300 <0.2 <300 13 8 4 <5 <300 

No. of Analyses 5 5 5 5 5 5 5 5 5 5 3. 5 5 5 5 5 5 
Minimum <10 <10. <5 30 <2000 4 <5 <3 <300 <300 <0.2 <300 <10 8 <3 <5 <300 
Maximum --- 71 --- 490 --- 10 --- 4 --- 500 --- --- 15 8 5 --- ---
Average <10 34 ± 51 <5 144 ± 392 <2000 6 ± 5 <5 3 ± 1 <300 340 ± 180 <0.2 <300 12 ± 4 8 ± 8  4 ± 2  <5 <300 

Note: ± value represents twice the standard deviation of the distribution of observed values 
unless only one analysis is rePorted. Then the value represents twice the error term for 
that analysis. One sample chemical and metal ion analysis. 



Station 

Los Alamos Field (5 wells) 
Guaje Field ( 7 wells) 
Pajarito Field (3 wells) 
Water Canyon (gallery) 
Distribution (5 stations) 

No. of Analyses 
Minimum 
Maximum 
Average 

Los Alamos Well LA-6a 

Station 

Los Alamos Field (5 wells) 
Guaje Field (7 weils) 
Pajarito Field (3 wells) 
Water Canyon (gallery) 
Distribution (5 stations) 

No. of Analyses 
Minimum 
Maximum 

TABLE E-XV 

RADIOCHEMICAL AND CHEMICAL QUALITY OF WATER FROM 
MUNICIPAL SUPPLY AND DISTRIBUTION 

Radiochemical 
(average of a number of analyses) 

No. of 3H I37cs 238pu 239pu Gross a 
Analyses 10-6 1<Cilml J0-9 ��Ci/ml I0-9 1'Cifml I0-9 ��Ci/ml J0-9 ��Ci/ml 

5 0.3 ± 0.4 40 ± 48 -0.02 ± 0.04 -O.Ql ± 0.03 2.5 ± 5.3 

7 0.3 ± 0.5 17 ± 70 -O.ot ± 0.02 0.2 ± 0.4 2.4 ± 1.7 

3 0.4 ± 0.3 -34 ± 116 -O.ol ± O.Ql -O.ol ± 0.02 1.0 ± 1.2 

I 0.5 ± 0.7 -10 ± 40 -0.03 ± O.o2 -0.02 ± 0.02 -0.1 ± 1.0 

10 0.6 ± 0.8 1 ± 54 -O.Ql ± 0.03 0.00 ± 0.2 0.8 ± 2.4 

26 26 26 26 26 

<0.2 ± 0.6 -100 ± 80 -0.04 ± 0.03 -0.03 ± 0.03 -0.4 ± 1.4 

1 . 2  ± 0.6 80 ± 80 O.ol ± 0.02 0.01 ± 0.02 7.0 ± 4.0 

0.4 ± 0.7 19 ± 117 -0.02 ± 0.03 -0.01 ± 0.02 0.9 ± 3.1 

I 0 .2  ± 0.6 50 ± 80 -0.02 ± 0.03 -0.o2 ± 0.02 1.6 ± 1 .6  

Quality Required for Municipal Use 
(average concentrations in mg/t) 

Ag As Ba Cd Cr F Hg N03 

0.03I O.OI7 0.100 0.004 0.018 1.0 <0.0002 <2 

0.011 0.014 0.059 0.005 0.007 0.5 <0.0002 <2 

<0.010 0.001 0.097 0.004 0.005 0.4 <0.0002 <2 

<0.010 0.001 0.030 0.007 0.002 0.2 <0.0002 <2 

O.o18 0.004 0.090 0.004 0.008 0.6 <0.0002 <2 

2I 21 21 21 21 2 1  1 9  21 

<0.010 <0.005 0.020 0.003 0.002 0.2 <0.2 <2 

0.074 O.o78 0.150 0.008 0.032 2.2 <0.0002 ---
Average 0;017 ± 0.030 0.010 ± 0.037 0.080 ± 0.080 0.004 ± 0.003 0.009 ± 0.015 0.6 ± 0.8 <0.2 <2 

USEPA and NMEIA MPL 0.05 0.05 1 .0 0.010 0.05 2.0 0.002 45 

Los Alamos Well LA-6a 0.007 0.211 0.040 <0.003 O.OI9 1.8 <0.0002 <2 

Gross {J Total U 
10-9 11Cilml !'g/l 

3.3 ± L7 3.8 ± 4.7 

0.6 ± 0.5 

3.7 ± 4.0 1.2 ± 1.7 

1.9 ± 1.6 <0.1 ± 0.2 

3.5 ± 2.6 1.2  ± 2.3 

26 26 

1.0 ± 1.4 <0.1 ± 0.2 

5.9 ± 2.0 6.3 ± 1.2 

3.1 ± 2.4 1.5 ± 3.4 

4.6 ± 1.8 1.6 ± 0.4 

:c 
I 

Ph Se \D 

0.010 0.005 

0.005 0.005 

0.004 0.005 

0.005 0.005 

0.007 0.005 

21 21 

0.003 

0.020 <0.005 

0.006 ± 0.007 

0.05 O.ol 

0.010 <0.005 



TABLE E-XV (continued) 
Chemical 

(average concentrations in mg/t) 

Stations Si02 Ca Mg K 
-- ---

Los Alamos Field (5 wells) 27 7 <1 1.8 
Guaje Field (7 wells) 65 9 1 2.3 
Pajarito Field (3 wells) 75 12 6 3.0 
Water Canyon (gallery) 34 5 3 1.8 
Distribution (5 stations) 55 9 3 2.5 

No. of Analyses 21 21 21 21 
Minimum 26 5 <1 1.3 
Maximum 84 16 8 3.8 
Average 54 ± 40 9 ± 7  2 ± 5  2.3 ± 1.5 

Los Alamos Well LA-68 29 3 <3 1.1 

Na C03 
--- ----

65 0 

23 0 
17 4 

6 2 
24 2 

21 21 
6 0 

152 5 
32 ± 66 1 ± 3 

74 0 

HC03 P04 so4 

178 <2 12 

100 <2 4 

124 <2 4 

54 <2 2 

141 <2 5 

21 21 21 

49 <2 < I  

376 . . .  34 

130 ± 148 <2 6 ± 14 

163 <2 4 

Metal Ions 
(average concentrations in p.g/l) 

Station AI Be Co Cu 
--- -- - --

Los Alamos Field (5 wells) <10 <2000 <5 <300 

Guaje Field (7 wells) <10 <2000 <5 <300 

Pajarito Field (3 wells) 11 <2000 <5 <300 

Water Canyon (gallery) 35 <2000 <5 <300 

Distribution (5 stations) 26 <2000 <5 <300 

No. of Analyses 21 21 21 21 
Minimum <10 <2000 <5 <300 
Maximum 8<1 ... ... . .. 

Average 14 ± 34 <2000 <5 <300 

Los Alamos Well LA-6a 10 <2000 <5 <300 

Note: ± value represents twice the standard deviation of the distribution of observed values 
unless only one analysis is reported. Then the value represents twice the error term for 
that analysis. One sample for chemical and metal ion analysis from each well and dis
tribution station. 

aLos Alamos Well LA-6 on standby; not used (see LA-7012-MS) .  

Fe Mn Mo 
-- -- --

<300 <300 <10 

<300 <300 <10 

<300 <300 40 

<300 <300 <10 

<300 <300 <10 

21 21 21 

<300 <300 <10 
. .. . .. 

<300 <300 <10 

<300 <300 <10 

Cond 
Cl TDS Hard pH mS/m 

--- --- -

6 318 19 8.7 30.6 
2 229 29 8.6 17.0 
4 314 54 8.2 20.3 

<1 176 25 8.1 12.0 
3 249 35 8.2 19.0 

21 21 21 21 21 
166 14 8.0 8.0 10.0 

13 624 71 8.8 64.0 
4 ± 7  265 ± 206 31 ± 34 8.4 ± 0.5 21.0 ± 12.0 

9.1 30.0 

2 324 

Ni Zn 
-- -

8 <300 

7 <300 ::X: 
7 <300 I <D 
8 <300 N 

11 <300 

21 21 

6 <300 

12 

8 ± 4  <300 

8 <300 



TABLE E-XVI 

RADIOCHEMICAL AND CHEMICAL QUALTY OF WATER FROM 
ONSITE STATIONS 

Badlochemiea) 
(avenp of a number of a.u.lya�N) 

No. rtl. 3JI 137C. %38pg 239p, !IOsr Gnu a G1011/J Totai U  
Statlou Aaab- to-'�cvmJ to-9,.:CVmJ to-9,.:CVml to-9�CVmJ to-9J<CVml to-9J<CVml to-9,.:CVmJ ,gil 

Noaeftl.1111111t Antaa 
Test Weil l I 1.3 ± 0.3 -19 ± 16 -0.1 ± 0.02 0.00 ± 0.01 0.0 ± 1.6 5.2 ± 2.0 0.1 ± 0.2 

Test Well 3 2 1.0 ± 0. 1  30 ± 57 -0.1 ± 0.02 -0.1 ± 0.06 0.7 ± 0.7 1.8 ± 0.6 0.2 ± 0.2 

Deep Test-SA 2 0.7 ± 0.3 32 ± 62 -0.2 ± 0.02 -0.01 ± 0.04 1.3 ± 3.0 3.0 ± 3.0 0.5 ± 0.2 

Test Well S 2 1.5 ± 0.6 25 ± 14 -0.02 ± 0.04 0.00 ± 0.03 0.9 ± 1.0 2.5 ± 0. 1  0 . 1  ± 0.1 

DeepTest-9 2 1.9 ± 1.8 15 ±14 -0.00 ± 0.06 0.00 ± 0.02 0.9 :t 0.0 3.6 ± 2.6 1.0 ± 0.7 

DeepTeet-10 I 0.5 ± 0.6 50 ± 40 -0.03 ± 0.02 0.00 ± 0.03 0.4 ± 1.2 4.5 ± 1.8 0.4 ± 0.2 

Cei\ada del Buey I 3.6 ± 0.8 50 ±  32 -0.04 ± 0.03 -0.05 ± 0.04 1.8 ± 1.6 6.4 ± 2.2 2.4 ± 0.4 

Pajarito Canyon I 4.2 ± 0.8 60 ± 100 -0.04 ± 0.04 0.00 ± 0.03 0.0 ± 2.2 17.0 ± 4.0 0.4. ± 0.2 

Water Canyon I 1.3 ± 0.6 -3 ± 32 -0.02 ± 0.03 -0.01 ± 0.03 0.4 ± 1.6 13.0 ± 3.2 1.5 ± 0.2 

T.tWell 2 2 0.6 ± 0.3 12 ± 20  -0.00 ± 0.02 -0.01 ± 0.01 0.1 ± 1.8 1.5 ± 0.9 0.2 ± 0.3 

No. of� 14 15 15 15 15 15 13 

Minimum 4.2 ± 0.8 -19 ± 16 -0.05 ± 0.00 -0.05 ± 0.04 -0.6 ± 0.5 1.2 ± 1.6 <0.1 ± 0.2 

Mamnum 4.2 ± 0.8 70 ± 40 -0;(10 ± 0.02 0.01 ± 0.03 2.3 ± 0.9 17.0 ± 4.0 2.4 ± 0.4 

A....,.. 4.2 ± 2.3 27 ± 50 -0.02 ± 0.02 -0.02 ± 0.04 0.7 ± 1.5 4.7 ± 9.0 0.6 ± 1.4 

-·ReleueAno 
Acid Pueblo Canyon 
(fonner releaae area) 
Acid Weir 2 1.3 ± 0.4. 15 ± 71 0.02 ± 0.06 2.11 ± 5.96 77 ± 6.0 3.2 ± 5.1 118 ± 290 0.4 ± 0.7 

Pueblo 1 2 1.8 ± 0.8 1 ± 3  -0.00 ± 0.03 0.10 ± 0.26 3.70 ± 0.80 1.1 ± 1.8 56 ±  102 0.9 ± 1.4 

Pueblo 2 2 1.1 ± 0.0 69 ± 117 -0.01 ± 0.06 0.04 ± 0.01 4.60 ± 0.80 2.5 ± 3.4 24 ± 1.4 0.2 ± 0.4 

Pueb1o 3 2 0.9 ± 0.4 20 ± 57 -0.00 ± 0.04 0.03 ± 0.06 1.70 ± 1.00 12 ± 31 55 ± 112 2.1 ± 5.8 

Hamilton Bend Spr I 1.6 ± 0.6 40 ± 60 -0.03 ± 0.02 -0.01 ± 0.02 -0.70 ± 0.80 1{) ± 6.0 25 ± 6.0 50 ±  10 

Test Weii 1A I 0.9 ± 0.6 30 ± 40 -0.08 ± 0.03 -0.03 ± 0.02 -0.30 ± 0.80 0.1 ± 1.8 7.1 ± 2.4 0.9 ± 0.2 

Teat Well 2A 2 18.9 -t:: 4.4 -10 ± 14 -0.02 ± 0.02 0.00 ± 0.00 0.30 ± 1.00 0.7 ± 1.4 3.3 ± 0.0 0.1 ± 0.3 

No. of Analyses 12 12 12 12 7 12 12 12 

Minimum 0.8 ± 0.6 -20 ± 60  -0.08 ±0.00 -0.02 ± 0.02 -0.07 ± 0.80 0.1 ± 0.9 3.3 ± 1.6 <0.1 ± 0.2 

Maximum 21.5 ± 1.1 110 ± 80 0:04 ± 0.04 4.22 ± 0.32 77 ± 6.0 15 ± 6.0 220 ± 40 50 ± 10 :r 
I 

A- 4.2 ± 13.9 22 ± 70 -0.01.± 0.06 0.38 ± 2.42 12 ± 57 45 ± H  45 ± 126 4.9 ± 29 "' 
w 

DP·Loo Alamoo Caayaa 
DPS-1 2. 81.2 ± 34.5 35 ± 42 6.81 ± 18 3.26 ± 6.29 197 ± 12 1&16 :t 34-50 835 ± 1090 698 ± 1300 

DPS-4 2 21.4 ± 16.7 1 ± 115 0.14 ± 0.19 0.42 ± 0.86 185 ± 14 1I ± 'Z7 675 ± 71 4.3 ± 4.0 

LAO-C 2. 1.0 ± 1.8 10 ± 57 -0.01 ± 0.04 0.02 ± 0.07 1.0 ± 0.6 5.3 ± 7.3 9.3 ± 6.4 3.5 ± 7.5 

LAO-I 2 21.3 ± 10.5 4 ± 44 -0.01 ± 0.01 0.08 ± 0.20 73 ± 6.0 3.0 -i. 5.8 184 ± 74 0.4 ± 0.8 

LA0-2 2 14.8 ± 26.9 21 ± 25 0.00 ± 0.07 0.17 ± 0.42 111 ± 8.0 3.5 ± 4.1 222.± 249 1.5 ± 1.4 

LA0-3 2 12.9 ± 26.2 13 ± 14 0.01 ± 0.07 0.15 ± 0.40 22 ± 2.2 6.6 "* 9.8 84 ± 35  4.2 ± 4.2 

LA0-4 2 10.3 ± 1.7 40 ± 57 -0.01 ± 0.03 0.26 ± 0.72 2.0 ± 0.4 5.5 ± 3.5 18 ± 11 0.4 ± 0.8 

LA0-4.5 I 10�8± 0.8 40 ± 40 -0.01 ± 0.03 0.00 ± 0.02 3.0 ± 1.2 2.2 ± 2.0 8.9 ± 2.6 2.9 ± 0.6 

No. of Analyses 15 15 15 15 15. 15 15 15 

MinimutD. 0.4 ± 0.6 -40 ± 40 -0.02 ± 0.02 0.01 ± 0.02 1.0 ± 0.6 1.0 ± 6.0 8.9 ± 2.6 <0.1 ± 0.2 

Maximum 93A ± 3.2 60 ± 100 13.1 ± 0.60 5.49 ± 0.34 197 ± 6.0 3100 ± 1200 1220 ± 240 1160 ± 232 

Aven .. 22..4 ± 51.5 19 ± 51 0.92 ± 6.74 0.58 ± 2.79 74 ± 164 256 :i: 1600 Zll ± 690 95.1 ± 600 

Saadla Cuy ... -35 ± 156 -0.02. ± 0.03 -0.01 ± 0.00 0.30 ± 0.40 2.2 ± 7.9 23 ± 7 3.1 ± 46 
SCS-I 2 8.1 ± 0.8 15 ± 41 0.00 ± 0.04 -0.01 ± 0.01 0.60 ± 1.2 0.9 ± 5.9 22 ± 6 2.2 ± 0.9 

SCS-2 2 7.3 ± 1.7 6 ± 7  -0.01 ± 0.03 0.00 ± 0.00 0.90 ± 1.2 2.5 ± 1.4 24 ± 0 5.3 ± 7.3 

SCS-3 2 6.9 ± 2.7 

No: of Analyses 6 6 6 6 3 6 

MinimutD. 6.0 ± 0.8 -90 ± 100 -0.03 ± 0.02 -0.01 ± 0.92 0.30 ± 0.40 -1.2 .'�.4 20 ± 4 1.4 ± 0.2 

Maximum 8A ± 0.8 29 ± 16 0.02 ± 0.02 0.01 ± 0.02 0.90 ± 1.2 5.0 ± 6.0 2S ± 6 7.9 ± 1.6 

Aw...,.. 7.4 ± 1.8 -5 ± 86  0.00.± 0.02 -0.01 ± 0.01 0.60 ± 0.60 1.9 :t 4.7 23 ± 4 3.5 ± 4.9 

Morta:ltdad Caayoa 
GS-1 2 8.8 ± 3.0 8.f.5 ± 325 4.94 ± 5.18 2.24 ± 4.84 137 ± 12 48 f. 113 1155 ± 212 0.8 ± 0.3 

MCS-3o9 I 22.0 ± 1.2 319 ± 38 8.60 ± 0.40 2.37 ± 0.20 14 ± 8.0 600 ± 120 1.6 ± 0.4 

MC0-3 2 95.4 ± 33.5 35 ± 41 5.37 ± 2.07 0.59 ± 0.&4 36 ± 3.0 20 ± 7.0 304 ± 413 4.3 ± 2.0 

MC0-4 2 303 ± 114 75 ± 42 19.10 ± 18.10 3.76 ± 3.89 80 ± 6.0 325 ± 665 790 ± 1200 10.4 ± 4.7 

MC0-5 2 239 ± 164 -50 ± 15 0.78 ± 1.10 0.19 ± 0.38 2.6 ± 1.0 14 .\:. 17 66 ± 21 13.6 ± 12.2 

MC0-6 2 300 ± 455 21 ± 18 2.16 ± 2.81 0.28 ± 0.63 2.8 ± 1.2 17 ± '29 58 ±  27 32 ± 90 

MC0-7 2 105 ± 28 15 ± 14. 0.06 ± 0.07 0.02 ± 0.06 0.2 ± 1.4 12 ± 24 18 ± 18 8.2 ± 18 

MC0-7.5 I 388 ± 12 -40 ± 140 0.29 ± 0.08 0.06 ± 0.04 1.6 ± 0.8 22 ± 14 42 ± 10 14.1 ± 14 

No. of Analyses 14 14 14 14 7 14 14 14 

Minimum 7.8 ± 0.8 -60 ± 80 0.03 ± 0.02 0.00 ± 0.02 0.2 ± 1.4 2.9 ± 2.8 11 ± 3.0 0.7 ± 0.2 

Maximum -464 ± 14 960 ± 80 8:60 ± 0.40 5.13 ± 0.34 137 ± 12 5M ± 240 1230 ± 240 143 ± 14 

Av.,... 180 ± 295 154 ± 619 5.26 ± 13.8 1.19 ± 3.28 37 ± 106 65 ± 290 387 ± 929 20 ± 78 



Station 

Nonefftuen.t Area& 
Teet Weil l 
Test Wel1 3 
Deep Test-SA 
Test Well S 
DeepTest-9 
Deep Teat-10 
Cai\ada del Suey 
Pajarito Canyon 
Water Canyon 
TeetWell 2 

No. of Analyses 
Minimum 
Maximum 
Aven.1e 

Etnueat Ansa 
Acid-Pueblo Canyon 
(former releaae area) 

Acid-Weir 
Pueblo ! 
Pueblo 2 
Pueblo 3 
Hamilton Bend Spr 
Test Well lA 
Test Weii 2A 

No. of Analyses 
Minimum 
Maximum 
Average 

DP·Lol Alamo• Canyon 
DPS-1 
DPS-4 
LAO-C 
LAO-! 
LA0-2 
LA0-3 
LA0-4 
LA0-4.5 

No. of Analyses 
Minimum 
Mu.imum 
Average 

Sandla Caayon 
SCS-I 
SCS-2 
SCS-3 

No. of Analyses 
Minimum 
Maximum 
Average 

Mort.audad Canyon 
GS-1 
MCS-3.9 
MC0-3 
MC0-4 
MC0-6 
MC0-6 
MC0-7 
MC0-7.5 

No. of Analyses 
Minimum 
Maximum 
Average 

No. 
Analyse& SiOz 

« 
70 
60 
46 
56 
50 
48 
39 
19 
47 

1 1  

19 
70 
48 ± 26 

27 
60 
49 
47 
50 
« 

12 
4 

66 

42 ± 35 

22 
17 
32 
40 
32 
23 
36 
32 

13 
17 
« 
29 ± 18 

107 

96 
89 

74 
134 

97 ± 44 

60 

42 
43 
31 
25 
23 
31 
25 

14 
21 
62 
35 ± 27 

Ca 

32 
9 

3 
25 
17 

9 

11 
3 

32 
12 ± 20 

117 

8 
9 

10 
7 

10 
14 

12 
7 

223 
28 ± 123 

11 
18 

14 
16 

9 
9 

16 
9 

13 
4 

18 
13 ± 8 

13 
18 
17 

6 
1 1  

22 
16 ± 8 

9 
23 
12 
15 
19 
20 
11 
25 

14 
4 

25 
16 ± 13 

Mg 

4 
2 

11 
6 

3 

11 

11 
4 ± 6  

12 
2 
5 
3 ± 2  

13 

I 
6 
4 ± 3 

5 ± 2  

14 
2 
8 
4 ± 4  

K 

5.0 
2.3 
1.8 
1.8 
1.2 
1 .6 

3.1 

6.6 
5.2 
1.2 

11 
1.2 
6.6 

3.0 ± 3.8 

7.9 
14 
13 
14 
9.3 
7.9 
2.4 

2.4 
14 

9.9 ± 8.7 

60 
31 

4.4 
7.2 

34 

29 

4.3 

4.4 
60 

24 ± 41 

18 
17 
15 

3 
15 
18 

16 ± 3.0 

3.5 

3.7 
6.5 
7.5 
9.8 
4.6 
8.7 

7 

3.5 
9.8 

6.3 ± 5.0 

Na 

21 

12 

11 
11 
11 
1 1  
20 
27 

21 

9 

11 

9 
T1 
15 ± 12 

63 
75 
73 
81 
74 
69 
18 

12 

18 

82 

63 ± 46 

407 
131 

51 
83 
90 
78 

51 
40 

13 
40 

429 
126 ± 256 

94 
149 
134 

6 
68 

!50 
125 ± 121 

181 
321 
203 
271 
!88 
264 

87 
229 

14 
49 

321 

209 ± 179 

TABLE E-XVI (continued) 

co3 Hco3 

14 
2 
3 
0 

11 

0 
14 
4 ± 6  

12 
3 

12 
2 

12 
6 ± 7  

13 
0 
7 
3 ± 5  

2 ± 4  

0 
0 
I 

20 
4 
0 
6 
9 

14 
0 
9 
6 ± 3 

115 
107 

73 
88 
66 

110 
56 
61 

122 
105 

11 

56 
122 

90 ± 50  

116 
79 
95 

!57 
120 
137 

62 

12 
56 

190 
106 ± 7� 

514 
205 

79 
146 
134 

177 
124 

73 

13 
73 

600 
192 ± 305 

189 
241 
213 

134 

275 
214 ± 95 

165 
400 
326 
403 
287 

393 
15 

390 

14 
107 

468 
303 ± 238 

Cbemieal 
(concentrations in mg/.t) 

P04 

<2 
<2 
<2 
<2 
<2 
<2 
<2 
<2 
<2 
<2 

11 
<2 

<2 

4 
30 
24 
24 
22 
17 

<2 

12 
<2 
32 
17 ± 24 

237 
2 

<2 
<2 
<2 
<2 
<2 
<2 

13 
<2 

474 
<39 ± 260 

12 
11 
12 

10 
13 
12 ± 2 

<2 
<2 
<2 
<2 
<2 
<2 

4 
<2 

14 
<2 

8 
<2 

so, 

<2 
<2 
<2 
<2 
13 
18 
12 

6 

II 
<2 
18 

<6 ± 12 

16 
34 
33 
14 
29 
27 
22 

12 
<2 
37 
24 ± 21 

42 
24 

9 
18 
19 
18 
18 
18 

13 
7 

49 
21 ± 22 

50 
119 
114 

6 
39 

138 
94 ± 75 

14 
82 
41 
61 
61 
76 

17 
83 

14 
10 
84 
50 ± 54 

Cl 

95 
5 
6 

1 1  
1 

95 
13 ± 58  

60 
43 
30 

3 
40 
33 
19 

12 

<I 
102 

32 ± 56  

58 
64 
51 
45 
40 
24 
25 
28 

13 
12 

104 
43 ± 58 

44 
62 
57 

6 
36 
62 
54 ±  19 

Z3 
18 
29 
34 
39 
12 
29 

14 
5 

44 
24 ± 23 

F 

0.8 
0.5 
0.3 
0.3 
0.4 
1.2 
4.2 
0.3 
0.3 
0.4 

II 
0.3 
4.2 

0.9 ± 2.4 

0.3 
0.6 
0.6 
0.8 
0.9 
0.9 
0.3 

12 
0.2 
0.9 

0.6 ± 0.5 

21 
2.8 
0.2 
0.6 
3.2 
2.6 
1.4 
0.4 

13 
0.1 

25 
4.5 ± 15 

1.3 

1.5 
1.5 

6 
0.8 
1.9 

1.4 ± 0.9 

1.3 
1.8 
2.0 
2.6 
0.9 
1.6 
0.3 
0.6 

N03 

<2 
<2 
<2 
<2 
<2 
<2 
<2 
<2 
<2 
<2 

11 
<2 

8 
<4 ± 6  

13 
40 
38 
20 
26 
26 
<2 

12 
<2 
46 
23 ± 33 

11 
<2 
<2 

5 
3 

39 
31 

13 
<2 
68 

<12 ± 38 

28 
10 

8 

2 
33 
16 ± 24 

28 

276 

112 

12 

68 

95 
32 
<2 

14 14 
0.3 <2 
2.7 276 

1.5 ± 1.5 <70 ± 192 

TDS 

290 
268 
200 
221 

160 
206 
228 
440 
322 
163 

11 
160 

440 
250 ± 170 

393 
463 
472 
471 
464 
482 
184 

12 
162 
558 
409 ± 252 

1739 
694 
329 
454 
507 
452 
320 
28() 

Hard 

88 
45 
20 
32 
24 
30 
31 

Ill  
69 
67 

1 1  
20 

111  
52 ± 62 

110 

85 

65 
64 

356 
98 
89 
12 
34 

356 
107 ± 182 

4048 
1148 

146 
90 

154 

190 

76 

336 

pH 

8.3 
8.1 
8.1 
8.5 
8.2 
8.3 
7.5 
7.4 
8.3 
7.9 

11 
7.4 
8.5 

8.1 ± 0.8 

7.3 

8.4 
8.0 
8.0 
8.1 
7.8 

8.7 

12 
7.3 
8.8 

8.1 ± 1.0 

9.6 
8.3 
8.2 
8.1 
7.8 
7.8 
7.6 
8.1 

13 13 13 
7.1 

10.3 
258 20 

1908 8057 
635 ± 1030 &14 ± 4380 8.2 ± 1.7 

676 

832 
761 

6 
656 
916 
756 ± 179 

407 
1258 
836 

1087 
851 

1109 
462 

1340 

14 

390 
1340 
864 ± 697 

!36 

238 
107 

78 
29.2 

160 ± 158 

144 
68 

1010 
437 
140 
240 
!55 
333 

8.7 

8.6 

8.6 

8.6 

8.9 
8.6 ± 0.1 

8.5 
8.1 
8.7 
8.5 
8.0 
8.4 
8.0 
8.7 

14 14 
34 7.2 

1961 8.8 
332 ± 1032 8.4 ± 0.9 

tnS/m 

27.0 
18.0 
11.0 
13.0 
12.0 
12.0 
15.0 
41.0 
23.0 
16.5 

11  
11.0 
41.0 

19.0 ± 18.0 

43.0 
48.5 
45.0 
48.0 
44.0 
44.0 
20.5 
12 
19.0 
54.0 

41.5 ± 22.9 

195.0 
76.0 

39.0 
51.0 
54.0 
48.0 
38.0 
30.0 

13 
30.0 

200.0 
706 ± 1040 

59.0 
85.0 
76.0 

50.0 
68.0 

73.0 ± 27.0 

38.0 
140.0 
94.0 

135.0 
90.0 

120.0 
48.5 
54.0 

14 
34.0 

140.0 
89.0 ± 80.4 

:z: 
' 

"' 
� 



Stat.lcm 

DP�X.O. Alam01 Canycm 
DPS-1 
DPS-4 
LAO-C 
LAO-I 
LA0-2 
LA0-3 
LA0-4.5 

No. of AnalyiM!S 
Minimum 
Maximum 
Average 

8aJuHa Ca.ayon 
SCS-I 
SCS-2 
SCS-3 

No. of AnalyiM!S 
Minimum 
Maximum 
Average 

Mortandad Ca.ayo:n 
GS-1 
MC0-3 
MC0-4 
MC0-5 
MC0-6 
MC0-7 
MC0-7.5 

No. of Analyses 
Minimum 
Maximum 
Averase 

Nonefti.UeDt Areu 
TeetWell 1 
Teet Well 3 
DT-54 
Teet Well 8 
DT-9 
DT-10 
Canada del Buey 
Pajarito Canyon 
Water Canyon 
Test Well 2 

No. of Analyses 
Minimum 
Ma:�imum 
Average 

Emuent Areu 
Acid-Pueblo Canyon 
(fonner release area) 

Acid Weir 
Pueblo 1 
Pueblo 2 
Pueblo 3 
Hamilton Bend Spr 
Test Well lA 
Test Well2A 

No. of Analyses 
Minimum 
Maximum 
Average 

Ac 

<10 
<10 
<10 
<10 

11 
<10 

12 

7 
2 

12 
<10 ± 2 

14 
21 
74 

14 
74 
36 ± 66 

10 
14 
14 
20 
12 

<10 
17 

7 
<10 

20 
14 ± 7 

10 
<10 
<10 
<10 
<10 
<10 

� 
<10 
<10 
<10 

10 
<10 

� 
<12 ± 12 

<10 
<10 
<10 
<10 
<10 
<10 
<10 

7 
<10 

<10 

AI 

1440 
196 

32 
<10 

43 
55 
53 

7 
9 

1440 
261 ± 1047 

25 
41 
10 

10 
41 
25 ± 31 

39 

350 
140 

25 
59 

40 
43 

7 
25 

350 
99 ± 234 

<10 
12 
11 

<10 
11 
10 

1700 
10 
20 
11 

10 
<10 

1700 
<180 ± 1040 

18 
18 
10 
10 
56 
11 
16 

7 
10 
56 
20 ± 32 

Ao 

7 
<5 
<5 

<5 
<5 
<5 

7 
<5 

7 
3 ± 6 

7 ± 4  

<5 
<5 
<5 
<5 
<5 
<5 

<5 

<5 

<5 

<5 
<5 
<5 

<5 
<5 
<5 
<5 
<5 
<5 

10 

10 
<5 

10 
<5 ± 4 

<5 
11 
10 

8 
7 

10 
<5 

<5 
11 

8 ± 4  

Ba 

160 

160 
110 
110 
140 
130 

40 

7 

40 
160 
121 ± 83 

30 
30 
20 

3 
20 
30 
Z7 ± 12 

<20 
<20 

20 
120 
100 

70 
220 

<20 
220 

81 ± 147 

720 
90 
70 
40 
70 
20 

130 
1890 
8150 

50 

10 
20 

8150 
1120 ± 5070 

110 
60 
60 
30 

250 
120 
200 

7 
30 

250 
119 ± 160 

Br 

<2000 
<2000 
<2000 
<2000 
<2000 
<2000 
<2000 

<2000 

<2000 

<2000 
<2000 
<2000 

3 
<2000 

<2000 

<2000 
9700 

180 000 
173(X() 
234 000 

21 000 

173 (X() 

7 
<2000 

234 000 
113 000 ± 196 000 

<2000 
<2000 
<2000 
<2000 
<2000 
<2000 
<2000 
<2000 
<2000 
<2000 

10 
<2000 

<2000 

17 500 
<2000 
<2000 
<2000 
<2000 
<2000 
<2000 

<2000 

<2000 

Cd 

4 
7 
5 ± 3  

17 
13 
11 

11 
17 
14 ± 6 

14 
8 

14 
9 ± 5  

10 
3 
8 
5 ± 4  

240 
4 

12 
90 
11 

4 
24C 

53 ± 175 

TABLE E-XVI (continued) 

Co 

<5 
<5 
<5 

<5 
<5 
<5 
<5 

<5 

<5 

<5 
<5 
<5 

� 
<5 

<5 

<5 
<5 
<5 
<5 
<5 
<5 
<5 

<5 

<5 

<5 

<5 

<5 
<5 
<5 
<5 
<5 
<5 
<5 

<5 

10 
<5 

<5 

< I  
I 

<I 

I 
<5 
<5 

<I 
<5 

2 ± 4  

Metal l01111 
(eoncentra.ticma in p.g}t. cme analy&ia) 

16 
<3 
<3 

113 
<3 

5 
<3 

Cr 

I 
113 

21 ± 82 

5380 
34 
21 

Cu 

<300 
<300 
<300 
<300 
<300 
<300 
<300 

<300 

<300 

<300 
<300 
<300 

21 <300 
5380 
1812 ± 6181 <300 

4 
13 
11 
21 

8 
41 

4 
41 
15 ± 26 

<3 
3 
3 

<3 
3 

<3 
4 

<3 
<3 

5 

10 
<3 

5 
<3 ± 2 

<3 
4 
3 

<3 

<3 
<3 

<.> 

<3 ± 1 

<300 
<300 
<300 
<300 
<300 
<300 
<300 

<300 

<::\00 

<300 
<300 
<300 
<300 
<300 
<300 
<300 
<300 
<300 
<300 

10 
<300 

<300 

<300 
<300 
<300 
<300 
<300 
�300 

<300 

<300 

<:100 

Fe 

1600 
<300 
<300 
<300 
<300 
<300 
<300 

7 
<300 
1600 

<486 ± 983 

BOO 
700 
400 

400 
BOO 
633 ± 416 

BOO 
500 
400 

<300 
<300 
<300 
<300 

7 
<300 

BOO 
<414 ± 373 

<300 
<300 

<300 
<300 
<300 
<300 
2400 
900 

<300 
<300 

10 
<300 

2400 

<570 ± 1340 

<300 
<300 
<300 
<300 
<300 
<300 
<300 

<300 

<300 

Hg 

<0.2 
<0.2 
<0.2 
<0.2 
<0.2 
<0.2 

<0.2 

<0.2 

<0.2 
<0.2 
<0.2 

<0.2 

<0.2 

0.6 
0.2 
0.3 
0.2 

<0.2 
<0.2 
<0.2 

<0.2 

0.6 
0.3 ± 0.3 

<0.2 

<0.2 

2. 
<0.2 

<0.2 

<0.2 
<0.2 
<0.2 
<0.2 

<0.2 

<0.2 

<0.2 

Mn 

<300 

<300 

<300 
<300 
<300 
<300 
<300 

7 

<300 

<300 

<300 
<300 
<300 

<300 

<300 

<300 
<300 
<300 
<300 
<300 
<300 
<300 

7 
<300 

<300. 

500 
<300 
<300 
<300 
<300 
<300 
<300 
1110 

<300 
<300 

10 
6300 
1100 

<370 ± 570 

<300 
<300 
<300 
<300 
<300 
<300 

<300 

7 
<300 

<300 

Mo 

56 
17 

<10 
24 

<10 
<10 
<10 

<10 
56 

<20 ± 34 

<10 
<10 

11 

3 
10 
11 

<10 ± 1 

<10 
30 
73 
96 

196 
16 

51 

<10 
196 

67 ± 129 

<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 
<10 

10 
<10 

<10 

<10 
<10 
<10 
<10 
<10 
<10 
<10 

<10 

<10 

19 
12 
10 
13 
16 
11 
9 

7 
9 

19 

Ni 

13 ± 7 

34 
27 
25 

3 
25 
34 
� ± 9  

13 
18 
26 

8 

14 
18 

26 
15 ± 1 2  

1 2  
9 

14 
9 
8 

10 
8 

14 
9 ± 4  

10 
10 

9 
5 

11 
10 

11 
9 ± 4  

Pb 

6 ± 2 

4 ± 3 

6 ± 3  

<3 
5 

10 
<3 

9 
5 ± 4  

,') ± 4  

<5 
5 
5 

<5 
5 

<5 

<5 
5 

<5 

<5 
<5 

5 

<5 

<5 

<5 
<5 
<5 
<5 
<5 
<5 
<5 

<5" 

<5. 

<5 
<5 
<5 

<5 
<5 
<5 
<5 
<5 
<5 
<5 

10 
<5 

<5 

<5 
<5 
<5 
<5 
<5 
<5 
<5 

<5 

<5 

Se Zn 

<300 

<300 

<300 

<300 

<300 
<300 

<300 

<300 

<300 

<300 
<300 
<300 

<300 

<300 

<300 
<300 
<300 
<300 
<300 

<300 

<300 

7 
<300 

<::\00. 

