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PREFACE 

The U.S. Atomic Energy Commission (AEC) used t h e  Nevada Test  S i t e  (NTS) 
from January 1951 through January 19, 1975, f o r  conduct ing nuc lear  weapons 
t e s t s ,  nuc lear  rocket-engine development , nuc lear  medicine studies,  and o t h e r  
nucl ear  and non-nucl ea r  experiments. Beginning January 19, 1975, these a c t  i v -  
i t  i es became t h e  responsi b i  1  i t y  o f  t h e  new1 y formed U .S . Energy Research and 
Development Admin i s t ra t i on  (ERDA) . On October 1, 1977 t h e  ERDA was merged w i t h  
o t h e r  energy-re lated agencies t o  form t h e  U.S. Department o f  Energy (DOE). 
Atmospheric nuclear  t e s t s  were conducted p e r i o d i c a l l y  from January 27, 1951, 
through October 30, 1958, a f t e r  which a t e s t i n g  morator ium was i n  e f f e c t  u n t i l  
September 1, 1961. Since September 1, 1961, a l l  nuc lea r  detonat ions have been 
conducted underground w i t h  t h e  expec ta t i on  o f  containment, except f o r  four  
s l  i g h t l y  above-ground o r  s h a l l  ow underground t e s t s  o f  Operat ion Dominic I 1  i n  
1962 and f i v e  nuc lear  ea r th -c ra te r i ng  experiments conducted under t h e  Plowshare 
program between 1962 and 1968. 

P r i o r  t o  1954, an o f f - s i t e  s u r v e i l l a n c e  program was performed by  t h e  Los 
Alamos S c i e n t i f i c  Laboratory and t h e  U.S. Army. From 1954 through 1970 t h e  
U.S. Pub1 i c  Hea l th  Serv ice  (PHs), and from 1970 t o  t h e  present  t h e  U.S. Env i -  
ronmental P r o t e c t i o n  Agency (EPA) have prov ided an O f f -S i te  Radio1 o g i c a l  Safety 
Program under an Interagency Agreement. The PHs o r  EPA has a l s o  prov ided 
o f f - s i t e  s u r v e i l l a n c e  f o r  U.S. nuc lea r  exp los i ve  t e s t s  a t  places o t h e r  t han  t h e  
NTS. . 

S ince  1954, an o b j e c t i v e  o f  t h i s  s u r v e i l l a n c e  program has been t o  measure 
1 eve1 s and t rends  o f  r a d i o a c t i v i t y  , i f present ,  i n t h e  envi  ronment surroundi  ng 
t e s t i n g  areas t o  a s c e r t a i n  whether t h e  t e s t i n g  i s  i n  compliance w i t h  e x i s t i n g  
r a d i a t i o n  p r o t e c t i o n  standards. O f f - s i t e  l e v e l s  o f  r a d i a t i o n  and r a d i o a c t i v i t y  
a re  assessed by sampling m i l k ,  water, and a i r ;  by deploy ing dosimeters; and by 
sampl i ng food crops, s o i l  , etc., as requ i red .  Personnel w i t h  mob i le  mon i to r i ng  
equipment a re  placed i n  areas downwind from t h e  t e s t  s i t e  p r i o r  t o  each t e s t  
i n  o rde r  t o  imp1 ement p r o t e c t i v e  ac t ions ,  p rov ide  immediate r a d i a t i o n  mon i to r i ng  , 
and o b t a i n  environmental sampl es r a p i d l y  a f t e r  any re1 ease o f  r a d i o a c t i v i t y .  
S ince 1962, a i r c r a f t  have a1 so been deployed t o  r a p i d l y  mon i to r  and sample 
re leases o f  r a d i o a c t i v i t y  d u r i n g  nuc lear  t e s t s .  Mon i to r ing  data obta ined by 
t h e  a i r c r a f t  crew immediately a f t e r  a t e s t  a r e  used t o  p o s i t i o n  mob i le  r a d i a t i o n  
mon i to r i ng  personnel on t h e  ground. Data f rom a i rbo rne  sampl i n g  a r e  used t o  
q u a n t i f y  t h e  amounts, d i f f u s i o n ,  and t r a n s p o r t  of t h e  rad ionuc l  ides  re1 eased. 

Beginning w i t h  Operat ion Upshot-Knothole i n  1953, a r e p o r t  was publ ished 
by t h e  PHs summarizing t h e  s u r v e i l l a n c e  data  f o r  each t e s t  ser ies .  I n  1959 
f o r  r e a c t o r  t e s t s ,  and i n  1962 f o r  weapons and Plowshare t e s t s ,  such da ta  were 
pub1 ished f o r  those t e s t s  t h a t  re1 eased r a d i o a c t i v i t y  de tec tab le  o f f  t h e  NTS. 
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The r e p o r t i n g  i n t e r v a l  was changed again i n  1964 t o  semi-annual p u b l i c a t i o n  o f  
da ta  f o r  each 6-month pe r iod  which a l s o  inc luded t h e  data  f rom t h e  i n d i v i d u a l  
r e p o r t s  . 

I n  1971, t h e  AEC imp1 emented a  requirement , now incorpora ted i n t o  DOE 
Order 5484.1, t h a t  each c o n t r a c t o r  o r  agency invo lved  i n  major  nuc lear  ac t -  
i v i t i e s  p rov ide  a  comprehensive annual rad io1  og ica l  mon i to r i ng  repor t .  T h i s  i s  
t h e  f i f t e e n t h  annual r e p o r t  i n  t h i s  ser ies ;  i t  summarizes t h e  o f f - s i t e  
a c t i v i t i e s  o f  t h e  EPA d u r i n g  C Y  1986. 
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Nobl e Gas and Tri t i  um Survei l  l ance Network 
Nevada Tes t  S i t e  
Pascal - u n i t  of p re s su re  
Pressur ized  ion  chamber 
Roentgen 
u n i t  of absorbed dose ,  100 e rgs /g  
t h e  rad ad jus t ed  f o r  b io log ica l  e f f e c t  
S i e v e r t ,  equ iva len t  t o  100 rem 
thermol umi nescent  dosimeter  
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Concentration Guides 
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rad 
rem 
PC i 

10-2 Gray (Gy = 1 Joule/kg) 
10-2 Siever t  ( S v )  
0.037 Becquerel 



SECTION 1 

INTRODUCTION 

The EMSL-LV operates an O f f - S i t e  Rad io log ica l  Safety Pro ram around t h e  
NTS and o the r  s i t e s  as requested by t h e  Department o f  Energy 9 DOE) under an 
Interagency Agreement between DOE and EPA. This repo r t ,  prepared i n  accordance 
w i t h  DOE guide1 i nes (DOE85), covers t h e  program a c t i v i t i e s  f o r  calendar year  
1986. It conta ins  desc r ip t i ons  of p e r t i n e n t  features o f  t h e  NTS and i t s  en- 
v i rons ,  summaries o f  t h e  EMSL-LV dosimetry and sampling methods, a n a l y t i c a l  
procedures, qua1 i ty  assurance, and t h e  a n a l y t i c a l  r e s u l t s  from environmental 
measurements. Where app l icab le ,  dosimetry and sampling data are compared t o  
appropr ia te  guides f o r  ex terna l  and i n t e r n a l  exposures o f  humans t o  i o n i z i n g  
r a d i  a t  i on. 



SECTION 2 

SUMMARY 

It i s  U.S. Environmental Pro tec t ion  Agency (EPA) p o l i c y  t o  p ro tec t  the  
general pub l i c  and t he  environment from p o l l u t i o n  caused by human a c t i v i t i e s .  
This includes rad ioac t i ve  contamination of t h e  biosphere and concomitant 
r a d i a t i o n  exposure o f  t h e  population. To t h i s  end and i n  concordance w i t h  U.S. 
Department o f  Energy (DOE) po l  i c y  o f  keeping r a d i a t i o n  exposure o f  t he  general 
pub1 i c  as 1 ow as reasonably achi evabl e, t h e  EPA' s Environmental Moni t o r i  ng 
Systems Laboratory i n  Las Vegas (EMSL-LV) conducts an O f f  - S i  t e  Radi 01 og ica l  
Safety Program around t h e  DOE'S Nevada Test Si te.  This program i s  conducted 
under an Interagency Agreement between EPA and DOE. The p r i n c i p a l  a c t i v i t y  a t  
t h e  NTS i s  t e s t i n g  o f  nuclear devices, though other r e l a t e d  p ro jec t s  are a lso  
conducted. 

The p r i  nc i  pal ac t  i v i  t i  es o f  the  O f f  - S i  t e  Radi 01 ogi  ca l  Safety Program are : 
r o u t i  ne environmental moni tor ing f o r  rad ioac t i ve  mater i  a1 s i n  various media and 
f o r  r a d i a t i o n  i n  areas which may be a f fec ted  by nuclear t es t s ;  and p ro tec t i ve  
act ions i n  support o f  the  nuclear t e s t i n g  program. These are conducted t o  
document compliance w i t h  standards, t o  i d e n t i f y  trends, and t o  provide informa- 
t i o n  t o  t h e  publ ic.  This repor t  sumnarizes these a c t i v i t i e s  f o r  CY 1986. 

Locat i ons 

Most o f  t h e  rad io l og i ca l  sa fe ty  e f f o r t  i s  appl ied i n  t h e  areas around t h e  
Nevada Test S i t e  (NTS) i n  south-central Nevada. This p o r t i o n  o f  Nevada i s  
sparsely se t t led ,  0.5 person/km*, and has a cont inenta l  a r i d  cl imate. The 
l a rges t  town i n  the  near o f f - s i t e  area i s  Beatty, located about 65 km west o f  
t h e  NTS w i t h  a populat ion o f  about 1,000. 

Underground t e s t s  have been conducted i n  several o ther  States f o r  various 
purposes. A t  these s i t e s  i n  Alaska, Colorado, New Mexico, and Miss iss ipp i ,  a 
1 ong-term hydro1 ogi ca l  moni tor ing program i s  conducted t o  detect  any possible 
rad ioac t i ve  contamination o f  potable water and aqui fers  near these s i t es .  

Speci a1 Test Support 

During CY86, personnel were deployed i n  support o f  t he  13 announced nu- 
c l ea r  t es t s  a t  t h e  NTS. Twice r a d i o a c t i v i t y  o f  NTS o r i g i n  was detected o f f  
s i t e .  Once was dur ing t he  planned purging o f  T-tunnel f o l l ow ing  the  Mighty 
Oak t e s t .  Xenon-133 was detected a t  Penoyer Farms, Nevada, a t  concentrat ions 
which could have l e d  t o  a dose o f  2.7 x mrem (2.7 x mSv). The other 



was during a dril lback operation when a xe-133 concentration of 84 p~ i /m3  was 
detected i n  the sample from Lathrop Wells the week ending March 31. 

Pathways Monitoring 

The pathways leading t o  human exposure t o  radionucl ides ( a i r ,  water, and 
food) are monitored by networks of sampl i n g  s tat ions.  The networks are  
designed not only t o  detect radiation from DOEINV nuclear t e s t  areas b u t  also 
t o  measure population exposure from other sources. Some positive resul t s  were 
obtained t h i s  year. These resulted from three incidents tha t  occurred during 
1986, namely: the tunnel purging following the Mighty Oak t e s t ,  the accident 
a t  the Chernobyl nuclear plant in the Soviet Union, and the dril lback operation 
on the NTS in  March. 

In 1986 the  a i r  surveillance network (ASN) consisted of 30 continuously 
operating s tat ions surrounding the NTS and 83 standby s ta t ions  (operated 1 or  2 
weeks each quarter) i n  a1 1 States west of the Mississippi River. Gamma-emi t t i n g  
radionuclides were detected by the  Air Surveillance Network. These included 
beryllium-?, a naturally occurring nuclide, and several fresh f i ss ion  products 
(Tables E-1  and E-12) tha t  resulted from the  Chernobyl accident. The concen- 
t ra t ions  were too low t o  have any health significance. The average of gross 
beta resul t s  on selected a i r  samples was higher during the Chernobyl 'fa1 lout 
period in early t o  mid-May. 

The noble gas and t r i t ium sampling network (NGTSN) consisted of 1 7  s t a -  
t ions off s i t e  (off the  NTS and exclusion areas) i n  1986. Krypton-85 concen- 
t ra t ions  ' n  the Noble Gas and Tritium Sampling Network averaged 25 p ~ i / m 3  3 (0.9 B q l m  ) ,  consistent with the levels determined since 1981 (Table 2). 
Krypton-85 concentrations reported previously fo r  1984-86 have been changed 
i n  t h i s  report t o  correct an er ror  in the calibration source. Xenon-133 was 
found i n  45 samples with a maximum of 730 p ~ i / m 3  (27 Bqlm3) which occurred a t  
Groom Lake, Nevada, during the purging of the tunnel in which the Mighty Oak 
t e s t  was conducted, In about 32 of these samples the xenon-133 i s  a t t r ibuted 
t o  the  a i r  emissions from the Chernobyl reactor. 

The long-term monitoring of wells and surface waters near s i t e s  of nuclear 
t e s t s  showed only background radionuclide concentrations except fo r  those wells 
tha t  had detectable ac t iv i ty  i n  previous years or those tha t  had been spiked 
with radi onucl ides f o r  hydro1 ogi cal t e s t s .  

The milk surveillance network consisted of 28 sampling locations within 
300 km of the NTS and about 122 standby locations in  the Western U.S. The 
t r i t ium concentration i n  milk was a t  background levels ,  and strontium-90 from 
worl dwide fa1 1 out conti nued the s l  ow downward trend observed i n recent years. 
Fission products from the Chernobyl accident were not detected i n  m i  1 k samples 
except f o r  1 ow concentrations of cesi um-137 detected a t  Seat t le ,  Washington and 
Fl  ensburg, Mi nnesota (Tab1 e E-9). In addition, t race  amounts of i odi ne-131 
were detected in one group of special milk and green-chop ( c a t t l e  feed) samples 
collected a t  Las Vegas, These were not part of the routine network samples. 

Other foods analyzed have been mainly meat from domestic or  game animals. 
The radionuclide most frequently found i n  the edible portion of the  sampled 



animals i s  cesium-137. However, i t s  concent ra t ion  has been near t h e  MDC s ince 
1968, Strontium-90 i n  samples o f  animal bone remain a t  very low l e v e l s  as does 
plutonium-239 i n  both  bone and l i v e r  samples. O f  t h e  Chernobyl f i s s i o n  pro-  
ducts, o n l y  r a d i o i  odine was detected i n  samples o f  cow t h y r o i d .  

External  Exposure 

Externa l  exposure i s  monitored by a  network o f  TLD's a t  129 f i x e d  loca-  
t i o n s  surrounding t h e  NTS and by TLD's worn by 53 o f f - s i t e  res idents.  I n  a  few 
cases, small exposures o f  a  few mR above t h e  average f o r  t h e  person were meas- 
ured. Except f o r  several occupational exposures, a1 1  such ne t  exposures were 
very low and were not  r e l a t e d  t o  NTS a c t i v i t i e s .  Thz range o f  exposures mzas- 
ured, va ry ing  w i t h  a l t i t u d e  and s o i l  cons t i t uen ts ,  i s  s i m i l a r  t o  t h e  range o f  
such exposures found i n  o the r  areas o f  t h e  U.S. 

I n t e r n a l  Exposure 

I n t e r n a l  exposure i s  assessed by whole-body count ing  supplemented by 
phoswich and i n t r i n s i c  detec tors  t o  measure lung  burdens o f  r a d i o a c t i v i t y .  I n  
1986, counts were made on 102 o f f - s i t e  res idents ,  as w e l l  as on 106 o t h e r  
i n d i v i d u a l s  f o r  occupational o r  o the r  reasons. Natura l  potassium-40 was found, 
as we11 as t r a c e  amounts o f  cesium-137 f rom t h e  Chernobyl accident ,  b u t  no 
nuc lear  t e s t  re1 ated r a d i o a c t i v i t y  was detected. I n  add i t i on ,  phys ica l  
exami nat ions  o f  t h e  o f f  - s i  t e  res iden ts  revealed a  normal l y  heal t h y  popu la t ion  
consonant w i t h  t h e  age and sex d i s t r i b u t i o n  o f  t h a t  populat ion.  

Comuni t y  Moni t o r i  ng S ta t ions  

The 15 Communi t y  Moni tor ing  S ta t ions  became opera t iona l  i n 1982. Each 
s t a t i o n  i s  operated by a  r e s i d e n t  o f  t h e  community who i s  t r a i n e d  t o  c o l l e c t  
samples and i n t e r p r e t  some o f  t h e  data. Each s t a t i o n  i s  an i n t e g r a l  p a r t  o f  
t h e  ASN, NGTSN and TLD networks and i s  a l s o  equipped w i t h  a  pressur ized i o n  
chamber system and record ing barograph. Samples and data f rom t h e  s t a t i o n s  are  
analyzed by EMSL-LV and are  a l s o  i n t e r p r e t e d  and repor ted  by t h e  Desert Research 
. I n s t i t u t e ,  U n i v e r s i t y  o f  Nevada. Data f rom these s t a t i o n s  are  repor ted  h e r e i n  
as p a r t  o f  t h e  networks i n  which they p a r t i c i p a t e .  No de tec tab le  increase i n  
t h e  ex te rna l  gamma background was found when t h e  low- leve l  Chernobyl debr i s  
a r r i v e d  i n  t h e  Western U.S. 

Dose Assessment 

Doses were c a l c u l a t e d  f o r  an average a d u l t  l i v i n g  i n  Nevada based on t h e  
Kr-85, Sr-90, HTO and Pu-239 measured i n  samples c o l l e c t e d  f rom t h e  mon i to r ing  
networks. Using conservat ive assumptions, t h e  est imated dose would have been 
about 0.12 mremlyr (1.2 pSv/yr) , a small f r a c t i o n  o f  t h e  v a r i a t i o n  o f  10 mrem/ 
yr  due t o  t h e  na tu ra l  rad ionuc l i de  content  o f  t h e  body. The o n l y  NTS-related 
r a d i o a c t i v i t y  detected du r ing  1986 was xenon-133 i n  a  weekly sample f rom 
Lathrop Wells and i n  12 spec ia l  samples c o l l e c t e d  du r ing  t h e  tunne l  purg ing 
f o l l o w i n g  t h e  Mighty Oak t e s  . The h ighest  concent ra t ion  cou ld  have caused a  
dose o f  0.27 prem (2.7 x  p S ~ )  t o  a  person outdoors f o r  t h e  e n t i r e  purg ing 
per iod.  No o the r  r a d i o a c t i v i t y  o r i g i n a t i n g  on t h e  NTS was de tec tab le  by t h e  



monitor ing networks s o  no dose assessment could be made on t h e  r epo r t ed  emis- 
s i o n s  (Tab1 e 1 ) .  However, atmospheric d i spe r s ion  c a l c u l a t i o n s  , based on those  
emiss ions ,  i n d i c a t e  t h a t  t h e  h i g h e s t  i nd iv idua l  dose would have been 1.4 prem 
(0.014 uSv), and t h e  dose t o  t h e  po u l a t i o n  wi th in  80  km of CP-1 (on t h e  NTS, 
Figure 8 )  would have been 5.7 x 10-! person-rem (5.7 x person-Sv). Maxi- 
mum annual dose e q u i v a l e n t s  t o  t h e  i n f a n t  t h y r o i d  (1-131) from Chernobyl 
f a l l o u t  were about 0.8 mrem (8 ~ S V ) ;  f o r  t h e  whole body they  were about 0.06 
mrem (0.6 ~ S V ) .  