<300 
<300 

400 
400 

<300 
<300 
<300 
<300 

<300 
<300 

10 
<300 

400 
<320 ± 84 

<300 
<300 
<300 
<::100 
<300 
<300 
<300 

<300 

<300 

7' 
'"' 
"' 
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TABLE E-XVII 

LOCATION OF SOIL AND SEDIMENT STATIONS 

Latitude Longtiude 
or or Map 

N-S E-W Designation 
Station Coordinate Coordinate (Figure 10)8 

Regional Soilsh 

Regional Sediments 
Rio Chama 

Cham ita 36°05' 106°07 
Rio Grande 

Embudo 36°12 '  105°58' 
Otowi N085 E550 A 
Sandia S060 E490 B 
Pajarito S185 E410 c 
Ancho S305 E335 D 
Frijoles S375 E235 E 
Cochiti 35°37 ' 106°19 '  
Bernalillo 35° 17'  106°36' 

Jemez River 35°40' 106°44' 

Perimeter Soils 
Sportsman 's Club N240 E215 S1 
TA-8 N060 W075 S2 
TA-49 S165 E085 S3 
Frijoles S245 E180 S4 
North Mesa N135 E165 S5 
East of Airport N095 E220 S6 
West of Airport N115 E135 S7 
South SR-4 near S-Site S085 W035 S8 

Perimeter Sediments 
Guaje near G-4 N215 E325 1 
Guaje at SR-4 N135 E480 2 
Bayo at SR-4 N100 E455 3 
Pueblo at Acid Weir N125 E070 4 
Pueblo at PC-1 N130 E070 5 
Pueblo at Pueblo 1 N130 E085 6 
Pueblo at Pueblo 2 N120 E145 7 
Los Alamos at Reservoir N100 W065 8 
Los Alamos at Totatvi N065 E405 9 
Los Alamos at LA-2 N125 E510 10 
Los Alamos at Rio Grande N095 E555 11  
Sandia at  Rio Grande S0 55 E490 12 
Canada del Ancha S060 E505 13 
Mortandad at SR-4 S030 E350 14 
Mortandad at Rio Grande S075 E480 15 
Canada del Buey at SR-4 S090 E360 16 
Pajarito at Rio Grande S175 E410 17 
Frijoles at Park Hdq S280 E185 18 
Frijoles at Rio Grande S365 E235 19 
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TABLE E-XVII (continued) 

LOCATION OF SOIL AND SEDIMENT STATIONS 

Latitude Longtiude 
or or Map 

N-S E-W Designation 
Station Coordinate Coordinate (Figure I O)• 

Onsite Soils 
TA-21 N095 E140 S9 
TA-50 N035 E095 S10 
TA-36 S090 E150 Sll  
PM-1 N020 E3 10 S12 
West of T A-53 N070 E105 S 13 
East of T A-53 N050 E220 S 14 
East of New Sigma N060 E065 S15 
Sigma Mesa N050 E135 S16 
East of T A-52 N020 E145 S17 
2-Mile Mesa N025 E030 S18 
Near TA-51 S030 E200 S 19 
East of T A-54 S080 E295 S20 
R-Site Road S015 E030 S21 
R-Site Road East S040 E100 S22 
Potrillo Drive S065 E 195 S23 
S-Site S035 W025 S24 
Near TA- l l  S070 E020 S25 
Near DT-9 S150 E140 S26 
TA-33 S245 E225 S27 

Onsite Sediments 
Pueblo at Hamilton Bend Spr N105 E255 20 
Pueblo at Pueblo 3 N090 E315 21 
Pueblo at SR-4 N070 E350 22 
DP Canyon at DPS-1 N090 E160 23 
DP Canyon at DPS-4 N075 E205 24 
Los Alamos Canyon at Bridge N095 E020 25 
Los Alamos at LA0-1 N080 E120 26 
Los Alamos at GS-1 N075 E200 27 
Los Alamos at TW-3 N075 E215 28 
Los Alamos at LA0-4 N075 E240 29 
Los Alamos at SR-4 N065 E355 30 
Sandia at SCS-2 N050 E175 31 
Sandia at SR-4 N025 E315 32 
Mortandad near CMR N060 E035 33 
Mortandad West of GS-1 N045 E095 34 
Mortandad near MC0-2 N035 E090 35 
Mortandad at GS-1 N040 E105 36 
Mortandad at MC0-5 N035 E155 37 
Mortandad at MC0-7 N025 E190 38 
Mortandad at MC0-9 N030 E215 39 
Mortandad at MC0-13 N015 E250 40 
Pajarito at TA-18 S055 E195 41 
Pajarito at SR-4 S 105 E320 42 
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TABLE E-XVII (continued) 

LOCATION OF SOIL AND SEDIMENT STATIONS 

Latitude Longtiude 
or or Map 

N-S E-W Designation 
Station Coordinate Coordinate (Figure I O)• 

Potrillo at T A-36 S075 El50 43 
Potrillo East of T A-36 S085 E225 44 
Potrillo at SR-4 S l45 E295 45 
Water at Beta Hole S090 E095 46 
Water at SR-4 S l70 E260 47 
Water at Rio Grande S240 E385 48 
Ancho at SR-4 S255 E250 49 
Ancho at Rio Grande S295 E340 50 
Chaquihui at Rio Grande S335 E265 51 

asee Fig. 10 for numbered locations. 
bLocations are the same as for surface water stations (Table E-XII) . 
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TABLE E-XVIII 

RADIOCHEMICAL ANALYSES OF REGIONAL SOILS AND SEDIMENTS 

3H 137cs 
to-6 ,uCi/m.t pCi/g 

Regional Soils 
Cham ita 5.8 ± 0.8 0.68 ± 0.12 

Embudoa 144 ± 42.7 1.17 ±0.40 

Otowi•·b 4.9 ± 3.4 1 .35 ± 1 .07 

Cochiti 4.9 ± 0.8 0.62 ± 0 . 16 

Bernalillo 4.7 ± 0.8 0.15 ± 0.10 

Jemez 13.6 ± 1 .0 0.06 ± 0.28 

No. of Analyses 7 7 

Minimum 4.8 ± 0.8 0.06 ± 0.28 

Maximum 29.5 ± 1 .4 1 .73 ± 0.32 

Average 8.1 ± 9.3 0.67 ± 1 .04 

Regional Sediments 
Rio Chama 

Cham ita 0.00 ± 0.06 

Rio Grande 

Embudoll 0.26 ± 0.16 

Otowi 0.08 ± 0.03 

Sandia 0.13 ± 0.06 

Pajarito 0.07 ± 0.06 

Ancho 0.13 ± 0.06 

Frijoles 0.15 ± 0.06 

Cochiti 0.03 ± 0 . 10 

Bernalillo 0.24 ± 0.06 

Jemez River 

Jemez Pueblo 0.26 ± 0 .14 

No.  of  Analyses 10 

Minimum 0.00 ± 0.06 
Maximum 0.26 ± 0.16 

Average 0.14 ± 0 . 19 

--------------------

•Two analyses for 187Cs, 288Pu, and 289Pu. 
b187Cs and 289Pu slightly above background. 

238pu 
pCi/g 

0.000 ± 0.002 
0.001 ± 0.010 

0.001 ± 0.003 
0. 000 ± 0.003 

-0.001 ± 0.002 
-0.002 ± 0.002 

7 
-0.001 ± 0.02 
0.005 ± 0.016 
0.000 ± 0.002 

0 .000 ± 0.002 

-0.002 ± 0.002 

0.000 ± 0.001 
-0.005 ± 0.016 
-0.005 ± 0.016 
-0.006 ± 0.026 
0.012 ± 0.020 
-0.001 ± 0.003 

-0.001 ± 0.003 

0.000 ± 0.003 

10 
-0.001 ± 0.003 
0.012 ± 0.020 

0.000 ± 0.00 

239pu Gross a Gross {3 
pCi/g pCi/g pCi/g 

0.013 ± 0.004 3.4 ± 1.6 4 .9 ± 1.4 

0.061 ± 0.129 3 .9 ± 1.8 5.8 ± 1 .4  

0 .102 ± 0. 137 4.8 ± 2.2 7.6 ± 1 .8 

0.004 ± 0.004 3.6 ± 1 .8  5.4 ± 1 .4 

0 .000 ± 0.003 3 . 1  ± 1 .6 3.4 ± 1.0 

0.001 ± 0.002 4.4 ± 2.2 5.7 ± 1.4 

7 6 6 

0.000 ± 0.003 3 . 1  ± 1 .6 3 .4 .± 1 .0 

0. 150 ± 0.040 4.8 ± 2.2 7.6. ± 1.8 

0.03 ± 0.084 3.9 ± 1 .3 5 .5 .± 2 .7 

-0.002 ± 0.004 2.4 ± 1 .2 2.8 ± 1 .0 

-0.006 ± 0.004 1.9 ± 1 .0 1 .7 ±0.8 

0 .000 ± 0.003 1.4 ± 0.8 0 .9 ± 0.6 

-0.013 ± 0.016 1 1  ± 2 8 .5 ± 1 .2 

0 .009 ± 0.014 10 ± 2 8.6 ± 1.3 

0.003 ± 0.020 16 ± 3 14 ± 1 .7 

-0.003 ± 0.020 7.3 ± 1.7 6.0 ± 1.0 

0.001 ± 0.004 1.5 ± 0.8 1.5 ± 0.8 

-0.001 ± 0.003 2.4 ± 1 .4 4.9 ± 1.4 

0 .002 ± 0.003 4.6 ± 1 .2  4 .6 ± 2 .2  

10 10 10 

-0.001 ± 0.030 1 . 4  ± 0.8 0.9 ± 0.6 

0.009 ± 0.014 16 ± 3 .0 14 ± 1 .7 

-0.001 ± 0.012 5.8 ± 10 5.4 ± 8.2 

Note : ± value represents twice the standard deviation of the distribution of observed values un-
less only one analysis is reported; then the value represents twice the uncertainty term for 
that analysis. 



TABLE XIX 

RADIOCHEMICAL ANALYSES OF PERIMETER SOILS AND SEDIMENTS 

3H 137cs 90Sr 241Am 238p0 239pg Gross a Gross {J 
I0-6 �tCi!ml pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g 

Soils 
Sportsmen's Club 3.0 ± 0.8 1 .08 ± 0.18 0.87 ± 0.26 --- 0.000 ± 0.006 0.021 ± 0.008 6.2 ± 2.8 7.9 ± 1.8 
TA-8b 9.0 ± 0.8 1 .56 ± 0.26 -- - --- 0;001 ± 0.006 0.041 ± 0:016 5.1 ± 2.4 8.9 ± 2.0 
TA-49 5.9 ± 0.8 0.53 ± 0.10 --- --- -0.001 ± 0.004 0.008 ± 0.006 5.2 ± 2.4 6.2 ± 1.6 
Frijoles 4.0.± 0.8 1 .37 ± 0.34 --- --- 0.000 ± 0.002 0.029 ± 0.006 5.7 ± 2.4 7.1 ± 1.6 
North Mesa 8.6 ± 0.8 0.51 ± 0.10 0.87 ± 0.26 --- -0.002 ± 0.003 0.015 ± 0.010 4.3 ± 2.0 6.1  ± 1.4 
East of Airport 12.2 ± 1 .0 0.59 ± 0.05 0.92 ± 0.26 --- 0.000 ± 0.003 0.030 ± 0.001 5.1 ± 2.2 6.2 ± 1.6 
West of Airporta,b 10.5 ± 3.1 1.44 ± 0.51 --- --- 0.010 ± 0.026 0.284 ± 0:498 4.5 ± 2.0 7.9 ± 1.8 
South SR-4 & Near S-siteb 3.4 ± 0.8 1 .32 ± 0.20 0.85 ± 0.26 --- 0.002 ± 0.004 O.Q18 ± 0:008 5.1 ± 2.2 6.9 ± 1.6 

No. of Analyses 8 9 4 9 9 8 8 
Minimum 3.0 ± 0.8 0.51 ± 0.10 0.85 ± 0.26 -0.002 ± 0.003 0.008 ± 0.006 4.3 ± 2.0 6.1 ± 1.6 
Maximum 12.2 ± 1 .0 1 .6 ± 0.24 0.92 ± 0.26 0;019 ± 0.020 0.460 ± 0.080 6.2 ± 2.8 8.9 ± 2.0 
Average 7 . 1  ± 7.0 1 .5 ± 0.88 0.88 ± 0.06 --- 0.001 ± 0.007 0.056. ± 0.19 5.1 ± 1.2 7.2 ± 2.0 

Sediments 
Guaje near G-4 --- 0.09 ± 0.12 --- 0.002 ± 0.014 0.000 ± 0.002 0.003 ± 0.003 2.3 ± 0.8 1.4 ± 0.8 
Guaje at SR-4 --- 0.22 ± 0.08 0.17 ± 0.12 0.002 ± 0.014 0.001 ± 0.002 0.000 ± 0.002 2.2 ± 1.2 2.5 ± 0.8 
Bayo at SR-4 --- 0.10 ± 0.04 0.10 ± 0.11 0.002 ± 0.012 0.001 ± 0.002 0.006 ± 0.002 3.0 ± 1.4 2.3 ± 0.8 
Pueblo at Acid WeiJ"II,b --- 0.68 ± 0.06 --- 0.351 ± 0.024 0.034 ± O.Q18 5.62 ± 2.39 7.5 ± 3.2 4.5 ± 1.2 
Pueblo at PC-1& 0.19 ± 0.10 0.001 ± 0.012 0.001. ± 0.001 0.026 ± 0.068 1.2 ± 0.8 1 .0 ± 0.6 :r: --- --- I 
Pueblo at Pueblo 1a,b 0.50 ± 0.30 0.022 ± 0.011 3.72 . ±  1.30 4.1 ± 2.0 2.1 ± 0.8 

� 
--- --- --- a 

Pueblo at Pueblo 2a,b 0.18 ± 0.03 0.590 ± O.Q16 0.007 ± 0.009 1.07 ±1.93 3.1 ± 1.4 2.9 ± 1.0 a --- ---
Los Alamos at Reservoir - - - 0.80 ± 0.18 --- 0.003 ± 0.012 -0.001 ± 0.002 0.011 ± 0.006 10.0 ± 4.0 13.3 ± 3.0 
Los Alamos at Totavia,b --- 0.35 ± 0.34 - -- --- 0.002 ± 0.005 0.053. ± 0.041 2.9 ± 1.4 2.7 ± 1.0 
Los Alamos at LA-2a,b --- 0.52 ± 0.82 --- - - - 0.001 ± 0.002 0.068 ± O.Q76 2.6 ± 1.2 3.3 ± 1.0 
Los Alamos at Rio Grande&, b --- 0.36 ± 0.50 0.30 ± 0.11 0;005 ± 0.012 -0.000 ± 0.001 0.062 ± 0.02 2.5 ± 1.2 3.3 ± 1.0 
Sandia at Rio Grande --- 0.12 ± 0.04 --- --- 0.002 ± 0.020 0.012 ± 0.008 7.4 ± 1.7 7.4 ± 1 .1  
Canada del Ancha --- 0.09 .± 0.06 --- --- 0.003 ± 0.022 0.007 ± 0.028 6.6 ± 1.6 5.6 ± 1.0 
Mortandad at SR-4 --- 0.10 ± 0.04 0.90 ± 0.40 0.001 ± 0.012 0.000 ± 0.002 0.001 ± 0.004 5.0 ± 2.2 4.4 ± 1.2 
Mortandad at Rio Grande --- 0.11 ± 0.06 --- --- 0.000 ± 0.006 0.002 ± 0.008 2.7 ± 0.8 2.9. ± 0.8 
Canada del Buey at SR-4 --- 0.06 ± 0.24 0.41 ± 0.38 --- -0.002 ± 0.002 0.003 ± 0.004 4.7 ± 2.2 4.3 ± 1.2 
Pajarito at Rio Grande --- 0.17 ± 0.06 --- - - ·  -0.003 ± 0.010 0.007 ± 0.008 3.4 ± 0.9 6.0 ± 1.0 
Frijoles at Park Hdq --- 0.35 ± 0.12 -0.15 ± 0.22 0;006 ± 0.012 -0.002 ± 0.003 0.003 ± 0:004 2.5 ± 1.2 1.8 ± 0.8 
Frijoles at Rio Grande . . .  0.33 ± 0.08 --- --- 0.002 ± O.Q18 0.020 ± 0.022 6.9 ± 1.6 6.1  ± 1.0 

No. of Analyses 25 6 10 25 25 19 19 
Minimum 0.09 ± 0.12 -0.15 ± 0.22 0.001 ± 0.012 -0.003 ± 0.010 0.000 ± 0.002 2.5 ± 1.2 2;7 ± 1.0 
Maximum 0.81 ± 0.26 0.90 ± 0.40 0.590 ± O.Q16 0.040 ± 0.006 6.46 ± 0.28 7.4 ± 1.7 7.4 ± 1 .1  
Average 0.28 ± 0.43 0.12 ± 0.71 0.096 ± 0.41 0.003 ± 0.018 0.56 ± 3.0 4.2 ± 4.7 4.1 ± 5.7 

---

Note: ± value represents twice the standard deviation of the distribution of observed values 
unless only one analysis is reported; then the value represents twice the uncertainty term 
for that analysis. 

&Two analyses for 137Cs, 238Pu, and 239Pu. 
b137Cs, 241Am, 238Pu, or 239Pu slightly above background. 
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TABLE E-XX 

RADIOCHEMICAL ANALYSES OF ONSITE SOILS AND SEDIMENTS 
(pCVg and one analysis except as noted) 

3JI 137c. 90Sr Z41Am 238Pu 
SoU. 1o-• .cv.u pCV, pCI/1 pCI/1 pCV, ---- ----

Sou. 
TA-21a 15.6 ± 31.1 0-07 ± 0.00 -0.003 ± 0.006 
TA-5QB,b 29.9 ± 69.3 0.49 ± 0.72 0.006 ± .025 
TA-36 22.3 ± 1.2 0.36 ± 0.10 -0.001 ± 0.004 
PM-! 29.7 ± 1.4 0.41 ± 0.12 -0.002 ± 0.003 
Weoto!TA-53 17.6 ± 1.0 1.03 ± 0.20 -0.001 ± 0.004 
Eut o!TA-53a,b 8.2 ± 14.6 1.29 ± 0.39 0.82 ± 0.26 0.013 ± 0.034 
Eaat ofNew Sigma l 22.2 ± 1.2 0.50 ± 0.14 0.000 ± 0.003 
Eut o!New Sigma ll 17.7 ± 1.0 0.50 ± 0.14 0.42 ± 0.22 0.000 ± 0.006 
Euto!TA-52 17.7 ± 1.0 -0.11 ± 0.12 -0.05 ± 0.20 -0.002 ± 0.002 
2-Mile Meaa 7.1 ± 0.8 0;90 ± 0.16 0.61 ± 0.34 -0.002 ± 0.010 
NearTA-51B,b 7.4 ± 13.3 0.87 ± 1.75 -0.004 ± 0.017 
Euto!TA-541\,b 157 ± 374 0.26 ± 0.36 0.448 ± 0.714 
R-Site Road 6.2 ± 0.8 0.73 ± 0.20 0.63 ± 0.22 -0.002 ± 0.003 
R-Site Road Eutb 10.5 ± 0.8 0:84 ± 0.!8 0.83 ± 0.14 0.001 ± 0.003 
Potrillo Drive 6.8.± 0.8 0.57 ± 0.12 -0.003 ± 0.002 
S-Sitea.b 4.0 ± 4.2 1.46 ± 0.11 O.o!5 ± 0.044 
Near TA-ll 5.3 ± 0.8 0.55 ± 0.28 -0.002 ± 0.002 
NearDT-9 3.8 ± 0.8 1.10 ± 0.22 0.27 ± 0.28 0.003 ± 0.012 -0.001 ± 0.002 
TA-33 28.6 ± 1.4 0.51 ± 0.10 -0.002 ± 0.004 

No. of Analyses 19 24 7. 1 24 
Minimum 3.8 ± 0.8 -0.11 ± 0.12 -0.05 ± 0.20 0.003 ± 0.012 -0.003 ± 0.006 
Ma:r.imum !57 ± 3'14 1.50 ± 0.40 0.83 ± 0.14 0.700 ± 0.100 
Average 22 ± 88 0.55 ± 0.80 0.50 ± 0.63 0.003 ± 0.0 0.025 ± 0.21 

Sedimen.,. 
Pueblo at Hamilton Bend Spr&.b 0.12 ± 0.01 0.016 ± 0.014 0.001 ± 0.002 
Pueblo at Pueblo&,b 0.14 ± 0.17 0.016 ± 0.014 0.001 ± 0.001 
Pueblo at SR-4B,b 0.16 ± 0.11 1.05 ± 0.32 0.001 ± 0.001 
OP Canyon at DPS-l&,b 20 ± 1.8 8.7 ± 0.80 6.71 ± 17 . .  8 
OP Canyon at OPS-4&,b 12 ± 7.8 2.4 ± 0.30 0.092 ± 0.084 
Los Alamoe at Bridge 0-07 ± 7.8 2.4 ± 0.30 0.009 ± 0.014 -0.002 ± 0.004 
Loa Alamoe at LAO-la,b 1.15 ± 0.20 0.001 ± 0.004 
Los Alamoe at GS-l&,b 0.22 ± 0.04 0.000 ± 0.002 
Los Alam08 at TW-aa,b 14 ± 9.6 0.091 ± 0.066 
Los Alam08 at LA0-4&,b 17 ± 9.2 0.006 ± 0.012 0.104 ± 0.018 
Los Alamoe at SR-4b 21 ± 2.8 0.71 ± 0.26 0.001 ± 0.012 0.010 ± 0.027 
Sandia at SCS-2 0.42 ± 0.32 0.006 ± 0.012 -0.001 ± 0.002 
Sandia at SR-4 0.05 ± 0.06 0.001 ± 0.002 
Mortandad near CMR• 0.23 ± 0.12 0.22 ± 0.14 0.101 ± 0.020 
Mortendad Weot of GS-!a,b 0.24 ± 0.40 0.06 ± 0.14 0.006 ± 0.014 
Mortandad near MCQ-2& 1200 ± 180 9:9 ± 0.8 3.62 ± 1.20 
Mortandad at GS-l&,b 755 ± 1090 17 ± 1.2 17.6 ± 16.3 
Mortendad at MC0-5a,b 76.5 ± 26.9 8.9 % 0.8 2.71 ± 3.44 
Mortendad at MCQ-7a,b 62.6 ± 12.7 4.2 ± 0.4 3.27 ± 0.26 
Mortendad at MC0-9b 0.96 ± 1.4 0.004 ± 0.012 0.002 ± 0.007 
Mortendad at MC0-13b 1.32 ± 0.24 0.46 ± 0.26 0.001 ± 0.012 0.002 ± 0.001 
Pajarito at TA-18 -0.03 ± 0.10 0:000 ± 0.001 
Pajarito at SR-4 0.90 ± 0.34 -0.11 ± 0.22 -0.001 ± 0.012 -0.002 ± 0.004 
Potrillo at TA-36 0.14 ± 0.06 0.001 ± 0.012 -0.001 ± 0.002 
Portillo East of TA-36 0.17 ± 0.06 0.004 ± 0.014 0.001 ± 0.002 
Potrillo at SR-4 -0.08 ± 0.20 -0.10 ± 0.24 -0.001 ± 0.002 
Water at Beta Holeb 3.4 ± 0.99 0.006 ± 0.012 0.002 ± 0.004 
Water at SR-4 0.36 ± 0.16 0.86 ± 0.34 -0.001 ± 0.001 
Water at Rio Grandeb 1.39 ± 0.20 0.007 ± 0.018 
Ancho at SR-4 0.64 ± 0.06 0.001 ± 0.002 

Ancho at Rio Grande 0.29 ± 0.06 0.006 ± O.Q18 

Chaquihui at Rio Grande 0.11 ± 0.04 -0.002 ± 0.006 

No. of Analyses 47 14 12 47 
Minimum -0.06 ± 0.20 -0.11 ± 0.22 -0.001 ± 0.012 -0.002 ± 0.004 
Mazimum 1260 ± 180 17 ± 1.2 0.016 ± 0.014 36.2 ± 1.20 
Average 70 ± 510 3.9 ± 11 0.006 ± 0.0!1 2.1 ± 14 

-------------------
Note: ± value represents twice the standard deviation of the distribution of observed values un-

less only one analyses is reported. Then the value represents twice the error term for that 
analyses. 

•3H, 137Cs, 238pu, 239pu, Gross a, or Gross fJ above background. 
blfwo analyses for 137Cs, R238Pu, and 239Pu. 

239pu Gross a Gro .. � pCI/1 • pCi/1 pCV. 
0.022 ± 0.052 4.1 ± 1.8 5.0 ± 1.2 
0.086 ± 0.004 6.2 ± 1.4 9.4 ± 2.2 
0.006 ± 0.006 4.4 ± 2.0 5.3 ± 1.4 
0.011 ± 0.006 5.8 ± 2.6 7.5 ± 1.8 

0.02 ± 0.006 6.0 ± 2.6 8.0 ± 1.8 
0.15 ± 0.385 4.5 ± 2.0 6.7 ± 1.6 

0.006 ± 0.003 4.5 ± 2.0 5.8 ± 1.4 
0.012 ± 0.006 5.3 ± 2.4 7.5 ± 1.8 

-0.001 ± 0.002 4.6 ± 2.2 5.7 ± 1.4 
0.023 ± 0.010 5.8 ± 2.6 7.9 ± 1.8 
0.118 ± 0.262 5.8 ± 2.6 12.3 ± 2.6 

1.36 ± 3.32 5.5 ± 2.4 6.3 ± 1.6 
0.013 ± 0.006 6.1 ± 2.6 7.5 ± 1.8 
0.020 ± 0.001 11 ± 4.0 22 ± 4.0 
0.010 ± 0.006 3.8 ± 1.8 14 ± 1.6 
0.086 ± 0.181 5.3 ± 2.4 8.5 ± 2.0 
0.006 ± 0.006 5.3 ± 2.4 6.6 ± 1.6 

-0.021 ± 0.006 7.1 ± 3.0 9.1 ± 2.0 
0.003 ± 0.006 6.5 ± 2.8 8.5 ± 2.0 

24 19 19 
-0.001 ± 0.002 3.8 ± 1.8 5.0 ± 1.2 

2.52 ± 0.220 11  ± 4.0 22 ± 4.0 
0.10 ± 0.61 5.7 ± 3.1 8.6 ± 7.9 

0.432 ± 0.!33 2.5 ± 1.2 1.5 ± 0.8 
0.440 ± 0.177 2.1 ± 1.0 1.1 ± 0.8 
0.521 ± 0.421 2.7 ± 1.4 3.1 ± 1.0 

1.72 ± 2.80 9.1 ± 3.8 30 ± 6.0 
0.304 ± 0.204 1.6 ± 0.8 12 ± 2.4 

-0.003 ± 0.003 3.1 ± 1.4 1.9 ± 0.8 
0.490 ± 0.040 2.0 ± 1.2 3.0 ± 1.0 
0.237 ± 0.091 2.3 ± 1.2 2.5 ± 0.8 
0.323 ± 0.303 2.6 ± 1.2 16 ± 3.4 

0.36 ± 0.127 2.7 ± 1.2 17.± 3.6 
0.066 ± 0.066 2.4 ± 1.2 2.9 ± 1.0 
0.003 ± 0.004 1.6 ± 0.8 1.6 ± 0.8 
0.001 ± 0.004 2.8 ± 1.4 1.7 ± 0.8 
0.026 ± 0.012 2.0 ± 1.0 2.5 ± 0.8 
0.023 ± 0.034 3.3 ± 1.4 3.7 ± 0.8 

11.6 ± 0.400 62 ± 22 1710 ± 340 
6.69 ± 4.43 39 ± 16 450 ± 100 
4.14 ± 9.42 11 ± 4 !05 ± 22 
0.76 ± 0.01 7.6 ± 3.2 67 ± 14 

O.o!8 ± 0.006 6.3 ± 2.8 8.9 ± 2.0 
0.020 ± 0.044 4.4 ± 2.0 7.1 ± 1.6 
0.000 ± 0.004 3.3 ± 1.6 2.8 ± 1.0 
0.009 ± 0.006 8. 5 ± 3.8 7.3 ± 1.8 

-0.001 ± 0.002 2.6 ± 1.2 3.2 ± 1.0 
0.002 ± 0.004 2.7 ± 1.4 4.3 ± 1.2 
0.003 ± 0.004 2.7 ± 1.2 2.3 ± 0.8 
0.056 ± 0.027 6.6 ± 2.8 12 ± 2.6 
0.006 ± 0.004 3.2 ± 1.4 3.3 ± 1.0 
0.109 ± 0.038 17.0 ± 4.0 21 ± 2 
0.009 ± 0.004 3.9 ± 1.8 5.3 ± 1.4 
0.018 ± 0.024 7.8 ± 1.9 11 ± 1.4 
0.012 ± 0.010 3.7 ± 1.0 4 4 ± 0.9 

47 32 32 
-0.003 ± 0.003 1.6 ± 0.8 1.1 ± 0.8 

11.6 ± 0.400 52 ± 22 1710 ± 340 
0.86 ± 4.6 7.1 ± 22 79 ± 620 
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TABLE E-XXI 

ATMOSPHERIC RADIOACTIVE EFFLUENT TOTAL FOR 1978 

238Pu 
2sepu 2UAm 

Location (�Ci) (�Ci) 

mu 
288U 

(�Ci) 

2uTh MFP8 
(mCi) (�Ci) 

-- -- -- --

TA-2 
TA-3 58.3 185 1 .9 403 
TA-9 
TA- 15 
TA-21 30 .8 0.034 305 1 .0 
TA- 33 
TA-35 2 .0 
TA-4:� 1 .5 
TA-46 25 
TA-48 1 .9 1 1 . 2  1169 
TA-50 17.4 39 
TA-5:� 
TA-54 0.026 
TA-55 0 .40 

--------------------

aMixed fission products . 

181I uAr 82p sH nc, 1sN,  uob 
(�Ci) (Ci) (�Ci) (Ci) (Ci) 

-- ---

239 
81 100 

2.6 

72 
17 780 

676 
85 

350 1 16 449 

bThe half-lives of 1 1C, 13N, and 150 range from about 2 to 20 minutes, so these nuclides decay 
rapidly. 

7Be 
(�Ci) 

0 . 19 



Radioactive 
Isotopes 

2sepu 
2sspu 
2•1Am 
sesr 
eosr 
3H 
137Cs 
U-Total 

Nonradioactive 
Constituents 

Cda 
Ca 
Cl  
CrR 
cua 
F 
Hga 
Mg 
Na 
Pba 
zna 
CN 
cona 
N03 (N) 
PO, 
TDS 
pH a 
Total 
Effluent 
Volume 

H-10 3 

TABLE E-XXII 

QUALITY OF EFFLUENTS FROM 
LIQUID RADIOACTIVE WASTE TREATMENT PLANTS 

Activity 
Released 

(mCi) 

4.05 
1 .83 
1 .73 
2 .64 

10.4 
12  300 

317 
176 grams 

Waste Treatment Plant Location 

TA-50 

Average 
Concentration 

(J.LCilm£) 

0.099 X I0-6 
o.045 x w-6 
0.043 X I0-6 
o.o65 x w-6 
2.57 X I0-7  
0.30 X I0-3 
o.78 x I0-5 
4.34 X I0-3 mg/£ 

Average 
Concentration 

(mg/£) 

0.003 
26.0 
48.4 

0.04 
0.27 
3 .8 
0.009 
1 .4 

354 
0.044 
0.46 
0.04 

51 
90 

0 .44 
1345 

6 .8-12.3 

4 .058 X 107 £ 

Activity 
Released 

(mCi) 

0.313 
0.223 
2 .30 
0.026 
0 .10 

1780 
1 .40 

10.8 grams 

TA-21 

aconstituents regulated by NPDES permit. 

Average 
Concentration 

(J.LCilml) 

O . IOX I0-6 
o.on x w-6 
0.738 X I0-6 
0.008 X I0-6 
0.321 X I0-7 
0.57 X I0-3 
o.o45 x w-5 
3 .46 X I0-3 mg/£ 

Average 
Concentration 

(mg/£) 

0.06 
10 .1  
70.5 

0.49 
0 .11  

345 
0.002 
2.0 

1650 
0.064 
0.26 

73 
423 

1 .96 
5440 

6.3-13 . 1  

3 . 118 X 106 £ 
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TABLE E-XXIII 

ESTIMATED CONCENTRATIONS OF TOXIC ELEMENTS 
AEROSOLIZED BY DYNAMIC EXPERIMENTS 

Annual Avg. 

1978 Percent Concentration Applicable 
Total Usage Aerosolized (ng/m3) Standard 

Element (kg) (%) 4 km 8 km (ng/m3)  

Uranium 1371 10 0 .1  0 .05 9000" 

Be 29.4 2 0.0008 0 .0002 lOb 
(30 day avg) 

Pb 16.5 100 c 0.03 0 .008 10 000 b 
(for total heavy 
metals, N > 2 1 )  

aDOE Manual Chapter 0524. 
bSection 201 of the Ambient Air Quality Standards and Air Quality Control Regulations adopted 
by the New Mexico Health and Social Services Board, April 19, 1974. 
c Assumed percentage aerosolization. 



TABLE £-XXIV 

TOTAL SUSPENDED PARTICULATES AT LOS ALAMOS AND 
WHITE ROCK DURING 1978 

(Data from New Mexico Environmental Improvement Agency) 
All Concentrations in �g!m3 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Los Alamos (Annual Geometric Mean = 36) 

No. of Samples 5 4 6 5 4 5 5 5 5 2 2 2 
Maximum 63 47 63 111 40 60 45 58 98 30 38 29 
Minimum 13 35 18 10 14 33 27 25 33 7 34 20 
Mean ± 
1 Standard 
Deviation 25 ± 21 42 ± 6 38 ± 15 61 ± 40 30 ± 13 51 ± 11 37 ± 7 46 ± 15 69 ± 37 18 ± 16 36 ± 3  25 ± 6  

White Rock (Annual Geometric Mean = 22) 

No. of Samples 5 5 4 0 0 0 0 0 2 5 4 

Maximum 32 24 172 23 38 32 
:c 

--- - - - - - - --- --- --- I 

Minimum 10 15 18 20 13 21 
� 

- - - - - - - - - --- --- --- 0 U1 
Mean ± 
1 Standard 
Deviation 21 ± 9 20 ± 3 59 ± 76 - - - --- - - - --- - - - - - - 21 ± 2 21 ± 11  26 ± 6 



TABLE E-XXV 

SANITARY SEWAGE TREATMENT FACILITIES 
EFFLUENT QUALITY SUMMARY 

Biochemical Oxygen 
NPDES Identification Demand (BODs)c Total Suspended Solidsd 

Observed No. of Months 
Facility Permit Outfall Range Limits 

Location Numbera Serial No.b (mg/.t) Exceeded 

TA-3 NM0024210 018 10-84 5 
TA-9 NM0024295 028 1-22 0 
TA-16 NM0024236 038 4-22 0 
TA-18 NM0024244 04Si 21-68 6 
TA-21 NM0024252 058 9-103 7 
TA-41 NM0024261 068 1-28 0 
TA-46 NM0024341 07Si 3-26 0 
TA-48 NM0024741 088 3-25 0 
TA-53 NM0024279 09Si 37-67 4 
TA-35 --- 010Si 52 1 

aindividual permits effective 1/1/78 - 10/15/78. 
bSingle permit, NM 0028355, with separately designated outfalls effective 10/16/78. 
CBOD5 limits 30 mg/.t (20-day avg), 45 mg/.t (7-day avg).  
dTSS limits 30 mg/.t (20-day avg), 45 mg/.t (7-day ave) .  

Observed 
Range 
(mg/.t) 

5-46 
1-16 
3-44 

28-204 
9-137 
7-43 
1-14 
1-20 

28-143 
56 

eFecal coliform limits 200/100 m.t for all individual permits through 10/15/78. Starting 10/16/78 
limits of 2000/100 m.t (daily max. and 1000/100 m.t (geometric mean) apply only to outfall 018 
(TA-3) and 058 (TA-21 ) .  
fpH limits not less than 6 . 0  o r  greater than 9 . 0  standard units. 
gSee footnote e for change in limit as of 10/16/78, new limit exceeded only by outfall 058 during 
one month. 
hNo fecal coliform limit for these outfalls after 10/15/78. 
iFlow limits exceeded by these outfalls from lagoons during last quarter when far above average 
precipitation occurred. 

No. of Months 
Limits 

Exceeded 

5 
0 
1 
6 
6 
1 
0 
0 
4 
1 

Fecal Coliform Bacteriae 

Observed No. of Months 
Range Limits 
(mg/.t) Exceeded 

0-430ooog 7 
0-100h 0 

40-15000h 3 
0-120h 0 

0-3760og 5 
oh 0 

0-640h 1 
0-1200h 2 
1-15ooh 1 

_ _ _  h ---

Observed 
Range 

6.3-8.1 
6.7-8.8 
6.6-8.3 
6.8-10.3 
6.1-7.8 
6.0-8.4 
6.7-7.8 
6.0-7.8 
8.9-10.5 
9.2-9.7 

pHf 

No. of Months 
Limits 

Exceeded 

0 
0 
0 
6 
0 
0 
0 
0 
5 
3 

::r:: I 
0 0\ 
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TABLE XXVI 

INDUSTRIAL LIQUID EFFLUENT QUALITY SUMMARY& 

Range of No. of Outfalls 
Dischage No. of Permit No. of Deviation/Limit Causing 
Category Outfalls Constituents Deviations Ratios or pHh Deviations 

Power Plant 6 TSS 4 1.5.- 55 2C 
Free Cl 0 0 
pH 4 9.6.- 11.9 2C 

Boiler 4 TSS 0 0 
Blowdown Fe 0 0 

Cu 2 1 .3.- 42 1C 
p 0 0 
pH 10 10.4.- 12.4 3C 

Treated 32 TSS 2 1.3.- 1 .34 2 
Cooling Free Cl 0 0 
Water p 0 0 

pH 5 9.1 . - 9.8 3 

Non-contact 23 pH 0 0 
Cooling 
Water 

Radioactive 2 NH3 0 0 
Waste Treatment COD 0 0 
Plant Discharges TS$ 0 0 

Cd 0 0 
Cr 0 0 
Cu 1 1 .05 1 
Fe 0 0 
Pb 0 0 
Hg 0 0 
Zn 0 0 
pH 0 0 

High Explosives 20 COD 4 1.2.- 87 3d 

Waste Discharges TSS 0 0 
pH 1 4.8 1 

Photo Waste 14 CN 0 0 
Discharges Ag 0 0 

pH 1 9.6 1 

Printed Circuit 1 COD 0 0 
Board Development Cu 0 0 
Wastes Fe 1 1 .1  1 

Ni 0 0 
p 0 0 
pH 0 0 

Acid Dip 1 Cu 1 1.01 1C 
Tank Rinse pH 1 5.3 1C 

Gas Cylinder 1 TSS 0 0 
Cleaning Waste p 0 0 

pH 0 0 

--------------------

asummary of reports to EPA or NPDES Permit NM0028355, which was effective starting 

10/16/78. 
bpH range limit on all outfalls is not less than 6.0 or greater than 9.0 standard units. 

C0utfalls responsible for deviations to be corrected during 1979-80 by funded projects. 
dOne of the 3 outfalls scheduled for funded corrective measures. 
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TABLE E-XXVII 

CHEMICAL QUALITY OF WATER IN VICINITY OF FENTON HILL 
(average of a number of analyses) 

Surface Water Springs 
Water Supply (Jemez Fault) 

No. of Stationsa 9 4 2 
No. of Analyses 9 4 2 

Chemical (mg/.t) 

SiO, 33 ± 9 66 ± 15 47 ± 0.7 
Ca'+ 17 ± 5 17 ± 9 137 ± 59 
Mg'· 3 ± 0.7 3 ± 1 12 ± 0 
Na+ 13 ± 8 14 ± 1 595 ± 494 
co;- 0 ± 0 0 ± 0 0 ± 0 
Hco , 40 ± 28 78 ± 21 633 ± 284 
so. 20 ± 23 9 ± 9 32 ± 3 
C I - 1 1  ± 13  6 ± 3 921 ± 785 
F- 0.4 ± 0.2 0.4 ± 0 . 1  2 . 9  ± 0.2 
N03 0.4 ± 0.0 0.5 ± 0.3 0.4 ± 0 
TDS 143 ± 45 226 ± 76 2234 ± 1646 
Hard 55 ± 14 56 ± 27 392 ± 146 

pH 6. 7 ± 1 .2 7 .4 ± 0.2 7 .2 .± 0.2 
Conductance mS/m 20. 1  ± 7.5 24.5 ± 13.7 384.0 ± 255.3 
Total U 11g/l 0.9 ± 0.7 1 .0  ± 0.9 1 .3  ± 0.1 

asampling locations key on Fig. 15 as follows:  

Surface Water-Locations F, J, N, Q, R,  S ,  T,  U, V.  
Water Supply-Locations JS 2-3, JS 4-5 ,  FH-1 ,  4 .  
Spring (Jemez Fault)-Locations JF-1 ,  JF-5. 
Spring (Volcanics)-Location 31 .  
Abandoned Well-Location 27. 
Fenton Hill (pond fluids)-Two ponds TA-57. 

Springs Abandoned 
(Volcanics) Well 

52 67 
12 26 
4 9 

10 120 
0 0 

58 370 
< 1  5 

4 9 
0.9 1.2 
0.2 0.4 

114 480 
44 102 

7.2 7.8 
12.0 74.0 

1.2 <0.1 

Note: ± value is standard deviation of the distribution of a number of analyses. 

Fenton Hill 
(Pond Fluids) 

2 

2 

115 ± 13 

64 ± 30 
6 ± 1 

411 ± 267 
0 ± 0 

337 ± 120 
120 ± 109 

657 ± 655 

8 ± 14 
0.4 ± 0 

2013 ± 1322 
184 ± 82 
7.8 ± 0.1 

333.0 ± 248.3 
1 . 2  ± 0.2 
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APPEND I X  I 
COMMENTS RECE IVED CONCERN I NG THE 

DRAFT ENVI RONMENTAL I MPACT STATEMENT DOE/E I S-00 1 8-D 

On June 2 7 ,  1 9 78 ,  the Department of  Energy ( DO E )  i s s ued for pub l i c  revi ew and comment the Draft 
Envi ronmental  Statement , DOE/E I S-00 1 8-D that assessed the env i ronmental i mp act associ ated wi th the 
current and conti n u i ng act i vi t i es at the Los Al amos Sc ient i f i c  Laboratory .  Comment l etters were 
rece i ved  from 1 5  i n di v i dua l s and  organ i zati ons wh i ch a re reproduced i n  th i s  append i x .  The substanti ve 
con cerns ra i sed i n  the wri tten comments perta i ned to : ( 1 ) the mi s s i on and l ocation  of  the Laboratory , 
( 2 )  the b i o l og i ca l  behav ior  of  radi o nuc l i des , ( 3 )  wate r supp ly  for Los Al amos , ( 4 )  waste management , 
( 5 )  acci dent ana l ys i s , ( 6 )  rad i o l og i ca l  doses and dose i n terpretat i ons , ( 7 )  radi oacti ve materi a l s  i n  
the env i ronment , ( 8 )  transportat i on o f  rad i oacti ve materi a l s ,  and ( 9 ) addi t i on a l  deta i l s  des i red .  