SECTION 3 

DESCRIPTION OF THE NEVADA TEST SITE 

Histor ical ly ,  the  major programs conducted a t  t he  NTS have been nuclear 
weapons development, proof-testing and weapons sa fe ty  and e f f e c t s ,  t e s t i n g  
peaceful uses of nuclear expl osi ves (Plowshare Program), reac tor  engi ne devel- 
opment f o r  nucl ear  rocket and ramjet appl i ca t i  ons (Projects  Rover and Pluto) , 
hi gh-energy nuclear physics research, seismic s tud ies  (Vela Uniform), and 
s tud ies  of high-level waste storage. Duri ng  1986, nuclear weapons development , 
proof-testing and weapons sa fe ty ,  nuclear physics programs, and s tud ies  of high- 
level waste storage were continued a t  the  NTS. Project  Pluto was discontinued 
i n  1964; Project  Rover was terminated i n  January 1973; Plowshare t e s t s  were 
terminated in  1970; Vela Uniform s tud ies  ceased i n  1973. All nuclear weapons 
t e s t s  a f t e r  1962 have been conducted underground. More de t a i l  and per t inent  
maps f o r  t he  portions of t h i s  sect ion a re  included i n  Appendix A. Only selected 
information i s  presented in  t h i s  Section. 

SITE LOCATION 

The NTS i s  located in  Nye County, Nevada, with i t s  southeast corner about 
90 km northwest of Las Vegas (Figure 1). I t  has an area of about 3,500 square 
km and var ies  from 40 t o  56 km i n  w i d t h  (east-west) and from 64 t o  88 km i n  
length (north-south). This area cons is t s  of l a rge  basins o r  f l a t s  about 900 t o  
1,200 rn above mean sea level (MSL) surrounded by mountain ranges r i s ing  1,800 
t o  2,300 m above MSL. 

The NTS i s  surrounded on th ree  s ides  by exclusion areas ,  co l lec t ive ly  
named the  Nellis  Air Force Base Range Complex, which provide a buffer zone 
between t h e  t e s t  areas and public lands. T h i s  buffer zone var ies  from 24 t o  
104 km between the t e s t  area and land tha t  i s  open t o  t he  public. Depending 
upon wind speed and d i rec t ion  a t  t he  time of t e s t i n g ,  from 2 t o  more than 6 
hours wi 11 elapse before any release of airborne rad ioac t iv i ty  could pass over 
pub1 i c 1 ands. 

CLIMATE 

The c l  imate of t he  NTS and surrounding area i s  var iab le ,  due t o  i t s  vari  a- 
t i ons  i n  a l t i t u d e  and i t s  rugged t e r r a in .  Generally, the  climate i s  referred 
t o  a s  continental  ar id .  Throughout t he  year ,  t he re  i s  i n su f f i c i en t  p rec ip i ta -  
t i o n  t o  support the  growth of common food crops without i r r i ga t ion .  
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3/87 Scale in Kilometers 

Figure  1. Locat ion of t h e  Nevada T e s t  S i t e  (NTS). 
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As Houghton e t  a1 . (Ho75) po in t  out, 90 percent o f  Nevada's populat ion 
l i v e s  i n  areas w i t h  less  than 25 cm o f  r a i n f a l l  per year o r  i n  areas t h a t  would 
be c l a s s i f i e d  as m i  d-1 a t i  tude steppe t o  1 ow-1 a t i  tude desert regions. 

The wind d i rec t ion ,  as measured on a 30 m tower a t  an observation s t a t i o n  
about 9 km NNW o f  Yucca Lake near CP-1, i s  predominantly no r the r l y  except 
dur ing May through August when winds from the south-southwest predominate 
(Qu68). Because o f  t he  prevalent  mountain/val l e y  winds i n  t he  basins, south t o  
southwest winds predominate dur ing day l igh t  hours o f  most months. During t he  
w in te r  months souther ly  winds have on ly  a s l i g h t  edge over no r the r l y  winds f o r  
a few hours dur ing t h e  warmest p a r t  o f  t he  day. Wind patterns are o f t e n  q u i t e  
d i f f e r e n t  a t  other loca t ions  on t he  NTS because o f  loca l  t e r r a i n  e f f e c t s  and 
d i f ferences i n  e l e v a t i  on. 

GEOLOGY AND HYDROLOGY 

Geological and hydro log ica l  studies o f  t he  NTS have been i n  progress by 
t h e  U.S. Geological Survey and various other organizations s ince 1956. Because 
o f  t h i s  cont inu ing e f f o r t ,  t he  surface and underground geological  and hydro- 
l o g i c a l  cha rac te r i s t i c s  f o r  much o f  t h e  NTS are known i n  considerable d e t a i l  
(see Figure A-1). This i s  p a r t i c u l a r l y  t r u e  f o r  those areas i n  which under- 
ground experiments are conducted. A comprehensive summary o f  t he  geology and 
hydro1 ogy o f  the  NTS was pub1 ished i n  1975 (Wi75). 

The aqui fers  under ly ing t h e  NTS vary i n  depths from about 200 m beneath 
t he  surface o f  va l leys  i n  t he  southeastern p a r t  o f  the  s i t e  t o  more than 500 m 
beneath the  surface o f  highlands t o  t he  north. Although much o f  t he  v a l l e y  
f i l l  i s  saturated, downward movement o f  water i s  retarded by var ious t u f f s  and 
i s  extremely slow. The primary aqu i fe r  i n  these formations cons is ts  o f  
Paleozoic carbonates t h a t  under l ie  t h e  more recent t u f f s  and alluviums. 

LAND USE OF NTS ENVIRONS 

Indust ry  w i t h i n  t h e  immediate off-NTS area includes approximately 40 
ac t i ve  mines and m i  11 s, o i  1 f i e 1  ds i n  t he  Rai 1 road Valley area, and several 
i n d u s t r i a l  p lan ts  i n  Henderson, Nevada. The number o f  employees f o r  these 
operations may vary from one person a t  several o f  t he  small mines t o  several 
hundred workers f o r  t he  o i l  f i e l d s  nor th  o f  t he  NTS and the  i n d u s t r i a l  p lants  
i n  Henderson. Most o f  t h e  i nd i v i dua l  mining operations invo lve  less  than 10 
workers per mine; however, a few operations employ 100 t o  250 workers. 

The major body o f  water c lose t o  t h e  NTS i s  Lake Mead (120 km southeast, 
Figure A-2), a manmade lake  suppl ied by water from the  Colorado River. Lake 
Mead suppl ies about 60 percent o f  t h e  water used f o r  domestic, rec rea t iona l ,  
and i n d u s t r i a l  purposes i n  t he  Las Vegas Valley. Some Lake Mead water i s  used 
i n A r i  zona, southern Cal i f  o rn i  a, and Mexico. Small e r  reservoi  r s  and 1 akes 
located i n  t h e  area are used p r i m a r i l y  f o r  i r r i g a t i o n ,  f o r  watering 1 ivestock,  
and f o r  w i l d l i f e  refuges. 



Da i ry  fa rming i s  no t  ex tens ive  w i t h i n  300 km o f  t h e  NTS. As shown i n  
F igures  A-4 and A-5 t h e  f a m i l y  cows and goats a re  d i s t r i b u t e d  i n  a l l  d i  r ec -  
t i o n s  around t h e  NTS, whereas most d a i r y  cows a re  l oca ted  t o  t h e  southeast 
(a long t h e  Muddy and V i r g i n  R ive r  v a l l  eys and i n  Las Vegas, Nevada), nor theas t  
(Lund) , and southwest (near Barstow, Cal i f o r n i  a).  

Grazing i s  t h e  most common l a n d  use w i t h i n  300 km o f  t h e  s i t e .  Approxi - 
mately  500,000 c a t t l e  and 150,000 sheep are  d i s t r i b u t e d  w i t h i n  t h e  area as 
shown i n  F igures  A-6 and A-7, respec t i ve l y .  The est imates a re  based on i n f o r -  
ma t i  on suppl i e d  by t h e  Cal i f o r n i  a Crop and L i ves tock  r e p o r t i n g  s e r v i c e  (CA85) , 
from 1985 a g r i c u l t u r a l  s t a t i s t i c s  supp l i ed  by t h e  Nevada Department o f  Agr i -  
c u l t u r e  (NV86) and 1985 est imates based on 1982 census i n f o r m a t i o n  supp l ied  by 
t h e  Utah Department o f  A g r i c u l t u r e  (UT82). 

POPULATION DISTRIBUTION 

Excl u d i  ng Clark County, t h e  major  popu la t i on  cen te r  (approximate ly  536,000 
i n  19841, t h e  popu la t i on  d e n s i t y  w i t h i n  a 150 km rad ius  o f  CP-1 on t h e  NTS i s  
about 0.5 persons pe r  square k i lometer .  For comparison, t h e  48 cont iguous 
s t a t e s  (1980 census) had a popu la t i on  d e n s i t y  o f  approximate ly  29 persons p e r  
square k i lometer .  The es t imated average popu la t i on  d e n s i t y  f o r  a l l  o f  Nevada 
i n  1980 was 2.8 persons p e r  square k i lometer .  

The o f f - s i t e  area w i t h i n  80 km o f  t h e  NTS ( t h e  area i n  which t h e  dose 
commitment must be determined f o r  t h e  purpose o f  t h i s  r e p o r t )  i s  predominant ly  
r u r a l  , F igu re  A-2. Several smal l  comnunit ies a re  1 ocated i n  t h e  area, t h e  
l a r g e s t  be ing  i n  t h e  Pahrump Val ley .  Th is  growing r u r a l  community, w i t h  an 
est imated popu la t i on  o f  about 6,000, i s  l o c a t e d  about 72 km south  o f  t h e  NTS 
CP-1. The Amargosa Farm Area, which has a popu la t i on  o f  about 750, i s  l o c a t e d  
about 50 km southwest o f  CP-1. The l a r g e s t  town i n  t h e  near o f f - s i t e  area i s  
Beatty,  which has a popu la t i on  o f  about 1,000 and i s  l oca ted  approximate ly  
65 km t o  t h e  west o f  CP-1. 

AIRBORNE RELEASES OF RADIOACTIVITY AT THE NTS DURING 1986 

A l l  nuc lear  de tonat ions  d u r i n g  1986 were conducted underground and were 
con ta i  ned, a1 though occasional  re1  eases o f  1 ow-1 eve1 r a d i  o a c t i  v i  t y  occurred 
d u r i n g  re -en t r y  d r i l l i n g ,  seepage th rough f i s s u r e s  i n  t h e  s o i l  o r  pu rg ing  o f  
tunne l  areas. Table 1 shows t h e  t o t a l  q u a n t i t i e s  o f  rad ionuc l i des  re leased 
t o  t h e  atmosphere, as repo r ted  by t h e  DOE Nevada Operat ions O f f i c e  (DOE87). 
Because these re leases occurred throughout  t h e  yea r  and because o f  t h e  d i s -  
tance f rom t h e  p o i n t s  o f  re leases  t o  t h e  nearest  sampling s t a t i o n ,  o n l y  t w i c e  
was any r a d i o a c t i v e  m a t e r i a l  l i s t e d  i n  t h i s  t a b l e  de tec ted  o f f  s i t e .  I n  bo th  
cases o n l y  Xe-133 was detectable.  Debr is  f rom t h e  Chernobyl r e a c t o r  a r r i v e d  i n  
t h e  Western U.S. a f t e r  t h e  tunne l  pu rg ing  f o l l o w i n g  t h e  Mighty Oak t e s t .  



TABLE 1. TOTAL AIRBORNE RADIONUCLIDE EMISSIONS 
AT THE NTS DURING 1986 ............................................... ............................................... 

Hal f -Lif e Quantity Re1 eased 
Radi onucl ide  (days) ( c i  ----------------------------------------------- 
T r i t i  urn 4500 120.7 
Krypton-85 3990 4.3 
Xenon-133 5.24 36,000 
Xenon-133111 2.2 0.058 
Xenon-135 0.38 0.041 
Iodi ne-131 8.07 2.4 ............................................... ............................................... 



SECTION 4 

QUALITY ASSURANCE 

GOALS 

The goals of the EMSL-LV quality assurance program are t o  assure the col- 
lect ion and analysis of environmental samples with the  highest degree of 
accuracy and precision obtainable with state-of-the-art  instrumentation and t o  
achieve the best possible completeness and comparability given the extent and 
type of networks from which samples are collected. To meet these goals, i t  i s  
necessary t o  devote s t r i c t  attention t o  sample collection, sample analysis,  
and quality assurance procedures. 

SAMPLE COLLECTION 

The collection of samples i s  governed by a detailed s e t  of Standard Opera- 
t ing  Procedures (SOP's). These SOP's prescribe the frequency and method of 
col 1 ection, the type of col 1 ect i  on medi a ,  sampl e contai nment and transport,  
sample preservation, sample ident if icat ion and 1 abel i ng, and operating param- 
e t e r s  fo r  the  instrumentation. Sample control i s  an important segment of these 
a c t i v i t i e s  as i t  enables tracking from collection t o  analysis fo r  each sample 
and governs the  selection of duplicate samples f o r  analysis and the  samples 
chosen fo r  repl icate  analysis. 

These procedures provide assurance tha t  sampl e col 1 ect i  on, 1 abel i ng and 
hand1 i ng a re  standardized t o  minimize sample vari abi 1 i t y  due t o  inconsistency 
among these variables. 

SAMPLE ANALYSIS 

All of the networks operated by the EMSL-LV have individual Quality Assur- 
ance Project Plans. The procedures required by these plans assure tha t  the 
resul t s  of analysis will be of known qua1 i t y  and will be comparable t o  resul t s  
obtained elsewhere w i t h  equivalent procedures. These Plans are  summarized i n  
the following sections. 

External QA 

External QA provides the  data from which the accuracy of analysis (a com- 
bination of bias and precision) can be determined. Bias i s  assessed from the 
resul t s  obtai ned on intercompari son study samples and on sampl es "spiked" with 
known amounts of radionuclides. The Off-Site Radiological Safety Program 



par t ic ipa tes  i n  Intercomparison Study Programs t h a t  include environmental 
sample analysis ,  TLD dosimetry, and who1 e-body counting. A1 so,  sampl e s  which 
a re  undisclosed t o  the  analyst  a re  spiked by adding known amounts of radio- 
nuclides and then entered i n t o  the normal chain of analysis .  

Data f o r  precision a r e  col lected from dupl icate  and r ep l i ca t e  analyses. 
A t  l e a s t  10 percent of a l l  samples a r e  col lected in  duplicate.  When analyzed, 
the  data indicate  the  precision of both sample co l lec t ion  and analysis.  Repli- 
ca t e  counting of a t  l e a s t  10 percent of a l l  samples y ie ld  data from which the  
precision of counting can be determined. 

If the  bias and precision data a r e  of su f f i c i en t  qua1 i t y  ( i  .e., normalized 
deviation i n  Table C-3 is  l e s s  than 3 ) ,  then comparability, i .e., comparison of 
t he  data with those of other  analyt ical  laborator ies ,  can be assessed with con- 
fidence. The r e s u l t s  of external QA procedures a re  shown i n  Appendix C. 

Internal QA 

Internal QA cons is t s  of those procedures used by the  analyst  t o  assure  
proper sample preparation and analysis.  The principal procedures used a r e  t he  
following: 

O Instrument background counts 
O Blank and reagent analyses 
O Instrument ca l ib ra t ion  with known nuclides 
O Laboratory control standards analysi s 
O Performance check-source analysis  
O Maintenance of control char t s  f o r  background and check-source data 
O Schedul ed instrument maintenance 

These procedures ensure t h a t  t h e  instrumentation is  not contaminated, t h a t  
ca l ib ra t ion  i s  cor rec t ,  and t h a t  standards car r ied  through the  t o t a l  analyt ical  
procedure a r e  accurately analyzed. 

VALIDATION 

After t he  r e s u l t s  a r e  produced, supervisory personnel examine t h e  data  t o  
determine whether o r  not t h e  analysis  i s  valid. This includes checking a1 1 
procedures from sampl e recei p t  t o  analyt ical  r e s u l t  with par t  i  cul a r  a t t e n t  ion 
t o  t h e  internal  QA data and comparison of the  r e s u l t s  with previous data from 
s imi la r  samples a t  t he  same location.  Trend analysis  of krypton-85 data  
suggested a problem was occurring. Investigation led t o  t h e  standard. When 
new NBS standards were obtained, t h e  old standard was found t o  be fau l ty .  All 
noble gas data  from January 1984 on were then revised; t he  revised values a re  
included i n  t h i s  report .  

Any var iant  r e su l t  o r  f a i l u r e  t o  follow internal  QA procedures during 
sample analysis  will t r i g g e r  an internal  audi t  of t he  analyt ical  procedures 
and/or a re-analysis of t he  sample o r  i t s  duplicate.  



AUDITS 

All analytical data are reviewed by personnel of the Dose Assessment 
Branch for completeness and consistency. Investigations are conducted to 
resolve any inconsistencies and corrective actions are taken if necessary. 
SOP'S and QA project plans are revised as needed fol1 owing review of procedures 
and methodology. The EMSL-LV QA Officer audits the operations periodical ly. 



SECTION 5 

RADIOLOGICAL SAFETY ACTIVITIES 

The radiological safety act ivi t ies  of the EMSL-LV are divided into two 
major areas: speci a1 t e s t  support and routine environmental survei 11 ance which 
i  ncl udes pathways moni tori  ng and internal and external exposure moni tori  ng. 
Both of these activit ies are designed t o  detect any increase in environmental 
radiation which might cause exposure t o  individuals or population groups so 
that  protective actions may be taken, t o  the extent feasible. These act ivi t ies  
are described in the following portions of th i s  report. 

SPECIAL TEST SUPPORT 

Before each nuclear t e s t ,  mobi 1 e  moni tor i  ng  personnel are positioned in 
the off-si te areas most likely t o  be affected should a release of radioactive 
material occur. They ascertain the locations of residents, work crews and 
animal herds and obtain information relative to  controllability of residents 
in communities and remote areas. These monitors, equipped with radiation 
survey i  nstruments, gamma exposure-rate recorders, thermol umi nescent dosimeters 
(TLD's) , portable a i r  samplers, and suppl ies for collecting environmental 
samples, are prepared t o  conduct a monitoring program as directed from the NTS 
Control Point (CP-1 )  vi a two-way radio communications. 

For those tes t s  which might cause ground motion detectable off s i t e ,  EPA 
monitors are stationed a t  locations where hazardous situations might ensue. A t  
these locations, occupants are notified of potential hazards so they can take 
precautionary measures. 

Professional EPA personnel serve as members of the Test Controller's 
Advisory Panel t o  provide advice on possible pub1 i c  and environmental impact of 
each t e s t  and on feasible protective actions in case accidental releases of 
radioactivity should occur. 

An EG&G cloud sampling and tracking a i rcraf t  i s  always flown over the NTS 
t o  obtain Sampl es, assess total cl oud volume, and provide 1 ong-range tracki ng 
in the event of a release of airborne radioactivity. A second ai rcraf t  i s  also 
f l  own t o  gather meteorologi cal data and t o  perform cloud tracking. Information 
from these a i rcraf t  can be used in positioning the radiation monitors. 

During CY 1986, EMSL personnel were deployed in support of the 13 announced 
underground t e s t s ,  none of which accidently released radioactivity which could 
be detected off s i te .  However, following the Mighty Oak event, conducted on 
April 10, radioactivity was detected in the tunnel leading t o  the t e s t  point, 



al though containment measures prevented escape o f  t h e  r a d i o a c t i v i t y  t o  t h e  
atmosphere. To ga in  e n t r y  t o  t h e  tunne l  and t h e  i ns t rumen ta t i on  conta ined 
t h e r e i n ,  t h e  tunne l  was purged and t h e  escaping gas passed through h i g h  e f f i -  
c iency  and charcoal  f i l t e r s .  Specia l  a i r  samplers were i n s t a l  l e d  a t  near 
o f f - s i t e  l o c a t i o n s  d u r i n g  t h e  purging. The sampler a t  t h e  Penoyer Farms near 
Rachel, Nevada, de tec ted  t h e  h ighes t  xenon-133 i n t e g r a t e d  concent ra t ion ,  
11.5 n ~ i - h r / m 3 .  An i n d i v i d u a l  who remained outdoors d u r i n g  t h e  170 hours o f  
t h e  c o l l e c t i o n  p e r i o d  would have rece i ved  an exposure of 0.27 ~ r e m  (2.7 x 
10-3 ,Sv) t o  t h e  s k i n  o r  equ iva len t  t o  1-1/2 minutes exposure t o  background 
a t  t h a t  l oca t i on .  A complete d e s c r i p t i o n  o f  t h e  mon i to r i ng  f o r  t h i s  event i s  
repo r ted  separa te l y  (EPA86). P r i o r  t o  t h i s ,  a  smal l  amount of xe-133 was 
detected i n  t h e  weekly noble gas sample c o l l e c t e d  March 31  f rom Lathrop Wells. 
This  was apparent ly  due t o  seepage f rom a d r i l l b a c k  operat ion.  

PATHWAYS MONITORING 

The o f f - s i t e  r a d i a t i o n  mon i to r i ng  program inc ludes  a pathways m o n i t o r i n g  
system c o n s i s t i n g  o f  a i r ,  water  and m i l k  s u r v e i l l a n c e  networks surrounding t h e  
NTS and a 1 i m i t e d  animal sampling p r o j e c t .  These a re  exp la ined i n  d e t a i l  
be1 ow. 

A i r  Su rve i l l ance  Network (ASN) 

Network Desi gn-- 
The ASN moni to rs  an impor tan t  r o u t e  o f  human exposure t o  rad ionuc l i des :  

i n h a l a t i o n  o f  a i r b o r n e  ma te r ia l s .  The concen t ra t i on  and t h e  source must b o t h  
be determined i f  approp r ia te  c o r r e c t i v e  ac t i ons  a re  t o  be taken. The ASN i s  
designed t o  mon i to r  t h e  areas w i t h i n  350 km o f  t h e  NTS w i t h  some concen t ra t i on  
o f  s t a t i o n s  i n  t h e  p r e v a i l i n g  downwind d i r e c t i o n  (F igu re  2). The coverage i s  
cons t ra ined t o  those l o c a t i o n s  having a v a i l a b l e  e l e c t r i c a l  power and a r e s i d e n t  
wi 11 i ng t o  operate t h e  equipment. This  cont inuous ly  ope ra t i ng  network i s  
supplemented by a standby network which covers t h e  cont iguous States west o f  
t h e  M i s s i s s i p p i  R i v e r  (F igu re  3). 

Methods-- 
Dur ing  1986 t h e  ASN cons i s ted  o f  30 cont inuous ly  ope ra t i ng  sampling s t a -  

t i o n s  and 83 standby s ta t i ons .  The a i r  sampler a t  each s t a t i o n  was equipped t o  
c o l  1 e c t  bo th  p a r t  i c u l  a t e  r a d i  onucl i d e s  and r e a c t  i ve gases. 

Samples o f  a i r b o r n e  p a r t i c u l a t e s  were c o l l e c t e d  a t  each a t i v e  s t a t i o n  on 

S S 5-cm diameter  g l a s s - f i b e r  f i l t e r s  a t  a f l o w  r a t e  o f  ab u t  81  m per day u n t i l  
A p r i l ,  when t h e  f low r a t e  was increased t o  about 122 m pe r  day. F i l t e r s  were 
changed a f t e r  sampler ope ra t i on  per iods  o f  2 o r  3 days (160 t o  360 m3). 
Ac t i va ted  charcoal  c a r t r i d g e s  p laced d i  r e c t l y  behind t h e  f i 1 t e r s  t o  c o l  l e c t  
gaseous r a d i o i o d i n e  were changed a t  t h e  same t i m e  as t h e  f i l t e r s .  The standby 
network was a c t i v a t e d  f o r  1 t o  2 weeks pe r  q u a r t e r  a t  most l o c a t i o n s  and f o r  
several  weeks f o l l o w i n g  t h e  Chernobyl acc ident  on A p r i l  26, 1986, near  Kiev,  
Uk ra in ian  Republ i c ,  USSR. The standby samplers are  i d e n t i c a l  t o  those used i n  
t h e  ASN and a r e  operated by S ta te  and munic ipal  h e a l t h  department personnel o r  
by l o c a l  res idents .  A l l  a i r  f i l t e r s  and charcoal  c a r t r i d g e s  were analyzed a t  
t h e  EMSL-LV. 
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Figure 2. Air Surveillance Network stations (1986). 
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Results-- 
During 1986, no airborne radioactivity related t o  nuclear t e s t ing  a t  the 

NTS was detected on any sample from the  ASN. However, naturally occurring 
beryl 1 i um-7 was detected by gamma spectroscopy, as  were f i ss ion  products from 
the Chernobyl accident. Appendix Tables E - 1  and E-2, summarize the data from 
the ASN samples. 

In addition t o  beryllium-7, the radionuclides l i s t e d  i n  the tab le  below 
were detected. The presence of these fresh f i ss ion  products i s  a t t r ibuted t o  
the Chernobyl nuclear reactor accident. Gamma-emitting radionuclides from 
Chernobyl were a1 so detected in most samples coll ected by the standby s ta t ions ,  
which were activated following the  accident. A1 though these radi onucl ides were 
not detected on a l l  days of the quarter,  each average concentration was cal-  
culated using the to ta l  sampling time as the collection period and assuming 
zero concentration f o r  the periods when the  nuclide was not detected. This i s  
a time-weighted average so i t  i s  possible fo r  the average concentration t o  be 
less  than the minimum reported concentration (Tables E-1  and E-2). A complete 
report on the  Chernobyl fa l lout  and i t s  significance i s  being prepared f o r  
pub1 ication. 

The fresh f i ss ion  products from the Chernobyl accident were f i r s t  observed 
in a i r  samples collected on May 7 from Denver, Colorado, and from Delta, 
Milford, and Vernal, Utah. No f i ss ion  products were detected in a i r  samples 
a f t e r  June, 1986. The locations where the  samples had the highest concentra- 
t ions  of each radionuclide detected were as follows: 

Col 1 ect  i on 
Radi onucl i de Date (pci/m3) Sampling Location 

May 15* 
May 11 
May 18 
May 11 
May 11 
May 11 
May 13 
May 11 
May 12 
May 12* 
May 15* 

Wendover, UT 
Reno, NV 
Furnace Creek, CA 
Reno, NV 
Reno, NV 
Nampa, ID 
Ri dgecrest , CA 
Grand Junction, CO 
Currie, NV 
Bishop, CA 
Wendover, UT 

*Samples co1 lected over 3-day period; a l l  other samples are  f o r  1-day sampling. 

Two additional analyses are  performed on selected samples from the  ASN: a 
gross beta analysis of the f i l t e r s  from 5 s ta t ions ,  and plutonium-238 and 
plutonium-239 analysis of composited f i l t e r s  from 15 s ta tes .  The gross beta 
analysis i s  used t o  detect trends in atmospheric radioact ivi ty because t h i s  
analysis. i s  more sensi t ive than gamma spectrometry f o r  detecting 1 ow levels  of. 
radioactivity.  For t h i s  study, three s ta t ions  north and east  of the  NTS, and 



two s ta t i ons  south and west o f  t h e  NTS are used. The three f i l t e r s  per week 
from each s t a t i o n  are analyzed f o r  gross beta a c t i v i t y  a f t e r  a 7-day delay t o  
decrease t h e  con t r i bu t i on  from radon and thoron daughter a c t i v i t y .  The data 
suggest l i t t l e  s i g n i f i c a n t  d i f fe rence  among s ta t ions,  bu t  show the  in f luence o f  
low l e v e l  f i s s i o n  products from t h e  Chernobyl accident which a r r i ved  i n  t he  U.S. 
dur ing t he  spr ing o f  1986 (Figure 4). The maximum concentrat ion measured was 
1.1 pci/m3, t he  minimum was <0.001 p ~ i / m 3 ,  and the  a r i thmet i c  average was 0.025 
p ~ i / m 3  (0.9 m ~ ~ / m ~ ) .  The maximum and average values were about 5 and 1.6 times 
t he  values f o r  1985, respect ively.  A summary o f  t he  data i s  shown i n  Appendix 
Table E-3. The r e s u l t s  from the  plutonium-239 analyses, a1 1 less  than t h e  MDC, 
are shown i n  Appendix Table E-4; plutonium-238 r e s u l t s  were a lso  <MDC. 

Nobl e Gas and T r i  t i urn Survei 11 ance Network (NGTSN) 

Network Design-- 
There are several sources f o r  the  radionucl ides monitored by t h i s  network. 

Noble gases are emit ted from nuclear power p l  ants, propul s i  on reactors, reproc- 
essing f a c i l i t i e s  and nuclear explosions. T r i t i um  i s  emitted from the  same 
sources and i s  a lso  produced na tu ra l l y .  The moni tor ing network w i l l  be a f fec -  
ted  by a l l  these sources, bu t  must be able t o  detect  NTS emissions. For t h i s  
purpose some of the  samplers are located c lose t o  t h e  NTS and p a r t i c u l a r l y  i n  
drainage-wind channels leading from the  t e s t  areas. I n  1986 t h i s  network con- 
s i s t ed  o f  17 s ta t ions  as shown i n  Figure 5. 

Method01 ogy-- 
Samples of a i r  are co l lec ted  by e i t h e r  o f  two methods; by d i r e c t l y  com- 

pressing o r  by 1 i que fy ing  a i r  using cryogenic techniques. E i the r  type o f  
equi pment cont inuously sampl es a i  r over a 7-day per iod and stores approximately 
1 m3 o f  a i r  i n  pressure tanks. The tanks are exchanged weekly and returned t o  
t he  EMSL-LV where t h e i r  contents are analyzed. Analysis s t a r t s  by condensing 
the  samples a t  l i q u i d  n i t rogen temperature and using gas chromatography t o  
separate t h e  gases. The separate f r ac t i ons  o f  r ad i  oxenon and rad i  okrypton are 
dissolved i n  s c i n t i l l a t i o n  cock ta i l s  and counted i n  a l i q u i d  s c i n t i l l a t i o n  
counter (see Appendix B) . 

For  t r i t i u m  sampl ing, a molecular sieve column i s  used t o  co l  e c t  water 4 from a i r  a f t e r  i t passes through a p a r t i c u l a t e  f i l t e r .  Up t o  10 m o f  a i r  
are passed through t he  column over a 7-day sampling period. Water adsorbed on 
the  molecular s ieve i s  recovered, and t he  concentrat ion o f  t r i t i u m  i n  t he  water 
(HTO) i s  determined by 1 i q u i d  sc i  n t i l l  a t i o n  count ing techniques (see Appendix B), 

Results-- 
The r e s u l t s  from the  samples co l lec ted  by the  NGTSN are shown i n  t h e  

Appendix (Table E-5) as t he  maximum, minimum and average concentrat ion f o r  each 
s ta t ion .  The average krypton-85 concentrat ion per s t a t i o n  ranged from 24 t o  
26 p~ i /m3 .  The concentrat ion over t h e  whole network appeared t o  have a normal 
d i s t r i b u t i o n  w i t h  a mean o f  25.0 p ~ i / m 3  (0.92 ~ ~ / m ~ )  and a standard dev ia t ion  
o f  0.5. The weekly averages p lus  and minus one standard dev ia t ion  f o r  t h e  
network are shown i n  Figure 6. During t he  second quar ter  o f  1986 t h e  krypton-85 
c a l i b r a t i o n  source was found t o  be i n  er ror .  Inves t iga t ion  showed t h i s  problem 
has a f f ec ted  r e s u l t s  s ince 1984. The data i n  Table 2 and a11 other  krypton-85 
data i n  t h i s  r epo r t  have been corrected and should replace a l l  publ ished data 



Figure 4. Monthly average gross beta i n  a i r  samples, 1981-86. 

f o r  1984 through 1986. The new values a r e  1 t o  3 p ~ i / m 3  lower than reported 
previously. The master database has a l so  been corrected. This network average 
concentration,  as  shown in  Table 2, gradually increased s i n c e  sampling began 
i n  1972 unt i l  1981. This increase,  observed a t  a l l  s t a t i o n s ,  r e f l e c t s  the 
worldwide increase i n  ambient concentrations resu l t ing  from the  increased use 
of nuclear techno1 ogy. The increase i n  ambient krypton-85 concentration was 
projected by Bernhardt, et  a l . ,  (Be73). However, the measured network average 
i n 1986 i s  only about 10 percent of the  250 p ~ i  /m3 (9  ~ ~ / m ~ )  predicted by 
Bernhardt. Since nuclear fuel  reprocessi ng i s the primary source of krypton-85, 
t he  decision of the  United S ta tes  t o  defer  fuel  reprocessing may be one reason 
why krypton-85 l eve l s  have not increased a s  f a s t  as  predicted. The average 
concentrati  ons have remai ned re1 a t i  vely constant s i  nce 1981. 

Usi ng pub1 i shed data  f o r  krypton-85 concentrations i n ai r (NCRP75) and the  
data from our network (Table 2 ) ,  t h e  change over time was plot ted as  shown in  
Figure 7. Linear cor re la t ion  analysis  indicates  t h a t  the krypton concentration1 
time r e l a t i on  is p ~ i / m 3  = 6.4 + 0.76 t where t i s  number of years  a f t e r  1960. 
The cor re la t ion  coe f f i c i en t ,  R ,  i s  0.98. 
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Figure 5. Noble Gas and Tri t i  urn Survei 11 ance Network sampl i n g  1 ocati  ons. 
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TABLE 2. ANNUAL AVERAGE KRYPTON-85 CONCENTRATIONS I N  A I R ,  1976-1986*** ................................................................................ ................................................................................ 
Kr-85 Concentrat ions ( p ~ i  /m3) 

Sampl i ng ---------------------------------------------------------- 
Locat ions 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 

A1 amo, NV 
Austin, NV 

Beatty, NV 20 20 20 19 21 24 25 24 23 25 26 
Diab lo  and 19 19 20 19 21 24 26 24 22 24 25 

Rachel, NV** 

Ely, NV -- - - - - - - - - - - - - - - - - - - 24 25 22 24 26 
Go ld f ie ld ,  NV -- -- 25 24 24 24 25 

Hiko, NV* 17 19 20 19 21 24 26 -- -_ _- _ _  
I nd ian  Spr i  ngs, 

NV 

NTS, Mercury, NV* 19 20 20 19 21 23 -- - - - - - - - - 
NTS, Groom Lake, NV* 20 19 20 19 21 24 -- -- - - -- -- 
NTS, BJ Y , NV* 20 21 22 21 23 26 -- -- - - - - - - 
NTS, Area 12, NV* 20 19 20 19 21 24 -- - - - - - - - - 
Tonopah, NV 19 19 20 18 21 25 24 25 23 25 25 
Las Vegas, NV 18 20 20 -- -- 24 24 24 23 25 25 

Death Val 1 ey Jc t .  , 20 20 20 19 -- -- -- -- -- - - - - 
C A* 

NTS, Area 15, NV* - - -- - - 19 21 25 -- -- - - - - - - 
NTS, Area 400, NV* - - -- -- 18 21 23 -- - - -- -- - - 
Lathrop Wells, NV -- -- - - 19 22 24 24 26 22 24 25 

Pahrump, NV - - -- -- - - -- -- -- 23 24 24 23 25 25 
Overton, Nev. -- - - - - 26 24 25 23 24 25 

Cedar City, Ut. -- - - -- - - -- -- 25 24 22 24 24 
S t .  George, Ut. - - - - - - - - - - - - 24 25 23 24 24 

S a l t  Lake City, Ut.* -- - - - - - - - - - - 25 25 25 25 -- 
Shoshone, CA - - -- - - - - - - - - 25 25 23 24 25 

NETWORK AVERAGE 19 20 20 19 21 24 24 25 23 24 25 ............................................................................... ............................................................................... 
*Sta t ions  d iscont inued 

**Sta t ion  a t  D iab lo  was moved t o  Rachel i n  March 1979. 
***Note changes i n  1984 and 1985 values due t o  new c a l  i b r a t i o n ,  see t e x t .  



The measurement of precision expressed as the coefficient of variation for 1986 was 2 15% 

Figure 6. Weekly average krypton-85 concentrat ion i n  a i  r ,  1986 data .  

30- 

m 
? 25- 
2 

I 

g 20- .- 
C 

2 
C g 15- Least Squares: p ~ i / m 3  = 6.4 + 0.76t 
c 
o R = 0.98 
0 
9 10- 

In 
00 

54 b 

I I I 1 I 4 
1960 1965 1970 1975 1980 1985 1990 

Time - Calendar Years 

Fi gure 7. Trend i n  annual average krypton-85 concentrat ion.  



Detectable levels  of xenon-133 were found on three occasions: following 
a d r i l l  back on the  NTS in March, following the Mighty Oak tunnel purging in 
1 a t e  Apri 1 , and f o l l  owing the Apri 1 accident a t  Chernobyl in the USSR. Table 
E-12 l i s t s  when and where each sample was collected, the xenon-133 concentra- 
t ion f o r  each sample, and the percent of the concentration guide. 

As in the past,  t r i t ium concentrations in atmospheric moisture samples 
from the off-NTS stat ions were generally below the minimum detectable concen- 
t r a t ion  (MDC) of about 400 pCi1L water (Appendix Table E-5). The t r i t ium 
concentrations observed a t  off-NTS s ta t ions  were considered t o  be represent- 
a t ive  of environmental background. he mean of he t r i t ium concentrations fo r  5 
collected samples were above the MDC. 

5 a l l  o f f - s i t e  s ta t ions  was 0.45 pCi/m (17 m Bqlm ) of a i r .  Only 11 of the 870 

Long-Term Hydrological Monitoring Program 

Network Design-- 
A major pathway f o r  the transport of radionucl ides t o  individuals is  via 

potable water. This program monitors possi b1 e radioactive contamination of 
potable water sources. The design i s  fo r  a system t o  monitor the aquifers 
underlying, and surface waters on or near, s i t e s  where nuclear explosions have 
occurred. For aquifers,  monitoring i s  limited by the avai labi l i ty  of wells 
tha t  tap  those sources. For the  s i t e s  considered herein, 'a  sui table number of 
we1 1 s i s  present so tha t  representative monitoring data are obtai ned. 

The monitored locations f o r  the  NTS and nearby o f f - s i t e  areas are shown in 
Figures 8 and 9. For Projects Cannikin, Long Shot and Milrow i n  Alaska; f o r  
Projects Rio Blanco and Rulison i n  Colorado; f o r  Project Dribble in  Mississippi ; 
f o r  Projects Faultless and Shoal i n  Nevada; and f o r  Projects Gasbuggy and Gnome 
in  New Mexico, the sampling locations are shown i n  Figures E-1  through E-12 i n  
Appendix E. 

Methods-- 
A t  each sampl ing location, four samples are collected. Two samples are 

collected i n  500-mL glass bot t les;  one i s  used fo r  t r i t ium analysis and the 
other stored f o r  use as  a duplicate sample or  t o  replace the  original sample i f  
i t  i s  l o s t  i n  analysis. The remaining two samples are collected in 3.5-L 
cubitainers;  one f o r  gamma spectrometry analysis and the  other i s  stored. This 
procedure was modified f o r  the locations around the  NTS which had been sampled 
semi-annually and annually. A t  these locations, the sampling frequency was 
changed t o  monthly and the above sampling procedure was used only twice a year. 
D u r i n g  the other months, only a 3.5-L sample was collected f o r  analysis by 
gamma spectrometry . 

The t r i  t i  urn' and. gamma spectrometric analyses are described in Appendix B. 
If the t r i t ium concentration detected by the conventional analysis i s  l e s s  than 
700 pCi/L (26 BqIL) then the sample i s  reanalyzed using the  enrichment method. 

Results-- 
Table 3 l i s t s  the locations a t  which water samples were found t o  contain 

man-made radioactivity.  Radioacti v i  t y  i n samples col lected a t  these locations 
has been reported i n  previous years. The data f o r  a1 1 samples analyzed are 



F i g u r e  8. LTHMP sampling l o c a t i o n s  on t h e  NTS. 
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compiled i n  Appendix Tables E-6 and E-7 together  w i t h  t h e  percent o f  t h e  
re levan t  concent ra t ion  guide l i s t e d  i n  Appendix D. Radiochemical analyses o f  
water samples from 5 new s t a t i o n s  i n d i c a t e  on ly  normal concent ra t ions  o f  
uranium and radium. 