These a re di scussed i n  Sect i on 1 1  of  thi s f i na l  E I S  where di rect i ons a re g i ven  t o  those port i ons 
of the text that were changed to accommodate these concerns . 

Letters of v i ews and comments ;.Jere rece i ved from : 

1 .  Mr .  Pete r L .  Cook , Act i ng D i recto r ,  Offi ce of  Federal Act i v i t i es , U n i ted  States Envi ronmental 
P rotect i on Agency , Was h i ngton , DC 20460 

2 .  Ms . D .  Fel dman , 1 82 1  Meadowv i ew Northwest , Al buquerque , New Mex i co 87 1 04 

3. Dr. W i l l i am H .  Foege , As s i stant S urgeon Genera l , D i recto r ,  Depa rtment of  Hea l th ,  Educat i on 
and Wel fa re ,  P ub l i c  Hea l th Serv i ce ,  Center for D i sease Control , Atl anta , Geo rg i a  30333 

4.  r�r .  A .  W.  Hame l strom , State Con servat i on i s t ,  Un i ted States Department of  Agri cu l ture , 
So i l Conservat i on Se rvi ce , Box 200 7 ,  Al buquerque , New Mex i co 87 1 03 

5. �1r .  Robert M. Hawk , V i ce-Cha i rman , Board of County Comm i s s i oners , County of Berna l i l l o ,  
State of New Mex i c o ,  620 Lomas N .  W . , Al buquerque , New Mex i co 871 02 

6 .  Mr .  Dan i e l  Hunt , Deputy As s i s tant Di rector ,  Offi ce. o f  th.e . As s i si;gnt 1Hrec;tor for Astronomi ca l , 
Atmospheri c ,  Earth , and Ocean Sc iences , Nati onal  Sc i ence Foundat i on , Was h i ngton , DC 
20550 

7 .  Mr .  Grant W .  LaP i e r ,  Product Manager , The Babcock & W i l cox Company , N uc l ear  Materi a l s  
D i v i s i on , 609 North Warren Aven ue , Apo l l o ,  Pennsyl van i a  1 56 1 3 

8 .  Mr .  Larry E .  �1e i e rotto , Dep uty Ass i stant Secretary , Offi ce of  the  Secretary ,  U n i ted  States 
Department of the I nteri o r , Was h i ngton , DC 20240 

9 .  Mr. Jack  M. Mob l ey ,  P l ann i ng Bureau , State of  New Mex i c o , Depa rtment of  F i nance and 
Adm i n i strati on , State P l ann i n g  D i v i s i on ,  505 Don Gasp a r  Avenue , Sante Fe , 
New Mex i co 87503 
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1 0 .  Dr .  Peter Montague , P .  0 .  Box 4524 , Al buquerque , N ew Mexi co 87 1 06 

1 1 .  Mr .  Voss A Moore , As s i s tant D i rector for Env i ronmental  P roj ects , D i v i s i on o f  S i te Safety 
and Env i ronmenta l  Ana lys i s , Un i ted  States N uc l ear Reg u l a tory Commi s s i on , 
Was h i ngton , DC 20555 

1 2 .  �1r .  Dona l d  A .  Neepe r ,  Cha i nnan , Los Al amos Chapte r ,  New Mexi co C i t i zens for C l ean A i r and 
Wate r ,  P .  0 .  Box 5 ,  Los Al amos , New Mexi co 87544 

1 3 .  Mr .  Haro l d F. O l s on , D i recto r ,  State Game Commi s s i on ,  State of  New �1e x i co , Department of 
Game and F i sh , State Cap i to l , Santa Fe , New Mex ico  87503 

1 4 .  Mr. R .  Max Peterson , Deputy Ch i e f ,  Un i ted States Department of Agr i c u l ture , Forest  Servi ce , 
P .  0 .  Box 24 1 7 , Wash i ngton , DC 200 1 3 

1 5 .  Mr. Cra i g  S impson , War Res i s ters Lea g ue , 201 P i ne S .  E . , A l b uquerque , New Mexi co 87 1 06 

Copi es of the l etters rece i ved and DOE staff res ponses a re contai ned in the fol l ow i n g  pages of 
th i s  secti on . 
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U N I T ED STATES EN V I RO N M ENTAL PROTEC T I O N  AG ENCY 
WAS H I N G TO N ,  D . C .  20460 

Mr. �'J . H. Pennington 
Mail Station E-201 
GI'N 
Depa.rt::rrent of Energy 
Washington, D. C. 20545 

Dear Mr .  Permington: 

2 6 0 CT 1978 

The Environrrental Protection Agency (EPA) has reviewed the Department 

O F F I C E  OF T H E  
A D M I N I ST RATOR 

of Energy ' s  draft environrrental :inpact staterrent (EIS) on the Los Alarros 
Scientific Laboratory Site, Los Alarros ,  New Mexia::> (OOE/EIS-0018-D) . OUr 
detailed corrrrents are enclosed. 

As a result of our review, we have identified two major concerns with 
the draft EIS. First, EPA believes that the discussion of public health 
i.npacts fran activities at the laboratory is inade::juate. We oote that 
in the past OOE has provided health effects est.i.nates in their EIS ' s. 
HCMever , in this EIS no health effects est.inates are given because the 
OOE staff states that the linear dose hyp:Jthesis rrethod does not provide 
accurate risk estimates. We feel that the Depa.rtrrent of Energy should 
provide EPA and the public with health effects estimates and not j ust 
estimates of radiation doses. We suggest that OOE use any other rrethod 
or rrodel that it considers rrore suitable and include the results of such 
analysis in the final EIS . 

In addition, we believe that there is a lack of relevant radiation 
information in the " p:rtential inpacts section" of the EIS. Many of the 
references used need to be updated and EPA ' s  prq::osed Federal Radiation 
Guidance on transuranics in the general environrrent should be included 
in the discussion of transuranics in the environrrent. We are enclosing, 
those docurrents pertinent to this prq::osed guidance for your ronvenience . 
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In accordance with EPA procedures and as a result of our review, we 
have rated this draft EIS on the Los Alarros Laboratory 2 (Insufficient 
Information) and have categorized the proposed action ID (Lack of Objections ) .  
If you or your staff have any questions concerning our cx::mrents, please 
contact Florence Munter of � staff (755-0770) . 

Peter L .  Cook 
Acting Director 
Office of Federal Activities (A-104 ) 

Enclosures 

EPA Comments on DOE/EIS-0018-D 
Proposed Guidance on Dose Limits 
Selected Topics 
Pararreters for Estimating the Uptake of Transuranic Elerrents 
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EPA cc:M1ENTS ON OOE/Eis- 0018-D I 
THE DRAFI' ENVIRONMENTAL lliPACT STATEMENT 

ON THE IDS Al.AM)S SCIENTIFIC IAOORA'IORY SITE 

General Carrnents 

There are several dcx::urnents which we feel are pertinent to the draft 
EIS and which should be reviewed and used by OOE in preparing the final 
EIS . Sane of these dcx::urnents have been enclosed for your information 
and include the follo,.;ing : "Proposed Guidance on Dose Limits for Persons 
Exposed to Transuranium E lements in the General Environrent" (especially 
Annex III , "The Dose and Risk to Health Due to Inhalation and Ingestion 
of Transuranium Nuclides" ) and " Selected Topics : Transuranium Elements 
in the General Enviroruuent" (specifically pages 281-309 , "The Physiological 
Basis of Transuranic Element Dose EstilPates" ) . Other documents which we 
believe should be included in your revision of the draft EIS have been 
noted in our specific carrnents . 

Although i t  would not be econanically feasible to terminate or relocate 
operation of the Los AlaiTDs Labor a tory , we believe OOE is still ooliga ted 
under NEPA to include a complete analysis of alternatives to the present 
facility .  Therefore , the discussion on alternatives should consider the 
option of tennination and the option of relocation separately . The 
socio-econanic as well as radiological impacts are quite different for 
these two alternatives fran both a national and regional perspective . 
As an example , in the case of relocation , the regional impacts (both 
beneficial and adverse ) at the Los AlaiTDs area would be very different 
fran the regional impacts at a new location. Differences such as this 
appear to jus tify a rrore in-depth analysis than presently appears in the 
EIS . 

Specific Carrnents 

1 .  Page 3-129 : The use of Area B as a trailer/camper storage area 
allo.-;s an opportunity for exposure of the public . What measures are 
being taken to assure that such exposure is not taking place? If this is 
an exposed area , why is public access allo.-;ed? The OOE should describe 
in the final EIS the measures that will be taken to eliminate public 
access . 

2 .  Page 4-4 2 , second paragraph , 13th sentence : "The radiation doses 
calculated fran this material are those in a mass of free water , since 
rrost tissues are primarily water . "  The possibility of 3H being incorporated 
in DNA or RNA molecules should be considere::l--especially if the 3H is 
" tagged" on one of the nucleotides , such as Thymidine , as is often the 
case in biological experiments . 
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3 .  Page 4-42 , second paragraph , seven lines fran the bottan: The 
stat.errent is made that " . • .  at a high enough exposure , various types of 
cancers and possible genetic effects in later generations may occur . "  
Do<:::ulrentation should be provided for this state:rent in the final EIS . 

4 .  Page 4-4 2 ,  three lines fran the bottan: The final EIS should 
reference the staterrent that transrrutations of genes fran tritium inrorporated 
in a nolecule are unirrportant carpared to direct radiation . 

5 .  Page 4-42 :  The next to the last sentence is not true--the induction 
of nonsolid ttm:>rs ( leukemia) and indeed sare solid turrors has occurred 
at doses as lcM as 15 rem/yr to 30 rem,/yr which are , incidently , the 
present occupational limits . See ICRP-2 6 .  

6 .  Page 4-43 , third paragraph , last sentence : The notion of " the 
primary effect of sufficient quantities in the body" is obsolete . This 
i.rrplies that there is a threshold dose for cancer induction ; such an 
i.rrplication is not acceptable according to the latest public health 
research and should not be made . Sae UNSCEAR, BEIR, and Annex III 
(Attachrrent I )  . 

7 .  Page 4-4 4 ,  fifth paragraph , third to the last sentence : "At the 
occupational level in hunans , the chemical toxicity and effect on kidney 
function predaninate . "  In addition to needing clarification , this is 
obsolete-See N .  Adams and N . L .  Spoor ,  19 74 . "Kidney and Bone Retention 
Functions in the Human .Metabolism of Uranium. " Phys . .Med. Biol. 19 ( 4) : 
460-471. 

8 .  Page 4-45 , first paragraph : Reference 4-5 1 ,  ICRP # 2 ,  is oosolete. 
There are many other acceptable , nore recent references such as ICRP 19 ,  
Aimex III , or BEIR. The latest infonnation should be inrorporated 
wherever :possible . 

9 .  Page 4-45 , first paragraph : Reference 4-57 rould be further substantiated 
by statarents on page 1g2 of D . E .  Bernhardt ' s  and G. G. Eadies ' enclosed 
Technical Note ORP/LV-76-2 , entitled "Pararreters for Estimating the 
Uptake of Transuranic Elanents by Terrestrial Plants . " 

10 . Page 4-45 , ninth line fran the bottan of the first paragraph : The 
sentence ending with " previously thought" needs a reference to document 
the stat:.elrent that , " data that indicate that ingestion may contribute a 
sarewhat higher fraction . "  
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11. Page 4-45 , sixth line fran the bottan of the first paragraph : 
"There is sare speculation that the srrall fraction of plutonium inoorporated 
into rreat or plant foods Iffi.Y be rrore readily absorbed fran the gut. 1 1  

Recent rer:orts suggest that organically-bound, or biologically-inoorr:orated 
(protein-bound) , plutonium is absorbed up to ten tirres as readily as 

inorganically-bound plutonium. M. F .  Sullivan and A . L .  Crosby , Battelle 
Annual Report, pp. 9 1-93 ,  ( 19 76 ) . 

12 . The follawing three references also apply to the preceding four 
a:mrents :  

M. F .  Sullivan , " Gastrointestinal Absorption of Transuranic Elements 
by Rats , 11 May 19 7 7 ,  Annual Rer:ort for 19 76 , BNWL-210 0  Pt. 1 .  

M. F.  Sullivan , " Gastrointestinal Absorption and Retention of 
238pu in Neonatal Rats and SWine , 11 Feb . 19 78 , Annual Report for 19 77 , 
PNir2500 Pt. 1 .  

M. F .  Sullivan , "Absorption o f  Transuranic Nitrates by Rats , Guinea 
Pigs , and Dogs , 11 Feb . 197 8 ,  Annual RepJrt for 19 77 , PNir250 0 ,  Pt. 1 .  

13 . Page 4-47 , first and second sentences , fourth paragraph : Even 
though References 4-68 and 4-69 may be oorrect, they are thirty years 
old .  This Iffi.Y be why the quotation :inplies that chrarosane aberrations 
are the only genetic effects evident in the gonads . This is oot true ,  
there are Iffi.nY other effects which Iffi.Y occur upon exposure to radiation. 
These effects should be evaluated in the final EIS . See page 36 (Section 
3 . 8 . 1) of EPA 5 20/4-77-0 16 . 

14 . Page 4-47 , first sentence of the last paragraph : Plutoni�239 
should be ccmpared to radiurrr-224 not radiurrr-226 . See enclosed dc>ct.m:mts . 

15 . Page 4-4 7 :  The paragraphs discussing plutonium arrl radon should 
include sare discussion of Brandon ' s  work on sana tic cell chrarosare 
changes . This work presents new inforlffi.tion on the subject and discusses 
significant new firdings . Brandon, W .  F .  , et al . , " Sana  tic Cell Chrarosare 
Changes in Humans Exposed to 239Pu and 222Rn, 11 Progress Report, July .b._ 
1976 to Septerrber 30 , 19 7 7 , 11 OOE Contract No . E {29-2) -363. 

16 . Page 4-4 8 , first paragraph : "Additional dogs at lower exposure 
levels are flCM being ooserved . II  The final EIS should substantiate this 
sentence with a citation and provide sore additional inforlffi.tion as to 
the results or estimates fran these ooservations . 
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17 . Page 4-48 , first paragraph , next to last sentence : Reference 4-76 
suggests the results are fran lo.v doses whereas this sentence irrplies 
the results were obtained with high levels of plutonium. Please rectify 
this apparent ronflict. 

1 8 .  Page 4-4 8 ,  last paragraph : In the staterrent ,  " In ronclusion , the 
present standards are well supported . . • .  " please identify to which 
standards you are referring . 

19 . Page 4-49 , sea:md paragraph : "There is sene evidence of a smaller 
effect for sane types of cancers when the radiation is received at lo.v 
dose rates . . . .  " There is sare evidence of a greater effect also, such 
as an inverse effect for alpha erni tters . See Archer , V .  E .  , Radford , 
E . P . , and Axelson , 0. , 19 7 8 ,  "Radon Daughter Cancer in Man :  Factors in 
Exposure Response Relationships . "  Presented at the Health Physics 
Society Meeting , June 19-2 3 ,  19 78 . 

20 . Page 4-53 , Table 4 . 1 . 3-2 : A rolumn should be added sh::::Ming to 
which organ the dose to the individual rorresponds . Further , calculating 
the population dose for only Los Alarros rounty may underestimate the 
irrpact on the population of northern New Mexico. Population does estimates 
are generally based on the population within a 50-mile radius of the 
facility .  Fran the map on pages 3-6 1,  this would include nost of Sandoval 
and Santa Fe rounties and portions of Bernalillo ,  Rio Arriba, Taos , and 
Mora rounties . While inclusion of these areas may not produce a large 
increase in the population dose , it is necessary in order that the 
analysis give a cc:rrprehensive picture of the regional irrpact and assure 
that those portions of the public are included . 

21.  Page 4-55 , last paragraph : EPA does not at this t.i1re agree with 
the point of view expressed in this paragraph roncerning the linear dose 
hypothesis . We maintain that it is a.rrrenUy the nost reasonable nodel 
to use in estimating health effects arising fran lo.v dose and lo.v cbse 
rate exposure of the general public . If the Depa.rt:rrent of Energy wishes 
to dispute the accuracy of this nodel, that is its prerogative . H<:::JNever , 
we do not believe that this is sufficient reason to eliminate estimates 
of health effects alt.og'ether whatsoever . EPA strongly encourages OOE to 
include such estimates in the final EIS . 

2 2 .  Page 4-82 , third and fourth paragraphs and Page 4-86 , third paragraph : 
These paragraphs each rrention a different level of rontamination to 
which accidental spills have been either cleaned up or would have to be 
cleaned up . While this infomation is interesting , it is ronfusing and 
has left out the nost pertinent information. The staterrent on p .  4-86 
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which says that, follo.ving a particular accident , the oontaminated area 
" . . •  would prd:>ably be oontaminated with plutonium to levels above 65 
ugjm2 and would require deoontami.nation" inplies that a level of 65 
ugjm2 is a set level belo.v which no action i s  necessary . This is misleading 
since this level of radiation has no official sanction. The guidance 
which is applicable to plutonium in the general environrrent is that 
which has been proposed by EPA. The follo.ving text is fran Section 1 of 
EPA' s  guidance (EPA report # 520/4-77-016)  which is enclosed with these 
canrents : 

1. The annual alpha radiation does rate to rrerrbers of the 
critical segrrent of the exposed population as the result of 
exposure to transuranium elerrents in the general environment 
should not exceed either: 

a. 1 millirad per year to the pulrronary lung , or 
b .  3 millirad per year to the bone . 

2 .  For newly oontaminated areas , oontrol rreasures 
should be taken to minimize both residual levels and 
radiation exposures of the general public . The oontrol 
rreasures are expected to result in levels well belo.v 
those specified in paragraph one . Coopliance with the 
guidance recc::rrnendations should be achieved within a 
reasonable period of tirre . 

2 3 .  Page 4-90 , first paragraph : In this paragraph and elsewhere in the 
EIS ,  when presenting dose equivalents fran accidents involving long-
lived radioactive material , the length of tirre over which the dose 
equivalents are calculated ImlSt be stated to insure CCJll:>lete understanding 
of the estimate . 

24 . Page 4-4 9 ,  last paragraph : In referring to acute beryllium poisoning , 
" carplete reoovery" does not occur in "rrost cases" , 
acoording to J. Schubert in his article , "Beryllium and Beryllosis , "  in 
Scientific Arrerican ( 199 ( 2 ) : 27-33 ( 1958) ) .  Please reference your source 
or arrend the stat.errent .  
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DOE Staff Re s ponse s to EPA Comments 
on the Draf t Envi ronment al Impac t St atement 

fo r the Lo s Alamos S c ient if ic Laborato ry 
DOE / E I S-0018-D 

In regard to EPA ' s concern ab out the discu s s ion of e s t imates o f  pub l ic 
health impac ts from rad ioac t iv i ty , we no te the revi s ion of the dis
cus sio n  on page 4-62 t o  inc lude es t imates of probab il i ty individual 
risk of inj ury due to natur al backg round and the incremental proba
bil ity o f  risk theoret ical ly a t t ributab le to Lo s Al amos ope rat ions . 
Al so , a general discus sion of in terpretat ion of rad iation doses was 
inc lud ed in sect ion 1 1  ( page s  1 1-3 and 1 1-4 ) and give s risk factors 
that can be used to aid in in terpr e tat ion of o ther dose e s t ima tes 
and measurements thr oughout the s t atement . 

A numbe r of changes \<le re inco rpo rate d in to the text at appropr iate 
p o ints in res ponse to your de tailed comments , e s pecial ly in the 
s e c t io n  on biological behavi o r  of rad ionuc lides . Re sponses to the se 
detail ed comments are expl ained bel ow .  

Becaus e the op t ions of terminat ing o r  compl etely relocat ing the 
laboratory are no t cons id ered rea l i s t ic al ly ava ilab le , t he discuss ions 
of the env i ronmental consequenc e s  fo r such alternat ives have been left 
somewhat general in sc ope . A more detai led or si te- s pecific t reatment 
o f  the labo rat o ry relocation al ternat ive ( s )  would be so de pe"ndent on 
the myr iad ava ilable cho ices of po s sib le reloca tions sites , i nclud ing 
the va rious mul t iple s i tes , wh ich woul d be likely cand idates fo r the 
many c ombinat ions of partial relocat io ns that it woul d be too specu
lat ive to be meaningful . Whil e such an analysis  may have me rit whe n 
cons id ering the pr ope r loca tion for a ye t-to-be-s tarted facility 
or project , it would be o f  que s t ionable value wi th re spe ct to evalu
at ing an ongoing , mul t i-pr ogram fac il i ty such as LASL . We bel i eve 
that the s tatement does ad equate ly ad dres s the real i s t ic alt ernatives 
wh ich could be implemented wi th in the cons traints of nat ional po licy 
and cong ressi onal funding . 

Spec i f i c  

1 .  Rout ine monitoring and surveys indicate n o  rad iat ion levels above 
nat ural backg round are prese nt in the fenced trailer/ campe r s to rage 
area of Area B .  Paveme nt is rout inely maintained to prevent any 
direc t ac cess to wa s tes . Text wa s modified on page 3-1 3 6 .  

2 .  The po s sibil i ty wa s discus sed later in the same pa rag raph . An 
add i t io nal reference was includ ed ( 4-5 3A ) . 
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3 .  The inten t  of the s tat ement wa s to indicate that observable effects 
would oc cur or r isks woul d be higher at  higher expo sures . The 
phrase that might have been miscons trued to indicate a thre sho ld wa s 
del eted and two add i t ional references ( 4-5 4 and 4-7 7 )  we re added . 

4 .  See comment No . 2 above . 

5 .  We do not f ind any reference in ICRP-26 to leukemia or so lid tumors 
having been observed at  dose equivalent ra tes of 15-3 0  rem s / yr .  
However , the con t rove rs ial sentences we re dele ted . 

6 .  Concur . The sent ence wa s rewo rded to re flect frequency o f  effects 
expec t ed to increase wi th increas ing accumul at ion .  

7 .  We concur tha t , under cond i tions o f  cont inued expo sure a t  the 
Max imum P lutoni um Concentra t ion ( MPC ) for long period s of t ime , the 
dose rate to the bone appear s to be l imiting .  However , under the 
mo re realist ic cond i t ions of occasional expo sure , the toxic ity 
aspe cts  are o f  concern . 

8 .  We cann o t  co ncur that ICRP-2 i s  obsole te in that i t  has no t been 
re pl aced and the numeri cal value s are s t ill  the bas i s  of several 
U . S .  regulat ions . The BEIR repo rt is unsat is factory because i t  
does n o t  discuss upt ake i n  quantitative te rms . A c itat ion t o  
ICRP-19 ( re f .  4-67 ) wa s inc luded . 

9 .  There are many o the r s tudies that could be referenced he re . We 
are not certain of exac tly what wa s intended by the comment as 
our copy of the document has no pag e 19 2 .  

1 0 .  A new c i tat ion ( ref . 4-6 6 )  wa s includ ed a t  the appropr iat e locat ion . 

1 1 .  and 12 . New references we re added ( refs . 4-58A , 4-5 8B , and 4-58C ) .  

13 .  

14 . 

15 . 

Two new pa rag raphs and two new references ( refs . 4-7 3A and 
4-73B ) we re added on pages 4-51 and 4 -5 2 .  

2 3 9  The limits  f o r  Pu
2�5 re derived b y  b iological comparison 

wi th 2�� resul t s  of Ra expo sures . The more recent data 
from Ra administrations have been uzz% to extend and 
con f i rm the orig inal comparisons wi th Ra . The sentence 
wa s modi fied to i nclud e  bo th rad ium iso tope s .  

A brief summary o f  Brand on ' s work and a c itation ( ref . 4-7 3 C )  
wa s added o n  page 4 -5 2 .  
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16 . A summa ry o f  more rec en t re sul t s  from the continuing s tud ies 
at Pa cific  No rthwe s t  Labo rato ries and a c i tat ion ( re f .  4-75A) 
wa s ad ded on pag e 4-5 2 .  

17 . Re fe re nce 4 - 7 6  i s  sub t i t l ed " Summary and Specul at ive Int erpr eta
t ion Re lat ive to Expo sure Limi ts . "  The pape r  uses cancer 
inc idence resul t i ng from re lat ive ly high dose s , compared to 
tho se us ed in e s tabli shing limi ts , and specul ated on e f fe c t s  
at  lowe r  dose s .  

18 . Sentence mod i f i ed to make c lear that the conclusion wa s in 
fac t re fe rr ing to the prec eding several pag es of d i scus sion 
on plutonium .  

19 . Se ntence revised to i nd icate lack o f  cons is tency in cur rent 
informa t ion . 

20 . Ta ble 4 . 1 . 3-2 wa s updated and indication of t ype of dose 
inc lud ed . A new pa rag raph wa s added on page 4 -5 9  to ind icate 
quant itat ively the lack o f  impo rtance of doses theoret ical ly 
cal culable f o r  po pul ations outside  Lo s Alamos County . 

2 1 . A parag raph wa s ad ded on pag e 4-62 , which ind icate s value s 
for pr obab i l i ty o f  injury b ased on ICRP risk fac to r s . A d is
cussion and compil ation of risk fac tors wa s included in 
s ec t ion 1 1  to aid in interpre tat ion of other rad iat ion do ses 
included in the s tatement . 

2 2 .  Discussions o f  pas t  cleanup prac t ices  have been retained as 
impo rtant fac t s . The di scus s i on o f  po tent ial so il contamina
tion from an explo s ion accident ( pag es 4-98 and 4-99 ) has 
been re vised to includ e  the propo sed EPA guidance and its  
impl icat ion for the ext ent o f  po tent ial contamina t ion that 
might re quire cleanup . 

2 3 .  Text and tables a t  various l ocations i n  the s tatement have 
been clari f i ed to ind icate whe ther annual dose s or dose 
commitments are being di scu ssed . 

24 . The statement is believed to be co rrect . A new c itat ion 
( re f .  4-96A ) wa s ad ded on pag e 4-54 . 



N E W  M E X I C O  STATE CLEA RIN G H O USE 

�tOO!coox 
Sta te Planning Officer 

I - 1 3 

R E V I E W  CER T I FI C AT I O N  

STATE PLANNING OFFICE 
5 05 Don Ga spar, Greer B u ild ing 
Sa nta Fe, New Mexico 87503 
(505 )  827-2073 

TO : U .  S .  Depa r tment of Energy 
Mai l  S ta t ion E 201 GNT 
Was hing ton,  D .  C .  2 0 5 4 5  

DATE : August 9 ,  1 9 7 8  

Att : W .  H .  Penning ton 

SUBJ ECT: f{e\iew of  SAl N o . :  7 9  0 7  1 014 

MIS-5 

Jerry Apodaca 
Governor 

R E\'1 1- \\ ACT I O :'\  0 :'\  P K O J ! CI T I TL E :  Los Alamos S c ient ific Laboratory Site 

- Prc-app ltca t t < J il 
I 

J !· i na !  A p p ltcJ t K < I I  I -\ p p l tL'J n t : u .  s .  Department o f  Energy 

- S t a t e  Area I' IJ I I  
'( E I S  - SOL' RCE OF f-TNDS R EQU ESTED 

TYPE ITNDS:  
l · ederal  Age n c y :  Federal Energy Adminis trat ion 

Gra n t  Fed er a l  Program Tit le :S tate Energy C onservation -
- Loa n  h'<l era l C a t a log :'\ u . :  80001 

- S t a t e  B kJdl I S t a t e· -\,l!e· n L y :  

- S ta t e  ·\ppro p r w t  K > ll ' 
S t a t e· l· u nd d lr . ! \  I l · u n J ,  RL·q u e,ted : s N/A Federa l -

RE\lEW RESt :l ,T::' 
1L The .-\ pp lir at i < >n  i� su ppwlt- d .  

Th t>  App(jralion i:;  n o t  i n  conflict witlr State, Areawide, o r  Local plans. 

� Commen l• arl' attached for submission wi th this application . 

$ 

Program 

"tate 

The App lication has no re\iew rl.'qu irements. Thank y ou, however, for providing this courtesy infonnation. 

You m a \  I t o\\ ,u !. rn i t  \ ou r  \ pp l i • · a t i " n  pac-1-. a;r• · .  \ I J ..;.;j a n d  all n·v it·w commen ts to the Federal 
or S ta t e \ ;rt ' ! l t ' \  1 - :  fwm w holl !  a d i < > n  i� !wing n·qu• ·, t t · d .  

Plea<e n o t  i f, t f w  ." t a t • ·  Cl t -ari n ;rhou,, ol a n \  d t dlli!.• · - in  thi,  p rojel 'L Refer to the SAl num ber on 
ALL <·orn·,pondt·rH·• ·  p�' r t a i n i n g  to t f t i ,  proj • · • ·L  

a� � 
� State�&";) 

JUDI ROSS 

I !/ ! !  



1 - 1 4  State or New Mexico 
DEPARTM ENT O F  F INAN C E  AN D AD M I N I STRATIO N  

State Plann ing Division 
505 Don Gaspar Avenue 

Santa Fe , New Mexico 87 503 

Mr . W .  H .  P enn ing t on 
Ma i l  S t a t i on E - 2 0 1 , GTN 
Depar tment o f  Energy 
Washing t on , D .  C .  2 0 5 4 5  

Augu s t  9 ,  197 8 

Coord ination Bureau (505) 827-2073 
Pla nn ing Bureau (505) 827-5 1 9 1  

Re f e renc e : D OE / E I S - 00 1 8 -D , L o s  Alamos S c i ent i f i c  Lab oratory S i t e , 
Los Alamos , N .  M . ; SAl # 7 9 - 0 7 - 1 - 0 1 4  

D e a r  Mr . Pe nn ing ton : 

The f o l l owing are our c ommen t s  on t he re f erenced d o c umen t : 

The report c learly s t a t e s  that rad i oac t ive e f f luen t s  are re leased 
i n t o  t he envir onment ; howeve r ,  we are as sured in the rep ort that 
" . . .  i t  i s  c lear that n e i t her the d i r e c t  a tmospheric releases nor 
any p os s i b l e  pa thways r e su l t ing f r om relea se o f  l i q u i d  e f f luen t s  
have any s i gni f i c ant impa c t . "  pages 4 - 5 6 . We urge DOE and LASL 
t o  c on t inue every ef fort t o  reduce r ad i oac t i ve e f f luent re lease 
wh erever p o s s ib l e .  

S ec t i on 4 . 2 covers P o t e n t i a l  Impac t s  o f  Acc i d e n t s  but fai ls t o  
d i s c u s s  p o s s i b le c o s t s  o f  c lean-up ac t iv i t y  i n  even t o f  such 
acc ident s .  For in s t anc e ,  how mu ch would i t  c o s t  to decontaminate 
a 650 acre area such a s  the one d i s c u s sed on p ag e s  4-8 6 ?  We d e em 
i t  adv i s a b l e  t o  d i sc u s s  these c o s t s  and p o s s ib le length o f  t ime 
t o  clean up c on t aminated areas . 

In s e c t i on 3 . 2 . 6  Trans p o r t a t ion , s ome d i s c u s s i on of the Los Alamos 
A i r p o r t  is p r ovided . Are t her e any sh ipment s of r ad i o a c t ive 
ma t e r i a l s  t r an s p o r t e d  by a i r c r a f t  t o  or f rom t h i s  a irp or t ?  

We have s ubmi t t ed the d o cumen t t o  the f o l lowing s t a t e  ag enc ies f o r  
review : the Depar tment of Energy & Miner als·,  the Dep a r tmen t of He a l th 
& Env i r onmen t , the Dep artment of Natural Re s our c e s , and the S t a t e 
Geo l og i s t . You wi l l  f ind Energy & Mine r a l s  Depar tment ' s  c omme n t s  
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Augu s t  9 ,  197 8 
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a t t ac hed . The o t her agenc i e s  wi ll f i le their reviews with you 
d i re c t ly .  

Thank you for the oppor t un ity to review this DE I S . 

S incer e ly , �dA't�M� 
Jac k M .  Mob ley { 
P lann ing Bur eau 

JMM : r r 

At t achme nt 



I - 1 6 STATE OF NEW MEXICO 
EN ERGY AND M I N ERALS D EPARTM ENT 

JERRY APODACA 
GOVERNOR 

NICK FRANKLIN 
SECRETARY 

Ms . Ka t e  Wicke s  
Plann in g Bureau 
S tate Planning Division 

O FFICE OF THE SECRETARY 

Augus t 8 ,  1 9 7 8  

Depa rtmen t o f  F inance and Admin i s t rat ion 
5 0 5  Don Gaspar Avenue 
Sant a Fe , NM 8 7 5 0 3  

Dear Ms . Wickes : 

POST OFFICE BOX 2770 1 1 3 WASHINGTON AVENUE 
SANTA FE. NEW MEXICO 87501 

C505l 827-2471 

Thank you f o r  g iv ing the Ene rgy and Hin eral s Depar tmen t an o pportun ity 
to  review the Dra f t  Env ironmental Impact Statemen t f o r  the Lo s Alamo s 
S c ient i f i c  Labo ratory S i te . I am en clo s ing commen t s  which were prepared 
by my s ta f f . 

S ome o f  the s e  c omments may o r  may not be relevan t but are based on the 
informat ion ava ilable in the repo r t . If you feel fur ther in format ion 
might be help ful , p l ease feel  free to contact me . 

S incerely , 

��4,·f 
NICK F I N  � Secre tary 

NF/ cw 

Enc . 
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LAS L DRAFT E I S  

Hasn ' t  the p lu t on i um fn c i l i t y  a l re ady b ee n  move d ?  

How i s  i t  known tha t  the re h a s  b e e n  no ch a n g e  i n  the chemi c a l  
o r  r a d i o chemi c a l  q u a l i ty o f  w a t e r i n  the mai n aqu i fe r ?  

The con c en t r a t i on o f  P u  and o the r r ad i onu c l i d e s  i n  the s e d i men t s  
o f  i n t e rmi t t en t s t re ams f e e d i n g  in t o  the Ri o G r a n d e  s h ou l d  b e  
men t i on e d .  R ad i a t i on l e v e l s  ab ove b a ck g r ound in the c an y on s  
s h ou l d  be d i s cu s s e d . O th e r  r ad i onu c l i d e s  s u ch a s  Am ,  S r  and 
Cs  s h ou l d  be m en t i on e d  in add i t i on to P u . Gamma l ev e l s  a t  th e 
ou t f a l l  p o i n t s  s h ou l d  b e  i n d i c a te d . Th ou gh the a d ve r s e  e f fe c t s 
may b e  s ma l l , the re are c e r ta i n ly a dve r s e  e f f e c t s . 

How we re n umb e rs g i ven in Tab le 1 - 1  ob t a i n e d ?  Non- rou t i n e  r e l e as e s  
s hou l d  b e  i n d i ca te d . Re l e as e s  s h ou l d b e  s e p a r a t e d  a s  t o  s ou r c e . 

H ow we r e  n umb e r s  g iven in Tab le 2 - 1  ob t a i n e d ?  Non-rou t in e  a i r  
re l e as e s  s h o u l d  b e  in d i ca te d .  Wh a t  s ou r ce s d o  the s e  numb e r s  i n c l u d e ?  

Wi thd r awa l o f  l and f o r  was t e  d i s p os a l  s i te s  a n d  a t  ou t f a l l  p o i n t s  
and o t h e r  con t ami n a t e d  l a n d  i s  a n  envi ronmen t a l  impa c t .  

I t  wou l d  b e  th ough t tha t LAS L m 1 gh t look a t  �e l t  d own a t  the 
u n c on t a i n e d  re a c t or s i te and l o s s of s o l i d fi s s ion prod u c t s  a s  
we l l  as  i od ine and g as e s  in l ook i n g  a t  "wo r s t a c c i d e n t s . "  A 
f ire �nd e xp l o s i ori in the TRU s t orage s i t e m i g h t  a l s o  b� p o� s i b l e . 
A t r u ck a c c i d e n t  f or a t r u ck c a rry i n g  a b omb or an a i rp l ane c r a sh 
in wh i ch the a i rp lane was c a r ry i n g  p lu t on i um sh ou l d b e  men t i on e d . 

p .  1 - 9  - Tab l e  1 - 3  o r  a s imi l a r  Tab l e  sh ou l d  i n c l u d e  c u r i e  amoun t s  o f  
rad i on u c l i de s  d i s cha rge d to s o rp t i on b e d s  a n d  t o  t h e  c anyon s . 
S ub s u rf a c e  d i sp o s a l  and r e t r i ev ab l e  s t o r a g e  sh ou l d  b e  g i ven a s  
s e p a ra t e  n umb e rs . 

p . l - 1 2 - The re h ave b e en i r reve rs i b l e  ch ange s in the e c o l o g i c a l  p a t te rns o f  
the a r e a a s  vege t a t i on a n d  anima l popu l a t i o n s  h av e  change d ,  d u e  
t o  s ur f a ce wa t e r  avai l ab i l i ty ,  h uman a c t iv i t i e s , e t c . 

p .  2 - 4 - LAS L i s  p r e s en t ly n o t  invo lve d  wi th m e t A l l i c  v a p o r  l a s e r s  o r  
chemi c a l  l a s e r s . LAS L i s  l ook i n g  a t  f u s i on re a c t i on s i n  de u t e r i um 
and t ri t i um n o t  j u s t  d e u t e r i um .  

p .  2 - 4  - Urani um i s  ma i"ri ly
' 

a h e a l th h a z a r d  a s  a h e avy me t a l  - the d e c ay 
d au gh t e r s  h ave h a z a r d s  a s  r a d i onu c l i d e s . 

p .  2 - 6  - S cy l l a c  i s  n o  l onge r be ing u s e d . 

p .  2- 1 0  - Te chn i q u e s  to s e pa r a t e  t ri t i um g a s  f r om the mo l t e n  l i th i um b l anke t 
are b e i n g  though t  ab ou t ( no t  " deve l op e d " ) . 
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p . 2- l l  - S u b t e r re n e  d r i l l  p r og r am h a s  h a d  few p ra c t i c a l  app l i c a t i on s  s o  f a r . 
I t  wou l a  n o t  a p p e a r  t o  "have ope n e d  a who l e new p e r s p e c t i v e . "  

p . 2 - 1 3 - The h i gh ene r gy g as l as e r f ac i l i ty i s  s ch e du l e d  f o r  comp l e t i on 
in O c t ob e r  1 9 8 3 . Th i s  fa c i l i ty s h ou l d  r e a c h  "break e v en . "  Th e 
f a c i l i ty i s  g oi n g  t o  e xp l or e  the p os s i b i l i ty o f  l ab or a to r y  s imu l a 
t i on of w e a p o n s  e f fe c t s . 

p . 2 - 1 4 - Th e p lu t on i um f a c i l i ty i s  e s s e n t i a l ly c omp l e te . 

p .  3 - 8 - C e r r o  To l e d o  rhy o l i te a l s o  c r ops o u t  i n  the t own s i te .  

p . 3- 1 2 - Cou l dn ' t LAS L b u i l d i n g s  be l o c a t e d  on f au l t s n o t  e xp o s e d  on i � ( 
s u r f a ce ? 

p . 3 - 5 0 - D r a i n a g e  f r om d i s t u rb e d  a r e a s  i n  Los A l amos s h o u l d  be d i s c u s s e d  1 n  
re l a t i on t o  in c r e a s e d  s e d imen t  l o ad i n  the R i o  G rand e . 

p . 3- 5 0 - Q u a l i ty o f  w a t e r  f r om the Los A l amos s e we r  t re a tme n t  p l a n t s  and 
the i n f lue n c e  o f  th i s  d i s c h a rge on w a t e r  q ua l i ty in the Rio G r an d e  
sh o u l d  be d i s c u s s e d .  

p . 3- 5 0 - I n c re a s e  i n  p o pu l a t i on in t h e  N o r t he rn New Me x i co commun i t i e s  
due t o  Lab ora t ory em p l oyne n t  an d the e f fe c t s o f  t h i s  i n c re a s e  on 
R i o  G r a n d e  w a t e r  c on s ump t i on and q ua l i ty s h ou l d  be in d i c a te d . 

p . 3 - 5 1 - H a s  imp r oveme n t  o f  the Los A l amos t re a tme n t  f a c i l i t i e s  o c c u r r e d . 
( Au gu s t 1 9 7 6  1 s  tw o y e a r s  ag o ) . 

p . 3 - 5 1  - Emi s s i on s  t o  the a tm o s p h e r e  o f  CO , NOx , S 0 2 , e t c . , c an b e  c a l c u l a t e d  
for the bo i le r  p l an t s , f r om th e numb e r  o f  c a r s  emp l oye e s u s e  i n  
ge t t i ng t o  work and d i s t an c e  emp l oy e e s  t r ave l ,  f r om any h e avy 
e q u i pmen t and o th e r  l ab o r a t o ry v eh i c le s  u s e d , f r om the ch emi c a l s  
an d th e i r  am oun t s  p u r cha s e d  by the l ab o r a t o ry , f rom the amoun t o f  
na tu ra l  g as u s e d  f o r  s p a ce h e a t in g , e t c . The m a j or emi s s i on s  a re 
p r ob ab l y  f r om c ommu t e r  c a r s . The emi s s i o n s  sh ou ld be d i s c u s s e d 
and l i s t e d  t o g e th e r .  

p . 3 - 5 5 - H ave the l eve l s  o f  p ene t r a t i ng r a d i a t i on ( b e ta and g amma ) b e e n  
me a s u r e d  u s i ng a P I C  o r  s im i l a r  i n s t r ume n t ?  Shou l d  LAS L b e g i n  
a n  e x t en s i v e  b a s e l i n e  s urvey t o  d e t e rm i n e  b a c k g round l e v e l s ?  
H ow i s  i t  k n own th a t  5 - 1 5 %  o f  the t o t a l  i s  d u e  t o  fa l l ou t ?  H a s  
LAS L  me a s u r e d  Ra- 2 2 6 , K - 4 0 , and o th e r  n a t u r a l l y o c c u r r i n g  
rad i on uc l i d e s  in i t s s o i l s  to o b t a in b a ck groun d l e ve l s  o f  the s e ?  

p . 3- 5 8 - Gros s a l p h a  n umb e r s  a pp e a r  t o  b e  s l i gh t l y t o o  l ow .  Are the s e  
l e a ch i n g  numb e rs o r  me a s u remen t s  " in s i tu ? "  I n  an appe n d i x , h ow 
the m e a s u reme n t s  i n  s o i l s , a i r  and w a t e r  we re ob t a in e d  s h ou ld be 
b r ie f ly de s c ribe d and c omp a re d , i f  p o s s i b l e , w i th m e a s u re men t s  
o th e r  groups h av e  t aken . 
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p . '3- 72 - " L an d  u s e  in Los A l amos " re g i on s h ou l d  be s h own on map to i n d i c a te 
wh a t  r e g i on t h i s  1 s . 

p . 3- 8 7 - Nor t he rn New Mex i c o i s  the on ly s c hoo l ab ove the h i gh s ch oo l  l e ve l .  

p . 3 - 89 - Th e re i s  a County E x t ens i on ag e n t  and a p ub l i c  l i b ra ry . Th e re 
i s  a l s o  a h ome fo r g i r l s . 

p . 3 - 89 - Shou l d  men t i on any t ax i  s e rv i ce o r  a i d  t o  e l de r l y . 

p . 3-9 3 - H a s  LAS L d on e  a c om p reh e n s i v e  s ur vey t o  kn ow h ow many p reh i s t or i c  
s i te s  a re wi t h i n  i t s b ound a ri e s ? 

p . 3- 9 5  - I s  P uye C l i f f s  re a l l y  un d e r  the N a t i on a l  P a rk S e rvi ce ? 

p . 3 - 1 0 0  Mu s e ums o f  I n d i an l i fe ,  a r t , e t c . , i n c l u de : 

p . 3- 1 0 5  

p .  3- 1 1 6 

p . 3- 1 2 2  

p . 3- 1 2 3  

p . 3- 1 2 5  

p . 3- 1 2 5  

p . 3- 1 2 5  

1 .  P a l a ce o f  the Gove rnors 
2 .  Th e  Wh e e lwr i gh t  Muse um , a n d  s pe c i a l  s h ows i n  the r-lu s e um 

o f  F in e  Ar t s  and F o l k  Ar t M u s e um . The S choo l o f  
Ame r i c an Re s e ar ch a n d  the I n s t i t u te o f  ::Ame'r i c an I nd i an Ar ts 
h ave c o l l e c t i ons . 