None o f  t h e  rad ionuc l i de  concent ra t ions  found a t  t h e  l o c a t i o n s  l i s t e d  i n  
Table 3 a re  expected t o  r e s u l t  i n  measurable r a d i a t i o n  exposures t o  res iden ts  
i n  t h e  areas where t h e  samples were co l l ec ted .  Well UE7NS and Test Well B are 
loca ted  on t h e  NTS, and are  not  used as sources o f  domestic water. 

USGS Wells 4  and 8, which were contaminated w i t h  t h e  repor ted  nuc l i des  
du r ing  t r a c e r  s tud ies  years ago, are  on p r i v a t e , l a n d  a t  t h e  P r o j e c t  Gnome s i t e  
i n  New Mexico and a re  c losed and locked t o  prevent t h e i r  use. Well LRL-7 was 
used f o r  t h e  d isposa l  o f  contaminated s o i l  and s a l t  so t h i s  w e l l  i s  expected t o  
produce contaminated water. 

The P r o j e c t  D r i b b l e  w e l l s  i n  M i s s i s s i p p i  are about 1 m i l e  f rom t h e  nearest  
res idence and a re  no t  sources o f  d r i n k i n g  water. 

The shal low w e l l s  a t  t h e  P r o j e c t  Long Shot s i t e  on Amchitka I s l a n d  i n  
Alaska are  i n  an i s o l a t e d  l o c a t i o n  and are  no t  sources o f  d r i n k i n g  water. 

M i  1  k  Survei 11 ance Network (MSN) 

Network Design-- 
An impor tant  pathway f o r  t r a n s p o r t  o f  rad ionuc l i des  t o  humans i s  t h e  a i r -  

forage-cow-milk chain. This pathway i s  monitored by EMSL-LV through ana lys i s  
o f  m i l k .  The design o f  t h e  network i s  based on c o l l e c t i o n s  f rom areas l i k e l y  
t o  be af fected by acc identa l  re leases f rom t h e  NTS as w e l l  as f rom areas un- 
l i k e l y  t o  be so a f fec ted.  Add i t i ona l  cons idera t ions  are:  1 )  a  complete r i n g  
o f  s t a t i o n s  t o  cover any NTS re1 ease, and 2 )  samples f rom major mi 1 ksheds as 
w e l l  as f rom f a m i l y  cows. The a v a i l a b i l i t y  o f  m i l k  cows o r  goats sometimes 
r e s t r i c t s  sample c o l  1  e c t i  on i n  c e r t a i n  areas. 

Methods-- 
The network cons is ts  o f  two major po r t i ons ,  t h e  MSN a t  l o c a t i o n s  w i t h i n  

300 km o f  t h e  NTS f rom which samples a r e  c o l l e c t e d  monthly (F igure  10) and t h e  
standby network (SMSN) a t  l o c a t i o n s  i n  a1 1  major  m i  1  ksheds west o f  t h e  Miss- 
i s s i p p i  R ive r  (F igu re  11) f rom which samples are  c o l l e c t e d  annual ly .  One 
except ion t o  t h e  l a t t e r  p o r t i o n  o f  t h e  network i s  Texas; t h e  Sta te  Heal th  
Department performs t h e  s u r v e i l  1  ance o f  t h e  m i  1  ksheds i n  t h a t  State. 

The monthly raw m i l k  samples are  c o l l e c t e d  by EPA moni tors  i n  4 - l i t e r  
p l a s t i c  con ta ine rs  ( c u b i t a i n e r s )  and preserved w i t h  formaldehyde. The annual 
mi 1  k  sampl es are  a1 so c o l  1  ected i n cubi  t a i  ners and preserved w i t h  formal  dehyde 
bu t  they  are  c o l l e c t e d  by c o n t a c t i n g  S ta te  Food and Drug Admin is t ra t i on  Repre- 
senta t ives ,  a f t e r  n o t i f i c a t i o n  o f  t h e  Regional EPA o f f i c e s ,  who arrange f o r  t h e  
samples t o  be ma i led  t o  EMSL-LV. 

A l l  t h e  m i l k  samples a re  analyzed f i r s t  f o r  gamma-emitting nuc l i des  by 
h i g h - r e s o l u t i o n  gamma spectrometry and p e r i o d i c a l l y  f o r  s t ront ium-89 and 
stront ium-90 by t h e  methods o u t l i n e d  i n  Appendix B, a f t e r  a  p o r t i o n  o f  m i l k  



TABLE 3. WATER SAMPLING LOCATIONS WHERE SAMPLES CONTAINED MAN-MADE 
RADIOACTIVITY - 1986 ............................................................................. ............................................................................. 

Type o f  Concentration 
Sampl i ng Locat i on Rad ioac t i v i t y  ( P C ~ / L )  

NTS, NV 

Test Well B 
Well UE7NS 

PROJECT GNOME, NM 

USGS Well 4 

USGS Well 8 

Well LRL-7 

Hydrogen-3 
Stront  i um-90 
Hydrogen-3 
S t ron t i  um-90 
Cesium-137 
Hydrogen-3 
S t  r on t  i um-90 
Cesi um-137 

PROJECT DRIBBLE, MS 

Well HMH-1 through 11 Hydrogen-3 22-18,000 
Well HM-S Hydrogen-3 14,000 
Well HM-L Hydrogen-3 1,400-1,800 
REECo P i t  Drai  nage-B Hydrogen-3 2,800 
Hal f Moon Creek Overf 1 ow Hydrogen-3 800-840 

PROJECT LONG SHOT, AK 

Well EPA-1 Hydrogen-3 270 
We1 1 WL-2 Hydrogen-3 320 
Well GZ, No. 1 Hydrogen-3 2,300 
Well GZ, No. 2 Hydrogen-3 150 
Mud P i t  No. 1 Hydrogen-3 310-540 
Mud P i t  No. 2 Hydrogen-3 410 
Mud P i t  No. 3 Hydrogen-3 590-870 ............................................................................. ............................................................................. 

i s  set  aside f o r  t r i t i u m  analysi's. Occasionally a m i l k  sample w i l l  sour, thus 
prevent ing i t s  passage through the  i o n  exchange column and i t s  subsequent 
s t ront ium analysis;  however, t he  o ther  analyses can genera l ly  be performed 
s a t i s f a c t o r i l y .  For t h e  SMSN, two loca t ions  i n  each State are selected f o r  
t r i t i u m  and s t ront ium analyses. 

Results-- 
The ana l y t i ca l  r e s u l t s  from the  1986 MSN samples are summarized i n  Appen- 

d i x  Table E-8 where t he  maximum, minimum, and average concentrat ions o f  t r i t i u m ,  



Figure 10. M i l k  sampling l oca t ions  w i t h i n  300 krn o f  the NTS. 
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Figure 11. Standby m i  1 k survei 11 ance network s ta t ions .  

strontium-89 and strontium-90 a re  shown f o r  each sampling location.  As shown i n  
Table 4, t h e  average concentrations of t r i t i um and strontium-90 f o r  the  whole 
n e i ~ o r k  a r e  s imi la r  t o  t he  network avsrages f o r  previous years.  The r e s u l t s  
obtained from the standby network a r e  l i s t e d  in  Table E-9. 

Other than natural ly  occurring potassium-40, only Cs-137 was detected 
( 2  samples, standby network) by gamma spectrometry i n  milk samples (Table E-9). 
No radionuclides from the  Chernobyl accident were detected i n  milk from the  
networks. A t r a c e  amount of iodine was detected in  a special  mi 1 k sample 
from Las Vegas. 



TABLE 4. NETWORK ANNUAL AVERAGE CONCENTRATIONS OF 
TRITIUM AND STRONTIUM-90 I N  MILK, 1975-1986 ................................................... ................................................... 

Average Concentrations - pCi /L ................................................... 
Year H-3 Sr-90 

The triti um and s t r o n t i  um-90 concentrat ions fo r  t h e  who1 e m i  1 k network 
were p l o t t e d  versus probi ts.  The tendency o f  the  data t o  f i t  one s t r a i g h t  1 i n e  
ind icates t h a t  t he  data represent a s i ng le  source, which appears t o  be atmos- 
pher ic deposit ion. These r e s u l t s  are cons is tent  w i t h  t he  r e s u l t s  obtained f o r  
the  Pasteurized M i  1 k Network, operated by t h e  Eastern Environmental Radiat ion 
F a c i l i t y  i n  Montogmery, Alabama, shown i n  Figure 12. The cons is ten t l y  h igher 
r e s u l t s  from New Orleans r e f l e c t  the higher r a i n f a l l  i n  t h a t  area. 

Bi  omoni t o r i  ng Program 

Object i  ve-- 
The pathways f o r  t ranspor t  o f  radionucl ides t o  man inc lude a i r ,  water, and 

food. Moni tor ing o f  a i r ,  water, and m i l k  are discussed above. Loca l l y  ra ised  
meat i s  a food component t h a t  may be a po ten t i a l  rou te  of exposure t o  o f f - s i t e  
res i dents . 
Methods-- 

Sampl es o f  muscle, 1 ung , 1 i very  kidney , blood, and bone are co l  1 ected 
p e r i o d i c a l l y  from c a t t l e  purchased from commercial herds t h a t  graze areas 
northeast o f  t he  NTS. These samples are analyzed f o r  gamma-emitters, t r i t i u m ,  
strontium, and plutonium. Each November and December, bone and kidney samples 
from desert bighorn sheep co l  1 ected throughout southern Nevada (see Figure 13) 
are donated by l icensed hunters and are analyzed. These k inds of samples have 
been co l l ec ted  and analyzed f o r  up t o  29 years t o  determine long term trends. 
During 1986, f o l l ow ing  the Mighty Oak t e s t ,  four NTS mule deer were co l l ec ted  
and sampled i n  the  same manner as the ca t t l e .  

Results-- 
Ana ly t i ca l  data from bones and kidneys co l l ec ted  from desert b ighorn sheep 
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Figure 12. Stronti um-90 concentration in Pasteurized Mi 1 k Network samples. 

during the l a t e  Fa1 1 of 1985 are presented i n  Table 5. Tritium and gamma- 
emitting radionuclides, other than the naturally occurring potassium-40, were 
not detected in any of the kidneys. Stronti um-90 levels in the bones (average 
3.2 pCi/g ash, 118 B q l k g )  a re  consistent with those reported in recent years 
(Figure 14).  Counti ng errors exceeded the reported concentrati ons of pl utdni um- 
238 in  a l l  but f ive  samples of bone ash. Tnese f ive  values ranged from 2.1 t o  
4.1 fCi per gram of bone ash. Plutonium-239 concentrations in the  ash ranged 
from -1.7 t o  6.7 fCi/g, however, seven values exceeded the MDC and ranged from 
1.9 t o  6.7 fCi/g ash. 

Eight beef c a t t l e  were sampled during 1986; four from the D. Agee ranch 
collected in May, and four from the Steve Medlin ranch collected in  October. 
Iodine-131 (ranging from 1.5 t o  27 pCi/g) was detected in  the thyroids of a l l  
four beef animals sampled in  May. The source of t h i s  iodine was thought t o  be 
the worldwide fa1 1 o u t  associ ated with the Chernobyl reactor acci dent. The 
only other gama-emitting radionuclides detected in so f t  t i s sue  was naturally 
occurring potassium-40. Tritium was not  detected in any of the blood samples. 
The c a t t l e  bone ash samples averaged 1.2 pCi of strontium-90 per gram of ash. 
None of the  samples contained plutonium-238 concentrations t h a t  exceeded the 
counting errors and only two samples exceeded the counting er ror  fo r  plutonium- 
239 (14 + 7 fCi/g ash and 4 + 3.9 fCi/g ash). The c a t t l e  1 i ver samples did 
not contai n detectable concentrations of e i the r  pl utoni um-238 o r  -239 ; a1 1 
were l e s s  t h a n  0.06 pCi/kg wet weight. 

Following the Mighty Oak t e s t  (Apri 1 10) i t  was decided t o  col lect  mule 
deer t h a t  drank the waters draining from the T-tunnel complex i n  Area 12 of the 
NTS. Deer were collected on June 17, September 9 and October 29. A control 
deer (No. 3) was collected. October 23, i n  Area 17, we1 1 away from the Area 12 



Range Complex 

F igu re  13. C o l l e c t i o n  s i t e s  f o r  b ighorn  sheep, deer and c a t t l e  samples. 
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TABLE 5. RADIONUCLIDE CONCENTRATIONS I N  DESERT BIGHORN SHEEP SAMPLES - 1985 ............................................................................... ............................................................................... 
Bighorn Sheep Bone Bone Bone Kidney 

(Co l l  ected 90 Sr 238 Pu 239 Pu K(g/kg)* 
W i  n t e r  1985) (pCi/g Ash) ( fC i /g  Ash) ( fC i / g  Ash) . . 3H(pCi/ l) f  

--------------- Ash Sample Lost-------------- 

2.6 + 0.9 
150 2 440** 

(continued) 



TABLE 5. Continued ............................................................................... ............................................................................... 
Bighorn Sheep Bone Bone Bone Kidney 
(Collected 90 Sr 238 Pu 239 Pu K ( s / ~ s ) *  
Winter 1985) (pCi/g Ash)  (fCi/g Ash) (fCi/g Ash) 3H(pCi / l  ) *  ------------------------------------------------------------------------------ 

Median 2.1 2.7 

Range 1.0 - 9.6 -4.9 - 8.7 -1.7 - 6.7 2.2 - 4.9 
-140 - 490 ............................................................................... ............................................................................... 

* Wet weight 
**Counting e r r o r  exceeds reported a c t i v i t y  

*~queous port i  on of Kidney Ti ssue 
All concentrations a r e  expressed with e i t h e r  t he  2 sigma counting e r r o r  o r ,  f o r  
r e su l t s  l e s s  than the  value i n  error term f i e l d ,  + the MDC. 

tunnels. A wide var ie ty  of f resh  f i s s i o n  products (1-131, Ru-103 and -106, 
Zr-95, Sr-89, etc.)  was detected in  the  t i s s u e  and ingesta samples from t h e  
deer drinking from the  T-tunnel ponds. The data a r e  presented in  Table 6. 
Iodine-131 was s t i l l  detectable  i n  t he  thyroids of deer No. 4, sampled on 
September 9, some 172 days post-detonation. 

EXTERNAL EXPOSURE MONITORING 

Thermol umi nescent Dosimetry Network 

External radiat ion exposure of people i s  due primarily t o  medical sources 
and t o  natural  sources such as  cosmic radiat ion and natural ly  occurring radio- 
a c t i v i t y  in soi  1 . Radi oact i vi t y  from f a1 1 out generated by past atmospheric 
nuclear t e s t i n g  causes approximately 0.6 percent of a person's t o t a l  contempor- 
ary exposure. Until 1965, f i lm badges were used t o  document external exposure, 
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but  thermol umi nescent dosimeters (TLD) gradual ly  rep1 aced f i  l m  as the  measure- 
ment instrument because o f  t h e i r  greater s e n s i t i v i t y  and precis ion.  From 1970 
t o  1974 t h e  EMSL-LV used the  TLD-12 dosimeter bu t  changed t o  the TLD-200 i n  
1975. I n  1987, a change w i l l  be made t o  use Panasonic TLD's instead o f  t he  
Harshaw model now used. 

Network Design-- 
The TLD network i s  designed t o  measure environmental r a d i a t i o n  exposure 

a t  a l oca t i on  ra the r  than t o  an i nd i v i dua l  because o f  the  many uncer ta in t ies  
associated w i t h  personnel monitoring. However, several i nd iv idua ls ,  some 
res id i ng  w i t h i n  and some res id ing  outs ide of estimated f a l l o u t  zones from past 
nuclear t e s t s  a t  t h e  NTS, have been monitored so t h a t  any co r re l a t i ons  t h a t  may 
e x i s t  between personnel and environmental moni tor ing could be obtained. The 
network consi s t s  o f  1 ocations enci r c l  i ng  t he  NTS w i t h  some concentrat ion i n the  
area o f  t he  estimated f a l l o u t  zones (Figure 15). This arrangement permits an 
est imate o f  average background exposure; y e t  any increase due t o  NTS a c t i v i t i e s  
can be detected. 

Methods-- 
I n  1986 t h e  TLD Network consisted o f  129 s ta t i ons  a t  both  inhabi ted and 

uninhabited loca t ions  w i t h i n  a 500-km radius o f  t he  CP-1. Each s t a t i o n  was 
equipped w i t h  th ree  Harshaw TLD's t o  measure gamma exposures r e s u l t i n g  from 
envi ronmental background as we1 1 as accidental  re1 eases o f  gamma-emi tti ng 
r a d i o a c t i v i t y .  With in t he  area covered by the  Network, 53 o f f - s i t e  residents 
wore dosimeters dur ing 1986. A1 1 environmental TLD's were exchanged quar ter ly ,  
and a l l  personnel TLD's were exchanged monthly. 

The Harshaw Model 2271-62 (TLD-200) dosimeter cons is ts  o f  two small "chips" 
o f  dysprosi um-acti vated cal  c i  um f 1 uor ide mounted i n  a w i  ndow o f  Tef 1 on p l a s t i c  
attached t o  a small a1 umi num card. An energy compensati on sh ie l d  o f  1.2-mm 
t h i c k  cadmium metal i s  placed over t he  card conta in ing t he  chips, and t he  
shie lded card i s  then sealed i n  an opaque p l a s t i c  card holder. Three o f  these 
dosimeters are placed i n  a secured, rugged, p l a s t i c  housing one meter above 
ground l e v e l  a t  each s t a t i o n  t o  standardize t he  exposure geometry. One dosim- 
e t e r  i s  issued t o  each o f  53 o f f - s i t e  residents who are i ns t r uc ted  i n  i t s  
proper weari ng. 

A f t e r  appropr iate cor rect ions were made f o r  exposure accumulated dur ing 
shipment between t h e  laboratory  and t he  moni tor ing loca t ion ,  and f o r  fad ing 
and t he  response fac to r ,  the  s i x  TLD ch ip  readings f o r  each s t a t i o n  were aver- 
aged. The average value f o r  each s t a t i o n  was then compared t o  t he  values 
obtained dur ing the  previous f ou r  quarters a t  t h a t  s t a t i o n  t o  determine whether 
t he  new value was s t a t i s t i c a l l y  d i f f e r e n t  from the  previous values. The r e s u l t  
from each o f  t he  personnel dosimeters was compared t o  t h e  average background 
value measured a t  t he  nearest f i xed  s t a t i o n  over t he  previous f o u r  quarters. 

The smal lest  exposure.above background r a d i a t i o n  t h a t  can be determined 
from these TLD readings depends p r i m a r i l y  on t he  magnitude o f  va r i a t i ons  i n  t he  
natura l  background exposure r a t e  a t  t he  p a r t i c u l  a r  s ta t ion .  Typical ly,  the  
smal lest  net  exposure detectable a t  t h e  99 percent confidence l e v e l  f o r  a 
90-day exposure per iod would be 1 t o  5 mR above background. Depending on 



Figure 15. Locations monitored with TLD's. 
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locat ion,  t he  background ranges from 15 t o  35 mR per quarter.  The term "back- 
ground," as used i n  this context,  r e f e r s  t o  natural ly  occurring rad ioac t iv i ty  
and cosmic rays plus a contribution from residual manmade f i s s i o n  products, 
such a s  worldwide fa1 1 out. 

Results-- 
Appendix Table E-10 l i s t s  t he  maximum, minimum, and average dose equiva- 

l e n t  r a t e  (mremlday) and the annual adjusted dose equivalent r a t e  (average in  
mremlday times the  number of days i n  the  year )  measured a t  each s t a t i o n  in  the  
Network during 1986. No allowance was made f o r  t he  small addit ional exposure 
due t o  t h e  neutron component of the  cosmic ray spectrum. No s t a t i o n  exhibited 
an exposure i n  excess of background during 1986, 

Appendix Table E - 1 1  l i s t s  t he  personnel number; associated background 
s t a t i o n ;  t he  maximum, minimum, and average dose equivalent r a t e  (mrem/d) ; and 
the  annual dose equivalent (mrem) measured f o r  each off-s i  t e  res ident  monitored 
during 1986. Twelve dosimeters worn by res idents  exhibited exposures i n  excess 
of background. These exposures a r e  a t t r i bu t ed  t o  higher background leve ls  i n  
t h e  residence than a t  t he  background s t a t i on  locat ion o r  t o  occupational ex- 
posure (Nos. 45, 49, 57). Usually, t he  average dose equivalent r a t e s  of t he  
o f f - s i t e  res idents  is  lower than t h e i r  background s t a t i o n s  due t o  t he  shielding 
provided by t h e i r  homes o r  places of work. 

Table 7 shows t h a t  t he  average annual dose r a t e  f o r  t h e  Dosimetry Network 
i s  consis tent  w i t h  t h e  Network average es tabl ished i n  1975. Annual doses 
decreased from 1 9 7 1 t o  1975 with a leveling t rend s ince 1975, except f o r  a high 
bias in  t h e  1977 r e s u l t s  a t t r i bu t ed  t o  mechanical readout problems. The trend 
shown by the  Network average i s  ind ica t ive  of t h e  trend exhibited by individual 
s t a t i o n s ,  although t h i s  average i s  a l so  affected by the  mix of s t a t i o n s  a t  
d i f f e r en t  a1 t i  tudes (note Figure 16). 

Because of the great  range in  the  r e s u l t s ,  40 t o  135 mrem, an average f o r  
t he  whole area monitored may be inappropriate f o r  estimating individual exposure. 
This would be pa r t i cu l a r ly  t r u e  i f  the  exposure of a pa r t i cu l a r  res ident  were 
desired. Since envi ronmental radiat ion exposure can vary markedly with both 
a l t i t u d e  and t h e  natural  rad ioac t iv i ty  i n  the s o i l ,  and s ince  t h e  a l t i t u d e  of 
t h e  TLD s t a t i o n  locat ion is r e l a t i ve ly  easy t o  obtain,  t h e  measured dose r a t e s  
f o r  1975 t o  1986 were plotted a s  a function of a l t i t ude .  As most of Nevada 
l i e s  between 2,000 and 6,000 f e e t  above mean sea l eve l ,  t h i s  range was s p l i t  
i n to  two sect ions  f o r  p lo t t ing  purposes. The r e s u l t s ,  shown in  Figure 16, 
indicate  t h a t  t he  average exposure a t  a l t i t u d e s  between 4,000 and 6,000 f e e t  i s  
about 17 mrem/yr (0.17 mSv/yr) higher than t h a t  a t  a l t i t u d e s  between 2,000 and 
4,000 f e e t ,  although both curves follow the  same trend as  t h e  overall  averages 
l i s t e d  i n  Table 7. T h u s ,  i f  an individual does not l i v e  near a monitored 
locat ion,  an estimate of exposure could be based on t h e  a l t i t u d e  of h i s  r e s i -  
dence ra ther  than on the  average f o r  t he  whole area monitored. 

Pressurized Ion Chamber (PIC) Network 

These gamma-ray ratemeters a r e  located a t  the  15 Community Monitoring 
Stat ions  i den t i f i ed  on Figure 2 plus s t a t i o n s  a t  Complex I ,  Furnace Creek, 
Nyala, Pioche, Stone Cabin Ranch, Tikaboo Valley, Twin Springs, and Lathrop 



Wells. The output of each P I C  i s  d isplayed on both a paper tape and a d i g i t a l  
readout, so t he  s t a t i o n  manager can observe the  response. The data i s  a lso  
stored on casset te tapes, which are read i n t o  a computer a t  EMSL-LV each week. 
The computer output cons is ts  o f  tab les  conta in ing hourly, da i l y ,  and weekly 
summaries o f  t he  maximum, minimum, average, and standard dev ia t ion  of t he  gamma 
exposure rate.  

The data f o r  1986 are displayed i n  Table 8 as t he  average pR/hr and annual 
mR from each s ta t ion.  When these data are compared t o  t he  TLD r e s u l t s  f o r  the 
same 23 s ta t ions,  i t  i s  found t h a t  t h e  P I C  exposure i s  about 30% higher than 
t he  TLD exposure. This i s  a t t r i bu ted ,  p r ima r i l y ,  t o  the  d i f fe rence  i n  energy 
response o f  t he  two instruments. No increase i n  external  gamma measurements 
was found f o l l ow ing  the  Chernobyl accident o r  t he  purging of t he  Mighty Oak 
tunnel . 
INTERNAL EXPOSURE MONITORING 

In te rna l  exposure i s  caused by ingested o r  inha led radionucl ides t h a t  
remain i n  t h e  body e i t h e r  temporar i ly  o r  f o r  longer times because o f  storage i n  
t issues.  At EMSL-LV two methods are used t o  detect  such body-burdens: whole- 
body count ing and u r ina lys is .  

The whole-body counting f a c i l i t y  has been maintained a t  EMSL-LV since 1966 
and i s  equipped t o  determine the  i d e n t i t y  and quan t i t y  o f  gamma-emitting rad io-  
ac t i ve  mate r ia l s  which may have been inhaled o r  ingested. A s ing le  tha l l i um-  
ac t i va ted  sodium iod ide  c r ys ta l ,  28 x 10 centimeters, i s  used t o  measure gamma 
rad ia t i on  having energies ranging from 0.1 t o  2.5 MeV. Two phoswich detectors 
are ava i l ab le  and can be placed on t he  chest t o  measure low-energy r a d i a t i o n  - 
f o r  example, 17 KeV x-rays from plutonium-239. The most l i k e l y  mode o f  in take 
f o r  most a lpha-emit t ing radionucl ides i s  inha la t ion ,  and t he  most important o f  
these radionucl ides a lso emit low-energy x-rays which can be detected i n  t he  
lungs by t he  phoswich detectors. An add i t i ona l  phoswich detector  i s  used t o  
determine low-energy rad ionuc l ide concentrat ions i n  bone, by moving the  detec- 
t o r  around t h e  sku l l .  

To upgrade t h e  f a c i l i t y ,  a s i ng le  i n t r i n s i c  coaxial  detector  has been 
i n s t a l  l e d  f o r  use w i t h  an ad justab le  cha i r  t o  achieve greater r eso lu t i on  and 
lower background w i t h  greater  pa t i en t  comfort i n  whole-body counting. I n  
addi t ion,  two i n t r i n s i c  p lanar detectors were i n s t a l  l e d  i n  speci a1 holders 
designed t o  a l low them t o  be pos i t ioned i n  various a t t i t udes  t o  f a c i l i t a t e  the  
counting o f  areas o ther  than t h e  lungs and t o  a l low add i t i ona l  detectors t o  be 
mounted as they are obtained. The planars are spec ia l l y  designed f o r  i n t e rna l  
dosimetry use and provide 1 ow background, h igh reso lu t i on  analysis o f  1 ow 
energy garrma-emitting radionucl ides. With t he  add i t i on  o f  spec ia l l y  designed 
software, t h e  abi 1 i t y  t o  i d e n t i f y  t ransuran ic  radionucl  ides w i  11 be g rea t l y  
i ncreased. 

A M i  cro-Vax-based gamma spectrometer was i n s t a l  1 ed t o  process data f rom 
both t he  o l d  and t h e  new detector  systems. It f a c i l i t a t e s  manipulat ion of 
data, gives greater  storage capaci ty,  and r e l i a b i l i t y  o f  operation. The o l d  



TABLE 7. DOSIMETRY NETWORK SUMMARY FOR THE YEARS 1971 - 1986 ............................................................. ............................................................. 
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Figure 16. Average annual TLD exposure as  a function of s t a t i o n  a l t i t u d s .  
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TABLE 8. PRESSURIZED I O N  CHAMBER READINGS - 1986 ............................................................................... ............................................................................... 
NO. OF EXPOSURE RATE, pR/H* 
HOURLY --------------------------------- 

STATION LOCATION VALUES MAX M I  N AVG + 1 SD MRIYR ------------------------------------------------------------------------------- 
ALAMO, NV 8130 16.61 12.39 13.23 2 0.36 116 
AUSTIN, NV 8174 27.42 15.40 19.97 2 0.87 175 
BEATTY, NV 8253 24.23 10.80 16.41 + 1.05 144 
CEDAR CITY, UT 7146 14.51 9.82 10.63 2 0.43 9 3 
COMPLEX 1, NV 7 547 22.33 15.60 17.34 + 0.58 151 
ELY, NV 8072 17.27 11.85 12.57 + 0.34 110 
FURNACE CREEK, CA 7388 16.20 9.20 9.96 2 0.44 8 7 
GOLDFIELD, NV 7721 21.16 15.20 15.93 2 0.35 140 
INDIAN SPRINGS, NV 8083 14.66 8.39 8.99 2 0.27 78 
LAS VEGAS, NV (UNLV) 8072 10.51 6.06 6.44 2 0.18 5 6 
LATHROP WELLS, NV 7617 17.92 13.28 14.18 + 0.27 124 
NYALA, NV 7383 17.74 12.30 13.07 2 0.40 114 
OVERTON, NV 8082 11.82 8.00 8.53 + 0.33 7 5 
PAHRUMP, NV 7596 13.99 7.36 7.81 2 0.21 6 8 
PIOCHE, NV 7576 17.83 12.12 12.90 + 0.34 113 
RACHEL. NV 7723 20.53 16.08 17.13 + 0.49 150 
SALT LAKE CITY, - UT 7782 23.24 7.63 9.73 + 2.86 85 
SHOSHONE, CA 8017 14.71 10.87 11.67 + 0.34 102 
ST. GEORGE, UT 8277 11.98 7.86 8.79 2 0.46 7 7 
STONE CABIN RNCH, NV 6471 20.98 15.88 17.74 + 0.79 155 
TIKABOO VALLEY, NV 7991 22.46 15.30 16.18 2 0.30 142 
TONOPAH, NV 7882 22.40 16.65 17.63 2 0.42 154 
TWIN SPRGS RANCH, NV 5684 22.42 15.83 17.13 + 0.56 150 ............................................................................... ............................................................................... 
*The MAX and MIN values are obta ined f rom t h e  instantaneous readings. 

spectrometer i s  being r e t a i n e d  u n t i l  data accumulated i n  pas t  years i s  con- 
ve r ted  t o  t h e  new format. 

New q u a l i t y  assurance sof tware  obtained w i t h  t h e  Micro  Vax prov ides 
s t a t i s t i c a l  a n a l y s i s  and p l o t s  t h a t  i n  t h e  past, requ i red  many ted ious  hours 
t o  maintain. Dose c a l c u l a t i o n  sof tware  provides organ s p e c i f i c  ana lys i s  f o r  
accurate i n t e r n a l  moni tor ing.  Software f o r  i n t e r n a l  dose c a l  c u l  a t i  on was 
a l s o  obta ined f o r  use on a p o r t a b l e  computer i n  t h e  mobi le  count ing  van o r  
f o r  o t h e r  f i e l d  use. This and two complete count ing  systems were read ied f o r  
deployment t o  areas a f f e c t e d  by t h e  Chernobyl accident .  

Network Desi gn 

Th is  a c t i v i t y  cons is ts  o f  two po r t i ons ,  an O f f - S i t e  Human Surve i l l ance  
Program and a Radio log ica l  Safety Program. The design f o r  t h e  O f f - S i t e  Human 
Surve i l l ance  Program i s  t o  measure rad ionuc l i de  body-burdens i n  a rep resen ta t i ve  
number o f  f a m i l i e s  who r e s i d e  i n  areas t h a t  were subjected t o  f a l l o u t  du r ing  
t h e  e a r l y  years o f  nuc lear  weapons t e s t s .  A few f a m i l i e s  who r e s i d e  i n  areas 
no t  a f fec ted  by such f a l l o u t  were a l s o  se lec ted f o r  comparative study. The 



principal cons t ra in t  t o  t h e  program i s  t he  cooperation received from the  people 
i n  the  area of study. 

The Radiological Safety Program portion requires a1 1 employees who may be 
exposed t o  radioactive mater ia ls  i n  the  course of t h e i r  work t o  undergo a 
periodic who1 e-body count. Some DOE contractor  empl oyees a r e  a1 so  i ncl uded i n  
t h i s  program. 

Methods 

The Off-Site Human Surveil lance Program was i n i t i a t e d  in  December 1970 t o  
determine leve ls  of radioact ive nuclides i n  some of t he  famil ies  residing in  
communities and ranches surrounding the  NTS, Bi annual counti ng i s performed i n 
t he  spring and fa1 1. This program s t a r t ed  w i t h  34 famil ies  (142 individuals) .  
In 1986, 16 of these famil ies  (37 individuals)  were s t i l l  ac t ive  i n  t h e  program 
together  w i t h  18 famil ies  added in  recent years. The geographical locat ions  of 
t he  famil ies  which par t ic ipated i n  1986 a r e  shown i n  Figure 17. Two additional 
famil ies  were added t o  t he  program d u r i n g  1986. 

These persons t rave l  t o  t h e  EMSL-LV where a whole-body count of each 
person i s  made t o  determine the  body burden of gamma-emitting radionuclides. A 
urine sample is col lected f o r  t r i t i um analysis.  Results of t h e  whole-body 
count a r e  avai lable  before t h e  famil ies  leave the  f a c i l i t y  and a re  discussed 
with t he  subjects.  A t  18 month in t e rva l s  a physical exam, health h i s tory  and 
the  f o l l  owing a re  performed: a ur ina lys i s ,  complete blood count, serology, 
chest  x-ray (3-year i n t e rva l s )  , s igh t  screening, audi ogram, v i t a l  capacity , EKG 
(over 40 years 01 d )  , and thyroid panel. The i ndi vi dual i s then exami ned by a 
physician. The r e s u l t s  of t h e  examination can then be requested f o r  use by 
t h e i r  family physician. 

As reported i n  previous years ,  medical examination of t he  o f f - s i t e  fam- 
i 1 i e s  reveal ed a general l y  heal thy population. In regard t o  t he  hematological 
examinations and thyroid p ro f i l e s ,  no abnormal r e s u l t s  were observed which 
could be a t t r i bu t ed  t o  past  o r  present NTS t e s t i n g  operations. 

In addit ion t o  t h e  above o f f - s i t e  fami l ies ,  counts a r e  performed rout inely 
on EPA and on cont rac tor ' s  employees a s  a par t  of the  health monitoring pro- 
grams. Counts on other  individuals i n  the general population from Las Vegas 
and other  c i t i e s  a r e  used f o r  comparison. 

Results 

During 1986, a t o t a l  of 208 NaI (TI )/Germani um, and 416 phoswich/pl anar 
spectra  were obtained from individuals ,  of whom 102 were par t ic ipants  on the  
Off-Site Human Surveil lance Program. Also, about 1,814 spectra  f o r  ca l ib ra -  
t ions  and background were generated. Cesium-137 is generally t he  only f i s s i o n  
product detected. T h i s  year ,  following the  Chernobyl accident,  t r a c e  amounts 
of cesium-137, and cobalt-60 were detected in  a l imited number of individuals ,  

- mainly those contractor  personnel f 1 own i n from Cali forni a. Several ranchers 
ac t ive ly  involved in  farming a l so  showed a t r a c e  of these radionuclides. Time 
did not allow su f f i c i en t  data t o  be co l lec ted  t o  accurately quant i ta te  t h e  
amounts found. No f i s s i o n  products were detected from counts of individuals 



Figure 17. Location of families in the Off-Site Human Surveillance Program. 
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t r a v e l i n g  o r  l i v i n g  i n  Europe dur ing t h e  Chernobyl accident when they were 
counted some t ime a f t e r  t he  inc ident .  P r i o r  t o  Chernobyl, t he  spectra were 
representat ive o f  normal background f o r  people and showed on ly  n a t u r a l l y  
occurr ing potassi  um-40. No t ransuran ic  nucl ides were detected i n  any 1 ung 
count i ng data. 

The concentrat ion o f  t r i t i u m  i n  u r i ne  samples from t h e  o f f - s i t e  residents 
var ied from 0 t o  3,200 pCi/L (118 Bq/L) w i t h  an average value o f  158 pCi/L 
(5.8 Bq/L). Nearly a l l  t he  concentrat ions measured were i n  t he  range o f  
background l e v e l s  measured i n  water and r e f l e c t  on ly  natura l  exposure. The 
source f o r  t he  h igh value (an Ely,  Nevada res iden t )  i s  unknown bu t  i s  not  
a t t r i b u t e d  t o  NTS a c t i v i t i e s .  The t r i t i u m  concentrat ion i n  ur ines from EPA 
employees had a range o f  0  t o  3,000 pCi/L (111 Bq/L) and an average o f  316 
pCi /L (11.7 Bq/L) . Contractor personnel working a t  NTS showed tri t i  um 1 eve1 s  
above background but  below maximum permissible body burdens. 

COMMUNITY MONITORING STATIONS 

I n  order t o  increase pub1 i c  knowledge about and p a r t i c i p a t i o n  i n  rad io-  
l o g i c a l  su rve i l l ance  a c t i v i t i e s  as conducted by DOE and EPA; t h e  DOE, through 
an Interagency Agreement w i t h  EPA and cont racts  w i t h  t he  Desert Research I n s t i -  
t u t e  (DRI) o f  t h e  Un ivers i t y  o f  Nevada and t h e  Un ivers i t y  o f  Utah, has estab- 
l i s h e d  a network o f  15 Community Moni tor ing Stat ions i n  t h e  off-NTS areas. Each 
s t a t i o n  i s  operated by a  l o c a l  resident,  i n  most cases a science teacher, who 
i s  t r a i n e d  i n  rad io l og i ca l  su rve i l l ance  methods by t he  Un i ve rs i t y  o f  Utah. The 
s ta t ions  are equipped and maintained, and samples are co l l ec ted  and analyzed by 
EMSL-LV. D R I  provides data i n t e r p r e t a t i o n  t o  t h e  communities involved and pays 
t he  s t a t i o n  operators f o r  t h e i r  services. 

Each s t a t i o n  contains one o f  t h e  samplers f o r  t he  ASN, NGTSN and Dosimetry 
networks discussed e a r l i e r ,  p lus a  pressurized i o n  chamber (PIC) and recorder 
f o r  immediate readout o f  ex terna l  gamma exposure, and a recording barograph. 
A l l  o f  t he  equipment i s  mounted on a stand a t  a  convenient l oca t i on  i n  each 
community so t h e  res idents  are aware o f  t h e  surve i l l ance  and, i f  in terested,  
can have ready access t o  t h e  data. The s t a t i o n  loca t ions  are those ind ica ted  
i n  Figure 2. 

The data from these s ta t i ons  are included i n  t he  tab les  i n  Appendix E w i t h  
the  other  data from t h e  appropr iate networks. Table 8  contains a  summary o f  
the  P I C  data. 

CLAIMS INVESTIGATIONS 

One o f  t he  pub l i c  serv ice funct ions o f  t h e  EMSL-LV i s  t o  i nves t i ga te  
claims o f  i n j u r y  a l leged ly  due t o  r a d i a t i o n  o r i g i n a t i n g  from NTS a c t i v i t i e s .  
A ve te r inar ian ,  q u a l i f i e d  by education and experience i n  t h e  f i e l d  o f  rad io -  
b io logy,  inves t iga tes  claims o f  r a d i a t i o n  i n j u r y  f o r  domestic animals t o  
determine whether o r  not  r a d i a t i o n  exposure may be involved. I n  most cases 
the  i n j u r i e s  invest igated have been due t o  common causes such as bac te r i a l  



infections or unusual events such as feeding on halogeton, a poisonous plant. 
No such claims were made in 1986. 