T r an s mi s s i on l i n e s  a n d  the i r  r a t i n g  s h o u l d  be s h own on a map . 

Are the re any h e avy me t a l s  n o t  l i s te d  in Tab le 1 - 1  wh i ch a r e  
d i s ch a rge d ?  H a s  any t h i n g  b e e n  d one to r e d u c e  the n i t ra te leve l ?  
Wh en w i l l  z e r o  d i s ch arge o c c u r ?  H ow a re con t am i n a n t s  i n  d i s ch a r ge 
moni t ore d ? Wh a t  a r e  the s amp l in g  e rr o r s ? Ar e g amma leve l s  above 
b a ck g r ound a t  the d i s ch a rge ( ou t f a l l )  p o in t s ?  Wh a t  are the gros s 
a l ph a leve l s  i n  s oi l s  a t  the ou t f a l l ?  Do r a d i on u c l i d e s  n o t  t r e a te d  
for , ·ever e n t e r  t h e  was te wa t e r  t re a tme n t  s y s tem? Hh a t  r a d i oa c t i v e  
e f f lue n t s  h ave b e en emi t te d  f r om the Om e g a  We s t  Re a c t or in non
rou t i ne c oo l i n g  w a t e r  b l ow d own? Doe s the me s on f ac i l i ty ever h ave 
rad i onuc l i de s  in l i q u i d  d i s ch arge s ? Are the re o th e r  l i q u i d  
d i s ch a rge s n o t  me n t i on e d  i n  t h e  DE I S  wh i ch h ave o c c u r re d ?  Hh a t  
h appens t o  c o o l i ng w a t e r  b l ow d own f o r  the p owe r p l an t ?  Wh a t  
con t ami n an t s  h as th i s  c o o l i n g  wa t e r  con t a in e d ?  

The typ e s  and l o c a t i on s  o f  the 9 1  d i s ch ar g e s  s h ou l d  b e  l i s te d  
and d e s c r i b e d .  

I sn � t  i t  10 n C i /gm g r os s ol ?  

Wh a t  i s  m e an t by " l ow amoun t s "  o f  r a d i o a c t i ve c on t ami n a t i on ?  

I s  e i the r i n t e rn a l  o r  e x t e rn a l  c o r ro s i on o c c u r r i n g  f o r  any o f  the 
55 g a l l on o r  30 g a l l on d rums i n  re t r i evab l e  s t o rage ? 

Wh a t  spe c i fi c s a fe ty me a s u re s  a re taken i n  t r an s p o r t a t i on of wa s t e s  
t o  the b u r i a l  s i t e ?  Are s w i pe te s t s  t aken o f  the ou t s i d e  o f  d r ums 
be f o re t r a ns p o r t ?  



Commen t s : LASL DRAFT E I S  I - 20 

p . 3- 1 2 6  

p . 3- 1 2 7  

p . 3- 1 2 7  

p . 3- 1 2 8  

p . 3- 1 2 8  

p . 3 - 1 2 8  

p . 3- 1 2 9  

p .  3 - 1 3 0  

p .  3 - 1 3 0  
p .  3 - 1 3 1  

p . 3 - 1 3 0  

p .  3 - 1 3 4  

Wh a t  p re v e n t s  c on t am i n a t i on o f  the w a s te d e l i v e ry t r u ck s ? 
How i s  th i s  mon i t o re d ?  H ow i s  b l owin g o f  was t e s  f rom the d i sp os a l  
s i t e p re v en t e d ?  Wh a t  p ro te c t i on s  a r e  g iven t o  worke r s  a t  the 
d i s p os a l  s i te ?  H ow c lo s e  a re d i s p os a l  a r e a s  to the e dge of th e 
me s as ? Are any d i s p os a l  a re a s  l o c a t e d  in tu f f  wh i ch c on t a in s  
c o o l i n g  f ra c ture s ?  

Can p l an t roo t s  pene t r a te in t o  the was te ma t e r i a l  zon e ?  How 
l ong d o e s  a s i te h ave b are s o i l be f o r e  p l a n t s  a r e  e s t ab l i she d ?  

Wha t  i s  the r a te o f  s ur f ac e  e ro s i on ?  D o  an ima l s  wh i ch d i s t urb 
s o i l s uch a s  c oy o t e s  an d goph e rs l iv e  in the was t e  a r e a s ? Can 
m i g r a t i on of r ad i on u c l i de s  o c c u r  in the tu f f  c o o l i n g  j o i n t s :  
Wh a t  w i l l  b e  the c u r i e  amoun t o f  r a d i onu c l i de s  d i s p o s e d o f  whe n  
He s i t a de l Buey i s  f u l l ?  H ow w i l l  t h e  h a z a r d  p r e s e n t e d  b y  t h i s  
s i te de c r e a s e  w i th t ime ? ( On e  way o f  s h o w i n g  th i s  wou l d  b e  to 
s h ow for e a ch 1 0 0  ye a r  i n t e rva l the amoun t o f  d i l u t i on wa t e r  
wh i ch wou l d  b e  r e qu i re d  t o  a ch i eve MP C ' s ) .  How do the h a z a r d s  
a t  o th e r  s i te s  d e c r e a s e  w i th t ime ? 

How w i l l  the c o r r ug a te d  me t a l  p i pe s e c t i on s  b e  remov e d  wh e n  a 
TRU d i s p o s a l  f a c i l i ty i s  re ady t o  h an d l e  r e t r i e va b ly s t o r e d  
was t e ?  �� a t  h a z a r d s  wi l l  r e t r i eva l of  a l l  re t r i ev ab le was t e s  
p re s en t ?  S i n c e  was te s a r e  s t ored f o r  on ly 2 0  y e a r s  a n d  s t o r a g e  
wa s s t a r t e d  i n  1 9 7 2 , wh a t  happens i f  a f a c i l i ty f o r  d i s p o s a l  i s  
n o t  av a i l ab le b y  1 9 9 2 ?  

I s  th e re any e v i den ce o f  s e e p a g e  a l on g any o f  the c l i f f  f a ce s  o f  
any o f  the me s a  d i sp o s a l  s i te s ?  

H o•.r d o e s  " s pe c i a l  con t a inmen t "  re s t r i c t  t r i t i um movemen t ?  

Wh a t  h ap pe n s  t o  the r a te o f  e ro s 1 on i f  t h e  amoun t o f  r a i n fa l l  
i n c r e as e s ?  

I s  i t  p o s s i b l e  th a t  the re a r e  any unknown was t e  d i sp os a l  s i t e s ?  

I s  the re any e v i d e n c e  o f  movemen t  o f  r ad i on u c l i d e s  f r om p i t s and 
s o rp t i on b e d s ? 

I f  S r ,  Am ,  and U a re p r e s e nt o th e r  r a d i onu c l i de s  wou l d  a l s o  b e  
expe c te d  t o  b e  p re sen t s uch a s  I - 1 2 9  a n d  Np . A c ompl e t e  l i s t o f  
ra d i onu c l i de s  ( no t  j u s t f i s s i on p r o d u c t s  and a c t iva t i on p ro d u c t s ) 
sh ou l d  b e  g iven and ing rowth o f  o th e r  r ad i on u c l i d e s  d i s c u s s e d .  
F o r  e x amp l e , u r a n i um- 2 3 8  h as a l on g  h a l f  l i fe w i th t ox i c daugh t e r s  
s u ch a s  Th- 2 30 a n d  Ra- 2 2 6 . 

I f  no r e c o r d s  we re ke p t ,  wh a t  a r e  the e r ro r s  a s s o c i a t e d  w i th 
th i s  t ab l e ?  

Wh a t  i s  p l anne d  f o r  c le anup o f  the s e p t i c  t ank s ? 
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p .  3 - 1 36 

p .  3 - 1 3 6 

p . 3 - 1 3 6  

p .  3- 1 3 6 

p . 3 - 1 3 7  

p .  3 - 1 3  7 

Wh a t  i s  p la nn e d  for c le an u p  o f  th e s o d i um c on t a i n in g  tank s ? 

How many c u r i e s  o f  a c t i v a t i on p r od uc t s wou l d  be e x pe c te d  1n 
the ve s s e l ? How a re the l o n g - l i v e d  p r o d u c t s  p reve n t e d  
f r om mi g r a t in g ?  

Why a re n ' t  s ome o f  the h a z a r d o u s  chemi c a l  wa s t e s  i n c ine r a t e d  
s o  they wou l d  n o t  ne e d  b u r i a l ?  Are the s e  w a s t e s  e v e r  
c on t ami n a t e d  w i th r a d i onu c l i de s ?  Wh a t  w i l l  h ap p e n  t o  the s e  
h a z a r dous chemi c a l  was t e s i n  f u t u r e  y e a r s ? 

H ow many f a c i l i t i e s  n o t  i n  a c t i ve u s e  a re c on t ami n a t e d ?  To 
wh a t  e x te n t  a r e  the y c on t ami n a t e d ? \Vh a t  w i l l  be d on e  wi th the 
l an d  h av in g  s u r f ace c on t am i n a t i on of U- 2 3 8 ?  H ow many a c r e s  
a r e  kn own t o  h ave s ur f a c e  s o i l s  h av i n g  g r o s s a lph a , g r o s s  be t a  
o r  g amma l e v e l s  above b a c k g round ou t s i d e  the d i s po s a l  a r e a s ? 
Wh a t  wa s done t o  d e c on t ami n a t e  Ac i d  Canyon and the a r e a  b e h i n d  
t h e  L o s  A l amos Inn; \Vh a t m o r e  n e e d s  to b e  d on e  t o  r e d u c e  
c on t am i n a t i on t o  b ac k g r ound ? W i l l  a n y  o th e r  o f  t h e  L o s  A l amos 
c anyon s  h av i ng r ad i onu c l i de c o n t ami n a t i on be c le aned u p ?  T�1 a t  
l eve l o f  c o n t ar:tina t i on wi l l  the s e  b e  c le ane d up ' t o ? I s  th e re 
any e v i d e n c e  th a t  s u r f a c e  c on t am i n a t i on i s  p re s en t  a t  any o f  
the bur i a l  s i te s ? Wh a t  i s  b e i n g  d on e  a b o u t  t h i s  p r ob l em . H ave 
a l l  s i te s  been mon i t o re d for s u r f a c e  con t ami n a t i on ?  Have a l l  
s i t e s  b e e n  mon i t or e d  f o r  s u b s u r f a c e  r a d i on u c l i d e  m i g r a t i on ?  
Wh a t  d oe s  th i s  mon i t o r in g  i n d i c a te ? Wh a t  w i l l  b e  d on e  lv i th the 
c on t ami n a t e d  i n c in e r a t or and i t s  s i t e ;:rea a s s o c i  a ted c on t ami n a te d  
was te s ?  H ow wi l l  b u i l d in g s  a n d  c on t ami n a t e d  s oi l s  b e  de c o n t am
i na t e d ?  H ow w i l l  e q u i pmen t  b e  d e c on t am i n a t e d ?  

Non- rou t ine re l e a s e s o f  g a s e o u s  e f f l u e n t s  i n  the l a s t t e n  ye a r s  
shou l d  b e  l i s te d , the i r  c u r i e  amoun t s  g i ven a n d  the i r  f a t e  
d i s c u s s e d .  

How a re th e r e l e a s e s  "moni t or e d ? "  Wha t a re the s amp l in g  e r r o r s ? 
I s  c a rbon re le a s e d ?  I s  K r  re l e as e d ?  S in c e  H E PA f i l te r s  d o  n o t  remove 
ga s e s , wh a t  g as e s_ are re l e as e·d f r om the v ar i ou s  fa c i l i t i e s .1 

Wh a t  i s  r e l e a s e d  f r om the r e a c t o r ?  For g a s e ou s  a n d  p ar t i c u l a te 
emi s s i on s  t o  the a tmo s p h e r e  e ac h  s ou r ce s h o u l d  be l i s te d  and the 
quan t i ty o f  e a ch c on t ami n a te l i s te d . The s t a c k  he i gh t , d i ame te r , 
g a s  tempe r a t u re , and c on ce n t r a t i on i n  ppm o f  e a ch p o l lu ta n t  
s h ou l d  b e  g i ve n . Mode l i ng of p o l l u t an t  d i s p e r s i on s h o u l d  b e  
inc lu de d l  ( wh i le the t e r r a i n  i s  r u g ge d , s t a ck he i gh t  may be l ow 
enough t o  a s s ume f l a t  t e rr a in ) .  Th i s , in t urn , s h ou l d  b e  t ie d  
i n t o  the l o c a t i on of amb i e n t  mon i t or s . 

Gene r a l - Does the Omeg a  We s t  Re a c t o r  me e t  NRC l i c e n s ing r e q u i remen ts ? 

Gene r a l - More i n f o rma t i on on q ua l i ty c on t r o l  i s  n e e de d . For 
e x amp l e , h ow does LAS L know t h a t e xp l os i v e s  d on ' t  ge t i n t o  c orr.bus t i b l e 
wa� t e ?  H ow i s  "h o t  m a te r i a l "  p r e v e n t e d  i n  the l ow l eve l wa s t e ?  
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I s  e v e ry p i e c e o f  w a s te t a ken to t h e  r a d i o a c t iv e  d ump mon i t o r e d ?  
H ow a c c u r a t e  a r e  mon i t o r ing d ev i c e s ?  H ow we l l  d o e s  LAS L e v e n  nO\" 
know C i  amou n t s  i n  s t o r a g e ? I s  any t h o u gh t b e ing � i ven t o  s e pa r a t i n g  
l on g - l i v e d  r a d i on u cTi d e s  f r OI!l s h o r t - l i v e d  one s ? Wh a t  i s  the 
p o s s i b i l i ty t ha t  rad i o a c t iv e  m a te r i a l  f in d s  i t s way i n t o  t h e  c o un ty 
dump ? D o  emp l oy e e s  e v e r  t ak e  c on t ami na t e d  e q u i pment ? Wha t i s  th e 
leve l o f  c on t am i n a t i on on e q u i pme n t  w h i ch g o e s  t o  s a l v a g e ? H ow many 
t imes h ave c on t ami n a te d  emp l o y e e s  " t r a c k e d "  r a d i o a c t i v i ty i n t o  the 
t own s i t e ? Wh a t  i s  b e i n g  d one t o  d e t e c t  s p i l l s and p r e ve n t  s p r e a d  o f  
rad i o a c t i v i ty ? H ow a re l e a k s  i n  th e s e we r  d e t e c t e d ?  Wh a t  i s  d o n e  
wh en a l e ak i n  th e s ewe r o c c ur s ? Wh a t  i s  done wi th s pe n t  re a c t o r  
an d c r i t i c a l  a s s emb l y  fue l� H ow  i s  t h i s ma te r i a l  t r ans p o r t e d  fo r 
s t or a g e  an d / or r e p r o c e s s i n g ?  H ow a r e  o t h e r  r a d i o a c t i ve ma t e r i a l s  t r an s 
p o r t e d  t o  Lo s A l amo s ? 

p . 3- 1 3 9  Wh a t  type of badge s a r e  u s e d ?  Are OSHA i n s p e c t i o n s  c a r r i e d  on ? Are 
ou t s i d e  c on s u l t a n t s  a s k e d  t o  r e v i e w  s t an d a r d  o pe ra t ing p r o c e d u r e s ?  
Wh a t  typ e s  o f  a c c i d en t s  h a v e o c c u rre d ?  Wh a t  i s  b e ing d one t o  p re v e n t  
s imi l a r a c c i d e n t s ? H ow o f t e n  i s  l u ng c oun t i ng a n d  u r in a l y s i s  p e r f o rme d 
on emp l oye e s  w ork i n g  i n  the P l u ton i um R e p r o c e s s ing F a c i t iy , e t c .  
Do LAS L emp l oy e e  ch e ck s  me e t  NRC r e g u l a t i o n s  f o r  work e r s  i n  u r a n i um 
mi l l s , r e a c t ors , e t c . ? 

p . 3 - l 4 0  S ou r ce s  o f  g amma r a d i a t i on a t  LAS L s h ou l d  be l i s t e d  and i t  s h ou l d  b e  
sh own th a t  t h e  l o c a t i o n  o f  t h e  TLD s t a t i on s i s  re as onab l e . Gamma 
s u rv e y s  o f  the c a ny on s , w a s t e  d i sp os a l  a r e a s , fen ce l in e  an d i n d i v i d u al 
s i t e s  s h ou l d  be cond u c t e d  r o u t i ne l y w i th a P I C  o r  s im i l a r  i n s t rumen t 
to d e t e c t  any i'n c r e a s e  in garrana l e ve l s . S u r f a c e  s oi l �  l e v e l s  s h ou l d  
b e  che c ke d . S ou r c e s  o f  r a d i o a c t i ve p a r t i c u l a t e  s ho u l d  b e  g i ven and i t  
s h 0u l d  b e  s h own by mode l i n g t h a t  the a i r  s amp l i ng ne twork i s  s u i t a b l y  
l oc a t e d . 

p . 3- 1 4 2  How we re t he s ur f a ce wa t e r  run- o f f  s amp l e  s i t e s  s e le c te d ?  Why i sn ' t  
t he re a s u r f a c e  wa t e r  s amp l i ng s t a t i on i n  An c h o  and Canyon d e l  Buey ? 
S h ou l dn ' t s u r f a c e  wa t e r  s i t e s  a l s o  i n c l u d e  s e d imen t s amp l i n g ?  How 
w e r e  g r ou n d  wa t e r  s i t e s  s e l e c t e d ?  W e r e  any s pe c i a l  we l l s d r i l l e d ?  

p . 3- l 4 7  F r om the B P  I D  d a t a , wh a t  i s  the ma x i mum amoun t o f  r a d i oa c t i ve ma t e r i a l s  
wh i ch c o u l d  h ave g on e  t o  t h e  was t e  d i s p o s a l  a r e a s s in ce t h e  B P  I D  
s y s t e m  h a s  b e en i n  o p e r a t i on ?  Th i s  s h o u l d  b e  g iven a s  t o  e a ch r a d i o
nuc l i de in C i  amoun t s  a n d  c omp are d w i t h the LAS L r e p o r t e d  n umb e r s  f o r  
t h e  d i s pos a l  s i t e s . 

p . 4 - S  D o e s  F p o s e  a p r o b l em f or d r i n k i n g  w a te r ?  Wh a t  l eve l s  o f  P u  we r e  f o und 
i n  the we l l s i n  th e Los A l amos F i e l d ?  Wh a t  we re th e l eve l s  o f  n i t r a t e s ?  

p . 4- S N on- rou t i ne e f f l uen t re l e a s e s  s h ou l d  be de s c r i b e d .  

p . 4- 8  Wh a t  i s  the t ime f r ame for u p g r a d ing wa t e r  t r e a tment ? I s the money 
av a i l ab l e ?  Wh a t  w i l l  h ap p e n  to th e e v a p or a t e d  t r i t i um't 
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I -23  

p . 4- 1 3  

p . 4- 1 4 

p . 4- 1 4 

p . 4- 1 8  

p . 4- 1 6 

p . 4- 1 8  

p .  4- 2 5  

p . 4- 2 5  

p . 4- 2 8  

p . 4 - 2 8  

p . 4- 2 8  

p . 4 - 29 

p . 4- 3 7  

p .  4- 5 5  

p . 4- 5 5  

p . 4- 5 6  

p . 4- 5 6  

Why h a s  the 3H con c e n tr a t i on � n  P u e b l o  i n c r e as e d ?  

W a s n ' t  s ome o f  the P u  con t ami n a t e d  s o i l i n  A c i d  C anyon r e�ov e d ?  

Are th e re a n y  p l ans f o r  c l e an in g  up A c i d-P ueb l o  p ar t i cu l a r ly 
a t  the 2 . 5 6 km d i s t an ce ? I s  A c i d  P ueb l o ope n  t o  th e p ub l i c ?  

Wh a t  i s  the l ev e l  o f  e x t e n a l  g amma r ad i a t i on a t  th e DP o u t  f a l l ?  

How many c u r i e s  h as the ope r a t i on o f  re a c t ors i n  Los A l amos c a ny on 
c on t r ib u te d t o  r a d i o ac t iv i ty i n  the c anyon ? 

Wh a t  a r e  th e me a s u reme n t  e r r or s ? 

Wh a t  a r e  s u r f a c e  e x t e rn a l  gamm a me a s u remen t s  �n ' Mo r t an d a d � 

Wh e n  th e r.a d i onu c l i dt: .:.  g o  i n t o  the p e r che d wa t e r  i n  Mo r t an d a d  wh a t  
h ap pe ns ? I f  t h e re � s  d ownward move�e n t  in the tu f f  c ou l d  the s e  
ra d i on u c l i d e s  r e a ch t h e  m a i n  aq u i f e r ?  Wha t wou l d  b e  th e maximum 
c o n c e n t r a t i on s  e xp e c t e d  in th i s  a q ui f e r ?  

Wh a t  d a t a  i s  av ai l a b le t o  i nd i c a t e  aqu i f e r s  i n  t h e  Puye Con g l ome r a t e  
c on t a i n  n o  r a d i onu c l i d e s  t h a t  c an b e  a t t r i bu t e d  t o  t h e  r-e l e a s e s  o f  
in dus t r i a l  e f f l uen t s ? N i t r a t e  d a t a  a n d  Cs  d a t a  s h ou l d  be g i ven f o r  
th e s e  v a r i o u s  a q u i f e r s  a n d  s p r i n g s  f or the s e  ( i . e .  o n e  a t  T o t a v i  and 
on e i n  P u e b l o  Canyon ) . 

H ow a r e  b e ry l l i um emi s s i on s  mon i t o re d ?  H ow were the l eve l s  of NOx 
i n  the p ow e r  p i an t e f f l ue n t  ob t a i ne d ?  The se appear l ow .  H a s  EIA 
me a s u r e d  t h i s e f f l u e n t  a l s o ;  i f  n o t , why n o t ?  

Wh a t  f u � J rP imp r ovemen t s  i n  e f f l u e n t  c on t rol s a re p l anne d ?  ( a rP 
th e s e a 1 1 di s c u s s e d  on p .  4 - 2 9 ? )  

S in ce mon i t or ing i s  on a l ong- t e rm  b as i s , h ow a r e  s ud d e n  unexp e c te d  
re l e as e s  d e te c te d ?  

H ow ma�y K g  o f  b e ry l l i um and me r c ury h ave b e en used �n dynam i c  
e xpe r i me n t s  dur i n g  the h i s t ory o f  LASL ?  

Wh a t  d o  TLD ' s r e a d  ne a r  LAr!PF ? 

Wh a t  h a z a r d  t o  the pub l ic d oe s  the U- 2 3 8  d e p os i t e d on the g round 
p re s e n t  a f t e r  h un d r e d s  of y e a r s  when the u r an 1 um d a u gh t e r s  are p r e s e n t ?  

Wh a t  d os e  t o  r e s i de n t s  d i d  the 2 2 , 0 00 C i  r e l e a s e  o f  t r i t i um g i v e ?  

Wh a t  a r e  the 
Van de G r a af 
r e p r e s en t ?  

ne u t ron emi s s i on s  f r om th e r e a c t or , c r i t i c a l  a s s emb l i e s , 
and Me s on fa c i l i ty ?  Wh a t  h a z a r d s  d o  t h e s e  em1 s s 1 on s  
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p . 4- 5 6  
4- 6 8  

p . 4- 56 

p . 4- 5 6  

p . 4- 5 6  

p . 4- 6 2  

p . 4- 6 8  

p . 4- 6 8  

p . 4-6 8 

p . 4- 7 6 

p . 4- 7 7  

p . 4- 8 3 

p . 4- 86 

p . 4- 8 6  

H a s  the C s  i n  d e e r  h a d  any o b s e rvab le e f fe c t  o n  the d e e r  ( i . e .  ob s e rvab l e  
t umors , e t c . ) ?  D o  r oden t s  s h ow a ny a dve r s e  e f f e c t s ? 

Wh a t  e x t e rn a l  r ad i a t i on d o s e s  a r e  the w o r k e r s  a t  LAMP F and P a j ar i t o 
s i te r e c e i v i ng ? Wh a t  e x t e rn a l  d os e s  d o  work e r s  a t  the P lu t on i um 
Fac i l i ty r e ce ive ? Have th e re e v e r  b e en any c a s e s  o f  Be p o i s on i n g ?  
How many work e r s  h ave b e e n  k i l l e d  in c r i t i ca l i ty a c c i de n t s ? I n  h ow 
many c a s e s  h ave s p e c i a l  p r oce d u r e s  b e e n  n e ce s s a ry t o  d e c on t ami na te 
work e r s ? H ave the re e v e r  b e en any d e a t h s  due t o  h a n d l i ng exp los i ve s ?  
( worke rs and non-work e r s ) .  

Are t h e r e  any e xp lo s i ve s  a v a i l a b le t o  the pub l i c  1n o ld s i t e s  n ow 
open t o  t h e  pu b l i c ?  

H a s  p lan t u p t ak e  o f  r a d i onu c l i d e s  b e en obs e rve d 1 n  p lan t s  g r owing on 
o l d  buri a l  E i t e s ? Do p lan t s  r e s p i re t r i t i um ?  

H ow does LAS L i n te n d  t o  p r o te c t  i t s d i s p os a l  a r e a s  f r om d i s t u rbance 
f o r  the t ime s n e ce s s a ry f o r  t h e  r a d i onu c l i de s  to d e c a y ?  Wh a t  is  the 
t ime f r ame for c le an u p  o f  c on tamin a te d  s i te s  n o t  l o c a t e d  in 
d i s po s a l  a re as ? Wh a t  l ong- t e rm moni t or ing o f  d i s p o s a l  s i t e s  i s  
p l an n e d ?  

How d i d  S r  d i s t r ib u t e  1 n  t h e  s o i l s .  Wh a t  leve l s  o f  S r  d o  t h e  d e e r 
h av e ?  Wh a t  l eve l s  o f  S r  d o  r o den t s  h ave i n  the i r  b one s ? H ave 
� d i onu c l i de s  a f fe c te d  m1 c r o o r g a n i s m s  in the s o i l s  in the c a n y on s ? 

Even i f  9 R / y r  d o e s  n o t  c a u s e  ob s e rvab le e f f e c t s  i t  sh ou l d  be n o t e d  
th a t  th i s d o s e  ' i s  above t h e  a l l owab l e  d o s e  f o r  human oc c u p a t i ona l 
e xp o s u � �  even i n  c on t r o l l e d  a r e a s . 

Wh a t  h a s  b e e n  the b i o l og i c a l up t a k e  o f  the o t he r b e t a- gamma emi t t e r s  
i n  Tab le 4 . 1 . 1 - 1 0 and Tab l e  4 . 1 . 1 - 1 9 ?  

Wh a t  ene rgy r e q u i reme n t s  d o  t h e  work e r s  h ave 1 n  g e t t i n g  t o  and f r om 
work? 

Wha t e f fe c t  h a s  p u t t ing s a l t  on the r oa d s  h a d ?  

I f  s pe c i f i c  me t e or o l og i ca l  d a t a  1 s  n o t  a v a i l ab l e  h ow wi l l  e v � C u a t i on 
p ro ce d u re s  b e  de t e rmine d ?  

Wh a t  wou l d  h appen i f  the re we re a n a t u r a l  g a s  e xp l o s i on a t  the 
r e a c t o r ? Is s ab o tage p os s i b l e for r e a c t o r  c ore me l t  d own ? 

Are the re any wooden b u i l d in g s  c on t a i n i ng t r i t i um ,  P u , B e , or 
r e cy c l in g  f a c i l i t i e s  wh i ch c ou l d  e x p l ode re le as ing h a z a r d o u s  ma te r i a l s ?  
Wha t wou l d  h appen i f  t he re we re a f i re i n  th e o l d  c on t ami n a te d  
p lu t on i um p r o c e s s i n g  b u i l d in g s ? How mu ch t r i t i um i s  s t o r e d  i n  Los A l amos ? 
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p . 4-9 3 

p . 4-9 3 

p . 4- 9 8  

p . 4- 100 

p .  4- 1 2 6  

p .  9- 9 

H a s  a f i re eve r o c c ur r e d  1 n a g l ov e b ox c on t a i n in g  Pu a t  the o l d  
p l u t on i um s i t e ?  

Wh a t  h appens i f  the re 1 s  a f i re i n  th e HE PA f i l te r  s y s tem a l s o ?  

Cou l d  the re eve r b e  a B e  f i re i n  a h ood i n  the Bery l l i um sh op ? 
Wha t  a r e  the b ag s  in the b ag f i l te r  m a d e  o u t  o f ?  I s  an e xp l o s ion 
in the b e ry l l i um sh op p os s i b le ?  How i s  a h o l e  in the f i l te r  
de t e c te d ?  

Do LAS L a i r c r a f t  eve r c a r ry P u ?  I f  s o ,  wha t  wou l d  h ap p en i f  s uc h  
an a i r c r a f t  c r a sh e d  in A lb uq u e r q u e  o r  L o s  A l amos ? 

On ly N o r th e rn  New Me x i c o i s  l o c a t e d  i n  Los A l amos f o r  e d u c a t i on 
open t o  the p ub l i c  above the h i gh s ch o o l l e v e l .  

A l i s t  o f  the n e ce s s a ry c o o l in g  u s e s  and t e mpe r a t ure s n e e d e d  s h ou l d  
b e  g i ven and a d i s c u s s i on o f  wh y i n  e a ch c a s e  a i r  coo l i n g  ( f i n - f an s ) 
i s  n o t  f e a s i b l e .  

Gene r a l  Co8men t s  

The EI S f o r  LAS L  s h o u l d  i n c lude the f o l lowin g  i n f o rma t i on : 

1 .  Mo re de t a i l s  on the s ta ck moni t or ing s y s t e ms . The d e t a i l s  o f  mon i t o r ing , the 
r a d i onu c l i de s  and t race e leme n t s  mon i t o r e d  f o r , the e r r o r s  a s s oc i a t e d  w i th 
the mon i t or ing , and the m a te r i a l s  emi t t e d  f r om the s ta c k  and n o t  mon i t or e d  
shou l d  be i n c l u de d .  

2 .  More de t a i l s  on th e de te c t i on o f  ma l f un c t i on o f  HEPA f i l t e r s , b a gh ou s e s , e t c .  
Th e de t a i l s  o f  d e te c t i on o f  ch anne l i n g  a r ound r o u gh ing and HEPA f i l te r s , 
h o l e s  in the b a g s , d e fe c t s i n  t r i t i um r e t e n t i on s y s t e ms , e t c . , sh ou l d  be g 1 ven . 

3 .  On the o c c up a t i on a l  e x p·os ure Th e o c c u p a t i on a l  · exp os u r e  i n f l u e n c e s  n o t  
on ly the worke r bu t m ay i n f l u e n ce the p opu l a t i on f or t h o se worke r s  who h ave n o t  
ye t h ad t he i r  ch i l d ren . Thu s  the t op i c  o f  o c c up a t i on a l  e xp o s u re i s  a t op i c  
wh i ch sh o u l d  b e  i n c lu d e d  i n  t h e  E I S  .·. T o t a l e xp o s u r e  ove r  the l i f e t ime o f  the 
l ab or a t ory , numb e r  of de a th s  f r om ove r - e xp o s u re , av e r ag e  e xp os ure of worke r s  
i n  the p l u to n i um f ac i l i ty ,  Me s on f a c i l i ty a n d  c r i t i c a l  a s s emb ly a n d  r e a c tor 
f a c i l i ty s h ou l d  be i n c l u d e d  a l ong w i th m a x i mum i n d i v i d ua l e xpos ure for 
1 9 7 6  an d 1 9 7 7 .  Me as uremen t of b o th i n te rn a l  and e x t e rn a l  r ad i a t i on e x p o s u r e  
t o  i n d i v i d u a l s  s h ou l d  be d i s c u s s e d .  

4 .  More de t a i l s  on c on tami n a t e d  bu i l d in g s  n o t  i n  a c t ive u s e , the p o s s i b i l i ty f o r  
f i r e  in th e s e , a n d  de t a i l s  o n  o th e r  c on t am i n a t e d b u t  n o t  u s e d f a c i l i t i e s , l S  
nee de d .  De t ai l s  on d e c on t amin a t i on ,  t ime s ch e d u l e s , p os s i b l e  e f fe c t s on 
de c on t amina t i on wo rker s , e t c . , s h o u l d  be i n c l u d e d . De t a i l s  o f  d e c on t amin a t i on wh r� 
the lab ora t o ry f in i sh e s  th e s e  ope r a t i on s  o f  the u ran i um s u r f a ce c on t amin a t e d  

are a s  sh ou l d  b e  i n c lude d .  

5 .  Hore d e t ai ls on h ow LAS L in tend s t o  s t ab i l i ze ,  m a i n t ai n , and mon i t or r a d i o a c t ive 
was te d i s p os a l  are a s  f o r  l on g  t ime pe r i o d s  s h ou l d  be i nd i c a t e d . 

6 .  More de t a i l s  on h a z ar d s  a s s o c i a ted wi th r emov a l  o f  w a s te f r om re t r i evab le 
s t orage an d i t s t r an s p o r t  f r om LAS L shou l d  be g i ven . 
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3- 1 3 3 

3 - 1 34 

3- 1 34 

3- 1 34 

I - 2 6  

Wh a t  q ua n t i t i e s o f  f i s s i o n  produ c t s  from t e s t s  i n  Ne v a d a  a r e 
sh i pp�d t o  LASL f o r  rad i o c h emi c a l  a n a l y s i s  a n d  how a r e  t h e y  
sh i p pe d ?  

Wh at  a re the l e ve l s  o f  p l u t on i um and s t ron t i um . i n  the s o i l  
for  t h e  Los A l amo s , E s pano l a  and Santa Fe a r e a ?  Were the 
s tu d ie s for Co l o r ad o ,  Oh io and New York d one on s o i l s  co l l e c ted 
i n  t h e  v i c in i ty o f  nu c l e a r  fac i l i t i e s ?  

Is  th e r e  a regu l a t ion wh i ch l iq u i d  was t e s  and wh a t  amo u n t s  
( a c t i v i t i es ) may be t r an s po r ted b y  p i pe ?  I s  th e re a po s s ib i l i ty 
o f  c h em i c a l rea c t ions i n  the s ewer l i ne t h a t m i gh t cau s e  the  
r e l e a s e  o f  t o x i c  or rad i o a c t ive ga s e s ?  

S in c e  p a r t o f  the i n d u s t r i a l  s ewer l ine r u n s  a c r o s s  l a nd 
a c c e s s i b l e  by th e pub l i c , how a re the p ipe s p r o t e c ted aga ins t 
w i l l fu l  o r  a c c i d e n t a l  d e s t ruc t ion? 

How is  t h e  i ndus t r i a l  s ewer l i ne mon i tored for l e aks , a n d  h ow 
f a s t wo u l d  a l e ak be d e t e c t e d ?  

Wh a t  de t e rm i n e s  t h e  " l owe s t  pra c t i c ab l e  l eve l " ?  

I s  th ere a c o n t amin a t i on o f  ground wa t e r  from t h e  d is pos a l  o f  
wa s t e o i l ?  

I s  the o i l  u s e d  in vac uum pumps inc l ud ed i n  the f i gu re s ?  

Type 4 ma t e r i a l s :  wh a t  are r e c overab l e  qua n t i t i e s  o f  ura n i um 
o r  p l u t o n i um .  

Wh a t  s a fe ty m e a s u r e s  a re p r ov i ded for the t r a n s po r t  o f  wa s t e 
ma t e r i a l ?  

Wh a t a r e  t h e  _·a J i a t io n  l ev e l s  i n  a r e a s  b and V 
tha t a re a c c e s s i b l e  by the pub l i c ?  

How a r e  the 2 3 9  P u  contaminated l i quid wa s te s  move d from the  t ank s 
in  Ar ea A to  the p l ut o n i�um proc e s s 1ng fac i l i ty ?  

How � h i c k 1 s  t h e  cover ove r area A and B ?  

How w i  1 1  the was t e c on t a i n e r s  b e  re t r i eved? 

Se p t i c  t anks r e le a s e  some of the re c e i ved l i qu i d  t o  the 
envi ronmen t .  How much ura n i um and p l utonium is e xpe c t ed t o  
h ave l e ake d f rom the s e p t i c  tanks ? 

A l i s t  o f  the rad ionuc l i d e s  c on t a ined 1n  the pa s t e shou l d  b e  
g1ve n .  { A r e a  T )  

We re t h e s e  "very l ow" l eve l s  i n  a re a  V a c t u a l l y  me a s u re d , o r  
we re they a s s ume d from t h e  de c ay t imes invo lved?  tolh at mean s 
"very l ow" qua n t i t a t i v l y ?  



3- 1 3 6  

3- 1 36 

3- 1 3 7  

3- 14 0  

3- 1 4 7  

4 - 5  

4- 8 

4- 2 8  

4-34 

4 - 3 7  

4-4 2  

4- 5 3  

4- 60 & 
4 - 6 1  

4 - 8 2  

4 - 8 6  

I - 2 7  
I s  the s o d i um s t o red i n  a r e a  W s t o r e d  i n  d ry f o r m  ( wh a t  mo i s t u r e  
c o n t e n t ? ) o r  i n  s o l u t i o n ?  \fu a t  c o r r os i o n  p r o b l e ms a r e  a n t i c i p a t e d ?  

Wh a t  a re t h e  f i re e xp l o s ion h a z a r d s  a s s o c i a t e d  w i th th e w a s te 
in area Y ? 

The re s h o u l d  b e  a c omp l e t e l i s t  o f  a c c i d en t a l r e l e a s e s  o f  
rad io a c t ive o r  t o x i c  ga s e s  th a t  o c c u r e d  i n  t h e  p a s t a n d  a 
comp a r i s o n  o f  tho s e  t o  t h e  ro u t in e  re l e a s e s . 

Are t h e  b ur i a l  a nd d i s p o s a l  s i t e s  f o r  rad i o a c t ive a n d  t o x i c  
was t e  s pe c i f i c a l ly mon i t o r e d ?  Are s amp l e s  a nd m e a s u r e me n t s  
t ak e n  a ro u n d  t h e  a c t ive and i n a c t ive d i s pos a l  s i t e s  t o  d e t e c t  
moveme n t  o f  h a z a rdous ma t e r i a l i n to t h e  e n v i ronmen t ?  I f  s o , 
how f r e q u e n t ?  Wh a t  w i l l  be done i f  a s e vere l e ak a ge o c c u re d  a t  
one o f  t h e  d i s p o s a l  s i te s ?  

How 1 s  t h e  s ou r c e  and s pe c i a l  ma t e r i a l t ra n s po r t e d  t o  LAS L ?  

H a s  i t  b e e n  d e t e rm i n e d  wh ere the h i gh a rs e n 1 c  c o n t e n t  1 n we l l  
wa t e r  from LA- 6 o r i g i n a t e s  from? 

What amo u n �  o f  t r i t i um a re e x pe c t e d  to be e v a p o r a t e d  f r om s o l a r  
ponds� 

The re h ave b e e n  non- r o u t i n e  re l e a s e s  of t r i t i um t h a t  w e r e  n o t  
con t a i ne d .  

The 1 9 7 6  re l e a s e  ra t e  o f  t r i t i um was abou t 2 54 0 0  c u r 1e s ,  t a k i n g  
the a c c i d e n t a l  t - re l e a s e  i n t o  a c c ou n t . 

Are t h e  emi s s i o n s  from vac uum s y s t e m  p ump s a n d  c ompre s s o r s  u s e d  
a t  LASL s i gn i f i c an t ?  

Wh a t  i s  the e xc h ange r a t P  �e tween t r i t i um c a s  a n d  hydrogen i n  w a t e r � 
How f a r  wou l d  t r i t i um gas t r ave l i f  i t  we re r e l e a s e d  d ur ing a 
h e avy r a i n s t o rm? 

Wou l d  i t  be conve r te d  t o  t r i t i a t e d  wa t e r  i mmed i a t e ly and fa l l  to 
the ground ? 

How are t h eje d o s e s  c a l c u l a t e d ?  Do the 3 H f i g u r e s  i n c l ud e  t h e  
a c c i d en t a l  H r e l e a s e  o f  2 2  0 0 0  ci ? 

Wh a t  w e r e  t h e  r ad i a t i o n  l eve l s  a t  t h e  
fo rme r TA- l a n d  Bayo Canyon a r e a  b e f o r e  remo v a l  o f  t h e  c o n t amina t e d  
mate r i a l  and wh a t  a r e  t h e y  now ? Ave ra ge and ma x imum r e a d i ngs ? 

How w a s  the l e ak i n  t h e  ind us t r i a l  s ewe r l i n �  d e t e c t e d ?  I s  t h i s  
t h e  o n l y  s p i l l  th a t  e v e r  o c c u r e d  f rom the l i n e ?  

Cou l d  an e xp l os i o n  a c c i de n t a l l y b r ing t oge t h e r  a c r i t i c a l  ma s s  o f  
p l u t on i um? 

The chemi c a l  t ox i c i t y  o f  p lu t o n i um and the re s u l t i ng h a z a rd s s h o u l d  
be e v a l u a t e d  a n d  d i s c u s s e d  i n  ad d i t i on t o  t h e  r a d i o l o g i c a l  h a z a r d s . 
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Wou l d  t h e  a re a  be d e c o n tam i n a t e d  to  a l e ve l  o f  6 5  f4 Z frr?·? \� a t  ra d i a t i o n  l eve l s  
wou l d  be r e c e i v e d  f rom the ground c o n t i m i n a ted w i t h 6 5  � r Jm P u ?  How l a r g e  
w o u ld b e  the po t e n t i a l  r i sk  o f  Pu- po i s on 1 ng i n  a n i m a l s  a n rl  p e r s o n s  from t h i s  
P u  c o n c e n t r a t i o n ?  

4- 9 4  

4- 9 5  

4- 9 6  

4- 9 8  

Wh a t  i s  the probab i l i t y for core me l t ing fo l l o\Ji ng a l o s s  o f  
coo l an t  a c c i d en t  and why i s  i t  i n c r� d i b l e ?  

Wh a t  i s  t h e  j us t i f i c a t ion fo r t h e  f i gu r e s  pos t u l a ted a s  c o n d i t i ons 
fo r the max imum c r e d i b l e  a c c ide n t ?  The figu n� s  e� p pea r to be too 
l ow !  

Tr i t i u m  c ou l d  b e  r e l e a s e d  through f i re ,  e xp l os i on and s a b o tage 
a l s o .  

Have th e re b e e n  e xpe r ime n t s  c ondu c t e d  a t  LA SL i n  L h e  p a s t tha t 
i nvo l ved b i o logi c a l  age n t s  o f  r i s k  gr e a t e r.  th a n  c l a s s  1 ?  

( s ee a l s o comme n t  to p .  4-4 2 ) :  Wh a t  wou ld h a p p e n  i f  th e r e l e a s e  
of- t r i t i um t o  the a tmo s ph e r e  took p l a c e  d u d.ng a r a i n s t o r m ?  

Co u l d  a t r i t i um re l e a s e  i n  the bu i l d i n g  r e s u l t i n  a n  e x p l os i on 
i n s ide the b u i l d i ng ?  Wh a t  wou l d  the c ons eque n c e s  b e ?  

Gene r a l Comme n t s  o n  the D i s c u s s i o n  o f  Ac c i d e n t s  

The d i s c u s s i o n  o f  pos s i b l e  a c c iden t s  i n  c h a pte r 4 . 2  J . s  c o n s i d e re d  i n a d eq u a t e . 

The d a t a  b a s e  u s e d  i n  t h e  c a l c u l a t i on s  for ac c i de n t  c on s e q ue n c e s  i s  n o t  s h own 
to be c r ed i b l e  or re asonab l e , and i t  i s  impo s s i b l e  fo r. t lte  r e a d e r  t o  de t e r m i ne 
whe th e r  the a c c i d e n t  s ceba r i os p r e s e n t ed indeed are the wo r s t  c a s e s , o r  c r e d i b l e .  
Pos s i b l e ,  b u t  h i gh l y  improb a b l e  a c c i d e n t s  a re n o t  d i s c u s s e d . 

The c onc P p t  0 f  d i s c u s s i o n  o f  the wor s t  u c c i d e n t s  is  � s � f, J l , b u t  a c c i d e n t s  w i th 
l e s s  s eve re conseq uenc e s  should a l s o  b e  d i s c us s ed , s in c e  t h ey c a n  a n d  w i l l  
h appen w i th a much h i gh e r  probab i l i ty than the wo rs t c a s e  a c c i d e n t s .  

Th e wh o l e  p a ra gr a ph ( 4 . 2 )  on a c c i d e n t s  l acks a de t a i le d  d i s c u s s i on o f  the pos s i b l e 
consequen c e s  o f  the a i f fe r e n t  s c e nar i os . I n  mo s t  c a s e s , t h e  c on s e q u e n c e s  me r e l y  
a re e xp re s s e d  i n  f i gure s for  po p u l a t ion e xposure s . Emerge n c y  p r o c e d ures  t o  fo l l ow 
i n  c a s e  o f  ac c i de n t s  are not  me n t ioned , do they ex i s t ?  R e s tor a t i o n , c l e a n  u p  a nd 
decon tamina t i on a f t e r  a n  a c c i d ent wi l l  be a ne c e s s i ty i n  mo s t  o f  t h e  pos t u l a t e d  
a c c i den ts , bu t are  no t d i s c u s s e d . A r e  t h e re a n y  p l an s  f o r  a n  eva c u a t i on o f  
Lo s Al amos o r  Hh i t e Rock i n  c a s e  o f  a s e r i ous a c c iden t a f f e c t i n g  t h e s e towns . 

I s  f l ood i ng o f  fa c i l i t i e s  l o c a t e d  in ca nyon b o t t oms cons i d e r e d  t o  b e  i mpo s s i b l e ?  
The poss i b l i t y o f  s ab o t a ge shou l d  a l s o  b e  d i s c u s s e d . 

Co n t rary t o  the s t a t e ment on page 1 1 - 1  i t  i s  though t th a t  o f f- s i te t r a n s po r t a t ion 
o f  nuc l e a r  ma t e r i a ls a n d  o c c u p a t i on a l  h ea l th expos u r e s  s h ou l d  b e  d i s c u s s e d  in the 
DE I S .  Th e o f f- s i t e t r a n s p or t a t i on of nuc l ea r  ma t e ria l s  and ra d i o a c t i v e  wa s t e s  
i s  c l e a rly a s s o c i a t e d  w i th t h e  a c t i v i t i es a t  LASL a n d  i s , t h e r e fo re , an e n v i ron
men t a l  impa c t  c a u s e d  by the l abora tory . 
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I - 3 1  

DOE Staff Re sponse to the St ate of New Mexic o ' s Comments on 
the Draf t Env ironmental Impac t St atement fo r the 

Lo s Al amos Sc ient if ic Laboratory S i te 
DOE/E I S-00 18-D 

INTRODUCT ION .  In order to respond to the comments in an orderly 
fashion that wi l l  pe rmit easy c ros s-re fe renc ing betwe en the comments 
and the Final Env ironment al Impact St atement ( FEIS ) ,  two convent ions 
have been employed . Fi rs t ,  all  comment provided by the Energy and 
Minerals De partment S t af f  we re collated into seque nce according to 
page numbe rs in the Draft  Envir onme ntal Impac t S tatement ( DE IS ) ,  and 
the se page numbe rs are used to identify the comments . In many case s , 
this col lat ion ind ic a ted several que s t io ns or comments on the same 
subs tant ive topic or i s sue . In the se case s ,  t he se notes generally 
addres s  onl y the issue as a whole and may not specific al ly respond 
to each variant of the que s tion.  Se cond , all  references in the text 
of the se notes are to pages in the FE IS , regardless of whethe r the 
info rmat ion wa s contained in the DE IS or wa s added in response to 
comment s rece ived . 

A numbe r of comments we re ad dres sed to Chapter 1 ,  Summary . That 
chapter is a brief summa ry intended to highl ight the key i s sue s 
addres sed by the docume nt . Therefore , i t  is impo s s ib le to includ e 
nume rous details on a given topic . There are acknowledged differences 
of opinion regard i ng selec t ion of key topics and extent of detai l . 
Mo s t  of the comments we re ad dres sed in great e r  de tail in subseque nt 
se c t ions of the DE IS . The notes on chap ter 1 comments basical ly 
ind icate locations in the FEIS where more detail can be found . 



Comment 
Id ent i f i cat ion 
( DE I S  page no . ) 

p .  1- 5 

p .  1- 5 

p .  1-5 

p .  1- 5 
1- 6 
1- 8 

p .  1 - 7  

I - 32 

Re sponse 

At the t ime o f  p ub li cat i on o f  t he DE I S  s ome 
o pe ra t ions had been moved t o  the new pluto nium 
f a c i l i ty , o thers had no t .  Howev e r ,  t he move i s  
now n earl y c ompl e te a nd t he t ext wa s mod i f i e d  t o  
read " • • • wi l l  cont inue at l ea s t  un t il decontami
na t io n  o f  the old p l u t onium proces s i ng fac i l i ty i s  
compl e t e d . "  

The chemical and rad io chemical qua l i ty o f  t he ma i n  
aqui fe r i s  ad dres se d  by t he rout ine mon i t o r i ng pro
g ram of LASL . De t a i l ed coverage i s  found i n  
se c t io n  4 . 1 . 1  of t he E I S  wi th t h e  accompanyi ng 
r e f e r ences . Ad d i t io na l  inf o rma t i o n  i s  includ ed in 
appe nd ix H ,  ( page H-3 5 ) .  

Rad iat ion leve l s  and rad i onuc lid e c once nt ra t ions are 
c ove red througho u t  the text . We wo ul d re f e r  your 
c omme n t s  to s e c t ions 4 . 1 . 1 ,  4 . 1 . 3  ( pages 4 - 5 6  thr ough 
4-61 ) ,  a nd 4 . 1 . 5  wi th t he ir refe rence s .  

Th e inf o rma t io n  found i n  tables 1-1 and 1-2 i s  a 
prod uc t o f  t he LASL r o u t ine m on i to r i ng pr og ram . 
Th is p r og r am i s  based upon DOE a nd EPA regulat ions 
a nd guid e l i ne s .  De t a i l s  about t he moni to ring prog ram 
are found in appe nd ix H ,  wi th pag e s  H-10 2 ,  -10 3 ,  -10 6 ,  
and - 10 7 giv i ng breakdown s  b y  sour ce . 

We ag ree tha t wi thd rawa l o f  l and f o r  various pur po s e s  
is an env i rorunental impac t .  As po inted o u t  on p a g e  1- 9 
o f  the FE I S , "Un av o id a b le e nv i ronmental e f fe c t s  re s u l t
i ng f r om t he cont in ued o p e r a t i o n  o f  LA SL include land 
u s e , r e s o ur ce cons umpt ion , a nd e f flue nt release . .. --

Al l po s s i b le c om bi na t ions o f  ac c i d e n t s  c oul d no t b e  
c ove red i n  t h i s  summa ry ,  but ra ther a s p e c t r um o f  
"wo rs t  case " eve n t s , wh ich have a po tent ial of o ccur
rence wi thin the framewo rk of LASL o p e ra t i o ns . 
Se c t io n  4 . 2 . 4  ad d re s se s  a s e rio u s  ons i te transpo rta
t i on accident of the nature reque s t e d , but p o i n t s  
o u t  tha t  the s e r i o u s  t rans p o r tat io n  accident d i s c u s se d  
i n  the DE IS c oul d no long e r  ha ppe n .  Pa g e  3-1 6 2  s hows 
tha t a i r  shipment s of p l u t on ium we re t e rminated i n  
1 9 7 7 . 



Comment 
Id ent if icat ion 
( DE I S  page no . )  

P • 1- 9 

P • 1- 1 2  

P • 2-4 

p .  2-6 

P • 2-10 

p .  2-11 

p .  2-13 

I - 3 3  

Re sponse 

Rad ionuc lide c ontent of �ate rial placed in di s
po sal p i t s  and sorp tion bed s are shown in 
tab le s 3 . 3 . 3-2 and 3 . 3 . 3-3 . Re leases to the 
canyo n sys tems are cove red in de tail by ind ividual 
canyo n in sec t io n  4 . 1 . 1 .  

The comment that " i rreversib le changes in the 
ec ol ogical pat terns of the area as vegetat ion and 
animal po pulat ions have changed , due to sur fac e 
wa ter ava ilabil ity , human ac t iv i t ies , e tc . , . . . .. i s  
true . Howeve r ,  these are localized phenomena ad ja
cent to stream channels or located on land areas 
wh ich have undergone cons truc t ion act ivi t ies . The 
maj or pa t te rns evident wi thin ecosys tems es tab li she d  
by the southwe s tern climat ic and edaphic c ond i t ions 
have not changed . No maj or shi f t  in the se patterns 
would oc cur wi thout a change in climato logical 
c ond i t ions and/ or a maj or catastr opic event that 
al tered the fundamental nature of the local envi rons . 

Text addi t io ns show a l l  f i s s i on pr oduc t s  from Nevada 
are shipped to LASL " i n ac co rdance wi th cur rent 
De pa rtment of Transpo rtat ion regulat ions . "  

Di scu s si on on he alth hazards o f  uranium beg ins on 
page 4-4 8 .  

The text wa s mod i f i ed to  point out histo rical value 
of Scyl lac . 

The text wa s modified to read " • • •  , and technique s 
to separa te tritium ga s from the molten lithi um 
blanke t in fus ion react ors are be ing considered . "  

The text wa s modified to indicate actua l  use of sub
te rrene dri l l  program in a histo rical c ontext . 

The high energy gas lase r  fac i l i ty is  cove red in a 
new parag raph wh ich addresses cur rent prog rammat ic 
goals . 



Comme nt 
Identif icat ion 
(DE I S  page no . )  

p .  2-14 

p .  3-8 

p .  3-12 

p .  3-5 0  

p .  3-51 

p .  3-5 5 
3-5 8 

p .  3-72 

p .  3-87 

p .  3-89 

I - 34 

Response 

The plutonium fac il ity " 
19 79 . .. 

was c ompl eted in 

The text wa s modified to read " In the Lo s Alamo s 
area , t he Ce rro To ledo Rhyo lite and the Bandelier 
Tu f f  are the onl y format io ns of  the Tewa group 
that crop out . "  

Laboratory fac il i t ies  are not located ac ross any 
kn own fault zones . 

A rathe r ext ens ive sec t ion o f  the EIS , se c t io n  4 . 1 . 1 ,  
cove rs both wa ter qua l i ty and quant ity fo r LASL and 
t he sur rounding reg i on . We would refer your comments 
on drainage , wa ter qua l i ty , and wa ter consumption 
to this sec t io n .  

The text wa s mod i fied to show t hat the county wa s t e
wa ter treatment fac il i t ie s  " meet the most  recent EPA 
requi rements fo r secondary trea tment fac il i t ie s  and 
have been upgrad ed to be in ful l compl iance wi th the 
Na t io nal Pol lutant Di scharge El imina t ion Sy s t em 
(NPDE S ) . "  

Atmos phe ric em i s s io ns are cove red in section 4 . 1 . 2 ,  
and we would refer your comments to this sec t ion wi th 
i ts accompanyi ng refe rence s .  

The se comment s o n  rad iat ion monitoring addres s  the 
two are as of monit o ring methodol ogy and moni to ring 
resul t s .  As sug ge s ted , an appendix ha s been ad ded , 
and we refe r your comments speci fical ly to pages 
H-2 0 ,  H-2 1 , and H-61 through H- 7 2 .  

Land owne rship i n  the Lo s Alamos region by c ounty i s  
presented in tab le 3 . 2 . 1-3 , see f igure 3 . 2-1 fo r 
location of coun t ies . 

The sent ence wa s changed to read " 
• • • a bra nch of  

the No rthe rn  New Mexico Community Co llege . "  

A new parag raph wa s inserted to  po int out the 
various commun ity services and se rvice organiza
t io ns that exis t .  



Comme nt 
Id ent i f i c a t i on 
( DE I S  page no . )  

p .  3-93 

p .  3-95 

p .  3-100 

p .  3-10 5 

p .  3-1 12 

p .  3-116 

I - 35 

Re sponse 

The text wa s mod i f i e d  to re ad "A La bora t o ry 
re po r t , LASL 7 7-4 , ' Pa j ari to Plat eau Ar chaeo logi
c al Sur vey and Ex cava t io ns ' do cument s t he s i tes 
within TASL boundarie s . "  

"Und er t he j ur i s d i c t io n  o f  t he Na t io na l  Park 
Se rv i c e "  wa s d e l e te d f r om t he text . 

Mu seum of Navaj o  Ce rem oni al Ar t wa s repl aced wi th 
Wheelwr ight Mu seum . 

Powe r t r ansm i s s ion lines are d i s c u s se d  i n  the new 
ma t e r i a l  ad ded to t he t ex t  ( pag e s  3 - 6 5  t hrough 3-6 8 )  
and transmi s s ion line s  are shown on f ig . 3 . 3 . 1- 1 . 

The conce ntrat ions o f  rad ionuc lid e s  wh ich may be 
t rans po r ted by sewe r p i pe are l im i te d  by adminis
t r a t iv e  cont ro ls and s t and ard o p e ra t i ng p r o cedur e s  
a s  s ta t ed o n  pag e 3-12 5 .  

The po s s i b i l i t y  o f  chemi c al react ions i n  the sewe r 
l i ne is r em o t e  in t ha t  wa s te chemical s ar e 
appr opr iat ely neut r al i zed at seve ral neut r a l i z a t ion 
s ta t ions t ied t o  t he s ys tem . Th is info rma t io n  i s  
on pag e  3-1 18 . 

The indu str ial sewe r line s  d o  c r o s s  DOE l and s o pe n  
t o  the pub li c  and the rem o te po s s ib il i ty exi s t s f o r  
t he ir wi l lful dest ruc t i on . However , t he se l i ne s  
a r e  bur ied and rout inely p a t r ol led b y  t he DOE 
s e cur i t y  fo rce . A moni t o r i ng sys tem do e s  ex i s t  
wh ich woul d de t e c t  g r o s s  l eaks in the l i ne s  
( page 3-12 5 ) ;  howeve r ,  a s l ow l eak wa s d i s c ove red 
in 19 74 as d e s c ribed on pag e s  4-94 and 4 -10 3 .  A 
repl ac ement fo r t he ex i s t i ng sys tem i s  pl anned . 
The new s ys tem wi l l  be an elec t r onical ly moni to red 
doub le-e nc a s e d  ind u s tr ial sys tem and i s  d e sc r ibed 
o n  pag e s  2-14 and 4-90 . 

Ta b l e  4 . 1 . 2-4 l i s t s  the max imum po tent ial releas e s  
o f  cadmium and be ryl l i um t o  t he atmos phe re and 
page 4-4 3 me ntions re leas es of uranium due to 
dynamic expe rime nta t ion . Al so , s e e  t he s e c t ion on 
non rad ioac t ive e f f lue nts in Ap pend ix H, s tar t ing 
on page H-3 6 .  



Comme nt 
Id e nt i f icat i on 
( DE I S  page no . ) 

p .  3-1 2 0  

p .  3-1 2 2 

p .  3-1 2 3 

I - 36 

Response 

The nit ra t e  l ev e l s  shoul d be reduc ed wi th the 
c ompl et ion of the planned upg rad i ng of the treat
me nt plant , a nd ze ro d i s c harge c oul d oc cur if the 
pr opo s ed s o lar po nd s  ar e funded . Sam pl e mon i t o r
i ng is ac compl i s hed by tak i ng both proport ional 
and grab sampl e s  in accordanc e  wi th the guid e
l i ne s  s e t  fo rth in the NPDE S p e rmi t .  

Ra d i a t i o n  lev e l s  at the d i s c harge o r  out fal l 
po ints are d i sc u s se d  on page 4 - 7 7 ,  d e ta i l ed mea
s ur ements we re repo rted in re f .  4-2 3 .  

Tr i t i um i s  the only r ad i onuc lid e not treated by the 
wa s te wa ter treatment sys tem . Tr i t ium and i t s  
a s s o c i at ed problem s  are d i sc u s se d  o n  pag e s  3 -1 3 2 ,  
-1 3 5 ,  -13 6 ,  a nd 4 -4 6 .  

Emi s s ions from the Omega We s t  Re ac t o r  are d i s c u s se d  
i n  the new pa rag raph on pag e 4 -19 . 

Di sc harg e s  from the Me son Facil i ty a nd o ther l iq ui d  
d i s c harges a r e  cove red o n  page s  3-12 9 ,  H-2 8 ,  and 
H-2 9 ,  s e c t io n  4 . 3 . 1 ,  a nd H-3 6 thr ough H-3 9 .  

Page H-3 3 po int s  out that Sand ia Canyon re c e iv e s  
cool i ng towe r blowd own and page H-10 7 s hows the 
e f f lue nt qua l i ty summa ry fo r t he cool i ng wa te r .  

Lowe s t  prac t ic ab le lev e l  i s  d e f i ned a s  " a s low a s  
techn ical ly and e c onomically achievable . "  

The text wa s mod i fi e d  to po int out that mos t motor 
vehic le o il i s  take n by a c omme rcial firm for 
r epr oce s s ing . No contami na t io n  of g round wa ter 
from d i spo sal a t  the coun ty-o pe ra t ed land f i l l  has 
been de te c ted by the LASL g round wa te r moni toring 
n e two rk .  

The type s and general locat ions o f  the d i s c harg e s  
a r e  cove red in s ec t io n  I I I . B . 3 . b  o f  ap pe nd ix H .  

The 10 nCi / g  appl i es onl y t o  t rans uranic s .  



Comment 
Ident i f i ca t io n  
( DE I S  page no . )  

p .  3- 1 2 5 

p .  3-1 2 6  

P •  3-1 2 7  

I -3 7  

Response 

S e c t ion 3 . 3 . 3  of the E I S  wa s c om pl e t e ly rewr i t t en 
t o  cove r so lid wa ste s in more deta il . Tr ans por ta
t io n  pr oce dur es are also ad dre s s e d  in s e c t io n  3 . 3 . 5 . 
We be l i eve al l comments f r om your s t a f f  are 
add res sed by this im pr ovement . 

Al l trucks are moni tored befo re and af ter wa s t e  
haul ing , a s  po int ed ou t o n  pag e 3-1 3 2 .  Wo rke rs a t  
t h e  wa s te d i spo sal s i t e  a r e  pr ot ec t ed b y  t he con
t inuo u s  moni t o r i ng and the he alth phys i c s  t echnic ian 
who i s  always pr e s e nt . 

Some d i s p o s al areas are loca t e d  in t u f f  wi th frac t ur e s  
as ment ioned on pag e  3-13 5 .  We a r e  awa re o f  this 
and are mon i t o r ing . 

The general sub j e c t  area of b i o log ical u p t ake o f  
rad ionuc lid e s , so il- b i o t a  inte r f ac e , a nd e co l og ical 
fate of rad ioac t ive co ntam i nants i s  cove red on 
p ag e s  4- 7 6  t hr ough 4-7 9 .  

Comme nts o n  the rate o f  s ur face e r o s i o n  and sub se que nt 
exp o sur e of bur ied wa s t es ar e refe rred to pag e 3 -1 3 6 .  
As previously mentione d , t r i t ium has migrated thr ough 
the tuff fo llowi ng fractur e s , areas of h ig h  poros i t y , 
and along inter faces be twe en ashf lows ( pag e 3-13 5 ) . 
The rad ioac t ive wa s t e  capac i ty o f  t he Me s i t a  del Bue y  
d i spo sal area and the cur i e  am ount of radionuc lid es 
bur ied is c ove red o n  pag e s  3 -1 2 9  and 3-13 0 .  

The comment wa s made that one wa y t o  show the decrease 
in the haza rd pr e se nt ed by t h i s  s i te thr ough t ime woul d 
b e  t o  " s how f o r  each 100 year interval the am oun t o f  
d i lut ion wa ter wh ic h wo uld b e  requi r e d  t o  achieve 
Max imum Plut onium Concentr a t ions ( MPC ' s ) . "  This me t ho d  
i s  n o t  cons idered u se f ul fo r t h i s  l o cale be cau se the 
t u f f  i s  too dry . 

Lo ng- t erm wa s t e  ma nag ement a l t erna t iv e s  f o r  the bur ied 
and r e t r i evably s t o red wa s te s  i s  t he t o p i c  o f  a 
re cently in i t ited s tudy by t he LASL He al t h  Di v i s io n . 
A new pa rag raph has been ad ded to the E I S  c ove ring 
this t o p ic on pag e 3 -1 3 4 .  



Comment 
Identif ication 
(DEIS page no . ) 

p .  3-1 28  

p.  3-1 2 9  

p .  3-13 0  

p .  3-13 0  
p .  3-13 1  

p .  3-13 2  

P •  3-13 3  

p .  3-13 4  

I -38  

Response 

Se epag e from the me sa dispo sal s i tes is not occur
ring because the re is insuf fic ient mo isture f o r  
saturated flow t o  occur . Se e pag es 3-1 3 5  and 3-1 3 6  
f o r  related discus si on.  

Comments on tritium are refe rred to on page 3-13 2 .  

Comme nts o n  erosion o f  the wa s t e  s i tes  are refe rred 
to on pag e 3-13 6 .  

Rad iatio n  levels in Area B a re no t above background . 
Area V i s  not acces sible and is po s ted wi th " No 
Trespa s s ing "  s ig ns .  See tab le 3 . 3 . 3-2 a nd page 3-13 6 .  

The probabi l i ty that the re are any unknown wa s te dis
po sal s ites is  vanishi ngly smal l ;  see new d i scus sion 
on pag es 1 1-2 a nd 1 1-3 . 

Comment on movement of rad ionuc lid es is  refe rred to 
pages 3-1 3 5  and 3-13 6 .  

Comment o n  errors as sociated wi th the table a re 
re fe rred to page 11-2 and refe rence 3-lllB . 

For addi tional inf o rma t ion on rad ionuc lid e s , se e pages 
3-14 0  and 3 -14 3 .  If the ing rowth o f  o the r rad io
nuc lid es is s ignificant , it wi l l  be addres sed i n  the 
manag ement alt ernat ives . 

The movement of the contaminated liquid wa stes  is  
thr ough an underg round p ipe . See page 3-14 1 .  

Fo r more deta i l ed info rmat ion on Areas A and B ,  see 
refe rence 3-lllB . 

The wa s te management al ternatives s tudy ( page 3-134 ) 
wi l l  ad dres s and evaluate op t ions f o r  was t e  contai ner 
retr ieval . 

Thes e  tanks wil l  be removed when funds be come ava il
able . Un t il they a re excavated , t here is no 
specific data on cont amina t ion level s .  



Comment 
Identif icat ion 

I - 39 

( DE I S  page no . )  Response 

p .  3-1 3 6  

P • 3-1 3 7  

Th d i  lid f h . .. 
9os e ra onuc e content o t e pas te �s r ,  

2 38 Pu , 2 4 1Am ,  132cs , a nd Uranium " ( page 3-14 4 ) .  
Se e the tab le s  on pages 3-138 , 3-13 9 , a nd 3-14 0 f o r  
more de ta il . 

Text m od i f i ed to read " Based on the ir short half
l ive s , t he se nuc lid es have decayed to an undec tab le 
leve l . "  ( page 3-14 4 ) . 

Comments on sodium are refe rred to the new mat erial 
on Areas W and X ( pag e 3-14 5 ) . 

In cine ra t ion of chem ical wa stes is  not considered 
pr ac t ic al . If the se wa s tes  are rad ioac t ively c on
t aminated , t hey are put in Area G.  

All wa s tes  in Area Y a re bur ied , and no as so ciated 
fire haza rd s are known to exi s t . 

The comment s  on contaminat io n  are refe rred to pages 
3-1 4 5  and 3 -14 6 .  

Fo r de ta il s o n  Ac id Canyon and the area behind the 
Lo s Alamos Inn ,  se e sec t io n  4 . 1 . 4  and reference 4-10 2 .  

Fo r informa t ion about ong oing evalua t ions , s e e  the 
di scu ssions on the Formerly Ut ilize d  Si te s  Remed ial 
Ac tion Program ( FUSRAP ) pr ogram inc luded in se c
t ions 4 . 1 . 1  and 4 . 1 . 4 .  

Comments on cont amina t ion i n  regard to the bur ial 
s ite s are be ing ad dres sed by the wa s te management 
alterna t ives study in progres s ( page 3-13 4 ) . 

Comme nts on the inc i ne rato r and i t s  s i te a re refe rred 
to page 3-14 6 ,  a nd refe rences 3-112 a nd 3-112A . 

Comments on nonrou tine gaseous efflue nts are ad dres sed 
in the new ma terial on page 3-14 8 .  

De tai l s  o n  gaseous rad ioac t ive ef flue nt s are found 
on page H-10 2 .  

Comments on po llutant dispe rsion are re fe rred t o  the 
material on pages 3-14 7 a nd 3-148 a nd the sec t io n  on 
a ir monit oring s tart ing on pag e H-1 1 .  Moni tors are 
l ocated so as  to intercept d i spersion in many 
di rec tions . 



Comment 
Id ent ificatio n  
(DE I S  page no . )  

P •  3-13 9 

P •  3-1 4 0  

P •  3-14 2 

p .  3-1 4 7  

p .  4-5 

p .  4-8 
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Response 

Two type s of bad ge s are used : film and the rmo
lumine sc ent dosimeters ( page 3-15 0 ) . 

Ge neral protec t ive measures fo r wo rke rs are dis
cus sed on pag e 3-15 0 . 

The dosimet ry requirements o f  DOE regul at ions 
me et the Federal rad iation protec t io n  s tanda rds 
incumbent on al l Federal agencies ( pages 4-6 2 and 
4-63 ) .  

The comments o n  rad iat ion sour ces and moni to ring 
are refer red to Ap pend ix H and the sec t io n  on 
wa s te management al ternatives on page 3-13 4 .  

Monitoring s i te selec t io n  crite ria are ad dres sed 
brie fly in the new ma terial ( page 3-15 3 ) . 
ap pend ix H provides much more detail on all  aspe c t s  
of monitoring pr ocedures . 

Comments on Ancho and Canyo n del Buey are refer red 
to appe nd ix H.  In addi t io n ,  see sec t io n  4 . 1 . 1 and 
pages 4-13 and 4-15 and asso ciated refe rences 
regarding monito ring . 

Comments on Book Phys ical Invento ry Di f fe rence ( BPID) 
ar e refe rred to the new material on page 3-15 8 .  

Comments o n  Special Nuc lear Mate rial trans po rtat ion 
a re refe rred to the new se c t io n  3 . 3 . 5 .  

Comments on drinki ng wa ter are refe rred to H-91 and 
H-92 . 

Se e pag es H-3 9 f o r  an explana t io n  of  t he NPDE S per
mit wh ich c overs al l indus tr ial releases and 
page H-10 7 f o r  deviatio ns from permit cond i t io ns . 
In ad ditio n ,  se e pag e 4-93 f o r  accident s . 

Comments on the high ar senic content of  Well LA-6 
are refer red to refe rence 4-6A .  

These comments are refe rred to the new material 
( page 4-1 1 )  on the planned treatment pl ant upg rad
ing and the pr opo sed so lar po nds . 



Comment 
Ident i f icat ion 
( DE I S  page no . )  

p .  4-13 

p .  4-14 

p .  4-16 

p .  4-18 
p .  4-2 5 

p .  4-2 5 

p .  4-2 8 

P •  4-2 9  

p .  4-3 4 

p .  4-3 7 
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Response 

Tr it ium concentrat ion has remained in the same 
range ove r t ime . See the corre c t ion and addi
t ions to tab le 4 . 1 . 1-6 on page 4-1 7 .  

Comme nts on Ac id-Pueblo are referred to pages 4-69 
and H-54 . 

See the d i scus sion on the three reac tors on 
pag e 4-19 . 

The se comments on ex terna l gamma rad ia tion are 
re fe rred to refe rence 4 -2 3  ( page 3 0 )  and Appendix H .  

The new ma te rial on page 4 -2 9  shows tha t n o  plu
tonium or ces ium mig ra t io n  wa s detec t ab le , a nd 
tha t  tr it ium wa s mea surab le to depths of 8 m .  

Comments on the aquifers are refe rred t o  page 4 -15  
and deta iled data in append ix H.  ( pages H-8 9 ,  -90 , 
-93 , -94 , and -9 5 ) .  

Comments on beryl lium em is s ions are refe rred to H-3 7 .  

The New Mexico Env ironmental Impr ovement Div i s ion ( E ID )  
does not moni to r this emis sion a s  the plant heat input 
is bel ow t he regula tory thresho l d .  See pag e H-3 7 .  

Comme nt s on the future improvements in e fflue nt 
cont rol s are refe rred to the summaries in Chapter 9 .  

Fo r more deta il on detec tion of unexpec ted releases , 
refer t o  the di scussion on moni toring at the new 
pluton ium fac ili ty ( page 3-14 8 )  and the ma terial 
on accident response ( page 4-93 ) .  

The 2 5 , 4 00 cur ies ment ione d in your comment is the 
t o tal for t he yea r .  For  more informa t ion about the 
ac cid ent , see pag e 4-94 . 

Comments on emissio ns from the vacuum pumps and 
compres sors are referred to the new ma terial on 
pag e 4 -4 3 .  

To ta l use o f  beryllium and mercury in dynamic test
ing is unkn own ; howeve r ,  recent years are documented . 
See pag es 4-4 5  and H-10 4 .  



Comment 
Ident ification 
(DE I S  page no . )  

p .  4-4 2 

p .  4-53 

p .  4-5 5 

p .  4-5 6 

p .  4-6 0 
p .  4-61 

P• 4-62 

P •  4-68 
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Response 

Due to the slow oxidat ion rate of tri t ium , a 
heavy rain fal l shoul d make little  difference . 
Se e page 4-46 and the associat ed references .  

Se e the new t ab les 4 . 1 . 3-2 a nd 4 . 1 . 3-3 . Se e 
pag e 4-94 regarding accidental releas e .  

F o r  details o n  monito ring near the Lo s Alamos 
Meson Pr oduc tion Facil i ty (LAMPF ) , see pag es H-9 
t hrough H-1 1 .  

Comme nt s  o n  the heal th haza rd of  238u are refe rred 
to pag es 4-4 8 and 4-79 , and speci fical ly refe rence 
4-1 12 .  

Comment s on wo rke r rad iat ion do se s are refe rred to 
the ma terial on pag es 4-62 a nd 4 -6 4 .  

Comments o n  accident s  caus ing death are refe rred 
to page 4-95 and reference 4-1 17A .  

Comments o n  protec tion of  worke rs are refe rred to 
the new ma te rial on pages 4-62 a nd 4-6 3 .  

Plant uptake o f  rad ionuc lides is  d iscussed on 
page s  4-7 6 a nd 4-77 and in reference 4-2 5 .  

Di scus sions o f  the e ffec t s  o f  contamina t io n  on 
natural fauna is found on pages 4-76 and 4 -7 7 , 
and in the asso ciat ed referenc e s . 

The comment on tritium is  refe rred to page 4-94 
and refe re nce 4-3 6 .  

The comment s o n  neutron emi s s ions are referred 
to the discussions on LAMPF on pag e H-1 1 ,  and 
in reference 4-12 4 .  

These comments o n  TA-l and the Bayo Canyon area 
are refer red to the new material on page s 4-67 
through 4-6 9 and refe rence 4 -1 0 2 .  

These comments are referred to the ong oing wa ste 
management al ternat ives s tudy . See page 3-13 4 .  

Conment on rode nt po pulations . Se e pag e 4-77  and 
refe rence 4 -1 1 1 .  



Comment 
Ident i f ication 
( DEIS page no . )  

P •  4-7 6  

P •  4-7 7  

P •  4-82 

p .  4-83 

P •  4-86 

I -4 3  

Re sponse 

Fo r some data on s tron t ium ,  se e page H-101 .  
There have not been any ext ens ive stud ies on 
this sub ject to date . 

The regul at ions are fo r dosages received . Se e 
the new ma terial on pag e 4 -7 7 .  

The comments on biological uptake ar e refer red 
to the two stud ies ment ioned on page 4-77 and 
the resul t s  in refe rence 3-66A . 

Conments on energy requirement s fo r t ravel by 
wo rke rs are refe rred to the tab le on page 4 -12 3.  

De tails on the use of sal t and the sub sequent 
impacts  of this prac t ic e  are discu ssed in the 
new material on page 4 -86 and refe renc e s  4-114A , 
B ,  C ,  and D.  