PUBLIC INFORMATION PROGRAM 

An important function of the Off-Site Program has been to  create and main- 
ta in ,  t o  the extent possible, public confidence that a l l  reasonable safeguards 
are being employed t o  preserve public health and property from possible hazards 
resulting from nuclear testing. Much of th i s  responsibility i s  carried out 
through personal contact with off-si te residents by the radiation monitors who 
advise the residents of program developments and answer questions about t e s t  
activit ies.  

For any t e s t  where ground motion may be perceptible off s i t e ,  monitors 
v i s i t  remote locations and active mines beforehand t o  advise operators of pos- 
sible problems. They a1 so stand by on t e s t  day t o  advise of schedule changes. 
Mine operators are reimbursed for  time lost  due t o  these activit ies.  After the 
t e s t ,  monitors inform a l l  their  contacts that the t e s t  i s  over and whether or 
not any radiation was detected off s i te .  The community monitoring station 
managers are informed by telephone of a l l  announced t e s t  events and of their  
compl e t  i on. 

In July-August 1986, the EMSL-LV participated with the DOE in a 1-week 
refresher course for station managers arranged by the University of Utah and 
the Desert Research Institute. No major changes in the program are antici- 
pated. 

The series of "town hall" meetings, ini t iated during Fiscal Year 1982 near 
community monitoring stations was continued for CY 1986. The meetings were 
organized t o  familiarize the local citizenry with the NTS nuclear testing and 
related act ivi t ies ,  t o  show how the surveillance networks function, and t o  
answer questions or expressed concerns of the attending public. During CY86, 
meetings were held according t o  the following schedule: 

Alamo, NV January 21 Ely, NV 
Pioche, NV January 22 Lund, NV 
Pahrump, NV January 23 Tonopah, NV 
Dolan Springs, AZ March 23 Beatty, NV 
Rachel, NV May 14 Indian Springs, NV 
Panguich, UT June 11 M t .  Charleston, NV 
Ordervi 11 e ,  UT June 12 Venyo, UT 

Santa Clara, UT 

July 16 
July 17 
September 17 
September 18 
October 21 
October 23 
November 19 
November 20 

Personnel from the EMSL-LV addressed other citizen groups during CY86 as 
l isted below: 

July 8, 1986 Deer migration slides were shown t o  O.C.C. a t  NTS. Approx- 
imately 30. peopl e from vari ous agenci es attended. 

August 18, 1986 A s l ide  presentation of the comunication aspects of 
equipment used for the deer migration study was given t o  



the  radio communication section i n  Mercury during t h e i r  
monthly safety meeting. 

August 19, 1986 Deer migration study sl ides were shown t o  personnel a t  
U.S. Ecology outside of Beatty, Nevada. A great deal of 
in teres t  had been generated because the manager had 
k i l led  a tagged deer from the  NTS the previous f a l l .  

Other a c t i v i t i e s  included arranging NTS tours f o r  businesses and community 
leaders from Round Mountain, Rachel, Alamo, and Lincoln County, Nevada, and 
from Ki ngman, Arizona. 

With the continued population growth in the of f -s i te  area in recent years 
and the continuing concern f o r  keeping radiation exposures as low as reasonably 
achievable, the EMSL-LV real i zed t h a t  i t  woul d need 1 ocal government assistance 
t o  implement a l l  protective actions tha t  could be needed t o  protect close-in 
population centers should an underground nuclear t e s t  accidently vent. The 
EMSL-LV s ta f f  discussed the  k i n d s  of assistance needed w i t h  the  Nevada State  
Divi si on of Emergency Management, and obtained the  S ta te ' s  concurrence with i t s  
plan t o  work with County emergency management o f f i c i a l s  t o  develop modifica- 
t ions or additions t o  t h e i r  adopted emergency response plans. These changes 
woul d specify protective actions and procedures fo r  imp1 ementi ng them and would 
serve as formal agreements on Federal and local government responsibi l i t ies  and 
authorities.  

During 1986, an Appendix t o  the  Radiological Defense Annex of the  Clark 
County, Nevada and Inyo County, Cal i forni a emergency plans was prepared. The 
County plans, w i t h  t h e i r  new appendices, will be annexed t o  the  master plan DOE 
i s  developing fo r  of f -s i te  emergency response f o r  an accidental venting or  
seepage a t  the Nevada Test Site.  As part of these plans, 12,000 film badges 
were dis tr ibuted t o  13 locations i n  Lincoln and Nye Counties with the  objective 
of providing personal dosimetry fo r  a t  l eas t  one person per family or  about 
two-thirds of the to ta l  population in major population centers. Issue of 
badges will be performed by county or  s t a t e  personnel i n  the unlikely event of 
a s ignif icant  release of radioactive material from the  NTS. Film badge loca- 
t ions are being selected f o r  Esmeralda and White Pine Counties (Nevada). I t  
i s  planned t o  replace the film badges with TLD's du r ing  FY 1987. 

To improve i t ' s  services t o  communities i n  the environs of the  Nevada Test 
S i te ,  t o  help dispel some of the misunderstanding concerning radiation, and t o  
provide students w i t h  some of the knowledge they need t o  part icipate in the 
decision making processes, and t o  enable them t o  deal with the  nuclear tes t ing  
and waste storage and disposal problems facing the  c i t izens  of Nevada, the NRD 
s t a f f  developed a program of lectures and laboratory exercises f o r  presentation 
t o  students. 

Beginning i n  mid-October, 1986, a NRD s t a f f  member began teaching basic 
radiation concepts t o  students in high school biology, chemistry, physics and 
general science classes.  The instructor  spends 4 or 5 days a t  each school. 
During this time he presents lecture-demonstrations and conducts laboratory 
exercises. Although the  concepts presented a t  each school may d i f f e r  somewhat 



due t o  teachers '  requests and the  grade-level o f  t he  students involved, the  
1  ecturers  deal w i t h  such t o p i c s  as: 

In t roduc t ion  t o  Radiat ion Science--An H i s t o r i c a l  Perspective; 

Radioactive Decay Processes; 

B io l og i ca l  Effects o f  I o n i z i n g  Radiat ion; 

Moni tor ing Radiat ion i n  t h e  Environment, and 

Nuclear Waste Problems. 

Several l abora to ry  exercises, designed t o  in t roduce students t o  r a d i a t i o n  
measurement techniques a re  included dur ing each school v i s i t .  The program was 
approved by t he  school boards i n  both L inco ln  and Nye counties, and has been 
conducted a t  t h e  schools l i s t e d  below, t he  program w i l l  be continued a t  o ther  
school s  dur ing 1987. 

1. Pahrump High School , Pahrump, Nevada October 20-24 

2. Gabbs High School, Gabbs, Nevada October 27-30 

3. L i  ncol n  County H i  gh School , Panaca, Nevada November 03-07 

4. Pahranagat Va l ley  High School, Alamo, Nevada December 01-05 

DOSE ASSESSMENT 

During calendar year 1986 there  were f i v e  sources o f  poss ib le  r a d i a t i o n  
exposure t o  t he  populat ion o f  Nevada, a1 1  o f  which produced n e g l i g i b l e  exposure 
p o s s i b i l i t i e s  and one o f  which was due t o  an accident i n  a  f o re i gn  country. The 
f i v e  sources were: 

O Normal seepage o f  r a d i o a c t i v i t y  from t h e  NTS, 

O Purging o f  r a d i o a c t i v i t y  from the  tunnel  i n  which t h e  Mighty Oak t e s t  
was conducted, 

O Rad ioac t i v i t y  i n  migratory  deer f rom d r i nk i ng  i n  contaminated ponds 
on t h e  NTS, 

O World-wide fa1 l o u t  o f  s t ront ium i n  m i l k ,  o f  plutonium i n  c a t t l e ,  and 
krypton-85 i n  a i r ,  and 

O Airborne r a d i o a c t i v i t y  from t h e  reac to r  accident a t  Chernobyl, USSR. 

The dose equivalent  estimates from these sources f o r  people 1  i v i n g  near 
t he  Nevada Test S i t e  are  ca lcu la ted  separately i n  t h e  f o l l ow ing  sections. 



Estimated Dose from NTS A c t i v i t i e s  

The e s t i m a t e  o f  dose e q u i v a l e n t  due t o  NTS a c t i v i t i e s  i s  based on t h e  
t o t a l  r e l e a s e  of  r a d i o a c t i v i t y  from t h e  s i t e  a s  l i s t e d  i n  Table 1. Since  no 
s i g n i f i c a n t  a c t i v i t y  of  recent NTS o r i g i n  was d e t e c t a b l e  off  s i t e  by t h e  a i r ,  
water ,  mi 1 k ,  TLD o r  b i o l o g i c a l  monitor ing networks, o t h e r  t han  a s  desc r ibed  
f o r  Mighty Oak, no s i g n i f i c a n t  exposure t o  t h e  popula t ion  around t h e  NTS 
would be expected. To confirm t h i s ,  a s imple  atmospheric  d i s p e r s i o n  c a l -  
cul a t i o n ,  us ing  a gauss ian  plume model and cumul a t e d  meteor01 og ica l  d a t a  f o r  
t h e  NTS, was performed. The maximum indiv idua l  dose e q u i v a l e n t  was c a l c u l a t e d  
t o  be 1.4 prem (0.014 pSv) f o r  t h e  y e a r ,  and t h e  popula t ion  dose equiva len  t o  
t h e  6360 people 1 i v i n  w i t h i n  8 0  km of CP-1 was c a l c u l a t e d  t o  be 5.7 x 10- 5 
person-rem (5.7 x lo-! person-Sv). When t h e  Table 1 r e l e a s e  q u a n t i t i e s  were 
t e s t e d  wi th  t h e  AIRDOS program, t h e  maximum ind iv idua l  dose  q u i v a l e n t  
became 2.4 prem (0.024 pSv) and f o r  t h e  popula t ion  7.2 x persom-rem 
(7.2 x 10-5 person-Sv). 

Estimated Dose from Tunnel Purging 

The maximum i n t e g r a t e d  c o n c e n t r a t i o n  o f  xenon-133 d u r  ng t h e  purging of 5 t h e  tunnel  fo l lowing  t h e  Mighty Oak tes t  was 11.5 nCi-hr/m a t  t h e  Penoyer 
Farm near  Rachel,  Nevada. An i nd iv idua l  who remained outdoors  du r ing  t h e  170 
hours of  t h e  c o l l e c t i o n  per iod  f o r  t h e  xenon-133 would have r ece ived  an exposure 
of 0.27 prem (2.7 x pSv). 

Estimated Dose from Worl d-wide Fa1 1 o u t  

From t h e  monitor ing networks, t h e  f o l l  owing c o n c e n t r a t i o n s  of  r ad i  onucl i d e s  
were found: 

Pu-239 - <0.06 pCiIkg i n  beef l i v e r  

Kr-85 - 25 p ~ i / m 3  (0.92 ~ ~ / m ~ )  i n  a i r  

T r i t i um - 0.45 p ~ i / m 3  (17 m ~ ~ / m ~ )  i n  a i r  

To e s t i m a t e  maximum ind iv idua l  dose e q u i v a l e n t s  from t h e s e  f i n d i n g s ,  
t h e  f o l l  owing assumptions (from ICRP-23) and dose conversion f a c t o r s  (from 
ICRP-30) a r e  used. 

O Adult b rea th ing  r a t e  = 8400 m31yr 
O Mi 1 k i n t a k e  (10-year o l d )  = 160 L/yr 

O Liver consumption = 1 lb/wk = 23.6 k g l y r  

O Meat consumption = 248 g/day = 90.5 kg/yr  
s u b t r a c t  l i v e r  consumption, ba lance  i s  66.9 kg/yr  



O H-3 - 9.9 x 10- l5  Sv/hr per Bq/m3 = 3.2 x 10-7 mremlyr per p ~ i / m 3  

O Kr-85 - 4.7 x 10-11 Sv/hr per Bq/m3 = 1.5 x 10-3 mremlyr per p ~ i l m 3  

The dose equivalents can then be estimated by t he  f o l l ow ing  ca lcu la t ions :  

Pu-239: (Assume concentrat ion = detect ion 1 i m i  t )  
0.06 pCi/kg x 23.6 kg/yr  x 7.8 x 10-3 mrem/pCi = 0.011 mremlyr 

H-.3: 0.45 p ~ i / m 3  x 3.2 x 10-7 = 1.4 x 10-7 mremlyr 

These sum t o  0.12 mremlyr (1.2 vSv/yr) compared t o  t he  0.0024 mrem (2.4 x 
l o W 2  vSv) from NTS a c t i v i t i e s .  

Rad ioac t i v i t y  i n  NTS Deer 

The t i ssues  co l lec ted  from the  deer t h a t  had been d r i nk ing  from the  
T-tunnel drainage pond contained t h e  radionucl ides 1-131 and Cs-137 w i t h  t he  
concentrat ions l i s t e d  i n  Table 6. To estimate an o f f - s i t e  exposure based on 
those f ind ings,  some ra the r  broad assumptions must be used. 

During the  deer m ig ra t ion  study a t  the NTS, i t  was estimated t h a t  1500 t o  
2000 deer resided there. Because the  herd migrated t o  lower a l t i t u d e s  a f t e r  
the lega l  hunt ing season, few were co l l ec ted  by hunters. O f  t he  deer t h a t  
were tagged (about 200 by EPA personnel) on ly  3 were shot by hunters over a 
5-year period. This represents about 0.3% per year. Therefore, f o r  t he  group 
o f  25 o r  so deer t h a t  use t h e  T-tunnel drainage pond, less  than one would be 
co l lec ted  by a hunter. 

I f  one deer i s  co l lec ted,  then a f am i l y  of f o u r  persons would share t h e  
3 1 b. o f  l i v e r  and 100 1 b. o f  meat f o r  t h e  year. Assuming t he  deer w i t h  t h e  
highest concentrat ion o f  i odi ne and cesi  um was co l  1 ected, t he  dose equi val ent  
can be calculated.  The dose conversion fac to rs  are: 

1-131: 4.8 x Sv/Bq = 1.8 x rem/pCi t o  t h y r o i d  

Cs-137: 1.5 x 10-8 SvIBq = 5.6 x 10-8 rem/pCi t o  muscle 

The in take  would be 3 l b .  = 1.36 kg o f  l i v e r  and 100 Ib .  = 45.3 kg o f  meat so 
t he  dose t o  t h e  t h y r o i d  would be 1.36 kg x 80 nCi/kg x 1.8 x remlpki = 
196 mrem p lus 45.3 kg1365 days x 12 days (T ) x 16 nCi/kg x 1.8 x 10' 
rem/pCi = 43 mrem f o r  a t o t a l  o f  240 mrem (P#groid) d iv ided among fou r  people. 
The whole-body dose equivalent  from Cs-137 would be (1.36 kg x 400 pCi/kg) 
+ (45.3 kg x 200 pCi/kg) = 9600 pCi and 9600 pCi x 5.6 x 10-8 rem/pCi = 
0.54 mrem. With the weight ing f ac to rs  recommended i n  ICRP-26, t he  e f f e c t i v e  



dose equivalent  would be 7.7 mrem i f  a l l  was consumed by one person o r  only 
1.9 mrem i f  shared equal ly  among a fami l y  o f  four.  

Estimated Dose from Chernobyl 

O f  t h e  radionucl ides detected by the  ASN on ly  1-131 was i n  concentrat ions 
high enough t o  warrent a dose ca lcu la t ion.  Only 5 o f  t h e  113 a i r  sampling 
s ta t ions  detected no radioiodine.  Using t h e  t ime- integrated concentrat ions o f  
1-131 a t  each s ta t ion ,  an estimated dose equivalent  f o r  i n f a n t s  w i t h  a 2-gram 
t h y r o i d  was ca lcu la ted f o r  each s t a t i o n  l oca t i on  as shown i n  Table 9. With the  
weighting f a c t o r  recommended by t h e  ICRP, the  ca lcu la ted  e f f e c t i v e  dose equiv- 
a lents  from Table 9 ranged from about 0.001 mrem t o  a maximum o f  s l i g h t l y  more 
than 0.06 mrem. 

Background Radiat ion 

Background r a d i a t i o n  i n  t he  o f f - s i t e  area i s  measured by two methods. 
The TLD's (page 40) measure cumul a t i  ve exposure, and t h e  P I C ' S  (page 45) meas- 
ure exposure rate.  Both measurement systems show a f a c t o r  o f  3 d i f fe rence  
(high vs. 1 ow) i n  dose equivalent  depending on the  l o c a t i o n  where the  measure- 
ment was made. I n  add i t ion,  a t  any l oca t i on  there can be var ia t ions  o f  as 
much as 1.5 t o  2 prem/hr f o r  3 t o  4 hours when atmospheric low-pressure 
troughs move through t he  area. The low pressure al lows more o f  the  natura l  
r a d i o a c t i v i t y  t o  d i f f u s e  from the  so i  1 t o  temporari l y  increase t h e  background 
rad ia t ion.  This occurs 5 t o  6 times per  year a t  t h e  P I C  s t a t i ons  w i t h  an 
excursion up t o  2 pR/hr and a dura t ion  o f  3 t o  4 hours. Since t he  graph o f  
these excursions appears s inusoidal ,  t he  exposure de l i ve red  by these events 
can be 5 t o  6 prem each. 

Therefore, t o  put  t he  dose equivalents ca lcu la ted f o r  NTS a c t i v i t i e s ,  
world-wide f a l l o u t  and Chernobyl i n t o  perspective, they may be compared t o  up 
t o  100 mrem/yr dose acquired merely by moving from one l o c a t i o n  t o  another o r  
t o  t he  25 t o  30 premlyear added dose of one l o c a t i o n  due t o  meteorological 
e f fec ts .  



TABLE 9. THYROID INHALATION DOSE EQUIVALENT, MAY AND JUNE 1 9 8 6  ............................................................................ ----------------------------------------------------------------------------=== 

INFANT THYROID DOSE ADULT THYROID DOSE 
STATION MREM** MREM** 

GLOBE AZ 

KINGMAN AZ 

TUCSON AZ 

WINSLOW AZ 

YUMA AZ 

L I T T L E  ROCK AR 

ALTURAS CA 

BAKER CA 
I 

BISHOP CA 

CHIC0 CA 

DEATH VALLEY JCT CA 

FURNACE CREEK CA 

IND IO  CA 

LONE P INE  CA 

NEEDLES CA 

RIDGECREST CA 

SANTA ROSA CA 

SHOSHONE CA 

CORTEZ CO 

DENVER CO 

GRAND JUNCTION CO 

MOUNTAIN HOME I D  

NAMPA I D  0.20 
(CONTINUED) 



TABLE 9. CONTINUED 
----------------------------------------*-------------------------------------- ............................................................................... 