Fo r fur the r informa t ion on the leak fr om the 
industr ial sewe r line , see refe rence 4-12 6 .  

Fo r discussion of evacua t io n  pr ocedures , see 
sec t io n  4 . 2 on po tential impac t s  o f  ac cident s 
( page 4 -93 ) .  

It woul d be impo s s ible to bring togethe r  a crit i
cal mas s  due to an accid ental one-po int exp l o s ion.  
Se e page 4-98.  

Comments on the chemical toxicity of  plutonium 
are referred to pages 4-48 through 4-53 a nd the ir 
ac companyi ng re fe re nce s .  

The EPA pr opo sed guidance a s  i t  relates t o  acc i
dent al dispe rs ions of pluto nium has been includ ed 
on page 4-98.  

The pr obability o f  a reac tor core mel td own i s  
va ni shingly smal l .  Sabo tage would even be more 
impr obab le due to secur ity measure s .  



Comment 
Ident i f ication 
(DEI S  page no . ) 

p .  4-93 

p .  4-94 
P •  4-95 

p .  4-96 

P• 4-9 8 

P •  4-10 0 

P •  4-12 6  

p .  9 . 9 
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Response 

The comment on trit ium is refe rred to on pag es 
4-10 6 and 4-110 . 

Due to the nature of the mate rial hand led by 
glove boxe s , some fires are to be expected . They 
have oc cur red wi thout release to t he env i ronment , 
and the new facil i ty i s  especial ly designed for 
thi s cont ingenc y .  See page 4-10 3 f o r  discussion 
on th is and the HEPA f il ter sys tem fire pr otec t io n .  

Comme nt s o n  core melt ing and the maximum cred ible 
accid ent are refer red to pages 4-10 4 ,  4-105 , a nd 
the refere nce 4-13 2 .  

Po s s ib le rel ease by various causes i s  cove red in the 
ac cident sec t io n  on page 4-95 . 

Biol ogical agents can fal l  into c lass  2 .  Se e 
page 4-10 8 .  

Du e  to the slow oxidation rate o f  t r i t ium , a heavy 
rainfal l shoul d make no di f fe rence . Se e page 4 -46 

a nd the asso ciated re fe renc e s . 

We as sume your comment refe rs to the accident in 
sec t io n  4 . 2 . 1 1 .  I t  is theoret ical ly po s s ib le t hat 
a t r i t ium release ins ide a bui l ding coul d lead to 
an exp l o s ion.  Howeve r ,  t he accident anal ys is 
i ncluded as sume s tha t al l trit ium woul d be oxidized 
and subseque nt conseque nce s  would be no wo rse than 
s tated . 

Se e new ma terial on pages 4-108 a nd 4-109 f o r  
comments o n  beryl l ium sho p .  

Ai r shi pment s o f  plutonium t o  o r  from Lo s Alamos 
we re terminated in 19 7 7 .  Se e page 3-16 2 .  

See new mater ial o n  educat ion o n  page 4-13 9 .  

Comments o n  coo ling uses and pra c t ices are re fe rred 
to the new d i scus sion on pag e 9 -9 .  
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GENERAL COMMENTS 

Seve ral pag e s  of g e ne r al comme nts we re receive d . Mo s t  of the i s sue s  
rai sed have been ad dr e s s e d  i n  t he p r e c e d i ng notes . Howeve r ,  t o  i ns ur e 
that key i s sue s are not bypa s se d , t he f o l lowi ng d e t a i l e d  r e f e rencing 
i s  includ ed . 

The Omega W e s t  Reac t o r  i s  unde r the jur i sd i c t ion of DOE and me e t s  DOE 
s t anda rds f o r  resear ch re actors . The s e  are equ iva lent to the Nuc le ar 
Re gulato ry Comm i s s ion ( NRC) s tanda rds ( p ag e 2-10 ) .  

F o r  the s e r i e s  of que s ti ons on qua l i ty c ontrol and safeguards in 
hand l ing radioact ive wa s tes , a de t a i l ed d i s cu s s ion can be f ound on 
pages 3-130  and 3-13 2 .  

The que s t i on i s  raised abou t how much contamina t ion i s  p r e s e nt on 
ma t e r ial go ing t o  salvage . See pag e 3-14 7 .  

F o r  in fo rma t ion on emp l oye e s  " t racking " rad i oact ivi ty into t he t own
s i t e , s e e  page 4-93 . 

Fo r de t a i l s  on t he ind u s t r ial sewe r line and a c c i d e nt s  wi t h  the 
sys tem , see pag e s  3-12 5 ,  4-94 , and 4-10 3 .  

A new s e c t ion has been ad ded ( s ect ion 3 . 3 . 5 ) ,  wh i ch addre s s e s  t rans
p o r t a t ion of ra d i oact ive ma t e r i al s .  

As previ ously men t io ne d , a l l  p o s s i b le c ombinat ions o f  ac c i d e nt s  coul d 
not be cove red i n  this s tat ement , but rather a s p e c t rum of " wo r s t  ca s e "  
events p o s s i b le wi thin the framework o f  LASL ope rat ions . S e e  the 
ma t e rial on pag e s  4-9 4 , 4-95 , and 11- 3 , and no t e  the many r e f er e nced 
d o cuments a s  we l l  a s  t he S t and a rd O p e ra t ing P r o cedur es ( S OP ' s ) and 
s a f e ty s tud i e s  wh ich coul d not be included in any d e t a i l  in this 
s t a t ement . 

The F inal E IS c ontains more ma t e r i a l  on acc ident s in s e c t ion 4 . 2 .  
Th i s  info rma t ion answe rs seve ral q ue s t io ns po sed by your s t a f f .  

We woul d aga in r ef e r  que s t ions about cleanup and res to ra t ion t o  the 
d i s cu s s ions of d e contam i na t io n  and de c ommis s ioning ( pages 3-14 5 and 
-14 8 )  and the a c c i d e nt al s p il l c ove red on pag e s  4-94 and 4-10 3 .  

Pos s ib le a c c i d ent s are d i s c u s s e d  on pag e 4-9 5 ,  and f l ooding is d i s
cu s s e d  in s e c t ion 3 . 1 . 2 .  Sabo tage wou l d  be ve ry unl ike ly due to 
t he s e c u r i t y  me asures t ake n .  

Both o n  and of f s i t e  trans po r t at i on of nuc lear ma t e ri a l  i s  d o cumen t ed . 
S e e  s e c t ions 3 . 3 . 5 ,  4 . 2 . 14 ,  and page 11- 5 .  
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The comments on the s tack moni toring sys tem and gaseous wastes are 
refe rred to the new ma terial on pages 3-14 7 ,  3-14 8 ,  and H-1 0 2 .  

The comments o n  occupa tional expo sure are referred t o  the new 
dicu ssion of labo ra tory-wide expo sur e  experience de s cribed on 
pages 4-6 2 , 4-6 3 , and the table on 4-6 4 .  

S eve ral comments were made abou t decontaminat ion procedures . Thes e 
comments are answered by the s ec t ion on decontaminat ion ( s tart ing 
on page 3-14 5 )  and i t s  refe rences . 

The comments on long-t erm monit oring of the was te dis posal a reas 
and the removal of was te from retrievable s torage a re being addres sed 
by the long- term wa s te management alt ernat ives s tudy currently unde r
way at LASL . See page 3-1 3 4 .  
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me n t s  pe r t a i n i n g to w i l d !  i fe .  

DR F R A N r< L I N  8 ZECCA 

G A L L U P  

Sep tembe r 5 ,  1 9 7 8  

S t a temen t , L o s  A l amo s  Sc i e n -
1 h a ve t h e fo l l ow i n g com-

The d i s c u s s i on s  and d a t a  c o n ce rn i n g  w i l d !  i fe a re ve r y  good . P r i o r  to e s t a b -
1 i s hmen t o f  t he La bo ra t o ry , t he a rea s u pp o r ted an a b u n d a n ce o f  d ee r , t u r key , 
bea r ,  sma l I mamma l s ,  b i r d s  a n d  o t h e r  w i l d !  i fe .  Con s t ru c t i on o f  fa c i l i t i e s  
a n d  t h e  i n f l u x  o f  peop l e  have p l a c ed a d ve r s e  e f fe c t s  u p on w i l d !  i fe ,  a n d  pop
u l a t i o n s  a re g re a t l y  r e d u ced f rom t he i r  p re v i o u s  n um be r s .  

Ad m i n i s t ra to r s  o f  t he L a b o r a t o r y  have a l wa y s  recogn i z ed t ha t  w i l d !  i fe i s  a 
va l ua b l e  r e sou r c e  t o  t h e  S t a t e o f  New Me x i c o a n d , i n  pa r t i c u l a r ,  to t he 
Co u n t y  o f  Lo s A l amos a n d  h a v e  demon s t ra t ed ma n y  e f fo r t s  to p re s e r ve t h e we i ! 
be i n g o f  t he w i l d !  i fe con com i t a n t  w i t h  t he re q u i remen t s  o f  t he L a b o ra t o r y . 
Con t i n u a n c e  o f  pa s t  s t u d i e s , i n i t i a t i on of n e w  s t u d i e s a s  t he y  become n e e d e d  
a n d  t h e  i m p l emen t a t i on o f  m i t i g a t i n g mea s u re s  s hou l d  p ro v i d e fo r t h� con t i n 
u a n ce of t h i s  fa c t i on of t h e  n a t u ra l  e n v i r onmen t .  

The New Mex i co Depa r t me n t  o f  G ame and F i s h  i s  c h a r g e d  w i t h t h e  r e s pon s i b i l i t y 
to p rov i de an a d e q u a t e  a n d  f l e x i b l e s y s t em f o r  t he p ro t ec t i on o f  t h e game a n d  
f i s h o f  N e w  Mex i co a n d  f o r  t h e i r  u s e  a n d  d e ve l o pmen t f o r  pu b !  i c  r e c rea t i on 
an d food s u pp l y ,  a n d  t o  p rov i de for t he i r  p ropa g a t i on , p l a n t i n g , p ro te c t i on ,  
re g u l a t i on a n d  con s e rva t i on .  Be ca u s e  o f  t h i s  re s pon s i b i l i t y ,  I r e q u e s t  t ha t  
c l o s e  c oo r d i n a t i on b e  ma i n t a i ned b e t we e n  o u r  a g e nc i e s  t o  a c h i eve t he a bove 
goa I s . 
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M r . W .  H .  P e n n i n g t on S e p t embe r 5 ,  1 9 78 

F i n d a t t a c he d : S u g ge s t e d  Co r re c t i on s  on W i l d l i fe S pec i e s a n d  E d i t i n g ; a 
1 i s t  o f  P l a n t s  i n  N e w  Mex i co t h a t  a re O f f i c i a l  C a n d i da t e s  fo r t he Fede r a l 
E n da n g e r e d ( E ) /Th r e a t e n e d ( T )  S p ec i e s L i s t ; a n d  t he S t a te G a me Comm i s s i on ' s  
Reg u l a t i on N o . 5 6 3  f o r  P ro t ec t i on o f  E n d a n g e re d  Spec i e s a n d  S u b s pe c i e s  o f  
N e w  Mex i co .  

T h a n k you f o r  t h e  oppo r t un i t y to re v i ew a n d  c omme n t u pon t h e  D r a f t  S t a t emen t .  

E n c . 3 

S i nce re l y ,  

���;!ff dL---
Ha ro l d  F .  O l son 
D i re c t o r  
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STATE GAME COMM I SS I ON ' S  
REGU LAT I ON NO . 563 

As ado p t ed J a n u a r y  24 , 1 97 5 , a nd amended Ma rch 7 ,  1 975 , Decembe r  5 ,  
May 2 1 , 1 9 7 6 ,  a nd Feb r u a r y  1 0 ,  1 978 

P u r s u a n t  to t h e  a u t ho r i t y ve s t ed i n  the S t a t e  Game Comm i s s i on by t he p ro· 
v i s i on s  o f  S ec t i o n  5 3 · 2 · 5 4 , New Mex i co S t a t u te s  Anno t a ted , 1 95 3  Comp i l a ·  
t i on , t he fo l l ow i ng r e g u l a t i o n  i s  he reby mad e  a nd adopted conce r n i ng :  

PROTECT I ON O F  E N DANG E R E D  S P E C I E S AND S U BS P E C I ES O F  N EW  MEX I CO 

The fo l l ow i n g forms of w i l d !  i fe i nd i g enous to New Mex i co a re found 
to be enda ngered w i t h i n  t he s t a te , as t h e  t e rm "endange red" i s  d e f i ned 
b y  S ec t i o n  5 3· 2 · 5 1  D ,  a nd a r e  t he re fo r e  d ec l a r ed to be subj e c t  to t he 
p rov i s i o �s of S ec t i on 5 3 · 2 · 50 t h rou g h  5 3 · 2 · 59 , New Mex i co S t a t u t e s  
Anno ta t e d , 1 9 53 Comp i l a t i o n s : 

ENDANG ERED S P E C I ES AN D S U BS P E C I ES O F  N EW M E X I CO 

G r o � p  No . 1 .  S � e c i es and s u b spec i e s w�ose p r o s p ec t s  of s u rv i va l  
or rec r u i tme n t  i n  New Mex i co a re i n  j eopa rdy (spec i e s  
ma r ked w i t h  a s te r i sk a re o n  t he fed e r a l  l i s t ) . 

Marrrna 1 s 

wh i t e· s i ded j ac k r a b b i t ,  Le�U6 callo� g� 
* (Mex i ca n )  wo l f ,  Ca.•U-6 fupU6 ba.iley-i. 
*b l a c k· foo t ed f e r r e t , �w tel.a n..i..g!Upu 

r i v er o t t e r , Lu.t!la ca.nade1t6-L6 60 I101Ul 
* j a g ua r , Fei.-i.t> onca. a.JU.zonen6-L6 

B i rd s  

l i t t l e  b l ue h e ron , Flo!Uda. ca�ulea. 
g ra y  ha•;k , Bu.te.o n..i.;tUit.L6 ma.x.hnt.L6 

*ba 1 d e a g  1 e ,  Hc:tU..a.eetu6 leu.cocephah.L-6 
c a r a ca r a , Ca.IUlca� ch�� a.u.du.bon..i..-i. 

* pe r eg r i ne fa l con , Falco pe.Aeg�U6 a.na.tum 
a p l omado f a l co n ,  Falco 6 emo� 6 ept�o� 
w h i t e · t a i l ed p ta rm i gan , La.gopu6 leu.� �petenh 
sha r p· t a i l ed g ro u s e , Ped-i.oecetu pha.h�ellu6 colum� 
sage g rous e ,  Ce.H.tll0Ce.Ac.u.6 u.11.0phtu�U6 



B i r d s  (Con td . ) 

*whoop i ng c r a n e ,  G!U.L6 ame!U.cana 

I - 5 0  

coope r y - t a i l ed t rogon , T�og on eleganh canu cenh 
b u f f - b r ea s ted f l yc a t c her , Emp�do nax 6ulv�6�on6 pygmaeu4 
s u l p h u r - be l l i ed f l yca t che r ,  My�odyrta..6teh futuvent:JU.6 .t.waJr..:thi. 

Rept i l e s 

G i l 11 mons t e r , HelodeJtm/1. .t.Uhpectum .t.W>pectum 
( New Mex i ca n ) r i d g e - nosed ra t t l esna ke , �otalu.t. � ob.t.CL�Uh 

F i s h 

Ame r i ca n  e e l , Ang£Ulla �M�ata 
*G i l a t rou t ,  Salmo gitae 

b l ue s uc ke r , Cyctep.tU-6 elongatu6 
g ra y  red horse , Mo:w.t.toma cong u .tu.m  
bon y t a i l  c hu b , Gila elegan6 
G i 1 a c h u b , Gila �rtte.JunecLi.a 
C h i huahua chub , Gila Mg�ucen6 

* Co l o rado R i v e r  squawf i s h ,  Ptychocheiiu.t. lu� 
so� � h e r n  red be l l y  d ac e ,  Phox�nu.t. e�ytr�og�t� 
b l un t nose s h i ne r , No�op� .t.�U-6 
s i l ve r band s h i ne r , No�op� cf . .t. hum� 
A rk a n s a s  R i ve r  s h i ne r , No�op� g�� 

* Pecos gambu s i a ,  Gambu.t.� nob� 
*G i l a topm i nnow , Po eciliop.t.� occide� occide� 

C ru s t a c e a n s  

Soc o r ro i sopod , Exo.t.pha�oma th�ophitum 

G roup No . 2 .  Spec i e s  a n d  s u b s pec i e s  whose p ro s pec t s  of s u rv i va l  
o r  r ec r u i tment wi t h i n  the s ta t e  a r e  l i ke l y  to be i n  
j eo p a r d y  w i t h i n  t he foreeseeab l e  f u t u r e .  

Mamma l s  

A r i zona s h rew , So�ex �zonae 
sou t h e r n  ye 1 1  ow b a t , La.t..<.wr..u6 ega :uz.ntlU.n.tu. 
(Tu l a rosa ) b l a c k - t a i l ed p ra i r i e  dog , Cynomy.t. ludov�cianu-6 s s p .  
sou t h e r n  poc k e t  gophe r ,  Thomomy.t. umb� emotu-6 
N e l son ' s  pock e t  mous e , P�ognathW> nei.t.oM c.anucen.t. 
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Mamma 1 s ( Con t d . ) 

coa t i mund i ,  NaL>ua. naJL..i.ca moiaM.6 
rna r t en , Ma:ttu ame;Uc.ana o!Ugenu 
m i n k ,  Mu.6 teia v.Won eneJLgumvtM 

B i rd s  

o l i va ceous cormoran t ,  Phata�oc.o�x otivac.� s s p p .  
M i s s i s s i pp i  k i te ,  I c.tinia m�-6-W-6�ppenh.W 
zone- ta i 1 ed hawk , Buteo albonot.atuJ., 
b 1 ack hawk , Bu.teogal.fu� llit.tl!!t.a.�--i.nu..� an.tl!!t.a.Unu.6 
o s p rey , Pand..{_on ha.U.aetu.6 c.aJtolinenh.<-6 
( Mex i c a n )  t u rkey , Meieag!U-6 gaiiop�vo me�cana 
( i n l an d )  l ea s t  te r n ,  SteJLna a.ib�6�0IU> a.thahU-60-6 
b u f f -co l l a red n i g h t j a r , or R i dgway ' s  wh i p - poo r -w i l l ,  

Cap�u.tgu.-6 !Udgwa.y� 
b l u e - t h roa t e d  humm i ng b i rd ,  Lampo�� ciemen�e s s p p . 
v i o l e t - c rowned humm i r.gb i rd ,  Ama� v�olic.ep-6 eitio� 
wh i t e- ea r ed hum� i n g b i r d ,  Hyioc.ha!IM, ieu.c.ot-W bo�eati-6 
b road - b i l l ed h L<mm i nq b i rd ,  CyiUl.nthu.-6 i�o-6t!U-6 
red- h�.Jded v•ood p e r ke ' ,  MeiCJlC/tpV.. e!L!:{.tl-v'tOC.eplta.iu.-6 c.au.WU!4 
G i l a woodpecke r ,  Mela.neJLpiU �opyg� MOpyg� 
th i ck-b i 1 1  ed k i ng b i rd ,  Ty�mlu.-6 �u.-66�0-6t!U-6 pompo..U.6 
bea rd l e s s  f l y c a t c he r ,  Campto-6toma. �be!Lbe �gway� 
B e l l ' s v i reo , V�eo b� s s p p .  
va r i e d  bu n t i n g ,  PaL>-6 vUna veM�c.oio� s s p p .  
Ba i r d ' s  s pn r row , AmmodnamuA b� 
y e l l ow-eyed j unco , Jwzc.o phaeoMtu.-6 pa.U..<.a.tu-6 
McCown ' s  l ong s pu r ,  Cal� mc.c.owni 

Rept i l e s  

smoo t h  sof t s h e l l  t u r t l e ,  T!Uo nyx mu.t-<c.u.-6 �c.u.-6 
(we s t e r n )  sp i ny sof t s he l l  t u r t l e ,  T�nyx 6�6e!Lu.-6 h�eg� 
(Texa s )  s l i de r  t u r t l e ,  C�y-6 emlj6 c.oncinna texa.na 
bunchg r a s s  l i za r d , Sc.elopo� 6 �  
( s a n d d u n e )  sageb r u s h  l i za rd ,  Sc.eiopo� g�c.--io-6u.6 a.Aenic.oiou.-6 

mounta i n  !> k i n k ,  Eumec.u c..a.Wc.epha.iu.-6 
g i a n t  s po t t ed wh i p t a i l  l i za rd ,  Cn�pho� b� -6tictcg4ammu.6 
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roug h  g reen sna ke , Opheod!ty-6 au t.ivUA 
( Sonora ) coa c hwh i p ,  MM t.ic.opiU4 6l.a.g Ulwn C-i..ngui.wn 
( b l o t ched ) p l a i n - be l l i ed wa t e r  sna ke , Na.t!U:t. vr..ythJtogiUteJt .t'lanbvVt.6a 
n a r row - headed ga r t e r  sna ke , Thillrlnop!UA tw 6 ipu.nc.tatw.. 
( Pecos ) wes t e r n  r i bbon s n a ke , Thamn.oplz,U; p!I.O� diabo.Uc.u6 
T ra n s - Pecos r a t  s n a ke , Efuphe. -6uboc.ula!U.6 
Sonora mo u n t a i n  k i ng s nake , Lillrlp!topetw pyJtome.fun.a pyJt.Ome.fun.a 
l y re s na ke ,  T!tUnO!tphodon b.{,6 c.u..tatuJ., 
A r i zona co ra 1 s n a ke , /.U..cJtuJt.o.uiu eu!tlj:t.an.thUA euJtyxant.Ju.u. 
( mo t t l ed ) roc k  r a t t l e s n a ke , CJto� lep�dUA lep.WU-6 
( A r i zona b l a c k ) we s t e r n  ra t t l e s n a ke , �o� v� cvr..belt.U6 
Moj a v e  ra t t l e s na ke , CJtOta!UA � c.� � �  

Amph i b i a n s  

J emez Mou n ta i n s sa l ama n de r , Plethodon. ne.ome:t.�canuA 
Sac rame n t o  Moun ta i n  sa l ama n de r ,  An�du ha�tdy� 
( ea s t e r n ) ha rk i n g f rog , flyfuc.topiV!.tjne. a.ugU.!JU la.t!t.a� 
C o l o rado R i ve r  toa d ,  8u6o alv� 
we s t e rn ( borea l ) toad , 8u6o boJte.M boJte.IU 
( B i a.,cha rd ' s ) c r i c ke t  f rog , A� CJtepilin6 bia.ndta.Jt� 

F i s h  

Mex i ca n  t e t r a , Mtyan.a:t. meuc.atUL6 
Z u n i mo u n ta i n  s u c ker , Pan.to.�JtW-6 d..ill c.obo!UA yaJt.Jtow.i. 
round ta i 1 c h u b , G.i..fu JtObUA ta 
l oa c h· m i n now , T�aJtoga c.ob� 
s u c ke rmou t h  m i n now , Plte.n.ac.ob.U..U. m..i.Jto.� 
round nose m i n now , V�011da ep.{,6 c.opa 
( " C a nad i a n" ) s p ec k l e-d d a c e , Hybop-6.{,6 auuv/1.lM te.VulnemU-6 
s p i ked a c e , Meda 6u..f.g�da 
ra i nwa t e r  k i l l i f i s h ,  Lu..c.an.ia paJt.va 
Pecos p u p f i sh ,  Cyp�ottodon s p . 
"C h i huahua" p up f i sh ,  Cyp�'J.n.odon. s p .  
Wh i te s � n d s  pup f i s h ,  Cyp�n.odon f�o�a 
b i gsca l e  pe rch , P�•� maCJtolepida 
g reen t h roa t d a r t e r ,  E.the.o�.toma le.p.i.du.m 
b rook s t i ck l eback , Culaca inGAn4la� 
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S u g g e s te d  Co r rec t i o n s  on W i l d l i fe S p e c i e s a n d  E d i t i n g 

P a ge 3 - 4 3  

p d r a . 5 - ke s t r a l  = ke s t re l  

p���� - t a b l e  3 .  1 . 4 - 2 , a n d  a pp e n d i ce s  C a n d  D .  The 1 i s t  o f  e n 

d a ng e r e d  s pec i e s  i s  i na c c u ra t e  ( see o u r a t t a c hed l i s t ) , i . e .  

S po t te d  b a t - h a s  n e ve r be e n  l i s te d  by t he N ew Me x i co Depa r tmen t 

of G a me a n d  F i s h o r  t he U .  S .  F i s h a n d  W i l d l i fe S e r v i ce .  

Mex i c a n  d u c k  - h a s  bee n de l i s t ed b y  t he N e w  Mex i co Depa r tme n t  o f  

G ame a n d  F i s h  a n d  w i l l  be b y  t h e  U .  S .  F i s h a n d  W i l d l i fe Se r v i ce 

a bou t Au g u s t 2 4 , 1 9 7 8 .  

Sou t h e r n  ba l d  ea g l e  - i s  now s i m p l y  ba l d  e a g l e .  

P r a i r i e f a l con , me r l i n ,  a n d  fe r r ug i n o u s  hawk - h a ve n e ve r bee n 

l i s t e d  by t he New Mex i co Depa r tmen t o f  Game a n d  F i s h o r  t he 

U .  S .  F i s h a n d  W i l d l i fe Se r v i ce .  

J eme z M o u n t a i n s s a l aman d e r - not s h own i n  t a b l e .  

R i o G r a n d e  cu t t h roa t t ro u t  - ha s ne v e r  been I i s t e d  b y  t he New 

Mex i co Depa r tmen t of Game a n d  F i s h o r  t he U .  S .  F i s h a n d  W i l d 

l i fe Se r v i c e .  

P ro �e r p i ne s h i n e r  t he s pec i e s  i n  q u es t i on s hou l d  be t he b l un t no s e  

s h i ne r ,  wh i c h  h a s  o c c u r re d  n e a r Coc h i t i  L a ke . 

S u c ke rmou t h  m i n n ow - doe s n o t  oc c u r  i n  R i o  G ra n d e . 



Appen d i x A 

p .  A - 2  

p .  A - 8  
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At r i p l ex ca nescen s i s  i n  t he C heno pod l aceae - not t h e  Ca r yo phy l l a ceae . 
Ac h i l l a = Ach i l l ea 
An tenna r i a  pa r u i fo l  i a  = pa r v i fo l  i a  

J rada ceae = J r i d a c eae 
a d d  Mona rda a u s t romont a n a  u n d e r  La b i a t a e  
Peta l os t emun = P e t a l o s t emo n  (a l so on p .  A-9)  

p .  A- 1 2  R u b u s  pe r v i f l o r u s  = pa rv i f l o r u s  

p .  A- 1 3  Pen s t emon l en t u s  n o t  known f rom N . M .  

Appen d i x  B 

p .  B- 1 

Append i x  C 

p .  C - 1 

p . C - 2  

p .  C - 3  

Append i x  D 

p . D - 3  

p .  D - 4  

p . D- 5 

P .  D - 6  

p .  D - 7  

T h e  9 - 1 2  memb e r s  o f  t he o rd e r  Lep i d o p t e r a  i s  a mere f r a c t i on o f  t he 
tota l s pec i e s p re s e n t  a t  LAS L .  

Cynomys l e uco r u s  = g u n n i son i 

A r e  t he re vou c h er s pec i men s a va i l a b l e  o f  M i c ro t u s  pen n sy l va n i cu s ?  

C a r po i d e s  s p p . = ca r p i o  

The r u fo u s  h umm i n g b i rd i s  not known to n e s t  i n  N . M .  
T he we s t e r n  wood pewee i s  no t a yea r l ong res i d en t a nywhe r e  i n  N . M .  

A p he l ocona - Aph e l ocoma 

The no r t h e r n  wa te r t h r u s h  i s  a wa r b l e r ,  no t a t h r u s h .  
T he b l ue- g r a y  g na tca t c h e r  i s  not a yea r l ong r e s i d e n t . 
T h e  r e d - eyed v i reo i s  c a s u a l o r  i r reg u l a r .  
T h e  ye l l ow a nd b l a c k- t h r oa t e d  g ra y  wa r b l e r s  a r e not w i n t e r  res i d en t s . 

D e n d ro i ca v i re n i = v i r e n s 
Mo l o t h ru s  a l t e r = a t e r  
T he Town send ' s  wa r b l e r i s  not a w i n t e r  r e s i d en t . 
T he c h e s t n u t - s i ded wa r b l e r i s  c a s ua l o r  i r r e g u l a r .  

C h l o r ua c h l o r u a  = P i p i l o  c h l o r u ru s  
T he c l a y- co l o r ed , f i e l d ,  a n d go l den - c rowned spa r rows ca s ua l a n d  
i r r eg u l a r .  
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P l a n t s  i n  N ew Mex i co t ha t  a r e O f f i c i a l  C a nd i d a t e s  

f o r  t h e  Federa l Endan g e red ( E ) /Th r e a t ened ( T )  S pec i e s  L i s t  

AP I AC EA E  
A 1 e t es f i 1 i fo 1 i u s - T3 

ASTERA C E A E  
Chae topappa he r s hy i 1 - T 
E r i ge ron r h i zoma t u s  - E2 
He l i a n t h u s  pa radoxu s - E 
He l i a n t hu s  praeterm i s s u s - E 
P e r i t y l e  ( La pham i a )  c e r nua - T 
Pe r i ty l e  l emmon i i - r3 
Pe r i t y l e s t a u rophy l l a - r3 
P l umme r a  f l or i bunda - E2 
Senec i o  q u a e r e n s  - T 

BO RAG I NAC EA E 
C r y p t� n t ha p a r a doxa 1 - T 

BRASS I C AC EAE 
D ra b a  mogo l l on i ca - r3 
Lesque r e l l a a u rea - E2 
L e s q u e r e l l a good i ng i i - r3 
L e s q u e r e l l a l a t a - E3 
L e s q u e r e l l a va l i da - E 3  

CACTAC EAE 
C o r y p h a n t ha s c heer i va r .  u n c i na t a 1  - E 
Co r y p ha n tha s n eed i i va r .  l ee i  - T 
Co r y p ha n t ha s n eed i i va r .  sn eed i i  - E 
E c h i noc e r e u s  t r i g l oc h i d i a t u s  va r .  i n e rm i s l - E 
Ech i noce r e u s  fend l e r i  va r .  kue n z l e r i  - E 
E c h i noce r eu s  l l oyd i i  - G 
Ma mm i l l a r i a  o r e s T e ra - T 
O p u n t i a  a r ena r i a  - T 
P ed i oca c t u s  pa p y ra c a n t h u s  - T 
P ed i oc a c t u s  know l to n i i - E 
S c l e r oc a c t u s  mesa e - ve r d a e  - E 

CAPR I FO L I AC EA E  
Sympho r i c a r po s  guada l u pe n s i s l 

- T 

CARY O P H Y L LAC EA E  
S i l e ne p l a n l k i i - E2 

C H NO P O Q I AC EM 
A t r i p l ex g r i f f i t h s i i - E 3 

C OMI\ [ L  I �lA.C EM 
T r <1 cl c s .:: a n t i a  w r i gh t i i  · T 

C RA S S U L A C EA E  
G r a p t o p e t a l um ( Ec h ev e r i a )  r u s by i l - E 2 

FABAC EA E  
Ast raga l u s a c cumbens - T 
A s t raga l u s' a l t u s  - T 
A s t raga l u s ca s t e t t e r i � E3 
A s t raga l u s ooca l yc i s l 

- E 
As t raga l u s pun i ce u s  va r ,  ger t rud i s  - T 
As t ra g a l u s s i l i ceus - T 
Da l ea (P eta l o s temum) s c a r i o $ a  - r3 
Sopho r a  (formo sa )  a r i zon i ca l - E 
Sopho r a  gypsoph i l a  va r ,  g uada l upens i s  -

HYD RO PHYLLAC EA E 
Nama xy l o podum l 

- r3 
L 1  L L I AC EA E  

A l l i um good i ng i i - T 

O NAGRAC EAE 
O e n o t h e r a  o r g a n e n s i s  - T 

PAPAV ERAC EAE 
A r g emone p l e i aca n t ha va r .  p i n na t i sec t a -

P L U M BAG I NACEAE 
L i mon i um 1 i mba t u m - r3 

POAC EAE 
Mu h l e n b e r g i a v i l l o s a 1 - T 
P u cc i n e l l i a  p a r i s h i  i 1 - T 

PO L EMO N I AC EAE 
P h l ox ca r yophy l l a 1 - T 

P O L Y GALAC EAE 
P o l yga l a  r i mu l i co l a - T 
E r i ogonum d e n s um - T 
E r i o g o n um g y p soph i l um - E 2 

P O L Y P O D I AC EAE 
C he i l a n t h e s  p r i n g l e i 1 - T 
No t ho l a e na l emmo n i i 1  - T 

RANU NC U LACEAE 
Aq u i l e g i a  c ha p l i n e i  - E 2 

ROSAC EAE 
Po ten t i l l a s i e r r a - b l a nc a e - E2 
Rosa s t e l l a ta - r 3 
V a u q ue l i n i a  pa u c i f l o ra - T 



SAX I FRAG A C EA E  
P h i l a d e l ph u s  e r n e s t i i l 

- T 

S C RO P H U LA R I A C EA E  
S c r o p hu l a r i a  ( cocc i nea ) ma c ra n t ha - E 2 

VA L E R I ANA C E A E  
V a l e r i a na t exana l 

- T 

V I S C AC E A E  
A r ce u t hob i um a pac h e c um - r3 

1 Ma y no t o c c u r  i n  N . H .  
2 P ro ba b l y s ho u l d  b e  t h r ea t e n e d  
3P r o ba b l y  s h ou l d be d e l  i s t e d  

I - 5'6 
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DOE S taff Res pons es t o  S tate of 
New Mexico Department of Game and Fish 

on the Draft Environmental Imp ac t S tatement 
for the Los Alamo s Scient ific Laboratory 

DOE /EIS-0018-D 

With regard to the comment on maintaining coordination , there is full 
intention of continuing cooperation in all app ropriate ways . Further
more , we wish to express our appreciation to your department for 
assis tance afforded the LASL environmental group s  from t ime to time 
in the collection of samples . Detailed corrections and comment s  on 
species lis t s  were cons idered and approp riat e changes made in the 
document .  
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United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 

M r . W .  H .  P e n n i n g t o n , D i r e c t o r  
D i v i s i o n  o f  P r o g r am R e v i ew 

a n d  C o o r d i n a t i o n  
O f f i c e  o f  N E P A  A f f a i r s , E V  
D e p a r t m e n t  o f  E n e r g y  
Wa s h i n g t o n , D .  C .  2 0 5 4 5  

D e a r  M r . P e n n i n g t o n : 

AUG 3 o 1978 

T h a n k  y o u  f o r  y o u r  l e t t e r o f  J u n e  2 7 , 1 9 7 8 , t r a n s m i t t i n g  
c o p i e s  o f  t h e  d r a f t env i r o nm e n t a l  s t a t em e n t  f o r  t h e  L o s  A l am o s 
S c i e n t i f i c L ab o r a t o r y s i t e , L o s  A l am o s  a n d  S a n t a  F e  C o u n t i e s , 
N ew M e x i c o .  O u r  c omm e n t s  a r e  a r r an g e d  b y  s ub j e c t  o r  a c c o r d i n g  
t o  t h e  f o rm a t  o f  t h e  s t a t e m e n t . 

Wa t e r  Re s o u r c e s  

T h e  d r a f t  s t a t e m e n t a d e q u a t e l y a d d r e s s e s  t h e  a s p e c t s  o f  wa t e r  
s u p p l y , w a t e r  u s e  a n d  w a s t e  wa t e r  d i s p o s a l . I t  a l s o  i n d i c a t e s  
t h a t  s u r f a c e  f l ow f r o m i n t e rm i t t e n t  s t r e am s  o c c a s i o n a l l y  
r e a c h e s  t h e  R i o  G r a n d e  R i v e r . T h i s  f l ow t r an s p o r t s  s e d im e n t 
b o u n d  r a d i o a c t ive w a s t e s  t o  d ow n s t r e am ar e a s . I n  v i ew o f  t h e  
p l an n e d  i n c r e a s e  i n  f a c i l i t i e s  a t  t h e  s i t e  a n d  p o s s ib l e 
c o r r e s p o n d i n g  i n c r e a s e s  i n  s t o rm r u n o f f , we b e l i e v e  i t  i s  
i mp o r t an t  t o  c o n t i n u e  t he s u rv e i l l an c e  p r o g r am a l o n g  t h e  
R i o  G r a n d e  a n d  i t s  t r ib u t a r i e s  f o r  m o n i t o r i n g  w a t e r  q u a l i t y 
a n d  s e d i m e n t a s  i t  r e l a t e s  t o  r a d i o a c t i ve w a s t e . 

On p a g e  3 - 1 6  o f  t h e  d r a f t  s t a t e me n t , i t  i s  s t a t e d t h a t  5 0 0  a c r e  
f e e t / y e a r  o f  w a t e r  w i l l  b e  l o s t  t o  e v a p o r a t i o n  f r o m t h e  p e r 
m a n e n t  p o o l  a t  C o c h i t i  Re s e r v o i r . We s u g g e s t t h i s  f i g u r e  b e  
c h e c k e d . B a s e d  o n  a p o o l  s i z e  o f  5 0 , 0 0 0  a c r e  f e e t w i t h  1 , 2 5 0  
s u r f a c e  a c r e s  a n d  a n e t  e v a p o r a t i o n  r a t e  o f  ab o u t  4 f e e t / y e a r , 
i t  i s  e s t im a t e d  t h a t t h e  w a t e r  l o s s  w o u l d  b e  ab o u t  5 , 0 0 0  a c r e  
f e e t / y e a r . 
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Hy d r o l o g i c  A spe c t s  

T h e  d i s p o s a l  o f  l i q u i d  r a d i o a c t i v e  w a s t e s  t o  A c i d  P u eb l o , 
L o s  A l am o s , a n d  M o r t an d a d  C a ny o n s  i s  d i s c u s s e d in c o mm e n d ab l e 
d e t a i l  in t h e  d r a f t  s t a t e me n t  s h ow i n g  t h e  c o n s i d e r ab l e b o d y  
o f  w o r k d o n e  o v e r  t h e  y e a r s  t o  d e f i n e  t h e  f a t e  o f  t h e  r e l e a s e d  
r a d i o n u c l i d e s . T he s ame c an n o t  b e  s a i d  f o r  t h e  d i s p o s a l  o f  
s o l i d a n d  l i q u i d  w a s t e s  b u r i e d  o r  p l a c e d  i n  d i s p o s a l p i t s  an d 
s h a f t s  a n d  o n  s o r p t i o n  b e d s . T h e  d r a f t  s t a t em e n t  d i s c u s s e s  t h e  
hy d r o l o g i c  c o n d i t i o n s  o f  t h e  1 5  a r e a s  wh e r e  w a s t e s  a r e  known 
t o  h av e  b e e n  d i s p o s e d  o n l y in a g e n e r a l  w a y . H o w e v e r ,  t h e r e  
i s  n o  i n d i c a t i o n  t h a t  h y d r o l o g i c  c o n d i t i o n s  h a v e  b e e n  s t u d i e d  
i n  d e t a i l  a t  t h e s e  a r e a s  o r  t h a t  s u c h  s t u d i e s  a r e  p l ann e d . 
W e  n o t e  t h a t  t h e  e v a l u a t i o n  o f  t h e  p o t e n t i a l  r a d i o n u c l i d e  
r e l e a s e s  f r om t he s e  a r e a s , o n  p a g e s  3 - 1 2 8  a n d  3 - 1 2 9  o f  t h e  
d r a f t s t a t em e n t , i s  b a s e d  e s s e n t i a l l y o n  a s i n g l e  s t u d y  t h a t  
i s  c l e a r l y i n d i c a t e d  t o  b e  o f  a p r e l im i n a r y  n a t u r e . l / I t  i s  
n o t  c l e a r wh e t h e r  m o r e  i n - d e p t h  s t u d i e s  t o  v a l i d a t e

-
t h e  p r e l i 

m i n a r y c o n c l u s i o n s  a r e  p l a n n e d . A n o t h e r  r e p o r t , n o t  c i t e d i n  
t h e  d r a f t  s t a t eme n t , c o n c l u d e d  t h a t  i n  1 9 7 5  i n s u f f i c i en t  d a t a  
w e r e  av a i l ab l e  t o  d e s i g n  a n  e f f e c t i v e  mo n i t o r i n g  s y s t em a n d  
t h a t  t h e  n e c e s s a r y g e o l o g i c  a n d  h y d r o l o g i c  p a r am e t e r s  w e r e  n o t 
a d e q u a t e l y d e f i n e d  a t  t h e  b u r i a l  s i t e s . 2 / T h e r e f o r e , w e  
r e c o mme n d  t h e  f i n a l  s t a t e me n t  a c k n ow l e d g e  t h e  l im i t e d am o u n t  
o f  i n f o rma t i o n  a n d  r e c o g n i z e  t h e  p r e l im i n a r y  n a t ur e  o f  a n y  
e v a l u a t i o n  o f  s u c h  e f f e c t s  a s  r e p o r t e d . 