INFANT THYROID DOSE ADULT THYROID DOSE 
STAT ION MREM** MREM** 

POCATELLO I D  

FORT DODGE I A  

IOWA CITY I A  

DODGE CITY KS 

MINNEAPOLIS MN 

JOPLIN MO 

ST JOSEPH MO 

GREAT FALLS MT 

KALISPELL MT 

MILES CITY MT 

NORTH PLATTE NE 

ALAMO NV 

AUSTIN NV 

BATTLE MOUNTAIN NV 

BEATTY NV 

CALIENTE NV 

STONE CABIN RANCH NV 

CURRANT NV - BLUE EAGLE RANCH 

CURRANT NV - ANGLE WORM RANCH 

CURRIE NV 

DUCKWATER NV 

ELK0 NV 

ELY NV 



TABLE 9. CONTINUED ............................................................................... ............................................................................... 
INFANT THYROID DOSE ADULT THYROID DOSE 

STATION MREM** MREM** 

EUREKA NV 

FALLON NV 

FRENCHMAN STATION NV 

GEYSER RANCH NV 

GOLDFIELD NV 

GROOM LAKE NV 

HIKO NV 

IND IAN  SPRINGS NV 

LAS VEGAS NV 

LATHROP WELLS NV 

LOVELOCK NV 

LUND NV 

MESQUITE NV 

NYALA NV 

OVERTON NV 

PAHRUMP NV 

PIOCHE NV 

RENO NV 

ROUND MOUNTAIN NV 

SCOTTY' S JCT NV 

SUNNYSIDE NV 

RACHEL NV - ROBINSON TRAILER PARK 

RACHEL NV - PENOYER FARM CRIS CASTLETON 0.0070 
(CONTINUED) 



TABLE 9. CONTINUED ............................................................................... ............................................................................... 
INFANT THYROID DOSE ADULT THYROID DOSE 

STAT I ON MREM** MREM** 

TONOPAH NV 

TTR NV 

FALLINI'S (TWIN SPGS) RANCH NV 

WELLS NV 

WINNEMUCCA NV 

ALBUQUERQUE NM 0.062 0.037 

CARLSBAD NM 

SHIPROCK NM 

BISMARK ND 

FARGO ND 

WILLISTON ND 

MUSKOGEE OK 

MEDFORD OR 

BURNS OR 

RAPID CITY SD 

AMARILLO TX 

MIDLAND TX 

BRYCE CANYON UT 

CEDAR CITY UT 

DELTA UT 

ENTERPRISE UT 

GARRISON UT 

LOGAN UT 0.11 
(CONTINUED) 



TABLE 9. CONTINUED ............................................................................... ............................................................................... 
INFANT THYROID DOSE ADULT THYROID DOSE 

STAT1 ON MREM** MREM** 

MILFORD UT 0.31 0.18 

PAROWAN UT 

ST GEORGE UT 

SALT LAKE C I T Y  UT 

VERNAL UT 0.17 0.10 

WENDOVER UT 0.13 0 .075 

SEATTLE WA 0.061 0.036 

SPOKANE WA 0.20 0.12 

ROCK SPRINGS W Y  0.27 0.16 

WORLAND WY 0.17 0.10 ............................................................................... ............................................................................... 
*NO RAD I O I O D  I N E  WAS DETECTED I N  SAMPLES COLLECTED AT MONROE, LA, MINNEAPOLIS , 

MN, ADAVEN, NV, MEDLIN RANCH, NV, AND TYLER, TX. 
**CALCULATED FROM RADIOIODINE ON PARTICULATE F I L T E R S  ONLY. 

REFERENCE 

ICRP-23 FOR BREATHING RATES. 

ICRP-30  FOR DOSE CONVERSION FACTORS AND EFFECTIVE ENERGY PER DISINTEGRATION. 

BNWL-1754, FEBRUARY, 1974 .  FOR EFFECTIVE ENERGY PER DISINTEGRATION FOR 
2-YEAR-OLD. 



SECTION 6 

REFERENCES 

ANSI75 American National Standards I n s t i t u t e ,  Inc., 1975, "American National 
Standard Performance Testing and Procedural Specifications f o r  Thermolumi- 
nescent Dosimetry ( E n v i  ronmental Appl ica t ions)  ." ANSI N545-1975.. 

Be73 Bernhardt , D. E. ,  A. A. Moghi s s i  and 3 .  A. Cochran, 1973, Atmospheric 
Concentrations of Fission Product Noble Gases, pp. 4-19, in  Noble Gases, 
CONF-730915. 

B184 Black, S. C. and D. D.  Smith, 1984, "Nevada Test S i t e  Experimental 
Farm Summary Report 1963-1981". EPA 600/4-84-066, DOE/DP/0539-052. U. S. 
Environmental Protection Agency, Environmental Monitoring Systems Labor- 
a tory,  Las Vegas, Nevada. 

CA85 Cal i fornia ,  1985, Personal comnunication from California county agents. 

DOE85a U.S. Department of Energy, 1985, Amendment t o  DOE Order 5480.1A, Radia- 
t i o n  Standards f o r  Protection of the Public i n  t he  Vicinity of DOE 
F a c i l i t i e s .  

DOE85 U. S. Department of Energy, 1985, Envi ronmental Protection,  Safety,  and 
Health Protection Information Reporting Requirements. Order DOE 5484.1. 

DOE87 U.S. Department of Energy, 1987, Personal comnunication from Health Physics 
Division, DOE/NV, Las Vegas, NV. 

EPA81 U.S. Environmental Protection Agency, 1981, "Environmental Radioactivity 
Laboratory Intercompari son Studies Program 1978-1979. " EPA-600/4-81-004. 
Environmental Monitoring and Support Laboratory, Las Vegas , Nevada. 
(Available from U.S. Department of Commerce, NTIS, Springfie ld ,  VA 22161.) 

EPA86 U.S. E n v i  ronmental Protection Agency, 1986, "Off -Si t e  Monitoring f o r  the 
Mi ghty Oak Nuclear Test." EPA 600/4-86-030. Environmental Monitoring 
Systems Laboratory, Las Vegas, Nevada. (Avai lab1 e from the U.S. E n v i  ron- 
mental Protection Agency. ) 

ERDA77 U. S. Energy Research and Development Admi n i  s t r a t  ion,  1977, "Fi nal Envi ron- 
mental Impact Statement, Nye County, Nevada. " Nevada Operations Office, Las 
Vegas , N V ,  Report ERDA-1551. (Avai 1 able from U. S. Department of Commerce, 
NTIS, Springfield,  VA 22161.) 



Gi79 Gi les ,  K. R., 1979, "A Summer Trapping Method f o r  Mule Deer." EMSL-LV-0539-27. 
U.S. Environmental P r o t e c t i o n  Agency, Environmental Mon i to r i ng  and Support 
Laboratory, Las Vegas , Nevada. 

Gi85 Gi les ,  K. R. and J. Cooper, 1985, "Charac te r i s t i cs  and M i g r a t i o n  Pat te rns  o f  
Mule Deer on t h e  Nevada Test Site," U.S. Environmental P r o t e c t i o n  Agency, 
Environmental Mon i to r i ng  Systems Laboratory Report EPA-60/4-85-030 (DOE/DP/ 
00539-054). 

Ho75 Houghton, J. G., C. M. Sakamoto, and R. 0. G i f f o r d ,  1975, "Nevada's Weather 
and Climate." Specia l  Pub1 i c a t i o n  2. Nevada Bureau o f  Mines and Geology, 
Mackay School o f  Mines, U n i v e r s i t y  o f  Nevada, Reno, Nevada. pp. 69-74. 

ICRP75 I n t e r n a t i o n a l  Commission i n  Rad io log ica l  P ro tec t i on ,  1975, Report o f  t h e  
Task Group on Reference Man, Report ICRP-23. 

ICRP77 I n t e r n a t i o n a l  Commission i n  Rad io log ica l  P ro tec t i on ,  1977, Recommendations 
o f  t h e  ICRP, Report ICRP-26. . 

ICRP79 I n t e r n a t i o n a l  Commission i n  Radi 01 og i  ca l  P ro tec t i on ,  1979, Radi onucl i de 
Releases t o  t h e  Environment: Assessment o f  Dose t o  Man, Report ICRP-24. 

ICRP79 I n t e r n a t i o n a l  Commission i n  Rad io log ica l  P ro tec t i on ,  1979, L i m i t s  f o r  
I n take  o f  Radionucl ides by Workers, Report ICRP-30, 3 pa r t s .  

Ja81 J a r v i s ,  A. N. and L. S i  u, 1981, Environmental R a d i o a c t i v i t y  Labora tory  
Intercompar ison Studies Program - FY 1981-82, EPA-60014-81-004, U.S. EPA, 
Environmental Mon i to r i ng  Systems Laboratory, Las Vegas, Nevada. 

NPS80 Nat iona l  Park Serv ice,  1980, Personal Communication w i t h  Ch ie f  Ranger R. 
Rai ner,  Death Val 1 ey Nat i onal Monument, Death Val 1 ey , Cal i f  o r n i  a. 

NCRP71 Nat iona l  Counci l  on Rad ia t i on  P r o t e c t i o n  and Measurements, 1971, Basic 
Rad ia t i on  P r o t e c t i o n  C r i t e r i  a. NCRP Report No. 39. 

NCRP75 Nat iona l  Counci l  on Rad ia t i on  P r o t e c t i o n  and Measurements, 1975, Natura l  
Background Rad ia t i on  i n  t h e  Un i ted  States. NCRP Report No. 45. 

NV86 Nevada Department o f  A g r i c u l t u r e ,  1986, "Nevada A g r i c u l t u r a l  S t a t i s t i c s  1985." 
Nevada Crop and L ives tock  Repor t ing  Service, Reno, Nevada. 

P i82 Patzer,  R. G. and M. E. Kaye, 1982, "Resul ts  o f  a Human Surve i l l ance  
Program i n  t h e  O f f - s i t e  Area Surrounding t h e  Nevada Test Si te."  Hea l th  
Phys. 43:791-801. 

Qu68 Q u i r i n g ,  R. E., 1968, "C l ima to log ica l  Data, Nevada Test  S i t e ,  Nuclear Rocket 
Development S t a t i o n  (NRDS) . " ERLTM-ARL-7. ESSA Research Labora to r ies  , 
Las Vegas, Nevada. 



Sm81 Smith, D. D. and V. E. Andrews, 1981, Selected Radioisotopes in Animal 
Tissues: 9 0 ~ r  and 13'cs Measurements from 1956 t o  1977. U.S. Environmental 
Protection Agency Report EPA-600/3-81-027 (DOE/DP/00539-040). Las Vegas , 
Nevada. 

Sm84 Smith, D. D. and S, C. Black, 1984, Animal Investigation Program f o r  t h e  
Nevada Test S i t e  1957-1981, U.S. Environmental Protection Agency, 
Envi ronmental Monitoring Systems Laboratory Report EPA 600/6-84-020, 
Las Vegas, Nevada. 

UT82 Utah Department of Agriculture, 1982, "Utah Agricultural S t a t i s t i c s ,  1982." 
S ta te  of Utah Department of Agriculture, Sa l t  Lake City,  Utah. 

Wi75 Winograd, I. 3.  and W. Thordarson, 1975, Hydrogeologic and hydrochemical 
framework, south-central Great Basi n ,  Nevada-Cal i fo rn i  a ,  with speci a1 
reference t o  the  Nevada Test S i t e ,  USGS Professional Paper 712-C, Denver, 
Colorado. 



APPENDIX A 

SITE DATA 

SITE DESCRIPTION 

A summary o f  t h e  uses o f  t h e  NTS and i t s  immediate envi rons i s  inc luded 
i n  Sect ion 3 o f  t h i s  repor t .  More d e t a i l e d  data and d e s c r i p t i v e  maps a r e  
contained i n  t h i s  Appendix. 

Locat i on 

The NTS i s  l oca ted  i n  Nye County, Nevada, w i t h  i t s  southeast corner  about 
90 km northwest o f  Las Vegas (F igu re  1 i n  main repor t ) .  It has an area o f  
about 3,500 square km and v a r i e s  f rom 40 t o  56 km i n  w id th  (east-west) and from 
64 t o  88 km i n  l e n g t h  (north-south). This area cons is ts  o f  l a r g e  bas ins  o r  
f l a t s  about 900 t o  1,200 m above mean sea l e v e l  (MSL) surrounded by mountain 
ranges r i s i n g  1,800 t o  2,300 m above MSL. 

The NTS i s  surrounded on t h r e e  s ides by exc lus ion areas, c o l l e c t i v e l y  
named t h e  N e l l i s  A i r  Force Range, which prov ide a b u f f e r  zone between t h e  t e s t  
areas and p u b l i c  lands. This b u f f e r  zone v a r i e s  f rom 24 t o  104 km between t h e  
t e s t  area and l a n d  t h a t  i s  open t o  t h e  pub l i c .  Depending upon wind speed and 
d i r e c t i o n ,  f rom 2 t o  more than 6 hours w i l l  e lapse be fo re  any re lease o f  a i r -  
borne r a d i  oact  i v i  t y  cou ld  pass over pub1 i c 1 ands. 

C l  imate 

The c l i m a t e  o f  t h e  NTS and surrounding area i s  va r iab le ,  due t o  i t s  v a r i a -  
t i o n s  i n  a l t i t u d e  and i t s  rugged t e r r a i n .  General ly,  t h e  c l i m a t e  i s  r e f e r r e d  
t o  as c o n t i n e n t a l  a r id .  Throughout t h e  year, t h e r e  i s  i n s u f f i c i e n t  water t o  
support t h e  growth o f  common food crops w i thou t  i r r i g a t i o n .  

Cl imate may be c l a s s i f i e d  by t h e  types o f  vegeta t ion  indigenous t o  an 
area. According t o  Houghton e t  a l .  (Ho75), t h i s  method o f  c l a s s i f i c a t i o n  o f  
d r y  cond i t i on ,  developed by Doppen, i s  f u r t h e r  subdiv ided on t h e  bas is  o f  
temperature and s e v e r i t y  o f  drought. Tab1 e A-1 (Ho75) summarizes t h e  charac- 
t e r i s t i c s  o f  c l i m a t i c  types f o r  Nevada. 

According t o  Qu i  r i n g  (Qu68), t h e  NTS average annual p r e c i  p i  t a t  i on ranges 
f rom about 10 cm a t  t h e  lower e leva t ions  t o  around 25 cm on t h e  h igher  e leva- 
t i o n s .  Dur ing t h e  w i n t e r  months, t h e  p lateaus may be snow-covered f o r  a 
p e r i o d  o f  several  days o r  weeks. Snow i s  uncommon on t h e  f l a t s .  Temperatures 
vary cons iderab ly  w i t h  e leva t ion ,  s l  ope, and 1 ocal  a i  r cur rents .  The average 
d a i l y  h i g h  ( low) temperatures a t  t h e  lower a l t i t u d e s  a re  around 5Q°F (25OF) i n  



TABLE A-1. CHARACTERISTICS OF CLIMATIC TYPES IN NEVADA 
(from Houghton e t  a1 . 1975) ................................................................................ ................................................................................ 

Annual 
Mean Temperature Preci p i t a t i  on 

O C cm Percent 
(OF) (inches) Domi nant o f 

Cl imate Type Winter Summer Total * Snowfall Vegetation Area 

A1 pine -18" t o  -9' 4" t o  10' 38 t o  114 Medium Alpine - - 
tundra ( 0" t o  15') (40" t o  50°) (15 t o  45) t o  meadows 

heavy 

Humi d -12' t o  -lo 10" t o  21' 64 t o  114 Heavy P i  ne-f i r 1 
continental  (10" t o  30") (50" t o  70") (25 t o  45) f o r e s t  

Subhumi d -12' t o  -lo 10" t o  21" 30 t o  64 Moder- Pine o r  15 
continental (10" t o  30") (50" t o  70") (12 t o  25) a t e  scrub 

wood1 and 

Mid-latitude -7" t o  4" 18" t o  27' 15 t o  38 Light Sagebrush, 57 
steppe (20" t o  40°) (65" t o  80") ( 6 t o  15) t o  grass ,  

moderate scrub 

Mid-latitude -7Oto  4' 1 8 O t o 2 7 "  8 t o  20 Light Grease- 2 0 
deser t  (20" t o  40") (65" t o  80") ( 3 t o  8) wood, 

shadscal e 

Low-latitude -4' t o  10" 27" t o  32" 5 t o  25 Negl ig- Creosote 7 
deser t  (40' t o  50°) (80" t o  90") ( 2 t o  10) i b l e  bush 

................................................................................ ................................................................................ 
*Limits of annual p rec ip i ta t ion  over1 ap because of var ia t ions  i n  temperature 
which a f f e c t  t h e  water balance. 

January and 95OF (55OF) i n  July ,  with extremes of 120°F and -15OF. Correspond- 
ing temperatures on t h e  plateaus a r e  35°F (25°F) i n  January and 80°F (65°F) i n  
July with extremes of 115°F and -30°F. 

The wind d i r ec t ion ,  a s  measured on a 30 m tower a t  an observation s t a t i on  
about 9 km NNW of Yucca Lake, is  predominantly northerly except during the 
months of May through August when winds from the south-southwest predominate 
(Qu68). Because of t h e  prevalent mountain/valley winds in  t h e  basins ,  south t o  
southwest winds predominate during day1 i ght hours of most months. D u r i n g  the 
winter months  southerly winds have only a s l i g h t  edge over nor ther ly  winds f o r -  
a few hours during the  warmest par t  of t he  day. These wind pa t te rns  may be 
qu i te  d i f f e r en t  a t  o ther  locat ions  on the  NTS because of local  t e r r a i n  e f f e c t s  
and differences  in  elevation.  



Geol ogy and Hydro1 ogy 

Two major hydrologic systems shown i n  Figure A-1 e x i s t  on t h e  NTS (ERDA77). 
Ground water i n  t he  northwestern p a r t  o f  t he  NTS o r  i n  t h e  Pahute Mesa area 
flows a t  a r a t e  o f  2 m t o  180 m per year t o  the south and southwest toward t he  
Ash Meadows Discharge Area i n  t h e  Amargosa Desert. Ground water t o  t he  east o f  
t he  NTS moves from nor th  t o  south a t  a r a t e  o f  not less than 2 m nor greater 
than 220 m per year. Carbon-14 analyses o f  t h i s  eastern ground water i nd i ca te  
t h a t  t he  lower v e l o c i t y  i s  nearer t he  t r u e  value. A t  Mercury Val ley  i n  the  
extreme southern p a r t  o f  t h e  NTS, the  eastern ground water f l ow s h i f t s  south- 
westward toward t h e  Ash Meadows Discharge Area. 

Land Use of NTS Environs 

Figure A-2 i s  a map o f  t he  off-NTS area showing a wide v a r i e t y  o f  land 
uses, such as farming, mining, grazing, camping, f i sh ing ,  and hunt ing w i t h i n  a 
300-km rad ius o f  t h e  NTS. For example, west o f  t he  NTS, e levat ions range from 
85 m below MSL i n  Death Val ley t o  4,420 rn above MSL i n  t h e  S ie r ra  Nevada Range. 
Parts o f  two major a g r i c u l t u r a l  va l leys  ( t he  Owens and San Joaquin) are included. 
The areas south of t h e  NTS are more uni form since t he  Mojave Desert ecosystem 
(mi d-1 a t i  tude deser t )  comprises most o f  t h i s  po r t i on  o f  Nevada, Cal i f o r n i  a, and 
Arizona. The areas east o f  t he  NTS are p r i m a r i l y  m id - la t i tude  steppe w i t h  some 
o f  t he  o lde r  r i v e r  va l leys,  such as t h e  V i r g i n  River  Val l e y  and Moapa Val ley ,  
support ing i r r i g a t i o n  f o r  small -scale but  in tens ive  farming o f  a v a r i e t y  o f  
crops. Grazing i s  a lso  common i n  t h i s  area, p a r t i c u l a r l y  t o  t he  northeast. 
The area nor th  o f  t h e  NTS i s  a lso mid - la t i tude  steppe, where t he  major ag r i cu l -  
t u r a l  a c t i v i t y  i s  grazing o f  c a t t l e  and sheep. Minor ag r i cu l t u re ,  p r i m a r i l y  
t he  growing o f  a l f a l f a  hay, i s  found i n  t h i s  po r t i on  o f  t h e  State w i t h i n  300 km 
o f  t he  NTS Control Po in t -1  (CP-1). Many o f  the  res idents  grow o r  have access 
t o  l o c a l l y  grown f r u i t s  and vegetables. 

Many recreat iona l  areas, i n  a1 1 d i r ec t i ons  around the  NTS (Figure A-2) are 
used f o r  such a c t i v i t i e s  as hunting, f i sh ing ,  and camping. I n  general, t he  
camping and f i s h i n g  s i t e s  t o  the  northwest, north, and northeast o f  t h e  NTS are 
u t i l i z e d  throughout t h e  year except f o r  t h e  w in te r  months. Camping and f i s h i n g  
loca t ions  t o  t h e  southeast, south, and southwest are u t i l i z e d  throughout the  
year. The hunt ing season i s  from September through January. 
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F i g u r e  A-1. Ground-water f l o w  systems around t h e  Nevada Test  S i te .  
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F igure  A-2. General land use w i t h i n  300 km o f  t h e  Nevada Test S i t e .  