Re c r e a t i o n a l  R e s o u r c e s  

A l t h o u g h t h e  r e c r e a t i o n  r e s o u r c e s  i n  t h e  a r e a  h a v e  b e e n  
a d e q u a t e l y d i s c u s s e d , t h e  f i n a l  s t a t e me n t  s h o u l d  a d d r e s s  t h e  
imp a c t s , i f  any , t h a t  c o n t i n u e d  u s e  a n d  p o s s ib l e e x p a n s i o n  o f  
t h e  L o s  A l am o s f a c i l i t y w i l l  h a v e  o n  t h e s e  r e s o u r c e s . 

1 / Wh e e l e r , M . L . , e t . a l , 1 9 7 7 , " A  P r e l im i n a ry e v a l u a t i o n  o f  
t h e  p o t e n t i a l  f o r  p l u t o n i um r e l e a s e  f r om b u r i a l  g r o u n d s a t  
L o s  A l am o s  S c i e n t i f i c L ab o r a t o r y , "  LA S AL i n f o r ma l r e p o r t  
L A- 6 6 9 4 -M S , 1 9  p .  

2 / K e l l y , T . E . , 1 9 7 5 , " E v a l ua t i o n  o f  m o n i t o r i n g  o f  r a d i o a c t iv e  
s o l i d -w a s t e  b u r i a l  s i t e s  a t  L o s  A l am o s , N ew M e x i c o , "  U . S .  
G e o l o g i c a l  S u r v e y  O p e n - F i l e  r e p o r t  7 5 - 4 0 6 , 8 2  p .  
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C u l t u r a l  R e s o u r c e s  

I n  g e n e r a l , t h e  c u l t u r a l  r e s o u r c e s  i n  t h e  a r e a  a r e  a d e q u a t e l y 
d i s c u s s e d  b u t  t h e r e  a r e  p r o c e d u r a l  om i s s i o n s  t h a t  s h o u l d  b e  
i n c l u d e d  i n  t h e  f i n a l  s t a t eme n t . 

T h e  d r a f t  s t a t em e n t h a s  o m i t t e d t h e  f a c t  t h a t  t h e  L o s  A l am o s 
S c i e n t i f i c  L a b o r a t o r y i s  l i s t e d o n  t h e  N a t i o n a l  R e g i s t e r  o f  
H i s t o r i c  P l a c e s  a n d  i s  a l s o  a N a t i o n a l  H i s t o r i c L a n dm a r k . T h e  
f i n a l  s t a t eme n t  s h o u l d  i n d i c a t e t h a t  t h e s e  d e s i g n a t i o n s  w i l l  
b e  a c c o u n t e d  f o r  wh e n  p l a n n i n g  f o r  c o n s t r u c t i o n  o r  e x p an s i o n  
o f  f a c i l i t i e s . 

T h e  f i n a l  s t a t em e n t  s h o u l d  c o n t a i n e v i d e n c e  o f  c o n t a c t  w i t h 
t h e  S t a t e  H i s t o r i c  P r e s e r v a t i o n  O f f i c e r  ( S H P O ) a n d  a c o p y  o f  
h i s  c o mmen t s  c o n c e r n i n g  t h e  e f f e c t  o f  t h e  u n d e r t a k i n g  u p o n  
h i s t o r i c a l  a n d  a r c h e o l o g i c a l  r e s o u r c e s . T h e  S H P O  i n  N ew M ex i c o  
i s  M r . T h o m a s W .  M e r l a n , H i s t o r i c  P r e s e r v a t i o n  P r o g r am 
( c / o N ew M ex i c o  S t a t e  L i b r a r y , P . O .  B o x  1 6 2 9 , S a n t a  F e , 
N ew M ex i c o  8 7 5 0 3 ) . 

T h e  f i n a l  s t a t em e n t  s h o u l d  c o n t a in a s e n t e n c e  i n d i c a t i n g  t h a t  
n o  N a t i o n a l  R e g i s t e r  p r o p e r t i e s  w i l l  b e  a f f e c t e d  b y  t h e  p r o j e c t , 
o r  a l i s t i n g  o f  t h e  p r o p e r t i e s  t o  b e  a f f e c t e d , a n  an a l y s i s  o f  
t h e  na t u r e  o f  t h e  e f f e c t s , a d i s c u s s i o n  o f  t h e  way s i n  wh i c h 
t h e  e f f e c t s  w e r e  t a k e n  i n t o  a c c o u n t , a n d  a n  a c c o un t  o f  s t e p s 
t a k e n  t o  a s s u r e  c om p l i a n c e  w i t h  S e c t i o n  1 0 6  o f  t h e  N a t i o n a l  
H i s t o r i c  P r e s e r v a t i o n  A c t  o f  1 9 6 6  ( 8 0  S t a t . 9 1 5 )  i n  a c c o r d a n c e  
w i t h p r o c e d u r e s  o f  t h e  A d v i s o r y C o u n c i l  o n  H i s t o r i c  P r e s e r v a t i o n  
a s  t h e y  a p p e a r  i n  th e F e d e r a l  R e g i s t e r , F e b r u a r y  1 0 , 1 9 7 6 . 

S i n c e  t h i s  a r e a  i s  r i c h  i n  c u l t u r a l  r e s o u r c e s , c o n t r a c t  s p e c i f i 
c a t i o n s  f o r  any c o n s t r u c t i o n  s h o u l d  i n c l u d e  a s e n t e n c e  t o  t h e  
e f f e c t t h a t  i f  a n y  a r c h e o l o g i c a l  r e s o u r c e s  a r e  e n c o un t e r e d  
d u r i n g  c o n s t r u c t i o n , o p e r a t i o n s  w i l l  c e a s e  a t  t h e  d i s c o v e r y 
s i t e  a n d  a p r o f e s s i o n a l  a r c h e o l o g i s t  w i l l  b e  c o n s u l t e d a s  t o  
t h e  s i g n i f i c a n c e  o f  t h e  ma t e r i a l . 

F i s h  a n d  W i l d l i f e  R e s o u r c e s  

I t  a p p e a r s  t h a t , f o r  t h e  m o s t  p a r t , t h e  c o n c e r n s  o f  t h e  F i s h  
a n d  W i l d l i f e  S e r v i c e , wh i c h  w e r e  s ub m i t t e d t o  E RD A  i n  a l e t t e r  
d a t e d  Au g u s t  2 4 , 1 9 7 6 , h a v e  b e e n a d e q u a t e l y a d d r e s s e d i n  t h e 
d r a f t  s t a t e me n t . H ow e v e r ,  w e  n o t e  t h a t  t h e  d r a f t  s t a t em e n t  
s e em s  t o  b e  l a c k i n g  i n f o rma t i o n  o n  f i s h  r e s o u r c e s  wh i c h  m a y  
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o c c u r  i n  t he u p p e r  r e a c he s o f  t he G u a j e ,  L o s  A l am o s a n d  
P a j a r i t o  s t r e am s  a s  w e l l  a s  i n  W a t e r  C an y o n  and C an y o n  
d e l  V a l l e . S i n c e  t h e  d r a f t s t a t em e n t i n d i c a t e s , o n  p a g e  3 - 1 8 , 
t h a t  t h e s e c an y o n s  h av e  a sma l l  p e r en n i a l  f l o w  f o r  a p p r o x im a t e l y  
o n e - t h i r d  o f  t h e i r  l e n g th , w e  r e c o mm e n d  t h a t  t h e  f i n a l  s t a t e 
m e n t  i n c l u d e  a d i s c u s s i o n  o f  t h e  e f f e c t s  o n  f i s h  r e s o u r c e s  i n  
t h e s e  c a n y o n s . 

W e  a l s o  r e c o mm e n d  t h a t  t h e  f i n a l  s t a t em e n t  s h o w  ev i d e n c e  o f  
c om p l i an c e  w i th Exe c u t iv e  O r d e r s  1 1 9 8 8 , t i t l e d  " F l o o d p l a i n  
M a n a g em e n t "  a n d  1 1 9 9 0 , " P r o t e c t i o n  o f  W e t l a n d . "  

F i s h  a n d  W i l d l i f e  C o o r d i n a t i o n  

P u r s u a n t t o  t h e  F i s h  a n d  W i l d l i f e  C o o r d i n a t i o n  A c t , t h e  c o mm e n t s  
o f  t h e  F i s h  a n d  W i l d l i f e  S e r v i c e  o n  t h e  e nv i r o nm e n t a l  a n a l y s i s  
a n d  d r a f t  s t a t em e n t , d o  n o t  p r e c l u d e  a d d i t i o n a l  a n d  s e p a r a t e  
ev a l u a t i o n a n d  c o mmen t s  a s  m a y  b e  r e q u i r e d  o n  a p e rm i t  a p p l i c a 
t i o n  u n d e r  S e c t i o n  4 0 4  o f  P uh l i c  L aw 9 2 - 5 0 0 . U n d e r  t h e s e  o r  
o t h e r  r e s p o n s ib i l i t i e s , t h e  S e rv i c e  may r e c o mm e n d  p r ev en t i o n , 
m i t i g a t i o n , o r  c o m p e n s a t i o n  f o r  f i s h  a n d  w i l d l i f e  h ah i t a t  
l o s s e s . 

M i n o r  C o mm e n t s  

O n  p a g e s  3- 1 8 , 3 - 2 1  a n d  4 - 2 3 , t h e  t e r m  " hy d r o l o g i c  c o n d u c t i v i t y "  
i s  u s e d ; w e  b e l i ev e  t h a t  t h e  c u s t om a r y  t e r m  i n  t h i s  c o n t e x t  i s  
h y d r a u l i c  c o n d u c t i v i t y ; hy d r au l i c  c o n d u c t iv i t y s h� u l d  b e  d e f i n e d  
i n  t h e  g l o s s a r y  b e c a u s e o f  i t s  imp o r t an c e  t o  e nv i r o nm e n t a l  
imp a c t  c o n s i d e r a t i o n s . 

A n  e r r o r  o n  p a g e  3 - 6 6  s h o u l d  b e  c o r r e c t e d  i n  t h e  f i n a l  s t a t em e n t . 
T h e  d r a f t  s t a t em e n t i n d i c a t e s  t h a t  t h e  Bu r e au o f  O u t d o o r  Re c r e a 
t i o n  c o n t r o l s  F e d e r a l  l a n d  i n  L o s  A l am o s C o u n t y . T h e  B u r e a u  
o f  O u t d o o r  R e c r e a t i o n  ( n o w  t h e  H e r i t a g e  C o n s e r v a t i o n  a n d  
R e c r e a t i o n  S e rv i c e )  i s  an a dm i n i s t r a t iv e  a g en c y a n d  d o e s  n o t  
c o n t r o l  o r  m a n a g e  a n y  F e d e r a l  l a n d s . 

O n  p a g e  3 - 4 4  an d a g a i n  o n  p a g e  D - 3 ,  r e d - h e a d e d  w o o d p e c k e r s  
a r e  l i s t e d  a s  s umm e r  r e s i d e n t s  o f  t h e  L A S L  e nv i r o n s . I t  i s  
q u e s t i o n a b l e  w h e t h e r  r e d - h e a d e d  w ood� c ke r s  a r e  s umm e r  r e s i d e n t s  
o r  b r e e d  i n  t h e  a r e a . T h e i r  ap p e a r an c e  i s  b e l i ev e d  t o  b e  
a c c i d e n t a l  o n l y . 
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On p a g e  3 - 1 2 0 , the s t a t em e n t m e n t i o n s  t h e  u s e  o f  30 s e p t i c  
t an k s . M a i n t e n a n c e  an d / o r  m o n i t o r i n g  o f  t h e s e  f a c i l i t i e s  t o  
a s s u r e  e f f i c i e n t  o p e r a t i o n  a n d  d i s p o s a l s h o u l d  b e  a t  l e a s t  
b r i e f l y a d d r e s s e d . 

We t h i n k  t h a t  t h e  s e c t i o n  o n  imp a c � , wh i c h  b e g i n s  o n  p a g e  4 - 1 , 
s h o u l d  i n c l u d e  a n  a s s e s s m e n t  o f  t h e  c a l c u l a t e d m a g n i t u d e  a n d  
e x t e n t  o f  d r awd own o f  w a t e r  l e v e l s  i n  c a s e d w e l l s  v e r s u s 
d i s t an c e  f r om w e l l  f i e l d s . R e p r e s e n t a t iv e  s u p p o r t in g  m e a s u r e 
m e n t s ,  i f  a v a i l ab l e , s h o u l d  a l s o  b e  i n c l u d e d . 

T h e  a q u i f e r  s u p p l y in g  w a t e r  t o  t h e  W a t e r  C an y o n  G a l l e r y , 
m e n t i o n e d  o n  p a g e  4 - 3 , s ho u l d  b e  i d e n t i f i e d . 

We s u g g e s t  t h a t  f i g u r e  4 . 1 . 1 - 2  b e  en l a r g e d a n d  r e v i s e d t o  m a k e  
i t  e a s i e r  t o  r e a d . 

T h e  s e c t i o n o n  a e s t h e t i c s , w h i c h b e g i n s  o n  p a g e  4 - 7 7 ,  d o e s  n o t  
a d d r e s s  t h e  p o s s i b l e  imp a c t s  o n  a r c h e o l o g i c a l  s i t e s  a n d  c l i f f  
f a c e s  f r om a c c i d e n t a l  e x p l o s i o n s  o r  t h e  r o u t i n e  e x p l o s i v e  t e s t i n g  
t h a t  o c c u r s  n e a r  B a n d e l i e r  N a t i o n a l  M o n u m e n t .  

O n  p a g e  F - 5 , t h e  g l o s s a r y d e f i n e s  t r an s m i s s i v i t y  i n  g e n e r a l  
t e rm s ; w e  r e c o mm e n d t h a t  t h e  g l o s s a r y  a l s o  d e f in e  s t o r ag e  
c o e f f i c i e n t , b e c a u s e  t h e  t w o  a q u i f e r  c h a r a c t e r i s t i c s  a r e  
i mp o r t a n t  i n  a s s e s s i n g  im p a c t s  o n  t h e  ma i n  a q u i f e r ; v a l u e s  f o r  
s t o r a g e  c o e f f i c i e n t  s h o u l d  a l s o  b e  g i v e n  a l o n g  w i t h  t h o s e  
t r an s m i s s i v i t y  v a l u e s  wh i c h  we r e  l i s t e d o n  p a g e  3 - 2 1 . 

A s  a f i n a l  c omm e n t , w e  r e c o mm e n d  t h e  f i n a l  s t a t e me n t  b e  r ev i s e d  
t o  m a k e  t h e  p r o p o s e d  m i t i g a t i o n  m e a s u r e s  m o r e  e a s i l y  un d e r s t o o d  
b y  t h e  l ay p e r s o n  i n  t h e  r e g i o n  o f  t h e  s t u d y . 

W e  h o p e t h e s e  c o mm e n t s  w i l l  b e  h e l p f u l  t o  y o u  i n  t h e  
p r e p a r a t i o n  o f  a f i n a l  s t a t em e n t . 
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DOE S taff Response o n  DOI Comment s o n  DOE / EI S-00 18-D , 
the Draft Environment al Impact S t atement 

on the Los Alamos Scientific Laboratory S i t e  

Wi th regard to the conce rns abou� water resources and cont inuing the 
survei llance program ,  be as sured that a thorough environmental 
monitoring p rogram for LASL wil l  continue . P leas e see the new 
appendix H in the do cument which p rovides comp lete do cumentation o f  
the environmental surve i l l ance at LASL during 19 7 8 .  

The hydrologic asp� cts o f  the was te disposal areas are the subj ect o f  
continuing res earch and moni toring s tudies at LASL . The discus s ion 
in s ection 3 . 3 . 3  was expanded to inc lude s ome of  the more recent 
important resul t s  and several addi tional references to s t udy reports 
have been inc luded .  The sect ion indicates that s ome of  the cont inuing 
s tudies were ini t iated spec ifically in response to recommendations o f  
the U . S .  Geo logical Survey . vfuile there i s  mor e  knowledge that wi l l  
b e  important t o  have for long-range was t e  management p lanning , we 
believe that the b as ic conclus ions regarding the integrity of the 
was t e  disposal areas at present are much better than "preliminary . "  

There has been a continuing mi sunders t anding about the National 
His toric L andmark at  Los Alamo s . The des c rip tion o f  the s i te has 
b een s ummari zed on p age 3-103 of the s tatement . The t i t le as shown 
in the Federal Regis ter l i s t ing (43 CFR 5 2 5 5 ) , "Los Alamos S cientific 
Lab o ratory" refers to a p laque cornmerorating the s ite of  the original 
t echnical area and i s  now located on l and of the Incorporated County 
of  Los Alamo s . The entire Landmark Dis tric t , as verified for inc lus ion 
in the National Regis ter in January 19 76 , and cons i s t ing o f  three 
His torical Tracts , i s  on land no t control le d  by the Department o f  
Energy ; i t  i s  a l l  o n  County or  p r ivate ly owned lan d .  This has b een 
t rue s ince April 2 8 ,  19 75 , when the Qui t c l aim Deed to the Incorporated 
County o f  Los Alamos f rom the Bureau o f  Outdoor Recreat ion was 
recorded to comp lete the t rans fer of lands in the L andmark Dis tric t .  

The only fish occurring in the upper reaches o f  Guaj e ,  Los Alamos , 
Paj arito , and Water Canyons are tho s e  in the Los Alamo s Res ervoir 
located to the wes t  of  the DOE-contro lled s i te . The s treams are 
too sma l l  to support any fish . 

We believe all  of your o the r minor comments and s ugge s t ions including 
tho s e  on Cochiti Res ervoi r  and Executive Order 1 1 9 8 8  and 11990 have 
been considered at app ropriate p oints in the s tatemen t . 



I - 6 4  
UNITED STATES 

NUCLEAR R E G U LATORY COMMISSION 
WASHINGTON, D. C. 20555 

SEP 2 2 1978 

Mr . W .  H .  P en n i n g ton , D i rector 
Off i ce o f  N E PA Coord i n at i on 
U .  S .  Dep artment o f  E n e rgy 
W a s h i n g t o n , D .  C .  2 0545 

Dear Mr . Penn i n gton : 

S u b j e c t : D r aft E n v i ro nmen t a l  Imp act S t atemen t ,  L o s  A l amo s  S c i e n t i f i c  
L aboratory S i te ,  L o s  A l amo s ,  New Mex i co ,  DOE / E I S -00 1 8 - D  

T h i s  o ff i ce h a s  r e v i ewed t h e  D r a f t  E n v i ronme n t a l  Imp a c t  S t ateme n t  for 
t h e  L o s  A l amo s S c i en t i f i c  L aboratory S i te ,  Los A l amos , New Me x i co ( DO E /  
E I S - 00 1 8 -D )  a s  req u e s t e d  i n  you r  l e t t e r  o f  J u n e  2 7 ,  1 9 78 . I n  con s i d e r at i on 
o f  t h i s d raft e n v i ronme n t a l  i mp a c t  s t ateme n t , o u r  comme n t s  o n  DOE / E I S -00 1 8 - D  
are e n c l o s ed f o r  yo u r  u s e . 

E n c l o s u re : 
L o s  A l am o s  Sc i en t i f i c  

L aboratory S i te D E I S  

cc : Mr . T homas S h e c k e l l s  ( 5 )  
E n v i ronme n t a l  P ro t e c t i o n Agency 
Room 5 3 7 , W e s t  Tower 
40 1 M S t ree t , S .  W .  
Wa s h i n g ton , D .  C .  20460 

S i n cere l y ,  

�� 4.��-
V o s s  A .  Mo ore , A s s i s t a n t  D i rector 

for E n v i ronme n t a l  P roj ect s 
D i v i s i o n o f  S i t e S afety and 

E n v i ronme n t a l  An a l ys i s  
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N R C  COMME NTS O N  THE L O S  ALAMOS SC I E NT I F I C  LABORATORY S I TE 
DRAFT E NV I RONMENTAL I MPACT STATEMENT ( DOE / E I S -00 1 8 -D ) 

Comment 

Summary The d i s cu s s i on ( p age 1 - 7 )  of T ab l e  1 -4 s hou l d  c l ari fy whether 
L abor atory eff l u e n t s  i n c l u d e  a l l rou t i n e on s i te oper at i on s  for 
both a i rborne and l i q u i d  r ad i o acti ve rel e a s e s . Why was  on l y  
the L o s  Al amo s  County popu i at i on con s i dererl ( T ab l e  1 -� ) 7  

3 .  i .  5 Amb i e n t  E n v i ronmenta�  Qual i ty ( Na tl.!�a l a n d  Fal 1 ou t  
Ra d i oacti v i ty ) , page 3 - 5 6  

The e xc l us i on o f  g ros s gamma a n d  1 31 I b a c kg ro u n d  
concen tra ti on from Tab l e 3 . l . S-4 i s  not d i scus s e d  i n  th i s  
s e ct i o n . We re g rab wa ter s ampl e s  u s e d  to obta i n  the 
res u l ts i n  Tab l e 3 . l . S- 6 ,  

3 . 2 . 1  L a n d  U s e ,  page 3- 5 7  

The m i l k  a n i mal s ,  mea t  a n i ma l s ,  re s i dences a n d  res i dences 
w i th g a rde n s  w i th i n  S m i l es o f  the LAS L s i te s h o ul d b e  
i de n t i f i ed t o  determi ne ex i s t i ng e x pos u re pathways . Food 
crops , m i l k  and mea t produced i n  the a rea wi th i n  SO m i l e s  
of t h e  s i te s ho u l d a l so  be tabul ated a n d  con s i dere d  i n  the 
pop u l a t i on dos e ana l ys i s . 

Pres e n t  o r  a n t i c i pated mun i c i pal  s u rface water i n ta k e  
l oca t i on s  downs tream of LASL s h o u l d be descri bed . Fo r 
each  i n ta ke , r i ve r  d i s tance from the l aboratory ,  tra v e l  
t i me , d i l u t i o n  a n d  popul a t i on s erved s h o u l d be g i ven . 
Dow n s t ream i rri ga t i on l oca t i ons , foo d  producti on a n d  wa te r  
u s e  s h o u l d b e  s h own . 

3 . 2 . 3  Demog raphy ,  page 3-81 , paragraph 4 

3 , 3 . 3  

The s i x  coun t i e s  tha t  en compas s the area w i th i n  a SO mi l e  
ra d i us of  LASL s hou l d b e  i den ti f i e d  i n  th i s  secti on . 
P roj ecte d  pop u l a t i on s ho u l d be e s t i mated to the year 2000 
for the a rea w i th i n  a SO m i l e  ra d i us  of LASL . 

Was te D i s po s a l  

L i qu i d  W a s tes , page 3- 1 1 2 ,  paragraph 2 

I t  i s  n o t  c l ea r  h ow th e radi oacti ve was te from the 1 951  
was te trea tment p l a n t  was packaged , o r  wh a t  method of  
f i n a l  d i s po s a l  was u s e d . 
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Comment 

A d i s cu s s i on s h ou l d  be prov i ded of  the methods used to 
h an d l e  spent res i n s u sed at the i on -exc h an ge fac i l i ty .  

L i qu i d  W a s te s , p age 3 - 1 1 2 ,  p aragraph 3 

Are there contro l s  p l aced o n  the act i v i ty l eve l s of  waste 
co l l ected from ho l d i n g t an k s  and trans ported to the Centra l 
Waste Tre atmen t  P l an t  for p ro ce s s i n g ?  A d j s cu s s i on s hou l d  
be i n c l uded of  the prec au t i on s  u s ed to prevent s p i l l s  and 
k eep personn e l  exp o s u re to a m i n i mum . 

L i qu i d  W a s tes , p age 3 - 1 1 2 ,  p aragraph 4 

W h at c r i teri a are u s ed to determi ne whether dewatered s l u dge 
wi l l  be b u r i ed or p l aced i n  retr i ev ab l e  s torage? The reasons 
why dewatered s l udge that con t a i n s  a h i gh water con tent i s  
not proce s s ed i n to a so l j d  matri x s hou l d  be d i s cu s sed . A 
d i s cu s s i on s hou l d  be pro v i ded of the methods u s ed to process 
regenerant so l u t i on s . 

L i qu i d  Waste s , page 3 - 1 1 6 ,  p aragraph 1 

I t  i s  recommended that a d i s cu s s i on ou t l i n i n g  the metho d s  of  
waste tre atment fo r the  faci l i ty at " e a s t  p l an t •• be i n c l uded . 

L i qu i d  W a s te s , p age 3 - 1 1 6 ,  p aragraph 2 

A d i s cu s s i on s hou l d  be p ro vi ded of  the me thod s u sed to 
as sure comp l e te so l i d i f i c at i on of  the s l u dge/cement 
mi xture pumped i n to the a s p h a l t - l i ned b u r i a l  s h afts . 

L i qu i d  W a s tes , p age 3 - 1 1 6 ,  p aragraph 3 

A d i s cu s s i on shou l d  be p ro v i ded of  the me tbods u s ed to a s su re 
t h at s t ron t i um and ce s i um i n  n o rm a l  i n d u s t r i a l  waste are 
kept at a very l ow l eve l . The method emp ) oyed to keep 
tr i t i um out of th i s  waste s tream s ho u l d  a l so  be d i s c u s sed . 
W h at method of d i spo s a l  i s  u s e d  for the l i q u i d  t r i t i um waste 
treated sep arate l y  at th� east p l an t ?  A d i s cu s s i on shou l d  be 
pro v i ded of the methods u s ed to as iu re comp l ete s o l i d i f i cat i on 
of s tron t i um- ce s i um/cement waste . 
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Commen t 

L i q u i d  W as te s , page 3 - 1 1 6 ,  p arag raph 4 

The con t i n u i n g efforts  men t i oned i n  t h i s  p ar agraph to 
m i n i mi z e  p l u t on i um re l e as e s  s h o u l d  be d i s c u s sed . 

L i q u i d  W a s t e s , p a� e  3 - 1 1 6 ,  p aragraph  5 

I n  c a s e s  whEre wa s te d r a i n s  d i rect l y  i n to t h e  i n du s t r i a l  
s ewer s �  t h e  mon i tors  an d adm i � i s trat i ve procedures u sed  
to a s s u re t h at t h i s waste does not exceed s p ec i f i ed act i v i ty 
l eve l s s h o u l d  be d e s c r i bed . 

S o l i d  W a s te s , page 3- 1 2 3 ,  parag raph 1 

The s o l i di fi ca t i on proces s u s e d  to con ta i n  the " e s t i ma te d  
30 , 000 C i " o f  tri t i um t o  be b u r i e d  ann ua l l y  s h o u l d be  
d i s c u s s e d . 

S o l i d  Was tes , page 3- 1 2 3 ,  parag raph 2 

W h a t  i s  the expe c te d  fra c t i on o f  pl u ton i um ,  uran i um ,  mi xed  
fi s s i on a n d  acti va t i on pro d u cts a n d  tri t i um conta i ne d  i n  
ra d i oacti ve s o l i ds wa s te g e nera ted a t  LAS L?  

S o l i d  Was tes , page 3 - 1 2 5 ,  paragra ph 2 

A des c r i p t i o n  s h o u l d be prov i de d  of the me thods u s e d  to 
b u ry re tri evab l e  wa s te ; i n  part i c u l a r  the proced u re u s e d  
t o  a s s u re con ta i ner i n teg ri ty fo r th e twen ty-year b u ri a l  
pe ri od  s h o u l d  be  d i s c u s s ed . 

S o l i d  �as tes , page 3- 1 2 5 ,  parag ra ph 3 

A des cr i p t i on s h o u l d b e  pro v i d e d  o f  the i n ten t o f  " l ow 
amo u n ts o f  rad i oa c t i ve contami na t i on "  referred to i n  th i s  
parag raph . W h a t  i s  t h e  s i g n i fi ca n t  l e vel o f  tri t i um i n  
tra s h  type wa s te or  o th e r  th a t  dete rm i nes u s e  o f  s p ec i a l  
pa c kag i ng ?  

S o l i d  Was tes , pa g e  3- 1 2 6 ,  parag raph 1 

The  con ta i ner us e d  to compa c t  s o l i d  wa s te s ho u l d be  de s c ri bed . 



S e c t i on 

3 . 3 . 3 

3 . 3 . 4  

4 . 1 . 3  

I - 68 

Commen t 

W a s te D i s pos a l  

S o l i d  Wastes , Page  3 - 1 2 6 , p aragraph 2 

F rom the d e s cr i pt i o n , i t  appe ars t h a t  there i s  no s h roud 
arou nd the  top of the co n t a i ner u s ed to comp act s o l i d  waste . 
Descr i be the  met h o d s  u s ed to prevent the accumu 1 at i o n of 
h i gh con centrat i o n s  of rad i o act i v e dust i n  the v i c i n i ty of 
t h e  comp actor du r i n g  comp ac t i o n of waste . 

S o l i d  W a s t e s , page 3 - 1 2 9 ,  p aragraph 4 

T h e  devel opmen t a l  mon i to r i n g  program und en:ay for rad i oact i v e 
waste m i grat i on s hou l d  b e  d e s c r i bed ( i . e . , type of s amp l e , 
s amp l i n g frequency ,  s amp l i n g l oc at i o n s  and an a l ys i s  p l anned ) . 
W h a t  mon i to r i n g  i s  u s ed to determ i n e  t h at d i �posed chem i c a l  
waste does n o t  m i grate i n to s o l i d  waste d i s p o s a l  areas . 

G aseous  W a s t e s , p age 3 - 1 3 7  

After rev i ew � n g  th i s  port i on o f  t h e  s t atement , we f i n d t h at 
th ere i s  i n s u ff i c i en t  i n forma t i on for u s  to p ro v i de s p ec i f i c  
commen t s . I t  i s  recommended that the gas eou s rad i oact i v e 
waste treatment sys t ems b e  d e s c r i bed i n  more detai l .  T h e  
p l an t  or operat i on a l  s o u r c e s  o f  rou t i n e  rel eases  a n d  ann u a l  
c h an g e s  o f  rad i on u c l i d e s  re l eased , s h ou l d  b e  d i s c u s sed . 
P l ant s t ack l o c at i on s  and h e i g h t s  s h ou l d  b e  g i ven . 

P recau t i on ary P rocedure s , Mon i tori n g ,  pages  3 - 1 4 1 , 3 - 1 43 

A summary of the current rad i o l o g i c a l  mon i tor i n g program , 
l i s t i n g i n d i cator and b ack gro u n d  s t at i o n s , s amp l i n g med i a ,  
an a l ys e s  performed , ar. a l yses  freq uenc i e s and an a l ys e s  
det ect i on l i mi t �  s h ou l d  b e  i n c l uded for u s e  w i th F i gures 
3 . 3 . 4 - 1  and 3 . 3 . 4-2 . Th i s  s ec t i on s h o u l d  reference F i gure 
4 . 1 . 1 -2 and T ab l e s i n  4.  1 . 1 on water and sed i ment mon i tor i n g . 
W h at was u s ed as the b as i s  for s e l ec t i n g  foo d s t u ff s amp l i n g  
l oc at i on s ?  

Chemi c a l  Me a s u reme n t �  and As s e s smen t , C a l cu l ated and Measu red 
Doses , p age 4-53 

It  i s  not  c l ear wh at p athways are i n c l uded i n  the s i te bound ary 
i n d i v i d u a l  doses  g i ven i n  T ab l e  4 . 1 . 3 -2 . W h at doses i n  T ab l e  
4 . 1 . 3 -2 were c a l cu l ated u s i n g  me a s u red re l e ases , an d wh i c h d o s e s  
are b a s ed on mon i to r i n g  re s u l t s ?  I t  i s  not c l ear whether 
i n g e s t i on of food crop s was i nc l uded in i nd i v i du a l  or  popu l at i o n  
d o s e s  tab u l ated . T h e  c a l cu l ated i nd i v i d u a l  do s e  a t  t h e  contro l l i n g  
re s i den t i a l  l o c at i o n con s i der i n g  a l l e x i s t i n g  pathways s h o u l d  b e  
i n c l u d ed i n  th i s  s e c t i on .  
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Corrrnent 

The ann u a l  occupati o n a l  rad i at i on exp o s u re for current 
l aboratory s i te operat i on s  and e s t i mated expo s u re due to 
future operat i on s  shou l d  be i ncl uded i n  the E n v i ronmen t a l  
s t atement . 
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DOE Staff Response on NRC Comment s  on DOE/EIS-0018-D , 
the Draft Environmen tal Impact S tatement 

on the Los Alamos S cient ific Laboratory S ite 

Extensive additional detail has been added to the document through 
the incorporation of the 1978 environmental surveillance report fo r 
LASL as appendix H .  It contains con siderable addi tional detail on 
effluents , radioactive effluent release point s , sampling lo cations , 
and :me t�odolo gies . 

Section 3 . 3 . 3 on was t e  disposal practices was largely reworked and 
incorporat ed additional information in response to your comments 
regarding pages 3-112 through 3-129 o f  the draf t EIS . 

The s ection on calcula t ed and measured doses was revis ed to be based 
on more recent info rmat ion and c lari fy pathway cons iderations . 

Material was added in section 4 . 1 . 3  (see especially tab le 4 . 1 . 3-4 ) 
regarding laboratory-wide occupat ional radiat ion exposure experience . 
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D E P A R T M E N T  O F  H E A L T H ,  E D U C A T I O N ,  A N D  WE LFA R E  
P U B L I C  H E A LT H  SE R V I C E  

C E N T E R F O R  D I S E ASE C O N T R O L  
ATLAN TA, G E O R G I A  3 0333  
T E L E PH O N E :  (404)  633 -33 1 1 

September 2 0 , 1978 

Mr .  W .  H .  Penning ton 
Direc tor , Divi sion o f  Prog ram Review 

and Coordina tion 
Of fice of  NEPA Af fair s ,  EV 
De partment of Energy 
Wa shing ton , D . C .  20545 

Dear Mr .  Penning ton : 

We have reviewed the d raft environmental impac t  s ta tement on the Lo s Al amos 
Sc ienti fic Laboratory Site , Lo s  Alamos , New Mexico . We are respond ing on 
behalf o f  the Public Health Se rvice . 

The DE IS for the Lo s Alamos Sc ien tific Laborato ry ( LASL) site is intended 
to consider long-range cumul ative environmen tal impac ts o f  future LASL pro
j ec t s . Individual assessments and environmental impac t sta temen ts will be 
i ssued fo r ind ividual proj ec ts as  they develo p  ( page 2-15 , last paragra ph) . 
The DE IS , however , does no t alway s achieve i t s  goal ; environmen tal data are 
abundant but long-range impac t assessments are scarce . 

We unders tand from the statement that wa ter rights are used by the State 
of New Mexico to control the quantity of water removed from its re sources . 
LASL ha s two wa ter right s , 6 . 8  mill ion cubic meter s per year o f  g roundwater 
and 1 . 48 mill ion cub ic me ters per year of surface water . The sur face water 
r ights we re granted in 1 9 7 6  when it wa s a pparent that the demand for g round
wa ter wo uld exceed LASL' s groundwater rights . However , LASL doe s  no t plan 
to use sur face wa ter to mee t its need s ,  all proj ec tion s for increased water 
requirements will be satisfied by the groundwater source . The DE IS proj ec ts 
that the na tural discharge o f  wa ter from the aqui fer to the Rio Grande will 
be reduc ed by LASL ' s increased use o f  g ro undwater , and sur face wa ter will be 
used to replace the lost g roundwater ( page 4 -3 , last paragra ph , and page 4 -5 , 
first paragraph) . We feel bo th g roundwater and sur face water will be im
pac ted by the LASL wa ter needs as  related to the following information 
retrieved from the DE IS : 

1 .  Impac ts on the quantity o f  wa ter s tored in the aqui fer 

Da ta pre sented in the DE IS pro j ec t  a continual reduc tion in the quant ity 
o f  wa ter stored in the aqui fer . LASL g roundwater demand will increase 
un til 1995 when it  will equal the water rights limit . The wa ter table 
is expec ted to continue dropping at approximately the same rate as it 
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Mr .  W .  H .  Penning ton 

has in the pa s t  ( page 4 -3 ,  last  parag raph and page 4 -4 , fir s t  para
gra ph) .  

The signi ficance o f  thi s  impac t can be mea sured by the leng th o f  time 
it will take to d epl ete the a quifer und er c urrent cond itions compared 
to how l ong it wil l  take wi. t h  LASL increased d emand for g ro undwater . 
The DE IS men tions that ne ighbor ing communi ties wil l  increase their 
demand for wa ter , but i t  does no t cal c ulate the volume or compare i t  
t o  the LAS L  d emand ( page 4 -10 8 , second parag raph) .  

Since depletion will mean expensive al terna tive sourc e s , i t  is  important 
to know the expec ted l ife s pan of the a quifer . A mass balance calcu
lat ion taking accoun t  o f  the volume o f  wa ter in the a qui fer , na tural 
recharge and lo ss ra te s ,  and human d emand s wo uld prov ide an e s t imate . 

2 .  Im pac ts on the qual ity o f  wa ter produced by the aqui fer 

As  the volume o f  water in the aqui fer continue s to  decrea se , water will 
be drawn from successively lower s trata where unknown d e po si ts may con
taminate the wa ter . The DE IS does no t consider thi s impac t .  An 
examinat ion o f  the hi story o f  groundwater qual ity and c hemical examina t ion 
of  aquifer sampl e s  ind ic ates how the qual ity may c hang e in the future . 
The DE IS repo r ts that one wel l  ( LA-6 ) produce s water contamina ted wi th 
arsenic ( page 4 -5 , third parag raph) , but the hi s to ry of thi s wel l is not 
provided . 

3 .  Impac t o n  the flow i n  the Rio Grand e 

As prev iously men tioned LASL plan s to increa se i t s  d emand on the a quifer 
reduc ing its d ischarge to the Rio Grande . This  impac t will be mitigated 
by using surface wa ter to replace the l o s t  water ( page 4 -3 , last  para
graph and pag e 4 -5 , first paragraph) .  

4 .  Im pac t on the qual ity o f  Rio Grand e water 

The exc hange of sur face water for groundwater ( see impac t # 3 )  wil l a ffec t 
the qual i ty of the Rio Grand e . The DE IS does no t compare the qual ity o f  
the two source s ,  but i t  may b e  a s sumed tha t they d iffer . The ne t resul t ,  
there fore , will be a c hange in r iver water qual ity . 

5 .  Secondary impac ts on po pul ations that depend on the water re so urce s  used 
by LASL 

Changes in groundwater quant i ty and qual ity will affec t communi ties 
around Lo s Al amos Coun ty . Impac ts on the se communi ties are no t consider
ed by the DE IS , nor doe s the DE IS ind ic ate i f  the aqui fer ha s been designa
ted a sole source water supply und er the Safe Dr inking Wa ter Ac t  ( P . L . 
93-5 2 3 ) . 
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Mr . W .  H .  Penning ton 

Chang e s  in surface ( Rio Grande) water quanti tie s  have been considered 
by the DE IS , but the is sue of qual ity is not addre ssed . Thi s impac t 
shoul d be assessed since communitie s in New Mexico ,  Texas , and Mexico 
may be affec ted . The statement shoul d  al so determine if any in ter
na t ional ag reements apply to the qual ity of the Ri o Grande and the impac t 
of the propo sed fac il ity upon this watercour se . 

The only al ternative for g roundwater use con sidered by the DE IS is conser
vat ion ; for exampl e :  by charging domestic user s more for water ( page 10-4 , 
table 10-1 ) , by s topping irrigat ion prac tices , by recy c l ing trea ted waste
wa ter ( pag e 4-1 ,  four th paragra ph) , by us ing mechanical cool ing in place o f  
non-con tac t cool ing ( page 9-9 , second parag raph) , and by mandatory rat ioning 
( pag e 5 -l , second parag raph) . The DE IS  does no t con sider al te rnatives for 
wa ter sources after the water rights are exceeded in 1 995 . Long-range 
pl anning that recogniz e s  deple tion of the aquifer wo uld consider al ternatives 
that control the growth of  LAS L ,  devel op construc tion designs that minimize 
wa ter use , and give hig h priority to low wat e r  us ing re search proj ec ts . 

Wa s tewater Effluents 

LASL wa s tewater discharg e s  bo th industrial and sanitary create intermi t tent 
fl ows that discharge to es sentially d ry s t ream beds ( page 3-19 , figure 
3 . 3 . 2-2 ) . The se fl ows remain on the sur face for shor t dis tances and are 
absorbed by the soil prior to reaching the Rio Grand e .  The National Po llutant 
Di scharge El imination Sy s t em only considers flow, b io log ical oxygen demand , 
and to tal suspended solid s  in treated sani tary sewage ( page 4 -9 ,  table 
4 . 1 . 1-4 ) . Heavy me tals or o ther toxic compound s are no t considered . Indus
trial wa stewater effluent qual ity , however , is considered in detail ( page 
4-7 , table 4 . 1 . 1-3 ) ,  but conc entrations are no t related to animal usage . One 
s tudy repor ted concentrat ion of  mercury in s tream banks ( page 4-24 , table 
4 . 1 . 1- 18 ) , but did no t relate the merc ury to was tewater . The DEIS should 
c onsider pl an t and animal popul ations that depend on the intermi t tent flows 
and determine if any e f fec ts in the food chain are caused by was tewater 
con taminan t s .  Curren tly , only geographic plant and animal d is tribution are 
considered wi thout relating to the sur face wa ter supply . 

The di scus s ion s and pre sentation o f  radiolog ical data in Cha pter 4 ,  Po tential 
Impac t of the Propo sed Ac tion , ha s adequately add ressed the is sue s that 
im pac t  on public heal th and safety from the ac tivities at the LASL .  It i s  
no ted that the radio logical assessment o f  LAS L o perations ind icates that the 
dose to the popul ation offsite is wel l  wi thin current radiation pro tect ion 
s tandard s .  However , the discussion of  heal th and safe ty on page 3-1 3 9  s tates 
t ha t  there is  a health phy s ic s prog ram for measuremen t and control of  occu
pational expo sure . It woul d be hel pful if appropriate data on the dose to 
wo rkers coul d  be inc luded in the sta temen t .  
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Mr . W.  H . Penning ton 

Thi s DE IS acknowl edges that low but mea surable level s of long- lived rad io
nuclides , such as  Sr-90 , Cs-13 7 ,  Pu-2 3 9 , and AM-241 , are being rel eased 
from the Lo s Alamos fac il ities into neighboring terre strial and aquatic 
environments . The Food & Drug Admini s tration is  concerned abo ut the po tential 
for suc h  radionucl id es to accumul ate in aquatic and terre strial pl ants and 
animal s which become a part o f  the human food supply . 

There fore , we recommend that the De par tment o f  Energy broaden the base o f  
its moni tor ing prog ram t o  include mea surements o f  the above radionuclides in 
components of plants and animal s located downs tream and downwind from the 
research fac il itie s ,  wa ste burial site s , and o ther locations known to be 
used as human food sources . 

Thank you for the oppor tunity o f  rev iewing this documen t .  We wo uld appre
ciate rec eiv ing three copies o f  the final when it is is sued . 

Sincerely y o ur s , 

/,_ ) -z ,-:/.1 /!-
Wi ll iam H .  Foege , M . D .  
As sistant Surgeon General 
Direc tor 
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D O E  S t a f f  Response on HEW Commen t s  on DOE / E I S - 0 0 1 8 -D , 
th e Draf t Envi ronmental Imp a c t  S t a t ement 

on the Los Alamo s S cient i f i c  Lab o ra t o ry S i t e  

Wi th regard t o  t h e  concern s  ab out water resources , the rev1 s 1 ons and 
add i t ions to the t ext at app rop riate locations , es u e c ially in 
s e c t ions 3 . 1 . 2 ,  3 . 3 . 1 ,  and 4 . 4 . 1 ,  should p rovide adequate answe r s . 
However , s ome s p e c i f i c  p o i n t s  can b e  highligh t e d . The imp a c t s  on 
the quan t i t y  of wa t e r  in the aqu i f e r  are b e l i eved to b e  minimal . The 
aquifer f rom wh i ch the muni c ipal supp ly is d rawn is at leas t 3 , 9 00 
feet th ick.  The water level in a t e s t we l l  in the aqui f e r  ab o u t  2 . 2  
miles f rom the l ar ge s t  p ro d u cing well has dec lined less than 3 f e e t  
s ince 1 9 6 0 and may b e  d u e  to g radual long - t e rm var iat i o n  in re charge . 
Thi s  s up p o r t s  the b e l ie f  that curren t , as we l l  as p roj e c t e d  p ump age , 
has no meas urab l e  phys i cal e f fe c t  on th e r eg ional aquifer and is 
within the amoun t of natur al r e charge . The d rawdown a t  the pump e d  
we lls i s  no t a n  ind i c a t ion o f  overall e f f e c t  o n  t h e  aqui f e r  but rather 
on local well-b o r e  cond i t i ons resul t ing from p ump ing . Even th e 
larges t drawdowns are sma ll p roport ions o f  the well d ep th s  and no 
mo re than a few p er cen t of the aquifer th i ckne s s .  Whi l e  s ome new 
we lls will be required to o f f s e t  e f f e c t s  of de creas ed cap a c i t y  in 
older we lls or larger demand s ,  there are no exp e c t a t ions of ever 
needing to cons i der " expens ive alt ernat ive s ources . "  or a f in i t e  l i fe
t ime for th e aqui f e r  a s  a whole . 

The only we l l  in which s ignifican t  qual i t y  changes have o ccurre d over 
a long p e r i o d  of t ime is we l l  LA- 6 . Ar s en i c  concen t r a t ions in that 
we l l  increa s e d  s uf f i c i ent ly ( about 30 p e r cent ) over a 4-year period 
to require removing i t  f rom regular p roduc t i on . A new r e f erence ( 4- 6A) 
was added for che re p o r t  o f  a detailed hydro geo l o g i c  s t udy of th e 
o c currence o f  ars enic in that we l l . 

Imp a c t s  on b o th the f low and quality o f  the Rio Grande w i l l  b e  
ins i gn i f i can t and a lmo s t  c e r t ainly unmeasurab le . Even if the f ul l  
e f f e c t  o f  increas ed p umping were rea l i z e d  i n  t h e  Rio Gran d e , i t  
would amoun t to ab o ut 0 . 1 5 p e rcent o f  the average f low a t  O t owi 
Bridge . D e tailed anaiy s e s  of regional surface waters and s p rings in 
Wh i t e  Rock Canyon are included in app endix H ( s ee pages H-8 8  and H-9 0 ) , 
in d i cating that water flowing in the Rio Chama (whi ch includes S an 
Juan- Chama D ivers ion wa t e r )  is gen e ra l l y  more minerali z e d  than the 
groun d  wa t e r  dis cha rged into Whi t e  Ro c k  Canyon . Even a s s uming the 
rep lac emen t surface wat e r  i s  twice the mineral conten t  of the reduced 
ground wat e r  inflow to th e Rio Grande , general wa ter quali ty in the 
Rio Grande down s t r e am would b e  changed less than 0 . 1  p ercen t . This 
is much less than nat ural varia t ion . 

Thus , we do no t b e l ieve that there have b een o r  will be any s ignif
ican t  e f f e c t s  on e i rher the surface or gro un d  wat e r  in th e region . 
The aqui fer is no t a d e s i gnated s o le s o urce water s up p ly . Additions 
to the text a t  several p o in t s  also ind icate that conserva t ion mea sures 
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have b e en e f f e c t ive in Los Alamos w i th ab out a 30 p e rc en t  reduc t i on 
in t o t a l  use real i z e d  in the las t two y e ar s . Ac cordingly , the p ro
j e c t i on s  made in th e d r a f t  EIS were cons ide rab l e  ove r e s t ima t e s . I t  
i s  unl ikely that LASL demand s  will reach the l egal limi t s  fo r wat er 
use for s everal decades a t  the earlies t .  

Add i t ional in f o rma t i o n  on nonrad i o a c t iv e  con s t i tuen t s  in was t ewaters 
has b e en included in the s ta t emen t , e s p e c ia l ly in app endix H wh ich 
contains data on e f f luent mon i t o r in g  and s umma r i e s  o f  s ome o f  the 
ongo ing ecolo g i cal s tu d i e s  in the Los Alamos area . A t  this p o int , 
inf o rma t i on i s  s t i l l  l imi t e d , b ut th e general conclus ion i s  tha t  t h e  
great e s t  impac t s  are r e l a te d  to t h e  varia t i on s  in t h e  amount o f  wa t e r  
availab l e  rather than con t aminan t s . As more informat ion on up t ake 
or o th e r  b io l o g i ca l  e f f e c t s  is ava i lab l e , it will be repo r t e d  through 
the annual mon i t o r ing repo r t s  i s s ue d  b y  LASL . 

New inf o rma t io n  has b e en added in s e c t ion 4 . 1 . 3  ( s e e  e s p ecially 
tab l e  4 . 1 . 3-4) s umma r i z in g  lab orato ry-wide o c cupat ional radia t ion 
exp o s ur e  exp e rience in the l a s t  s everal years . 

Ext ens ive a d d i t i onal d e t a i l  on wa t e r  and foo ds t u f f  moni t o r in g  in the 
vi cinity of Los Alamos is included in app endix H. Food s tu f f s  in the 
area , including fish f rom the Rio Grande , are dis cus s e d  on p ages H- 2 5  
through H- 28 . D i s cu s s i ons o f  po s s i b l e  foo dchains i n  L o s  Alamos C anyon 
and the Rio Grande were expan d e d  in s e c t i on 4 . 1 . 3  ( s e e  e s p e cially 
p a g e s  4-5 6 through 4-6 2 ) . 
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U N ITED STATES DEPART M ENT OF AGRICULTURE 

FOREST SERV I CE 
P . O . Box 2 4 1 7 

Wa shing t on , DC 2 0 0 1 3  

M r . W .  H.  P enn ing ton , Direc t o r  
Depa rtment o f  Ene r g y  
Divi s i on o f  P rog ram Rev i ew 

and Coordin a t i on 

S E t  

1 9 5 0  

O f f i c e  o f  NEPA Af f a i r s , E V  
L Wash ing t on , DC 2 0 5 4 5  

Dear Mr . P enning t on : 

We h ave re viewed the Draf t Environmental S t atemen t f o r  the Los 
Alamos S c ien t i f i c  Labora t o ry S i t e , Los Alamo s ,  New Mex i co , 
DOE / E I S-00 1 8- D .  

P age 2 - 7 , 3 r d  paragrap h .  G e o the rmal Demons t r a t i on P r oj e c t  

We con c ur that a s e parate Env ir onmental S t a t ement wi l l  p robably 
be n e c e s s ary b e f o re a generat ing f ac i l i ty i s  cons t ru c ted and 
should be d e te rmin ed by an envir onmen t a l  asse s smen t . 

P age 3- 3 6 . Flora and Fauna 

3 - 1 4 9  f i re p ro t e c t i on , 4 - 1 0 2  a c c iden t s , and 4 - 1 1  wood burning a l l  
p o in t o u t  a n e e d  to furthe r deve lop t h e  management o f  t h e  wood
l ands ( B . the p inon / j un i p e r  and p onderos a p ine ) wi thin the LASL 
s i te . Th is managemen t should be t i e d  to f i r e  p r o te c t ion 
( reduc t i on of f u e l s - fue lbreaks , e t c . ) and the sus t ained p ro
duc t i on of wood produc ts s uch as fue lwood , p o l e s , and s awtimbe r .  
The Fore s t  S e rv i c e  i s  wi l l ing and able ( th rough the p r o f e s s i onal 
con s u l t ing s e rv i c e s  noted on page 3-1 4 9 , 6 t h  p a ragraph) t o  
a s s i s t  in deve l o p ing a management p r og ram f o r t h e  LAS L s i t e  l an d s . 

P age 4 - 1 1 7  ( center o f  p age ) 

We sugg e s t  rewo r d ing for c la r i f ic a t ion as f o l lows : " Th e re wi l l  
be p r e s sure t o  ex p and in t o  Fe deral l an d s  admin i s t e r e d  b y  the Fore s t  
S e rv i c e  an d the Gen e r a l  S e rv i c e s  Admin i s trat i on . The G ene ral 
S e rv i c e s  Admin i s t r a t i on lands are cons ide re d  ' r e s e rv e d' in the 
county land man agemen t p lan . " 
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We appre ciate the opp ortunity to review and comment on this 
Envi ronmental Statement .  

� . MAX PETERSON ' . 

. Dep uty Chie f 
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DOE S taff Respons e on DOA Comments on DOE/EIS-0018-D , 
the Draf t Environmen tal Impac t  S tatement 

on the Los Alamos Scientific Laboratory S i te 

Wi th regard to the comment ab out land management cooperation , note 
that there is a continuing a rrangement for cooperation between the 
Forest S ervice and Los Alamos Area Office o f  the DOE . One-half o f  
the cos t s  o f  a Fores t S ervice s t a f f  person are borne by DOE t o  
provide a dire ct liaison and consulting function , assuring coordinat ion 
of management p ractices at LASL and the adj o ining forest lands . 
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September 2 2 , 1 9 78 

Mr.  W .  H .  Pen n i n gton , D i recto r 
Di v i s i on o f  Program Rev i ew & Coord i na t i on  
O ffi ce o f  N E PA Affa i rs 
Depa rtment o f  Energy 
Wa s h i n gton , D . C .  2 0545 

Dea r  S i r ,  

T he p urpose o f  t h i s l etter i s  to request  that you ho l d  a we l l -p ub l i c i z ed 
publ i c  hea r i n g  on the E n v i ro nmenta l I mpac t Sta tement for the L o s  Al amo s Sc i ent i fi c  
Laborator i es '  s i te ,  DOE/ E I S-001 8- D .  Your E I S  does not conta i n  adeq uate 
a s s e s sment o f  the p rob l em of rad i oac t i ve wa stes gen era ted by LASL and res u l tant 
hazards  to the p ub l i c .  T h i s i s  an i mportant p u b l i c  pol i cy i s s u e  and needs  
to  be e xp l o red in  great deta i l . 

I n  a dd i t i o n , you r sec t i on on a l terna t i ves seems woefu l l y  i na dequate . 
O n l y  throu g h  a we l l - p u b l i c i zed p ub l i c  hea r i n g  can you l ea rn about the 

al terna t i ves that the p ub l i c  mi g h t  con s i der feas i b l e  and des i rab l e .  A we l l 
publ i c i zed p u b l i c  hea ri n g  i s  a l so  the on l y  way to l ea rn about the p u b l i c • s  
concern s , wh i c h a re very rea l , very s o u nd l y  b a s e d , a n d  very mu c h  i g nored 
tra d i t i ona l l y by D . O . E .  and i ts p redeces s o r  agenc i e s . Thank you . 

PM/ vp 

S i ncere l y ,  

���-
Peter Montagu e ,  P h . D . 
P . O .  Box 4 5 2 4  
Al buq uerqu e , N M  871 06 
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M r .  W . H . P enn i ngton 
D i re c to r  of the O f f i c e  NE PA 
Ma i l  S ta t i o n  E 201 
W a s h i ng to n  D . C .  2 0 54 5  

D e� r  M r .  P e n n i n g to n , 

I - 82 2 01 P i neSE 
Albuq u e rq ue , N . M .  871 0 6  
S ep te mbe r 2 5 , 197 8 

I have j u s t  d i s c ov e red a f te r  ca l l i n g  yo u r  o f f i c e  th i s  mo rn i ng 
tha t c o mmen t s  on the " D ra f t  E nv i ronme n ta l  I mpa c t S ta temen t f o r  
the L o s  A lamos S c i e n t i f i c  Labora tory s i te - L o s  A l a mo s  , N ew 
M e x i c o "  i s  d u e  on S e p temb e r  2 7  - in two da ys . I j u s t  re c e i ved 
a c o p y  o f  the i mps c t s ta te me n t  a we e k  a go from a f r i e nd a l tho u gh 
I a m  a m e mb e r  and org& n i z e r  fo r the l o ca l  W a r Re s i s te rs League 
c ha p te r  a nd wa s no t c o n tac ted on th i s  pa p e r  tho ugh we h&ve 
b e e n  i nvolved and c r i t i c a l  of L o s  A l� mo s • s  a c t i v i t i e s  f o r  ma n y  
yea rs . 

J u s t  a b r i e f  go i n g  over o f  the re po r t  s hows tha t a hea r i ng i s  
n e c e s sa ry for t h e  ma n y  u nc l ea r  • nd unre s e a rc he d  a re a s · i n the 
s ta te m e n t .  

1 )  The brea kd own o f  wh i te s  and nonwh i te m i no i ri t i e s  wo r k i ng a t  
LA SL a nd t h e  pa y sca l e  o f  tho s e  e mploye e s  

2 )  N o  h i s to ry o f  prob l ems i n  sec u r i ty and v i o la t io n s  and i f  the 
s i gn s  a re i n  3 p& n i s h  a nd Na t ive A m e r i ca n  lanU& ge s  i n  wooded 
a rea s wh i c h  are l e s s  f req uen tl y  pa tro l e d . 

3 )  N o  h i s to ry o f  a c c i d e n t s  a nd prob l e ms o f  the t ra n s p o r ta t i o n  
a n d  s to ra ge o f  wuc l ea r  wa s te i n  L o s  A la mo s . I t  wo u l d  b e  i m 
p o r ta n t  tha t th e s e  a c c i d e n t s  be w e l l  known & nd doc ume n ted 
s o  tha t they no t o c c u r  i n  the f u t ure . 

4 )  A l s o  i n  t h e  soc ia l a re t h e re i s  no men t i on o f  the c ri m e  o f  
l�b e mplo y e e s  a nd a lc oho l i sm pro b l e m  b e i n g  a ma j o r  prcbl e m s  
a mo n g  t h e  a d ul t po p u la t i on o f  the c o mm u n i t� 

5 )  A n o t h e r  compl e t e l y n e gl e c ted a rea w h i c h  n e e d s ma j o r  re s e a rc h  
i s  the e f f e c t on t h e  c ommun i ty and t h e  labs i f  ma j o r pro gra ms 
a r e  c u t ,  e s pec ia l l y  tho s e  i nvo l v i ng n u c lear wea pon s  �nd e n e rgy . 
B e ca u s e o f  the un s ta b l e  po l i t ic a l  envi ronmen t  on the s e  pa r t i c ula r 
i s s ue s  ma ke s  a s t ro n g  e f f e c t on the f u t u re o f  the lab s  a nd 
t h e  town o f  Lo s A lamo s . M o re d i s c u s s io n  o n  c o nve rs io n  o f  lab s 
to mo re soc i a l l y  a c c e p ta b l e  a nd h e l p f u l  programs i s  a b so l u te l y  
n e c e s sa ry .  

6 )  M o re d e ta i l ed s t ud y au s t  be done on wo rke rs sa f e ty and 
o c c upa t i ona l hea l th . I t  i s  nec e s sa ry to have more d e ta i l ed 
i n f o rma t i o n  and bre� kdown on t ra i n i n g  a nd sa fe ty preca u t i o n s  
ta ke n  by t h e  lab s t o  p ro te c t e mployee s .  The i�pa c t s ta te m e n t  
sho u l d  a l so have a h i s to ry o f  the a c c i d e n t s  to lab e mploye e s  
a nd the ha za rd s  they have f� ced i n  the pa s t .  

J u s t  the se s h o r t  c o mmen t s  a nd f� u l t s  i n  t h e  repo r t  ma ke 1 t  
obv i o u s  & h ear i n g  mu s t  be h e ld . I would be able to wo rk 



I -83  
on ge t t i ng test imony for s u c h  a hearing and t h e  War Be s i ters League 'a s well as o ther organ i za t i ons c ould provid e informa t i on for the i•pac t s ta temen t .  

I hope tha t a hea ring wi ll be s e t  u p  in the nea r fu ture and tha t I and my organi za t ion be c o n ta c ted we l l  in advanc e  to prepare adeq ua te t e s t i aony and i npu t . 

Thank yo u for your conside ra t i on . 

S i ncere l y , 
( ..  . 4::) -. - '--- (1.._ --<) ..-:).....(_--" -, ,_... -c .._, 

C.ra i g  S i mpson 
War R es i s ters League 
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DOE S taff Response to D r .  Peter Montague , 
Ms . Dede Feldman , and Mr . Craig S impson 

These three commentators reques ted that public hearings be held on the 
draft s tatement . DOE felt that p ub lic hearings on the draft EIS would 
not result in receiving additional information that would s ignif icantly 
supplement that already received , since the subj ect EIS is for an 
exis ting facility whi ch has been a significan t  and an integral part of 
the lo cal and s tate environment for 35 years . Comment s  are on hand 
regarding : (1)  the draft EIS , ( 2 )  the Omnibus Environmental Assessment 
for LASL , whi ch was published in 19 75 and s erved as one of the back
ground documents that were made pub li cly available when it was first 
announced '1at an EIS was to be prepared , and (3) the issues which 
have been � �'evious ly rais ed by thes e commentators and o ther public 
intere s t  groups regarding the nuc lear cycle , generally , during the 
s everal public hearings that DOE has held around the s tate in conj unction 
with the p roposed Was te Isolation Pilo t  Plant p roj ect . We also believe 
the pub lic has b een kep t informed about the environmental aspects and 
cons equences of LASL operations over recent years through the distribution 
of annual environmental monito ring repo rts . 

Furthermore , as a result of  the sub s tant ive comments received on the 
draft s tatement , numerous changes and additons have been made in the 
s tatemen t .  A summary of the changes made in the text as a result o f  
thes e concerns is  p resented in s ec tion 1 1 .  
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Other Letters 

The following letters require no s taff response . A summary of the 
changes made in the text as a resul t of these concerns is presented 
in sect ion 1 1 .  

We wish to  thank them for their interes t in the DOE ac tivities a t  the 
Los Alamos Scient ific Laboratory . 



I -86 

N AT I ONAL SC I ENCE FOU N DATION 
WASH I N GTON. D . C .  205 50 

��·····;-- '":1:� 
·�' 

OFFICE OF THE 
ASSISTANT D I RECTOR 
FOR ASTRONOMICAL. 

ATMOSPHE R I C. EARTH, 
ANO OCEAN S C I E N CES 

Mr . W .  H .  Penn i ngton , D i re ctor 
Di v i s i o n of P rog ram Rev i ew 

and Coord i n a t i o n  
Offi ce of N E PA Affa i rs 
Depa rtmen t  of E nergy 
Was h i ngto n , DC 20550 

Dear Mr . P en n i ngto n :  

September 28 , 1 97 8  

The Department of E nergy ' s d raft E n v i ronmental  Impact Statemen t ,  

Los Al amo s S c i enti f i c Laboratory S i te ,  Los Al amo s , N ew Mex i co ,  

DOE/ E I S - 001 8- D ,  has  been rev i ewed by the  a ppropri ate N a t i on a l  

S c i ence Foundat i on s taff . W e  h a v e  n o  comments t o  offer o n  th i s  

s tateme n t .  

j i ncere l y  you r s , 

( . \ �� �an 1 el Hunt 
De pu ty As s i s tant D i recto r 
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BOARD O F  COUNTY COMMISSIONERS 

DAVID M. SANTILLANES. CHAIRMA� 

ROBERT M. HAWK, VICE ·CHAIRMAN 

WRAY L. SIMMONS. MEMBER 

Qlnunty nf irrnal tlln 
&tatt of N rw ftlrxtro 

6 2 0  LOMAS. N . W .  JAMES PAXTON MO RRI S
. 

MEMBER 

JUVEN G.  SANCHEZ. MEMBER ALBUQU E R Q U E  N EW M EX I CO 8 7 1 02 
JUAN R VIGIL. COUNTY MANAGER 

W .  H .  Penning ton , Director 
D ivis ion of Program Review 

and Coordination 
Of fice of NEPA Af fairs 
Department of Energy 
Washing ton , D . C .  20545 

Dear Mr . Pennington :  

July 2 7 ,  1 9 7 8  

WILLIAM E J I M E R S O N .  SHERIFF 

P TIMOTHY EICHENBERG.  TREASURER 

E M M A  C G O NZA�ES. COUNTY CLERK 

G E O R G E  W. BEACH. ASSESSOR 

M I CHAEL E MARTINEZ. SMALL CLAIMS .1 1/0GE 

MARY c WALTERS.  PROBATE JUOGE 

On behalf of the County of Bernalillo I wish to acknowledge our receipt of your let ter of July 7 ,  1 9 7 8  and the enc losed Environmental Impact S tatement for the cont inuat ion of activi t ies at the Los Alamos S cientific  Laboratory s i t e .  

As part o f  the review and comment process let this let ter convey our s t rong support and endorsement of LASL ' s  activi ties now and in the immediate future . In j us tif icat ion we can only echo one of their important s tatements , namely : 

" 
. • • •  The es sence of the envi ronmental trade-off analys is 

lies in national policy decisions that the work done at 
LASL is ess ent ial . If the goals of research are reali zed , 
the benefits  would encompas s maint enance of National defense , 
increased national self-suf ficiency of energy resources , 
improved qual i ty of lif e ,  and reduct ions of environmental 
impact throughou t the nat ion . . • .  (page 1- 14) " 

Obvious ly as we approach the commencement of a new decade our at tention turns 
toward new problems (or renewal of pas t problems) e . g .  ups tream and downs tream 
water cont amination , s t orage of i rrevers ible radioact ive s ubstances . However , 
we trust that within the confines of LASL ' s  operations there are a numb er of 
talented and concerned individuals who will prov ide the necessary safeguards 
and f uture technology to overcome the above concerns . 

In clos ing , we strongly endorse the conse rvat ions of this program wi thin 
Los Alamos County and would greatly appreciate the Department of Energy ' s  
approval o f  the program as presented.  

RMH : br 

�cerely yours , 
.
/ f._:.� n, y..HL<..�-L 

Robert M .  Hawk 
Vice-Chairman 
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Babcock&Wilcox 

W .  H .  Penn i n gton , Di rector 
Di vi s i o n  of Program Revi ew 

N uclear Materials Division 

609 North Warren Avenue, Apollo, Pa. 1 5613 
Telephone: (412)  842-01 1 1  

July 28 , 1 978 

and Coo rd i n a tion Offi ce of Nepa Affai rs 
Department of Energy 
Was h i n gton , D .  C .  2054 5 

Dear Mr . Penn i n gton : 

N��D · s  Hea l th/ Safety Personne l , as wel l as management 
personnel  i n vol ved wi th the Mox program , have no  
comments to  the Draft , Los A l amos E . I . S .  ( DOE/ E I S  
001 8D) . 

Than k yo u fo r t he opportuni ty to exami ne the draft 
i s s ue . 

GWL/chs 

Your� very trul y 

.Ji .. . � !(; �- !Z.d L 
Gran t W .  LaP i er .� 
Product Ma nager 

T h e  Babcock & Wilcox Company I Established 1 867 
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U N I TED STATES DEPARTMENT OF AGRICULTURE 
SO I L  CONSERVATION SERVICE 
Box 2007 , A l buquerque , NM 8 7 1 03 

M r .  W .  H .  Pen n i ngton 
Ma i l  Sta t i on E-201  
U . S .  Depa rtme nt of E n e rgy 
Wa s h i ng�Jn , DC 20545 

Dear S i r :  

Au gust 2 ,  1978 

The d raft en v i ronmenta l i mpact s ta tement for the Los Al amos S c i ent i fi c  L a bo ratory S i te ,  Los Al amos , New Mex i c o f  h a s  been rec e i ved a t  th i s  offi ce fo r rev i ew a n d  commen t .  

T h e  d raft s ta tement des c r i b e s  t h e  poten t i a l  fo r e n v i ronmenta l i mpacts of  c ont i nu i n g the opera t i o n  o f  LASL .  We f i n d  that most , i f  not a l l ,  of  the i mpacts d e s c r i bed may be catego r i zed a s  b e i n g  i n  f i e l d s  of  tec h n o l ogy fo r wh i c h th i s  a gency has no competence . 
Co nsequent l y ,  we a re una b l e to provi d e  su bsta n t i ve comments . 
S i ncere l y , 

A .  W .  Hame l s trom 
State Conserva t i on i s t 

c c : 
D i recto r ,  O ff i ce o f  Federa l Act i v i t i es , E PA ,  Was h i n gton , DC ( 5 c o p i es ) Admi n i strato r ,  US DA-SCS , Wa s h i n gton , DC 
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new mex ico C i t izens for C l ean R i r  and Wa t e r  

Al an � t o k e r  

PO b o x  5 
Lo s  Alamo s 
N e w  M e xi co 87544 4 Oc t o be r  1978 

Lo s Alrun o s  �c i e nt i f ic L ab o r a t o ry 
Lo s  A l a.rr•o s 
h ew 1-.e x ico 67545 
Ii e a r  Al an : 

The LA�L d r a f t  imp ac t .s t a t em e nt a i d n o t  s p ec if i c a l l y  
r e qu e s t  r e s p o ns e s ,  o r  g i v e a n  ad d r e s s  t o  wni c h  r e s po n s e s  
s ho ul c  b e  s e nt . l �� gu e s s i ng th a t  you c a n f o rward o ur 
r e sp o n s e to t h e  co rr e c t  p e r s o n . 

� h i l e  t h e  ap p rop r i a t e  d e ad l i ne f o r r e sp o ns e s  i s  l on g  
p a s t ,  l thought s ome o ne m i ght l ike t o  s e e  o u r  r e v i ew o f  
the a r ar t s t a t em e n t . •v e s imp l y  c o ul d  n o t  �.ob i l i z e  ma � 
p o we r  t o  g e t  th e r ev ie w  d o n e  i n  t ir�. e . l ar;, e nc l o s ing 
a c op y  of t he c ommen t s  of o ur r e v i e w e r s , -v.- : . i ch w e r e  
f a v o r ab l e  b ut no n - sp e c if i c . Gur c o l wr.n o n  .:- ep t emb e r  24 
i n  th e LG s Al amo s H') n i t o r  ackno wl e c ge d  the f a v or ab l e  
r e v i e--..1 and l i s t e d v ar i o us f a c t s  f rom t he s t at em e nt wh ic !>. 
we tho ught mi gh t  b e  or i nt e re s t  t o  the l o c al p e op l e . A s  
I s c an n e d  t h e  s t at eme nt i n  p r ep arat i o n  f o r  t he c o l umn , 
I c am e  a c ro s s a f ew i t ems w hi c h  I wi l l  m e nt i o n  b e l o w ,  i n  
c a s e  t he y  m i ght b e  of h e lp t o  a nyo n e  s t i l l  wo rk i n g  o n  
the s t a t err,e nt . 

'l h e  p e r s o nn e l  r i gur e s  w e r e  g e ne r a l l y  d if f i c u l t t o  
und e r s t a n d  and s e emed t o  b e  i n  c o nf l i c t  i n  d if f e r e nt p art s 
of the s t a t em e n t . Th i s  may s imp l y  b e  c u e  to s ep ar at i ng 
LA�L , Do i. ,  and L. i a  f igur e s  at o n e  p l ac e , a n d  l un1p i n g  t:1 er::. 
t o ge th� r e l s ewh e re . 

P a g e  4-93 h a s  a m i s p r i n t  i n  the exp o nent o f  cur i es 
r e l e a s ed . J.� e ar th i s  s a.>ne p a g e , t h e r e  i s  a s t s. t e;;,e n t  tjat 
,t r t r af f ic d ep a r t s  e a s tward , alt hough i n  f ac t  ho s s  may 
d ep art t o  t he w e s t . P a ge 4- 1 14 s t a t e s  t ha t  th e t o wn ' s  
gro wth i s  250/ye a r . The 1970 c en s u s  was 151 9b , a nd the 
gro �-th f igu r e  wo ul d  t h e re f o r e  e .x t r s.p o l a  t e  to about 1 7000 

.no w �  Howev e r , J: b el i e v e  the ru rr e nt p o p ul a t io n i s  abo v e  
thi s , ana tha t t he t o wn i s  growing at at out 250  f am il i e s  
p e r y e a r  at thi s t ime . � i nal l y ,  p ag e  9-5 ha s a m i s p r i nt 
i n  \•Jh i c h  " LAl.>L" i s  giv e n  a s  1 1  LA� 11 • 

�i n c e r e l  )' , 

,. , , / ,...v - . v '  
(_ • r > � '-'. {J_ /'f · I /'--<. t/ i < 1...- · 

D o na l d  A .  � e ep er ,  cha irma n  
Los Al amo s C ha p t e r  
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New Mex i c o  C i t i zens for 
C l ean A i r  and Water 
P .  0 .  Box 5 
Los A l amos , NM 87544 

31 August 1978 

Comments o n  the Draft Environmental Impact Statement (DE I S )  
for the Los Alamos S c i e n t i f i c  Labora tory (LASL) s i te , Los 
Alamos , New Mexico , dated May , 1 9 7 8  

I .  Genera l Co��ents 

The DE I S  is thorough and compreh ens ive , adequately address ing the 
irr.pa.:: t t0 the environme nt r e s u l t i ng from pas t  and conti nuing operati on 
of LASL . 

The Preface conta ins a s tatement of purpose , " to determine the envi
ronmental i mpacts of con tinuing its [ DoE ' s ) activities a t  the Los Alamos 
S cientific Labora tory , "  and defines the area covered ( LASL s i t e )  and the 
areas not cove red ( Nevada Te s t  S i te and Fenton Hi l l  Geothermal S i te ) . 
But i t  i s  not made c l ear th at th e LASL s i te i s  loos e ly me ant to inc lude 
the r e s i den t i a l  and commer c i a l  areas of Los A l amos County a lso . 

I I . Commen t s  on Spe c i f i c  Sections 

Section 1 ,  Summary , i s  par t i c ular ly we l l-wri tten a nd we l l-pl aced i n  
the Statemen t .  I t  serve s  a dual purpos e ,  to i n troduce and s ummarize LASL 
activities and ass oci ated environme ntal impact . 

Section 2 ,  Background , serve s a useful purpo se for both the techni
cal and lay r eader , providing th e nece s s ary h i s tor i c a l  i n formation , 
des cr iption of current programs , and future activities . 

Sections 3 and 4 and th e appe ndices p rovide a we a l th o f  i n formation , 
in text , tabu l ar , and gr aph i c  forms . Both be n e f i c i a l  and ajverse inpacts 
r�gard i n g c0� t i " u� d  opera t ion of �AS� a rc d i scussed . Th� G l os s a r y i n  
Append i x  F should b e  e specia l ly u se f u l  t o  the l ay reader . 

The s e condary impacts upon the res idential and co��erc i a l  areas in a n d  
n e a r  Los A l amos County a r e  s u f f i c i e n t l y  d i s cu s s ed t o  mru: e c l ear t h e  v i t a l  
t i e s  these areas h ave with LASL . 

Sections 5 through 8 appe ar to be s t r a i g h t fon,•ard , wi t �  no a t tempt 
to avoid d i s c us s ion of less facorab l e  i m? a c t s  on the e n v i ronmen t .  

I I I . Summa r- y  

I n  v i e� o f  t h e  S e c t i o n  9 a l t e r n a t i v� s  t o  con t i n u e d  ope r a t i on o f  
L�S L  � i t �  t h e  e xp e c t e d  shor t - t e rm u s e s  a f  t h e  e n v i r o nme n t  a n d  lon� - t e rrn 
; , :- c- ::: :J c t i v i  t: · , t h e  f i na l  sui'T'.r::ari z i n -; s t cJ ::e:Gc n ':.  of the D E I S  is reasonab l 0 : 
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The anticipated benefi ts o f  the proposed conti}-wed opei•a t i c, r:.s 
at LASL appear to be great. Continued operation wou Ld rc tJin 
the benefits of research and realize the fu l l  usa of e:..-� ;; c.i ;:g 
unique instal Lations whi le minimi zing specific enviro���r. ta t  
costs through suitab le improvements in procedures and faai Zities.  
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APPEND I X  J 

L I ST OF PREPARERS 

Th e pr i nc i pal preparers of the LASL E I S  a re l i sted al phabet i cal l y ,  wi t h  a br i ef tabul at i on of thei r 

q ua l i fi cati o n s ,  i n  the l i st that fo l l ows : 

A. John Ahl q ui st ,  M. S . , Cert i fi ed Heal t h  Phys ic i s t , 1 4  years experi ence i n  heal t h  phys ic s 

Sumner Barr ,  Ph . D . , 1 9  years exper i ence i n  meteorol ogy 

J erry Buchho l z ,  Ph . D . , 1 6  years expe r i ence i n  chemi stry 

Evan Campbel l ,  M . S . , Cert i fi ed I ndu str i al Hyg i en i st ,  31 years experi ence i n  chemi stry ,  i ndustrial hyg i ene 

J oyce F reiwa l d ,  M . S . , 1 4  years experi ence in envi ronmental pl ann i ng ,  tech nol ogy assessment , a nd 

system stud i es 

Joe Graf , Ph . D . , 7 ye ars experi ence i n  nuc l ear eng i neer i ng ,  heal t h  phys i c s  a nd envi ronmental assessment 

Tom Gunderson , Ph . D . , Reg i stered P rofessi onal Engi neer ( N . M . ) , 5 yea rs experi ence in env i ronmental 

eng i neeri ng 

Tom Hakenso n ,  P h . D . , 1 2  years experi ence i n  rad i at i o n  ecol ogy a nd envi ronmental sc i ence 

Wayne R. Hansen , Ph . D . , Cert i fi ed Heal t h  Phys i c i s t ,  1 6  years exper i ence i n  rad i at i on protect i o n ,  

env i ronment al sc i ence , a nd envi ronment al as sessment 

Wayn e C .  Ha nson , Ph . D . , Cert i fi ed Wi l dl i fe B i ol og i st ,  30 years experi ence in rad i at i o n  ecol ogy and 

a rt i e ecol ogy 

Jack Hea l y , B . S . , Cert i fi ed Heal t h  Phys i c i st ,  35 years experi ence i n  rad i at i on protect i on and reactor 

safety 

LaMar J o h n so n ,  Ph . D . , Cert i fi ed Heal t h  Phys i c i st ,  21 yea rs exper i ence i n  rad i at i on bi ol ogy and heal th 

phys i c s  

Ha rry s .  J orda n ,  M .  ENG . , Cert i fi ed Heal t h  Phys i c i st ,  Reg i stered I ndustri al Hyg i en i s t ,  32  years 

expe ri ence i n  sa n i tary engi neeri ng , h eal t h  phys i c s , a nd i ndustri al hyg i ene 

Val eri e McCabe , B . S . , 20 y�a rs experi ence i n  beha v i o ra l  sc i ence and techn i c al wr i t i ng 

J ack W .  Nyhan , Ph . D . , 1 5  yea rs experi ence i n  so i l  mi c robi ol ogy , so i l  rad i ochemi stry ,  rad i oecol ogy , 

and systems ecol ogy 
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Wi l l i am D. Purtymun , B . S . , Reg i stered Prof. Geol og i st ,  21 years experi ence in geol ogy and hydrol ogy 

Shelby Smi th�Sancl are , P h . D . , 8 years experi ence i n  l and sca� arch i tecture , env i ronmental pl anni ng , 

and assessment 

Charl i e R .  Steen , B . A. , 46 years experi ence i n  archeol ogy , i ncl ud i ng reg i onal archeol ogi st for 

Nati onal P ark Servi ce , Southwe st Reg i on 

Al an K .  Stoker,  ENG . , 8 years experi ence i n  envi ronmental engi neer i ng and env i ronmental assessment 

Daniel Tal l ey ,  B . S . , 1 2  years experi ence i n  mechan i c al engi neeri ng and bi ol ogy 

Al l e n  Val ent i ne ,  M . S . , Cert i fi ed Heal th Phys i c i st ,  1 5  years experi ence i n heal th phys i�s 

John Wa rren , Ph . D . , 9 years experi ence in chemi stry and rad i ochemi stry 

Merl i n  Wheel er , Ph . D  • •  1 6  years experi ence i n  hydrol ogy and geo 1 ogy 

'U,S,  GOVERNMENT PRINTING OFFICE : 1979 0-310-912/157 