A- 5 



Populat ion D i s t r i b u t i o n  

F igure A-3 shows t h e  cur rent  populati'on o f  counties surrounding t h e  NTS 
based on 1980 census f igures.  Excluding Clark County, t he  major populat ion 
center (approximately 536,000 i n  1984), t he  populat ion dens i ty  w i t h i n  a  150 km 
rad ius o f  t h e  NTS i s  about 0.5 persons per  square ki lometer. For comparison, 
t he  48 contiguous states (1980 census) had a populat ion dens i ty  o f  approximately 
29 persons per square ki lometer. The estimated average popula t ion dens i ty  f o r  
Nevada i n  1980 was 2.8 persons per square ki lometer. 

The o f f - s i t e  area w i t h i n  80 km o f  the  NTS ( the area i n  which the dose 
commitment must be determined f o r  t he  purpose of t h i s  repor t )  i s  predominantly 
ru ra l .  Several small communities are located i n  the  area, t h e  la rges t  being i n  
t he  Pahrump Val ley.  This growing r u r a l  community, w i t h  an estimated populat ion 
o f  about 5,500, i s  located about 72 km south o f  t he  NTS CP-1. The Amargosa 
Farm Area, which has a  populat ion o f  about 1,200, i s  located about 50 km south- 
west o f  CP-1. The l a rges t  town i n  t he  nea r -o f f s i t e  area i s  Beatty, which has a  
populat ion o f  about 900 and i s  located approximately 65 km t o  t he  west o f  CP-1. 
A repor t  by Smith and Coogan was publ ished i n  1984 which summarizes t he  popula- 
t i o n  d i s t r i b u t i o n  w i t h i n  selected r u r a l  areas out  t o  200 k i lometers  from the  
Control Po in t  on t h e  NTS. 

The Mojave Desert o f  Ca l i fo rn ia ,  which includes Death Val ley National 
Monument, 1  i e s  along the southwestern border o f  Nevada. The National Park 
Service (NPS80) estimated t h a t  t h e  popul a t  i on w i t h i n  the  Monument boundaries 
ranges from a minimum o f  200 permanent res idents  dur ing t he  summer months t o  as 
many as 5,000 t o u r i s t s  and campers on any p a r t i c u l a r  day dur ing t h e  major ho l -  
iday per iods i n  t he  w in te r  months, and as many as 30,000 dur ing "Death Val ley 
Days" i n  t h e  month o f  November. The l a rges t  town and contiguous populated area 
(about 40 square m i les )  i n  t h e  Mojave Desert i s  Barstow, located 265 km south- 
southwest o f  t h e  NTS, w i t h  a  1983 populat ion o f  about 36,000. The next l a rges t  
populated area i s  t h e  Ridgecrest-China Lake area, which has a  cur rent  popula t ion 
o f  about 25,000 and i s  located about 190 km southwest o f  the  NTS. The Owens 
Valley, where numerous small towns are located, l i e s  about 50 km west o f  Death 
Val ley. The l a rges t  town i n  Owens Val ley  i s  Bishop, located 225 km west-north- 
west of t h e  NTS, w i t h  a  populat ion o f  about 5,300 i nc l ud ing  contiguous populated 
areas. 

The extreme southwestern reg ion o f  Utah i s  more developed than t h e  adjacent 
p a r t  of Nevada. The la rges t  community i s  S t .  George, located 220 km east o f  
t he  NTS, w i t h  a  populat ion o f  11,300. The next la rges t  town, Cedar C i t y ,  w i t h  
a  popula t ion o f  10,900, i s  located 280 km east northeast o f  t h e  NTS. 

The extreme northwestern region o f  Arizona i s  most ly range land except f o r  
t h a t  p o r t i o n  i n  t he  Lake Mead Recreation Area. I n  add i t ion,  several small com- 
mun i t i  es 1  i e  a1 ong t h e  Colorado River. The l a rges t  town i n  t h e  area i s  Kingman, 
located 280 km southeast of t h e  NTS, w i t h  a  populat ion o f  about 9,300. Figures 
A-4 through A-7 show the domestic animal populat ions i n  t he  count ies near the  
NTS. 
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F j g u r e  A-3. Popul a t i  on o f  A r i  zona, C a l i  f o r n i  a, Nevada, and Utah 
Counties near t h e  Nevada Test  S i t e  (1985). 
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F igure  A-4. D i s t r i b u t i o n  of family m i l k  cows and goats, by county (1986) .  
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F i g u r e  A-5. D i s t r i b u t i o n  o f  d a i r y  cows, by  county (1986). 
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F i g u r e  A-6. D i s t r i b u t i o n  of beef c a t t l e ,  by county (1986). 
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F i g u r e  A - 7 .  D i s t r i b u t i o n  o f  sheep, by county (1986). 

A - 1  1 



APPENDIX B 

SAMPLE ANALYSIS PROCEDURES 

ANALYTICAL PROCEDURES 

The procedures for analyzing samples coll ected for offsi te survei 1 1  ance are 
described by Johns et al. in "Radiochemical Analytical Procedures for Analysas 
of Envi ronmental Samples" (EMSL-LV-0539-17, 1979) and are summarized in Table 
B-1. 

TABLE B-1. SUMMARY OF ANALYTICAL PROCEDURES 

Counting Approximate 
Type o f  Ana ly t ica l  Period Analyt ical  Sampl e Detect i o n  
Anr lys ls  ' Equlpnent (mfn) Procedures Sf re '  L l a i  t* 

IG Ge(L1) IG o r  Ge(L1) A i r  charcoal 
fmm detec tor  c a l l -  car t r idges 
f PS brated a t  0.5 keV/ and ind iv idua l  
t r c m t r y C I  channel (0.04 a i r  f i l t e r s ,  

t o  2 MeV range) 30 min; a i r  
i nd i v i dua l  detec- f i l t e r  cam- 
t o r  e f f i c ienc ies  posl tes,  I200 
ranging from min. 100 a i n  
15% t o  35%. fo r  mi lk ,  

water, sus- 
pended sol ids. 

Radionucl i d e  120-370 m3 
concentration f o r a i r  
quant i f  led f i l t e r s ;  
from gamna and char- 
spectral data coal car-  
by on-1 i ne t r idges;  
cqmputer pro- 3-1/2 
gram. Radio- 1 i t e r s  f o r  
nuclides i n  a i r  m i l t  and 
f i l t e r  canposite water. 
s a p l e s  are 
i d e n t i f i e d  only. 

Sross beta Low-level end 30 Samples are 120-370 d 
on rlr wlndow, gas counted a f te r  
fll t e r s  fl ow p ropo r t i  onal decay of 

Counter w i th  a natura l ly -  
12.7 cm diameter occuring 
window (80 ug/an2) radionucl Ides 

and, I f  neces- 
sary, extrapo- 
1 ated t o  mid- 
point  of co l -  
l e c t i o n  i n  

snce wi t h 
d e h y  o r  

an uper iment-  
81 1 y-derived 
decay. 

For rou t i ne  m i l k  
and water general l y  , 
5 pCi/L f o r  most 
camon f a l l  out 
r rd ionucl  ides i n  a 
simp1 e spect rm.  
F l l t e r s  f o r  LTHHP 
suspended sol  ids, 
6 pCi/L. A i r  
f i l t e r s  and char- 
coal c a r t r  dges, A 0.04 pCl/ . 

(cont 1 nued ) 



TABLE B-1. (Continued) 

Counting Approx fu te  
Type of Analytfcal Period Ana ly t i c r l  Salw 1 e Detection 
Analysfs Equ ipant  (min) Procedures S i re  L f n t  to 

S r-89-90 La-background 50 
th ln-ufndw. 
gas-flow pro- 
por t iona l  
counter. 

H-3 
Pnrtchmtnt 
(Long-Term 
Hydro- 
logical 
S81ppf cs ) 

Automatfc 
l l q u f d  
s c t n t t l l a t t o n  
counter wt t h  
output pr ln ter .  

Automattc 200 
s c t n t t l l a t f o n  
counter w t th  
output pr tnter .  

Alpha spectro- 1000-1 400 
meter w t th  450 
m, ~OO-UUI 
dep l t t t on  depth, 
s t 1  tcon surface 
b a r r t e r  detectors 
operated I n  
vacuum chambers. 

Kr-85, Au tomt tc  200 
Xe-133, 1 tqutd s c f n t t l -  
Xe-135 I a t t o n  counter 

u t  t h  output 
p r l  nter. 

Chemical separa- 1.0 l i t e r  Sr-89 5 pC iA  
t f o n  by ion  ex- f o r  mi lk  ' Sr-90 = 2 pCfA. 
change. Separated o r  ra te r .  
sample counted 0.1-1 k g  
successively; ac- f o r  t lssue. 
t t v i  t y  ca lcu l  ated 
by sfmul taneous 
so lu t i on  o f  equa- 
t lons. 

Sample pre- 4 ml 400 pCtA. 
pared by f o r  water 
d l s t f l l a t t o n .  

Sample concen- 250 ml 10 pCfA. 
t r a  ted by f o r  water 
e lec t ro l ys t s  
f o l  lowed by 
d f s t l l l a t i o n .  

Water sample o r  
r c f  d-dl gested 
f t l t e r  o r  t l ssue 
samples separated 
by ton exchange, 
e l t c t r o - p l  ated on 
stainless steel  
planchet. 

1.0 l t t e r  Pu-238 = 0.03 pCIA 
for  water; Pu-239 = 0.04 pCtA  
0.1-1 k g  f o r  water. For 
fo r  t lssue; t l ssue  samples, 
5,000- 0.04 pCi per t o t a l  
10,000 m3 sample f o r  a l l  
f o r  atr .  Isotopes; 5-10 a ~ t b 3  

f o r  plutontum on a i r  - 
f i l t e r s .  

Separa t t  on by 0.4-1.0 n3 Kr-85, Xe-133, Xe-135 
gas chromatogra- f o r  a t r  4 p ~ i / a 3 .  
phy; d isolved I n  
toluene 'cocktaf 1 " 
for  sountlng 

~ ~ . 1 ~ ~ ~ ~ ~ ~ = m ~ ~ w w m m 1 ~ ~ w ~ 1 1 s 1 m m ~ ~ ~ 1 1 w 1 ~ w w w w w w w ~ w 1 s w 1 w n ~ ~ ~ s 1 m ~ ~ s s s ~ m s ~ ~ 1 ~ w s s s ~ w m ~ w ~ w w ~ 1 ~ m s m m ~ m ~ w s m ~ m m 8 m m  

+The detect fon l t l a l t  I s  defined as 3.29 s t g m  where sfgma equals the counting e r r o r  o f  the sample 
and Type I e r r o r  = Type 11 e r r o r  = 5 percent. (J.  P. Corley, 0. H. Dtnham, R. E. Jaqutsh, 0. E. 
Hlchels, A. R. Olsen, 0. A. Yaite, A Gufde f o r  Envtronmtntal Radfologtcal Survef l lance a t  U.S. 
Dept. of Energy tns ta l la t tons,  J u l y  1981, O f f l ce  of Operattonal Safety Report DOE/EP-0023, U.S. 
DOE, Yashtngton, 0. C.1 

* % a m  Spectrometry ustng e t the r  an t n t r t n s t c  gemant urn (IG), o r  1 1 th tum-dr l f ted  germantun dtode 
(Ge(Lf1) detector. 



APPENDIX C 

QUALITY ASSURANCE PROCEDURES 

PRECISION OF ANALYSIS 

The duplicate sampling program was in i t i a t ed  fo r  the  purpose of routinely 
assessing the errors  due t o  sampling, analysis,  and counting of samples obtained 
from the surveillance networks maintained by the EMSL-LV. 

The program consists of the analysis of duplicate or repl icate  samples 
from the ASN, the  NGTSN, the LTHMP, and the Dosimetry Network. As the radio- 
ac t iv i ty  concentration in samples collected from the  LTHMP and the  MSN a re  
be1 ow detect ion 1 eve1 s , most dupl ica te  sampl e s  f o r  these networks are prepared 
from spiked solutions. The NGTSN samples are  generally s p l i t  for  analysis. 

A t  l eas t  30 duplicate samples from each network are normally collected and 
analyzed over the report period. Since three TLD cards consisting of two TLD 
chips each are  used a t  each s ta t ion  of the Dosimetry Network, no additional 
samples were necessary. Table C-1 summarizes the sampling information f o r  each 
survei 11 ance network. 

To estimate the precision of a methodology, the  standard deviation of 
rep1 ica te  resul t s  i s  needed. Thus, fo r  example, the variance, s2, of each s e t  
of repl icate  TLD resul t s  (n=6) was estimated from the resul t s  by the standard 
expression, 

where k = number of s e t s  of repl icates .  

Since du 1 i ca te  samples were collected f o r  a1 1 other sample t pes, the  3 variances, s f ,  f o r  these types were calculated from s2  = (0.886R) , where R i s  
the absolute difference between the dupl ica te  sample resul ts .  For small sampl e 
s i zes ,  t h i s  estimate of the  variance i s  s t a t i s t i c a l l y  ef f ic ient*  and certainly 
more convenient t o  cal cul a t e  than the standard expression. The standard devi a- 
t ion i s  obtained by taking the square root. 

*Snedecor, G. W., and W. G. Cochran. S ta t i s t i ca l  Methods. The Iowa State  
University Press, h e s ,  Iowa, 6th Ed. 1967, pp. 39-47. 



TABLE C-1. SAMPLES AND ANALYSES FOR DUPLICATE SAMPLING PROGRAM - 1986 ............................................................................. ............................................................................. 
Sets o f  

Number of Sampl es Dupl i cate 
Survei 11 ance Sampl i ng Col 1 ected Sampl es Number Sampl e 

Network Locations This Year Col lected Per Set Analysis - 
ASN 113 6,791 159 2 

. . Gross beta, 
y Spectrometry 

NGTSN 17 880 (NG) 107 2 Kr-85, H-3, 
870 (H3) 97 H20, HTO 

Dosimetry 146 604 604 4- 6 E f f e c t i  ve dose 
from gamma 

MSN 

LTHMP 196 342 149 2 H- 3 ............................................................................. ............................................................................. 

The p r i n c i p l e  t h a t  the  variances o f  random samples co l l ec ted  from a normal 
populat ion f o l l o w  a chi-square d i s t r i b u t i o n  ( ~ 2 )  was then used t o  est imate t he  . .- . 
expected popul a t i o n  standard dev ia t ion  f o r  each type o f  sample analysis. The 
expression used i s  as fo l lows:*  

where ni-1 = t h e  degrees o f  freedom f o r  n samples co l l ec ted  f o r  the  i t h  
r e p l  i cate sampl e 

2 
S i  = t h e  expected variance o f  t h e  i t h  rep l  i c a t e  sampl e 

s = t h e  best  est imate o f  sample standard dev ia t ion  der ived from the  
variance estimates o f  a1 1 r e p l  i c a t e  samples ( the  expected value 
o f  s2 i s  02). 

For expressing t h e  p rec is ion  o f  measurement i n  common un i t s ,  t h e  c o e f f i c i e n t  
o f  v a r i a t i o n  ( S I X )  was ca lcu la ted f o r  each sample type. These are displayed i n  
Table C-2 f o r  those analyses f o r  which the re  were adequate data. 

To est imate t he  p rec is ion  o f  counting, approximately 10 percent o f  a l l  
samples are counted a second time. These are unknown t o  t he  analyst.  Since 
a l l  such r e p l i c a t e  count ing gave r e s u l t s  w i t h i n  t he  count ing e r ro r ,  t he  p rec i -  
s ion  data i n  Table C-2 represents e r ro r s  p r i n c i p a l l y  i n  analysis. 

*Freund, J. E. Mathematical S t a t i s t i c s .  Prent ice Ha l l ,  Englewood, New Jersey, 
1962, pp 189-235. 



TABLE C-2. SAMPLING AND ANALYTICAL PRECISION - 1986 
-----------------------------+----------------------------------------------- ............................................................................. 

Sets o f  
Rep1 i cate Coef f i c ien t  

Survei 11 ance Sampl es o f  Var ia t ion  
Network Analysis Eva1 uated (%) 

ASN 

NGTSN 

Dos imet r y  

MSN 

Gross 6 
Ru-103 
1-131 
CS-137 

Kr-85 
HTO 
H20 

TLD 387 6.0 

L THMP H-3 
H-3' 

............................................................................. ............................................................................. 
*Estimate o f  p rec is ion  was ca lcu la ted from the  e r ro r s  i n  t h e  H-3 conventional 

analysis and t he  measurement o f  atmospheric moisture (H20). 

ACCURACY OF ANALYSIS 

Data from the  analys is  o f  intercomparison samples are s t a t i s t i c a l  l y  anal - 
yzed and compared t o  known values and values obtained from other  p a r t i c i p a t i n g  
laborator ies .  A summary o f  t h e  s t a t i s t i c a l  ana lys is  i s  g iven i n  Table C-3, 
which compares t he  mean of th ree  r e p l i c a t e  analyses w i t h  the  known value. The 
normalized dev ia t i on  i s  a measure o f  t h e  accuracy o f  the  ana lys is  when compared 
t o  t h e  known concentrat ion. The determi na t ion  o f  t h i s  parameter i s  explained 
i n  d e t a i l  separately (Ja81). I f  the  value o f  t h i s  parameter ( i n  mu1 t i p l e s  o f  
standard normal deviate, u n i t l e s s )  l i e s  between con t ro l  I i m i t s  o f  -3 and +3, 
t h e  p rec is ion  o r  accuracy o f  t he  analysis i s  w i t h i n  normal s t a t i s t i c a l  var ia-  
t i on .  However, i f  t he  parameters exceed these l i m i t s ,  one must suspect t h a t  
there i s  some cause other  than normal s t a t i s t i c a l  va r i a t i ons  t h a t  cont r ibuted 
t o  t he  d i f f e rence  between t he  measured values and t he  known value. As shown by 
t h i s  tab le ,  a l l  o f  t he  analyses were w i t h i n  the  con t ro l  l i m i t .  

The ana l y t i ca l  methods were f u r t h e r  checked on by Laboratory p a r t i c i p a t i o n  
i n the  semi annual Department o f  Energy Qua1 i t y  Assessment Program conducted by 
t h e  Environmental Measurements Laboratory, New York, N.Y. The r e s u l t s  from 
these t e s t s  (Table C-4) i nd i ca te  t h a t  t h i s  Laboratory 's r e s u l t s  were o f  accept- 
able qua1 i t y .  



TABLE C-3. EPA QUALITY ASSURANCE INTERCOMPARISON RESULTS - 1986 ............................................................................... ............................................................................... 
Msan of 

Rep1 i ca t e  Normal i zed 
Analyses Known Value Devi a t  i on from 

Analysis Month (pCi/L) (pCi / L )  Known Concent ra t ion 

H-3 
i n  water 

February 
June 
October 

H-3 
i n  urine 

Apri 1 
November 

Pu-239 
in  water 

January 
August 

Sr-90 
i n  milk 

June 
October 

Sr-89 
in  milk 

June 
October 

1-131 
i n  milk 

February 
June 
October 

1-131 
in  water 

Apri 1 
August 

CS-137 
i n  milk 

June 
October 

Cr-51 June 0.0 0.0 
i n  water October 57.7 59.0 

Co-60 June 65.0 66.0 
i n  water October 32.0 31.0 

Zn-65 June 81.3 86.0 
i n  water October 87.3 85.0 

Ru-106 June 50.3 50.0 
in  water October 71.7 74.0 

Cs-134 June 44.0 49.0 
in  water October 27.7 28.0 

Cs-137 June 11.0 10.0 0.3 
i n  water October 45.3 44.0 0.5 ............................................................................... ............................................................................... 



TABLE C-4. QUALITY ASSURANCE RESULTS FROM DOE PROGRAM - 1986 ............................................................................... ............................................................................... 
EMSL-LV EML Ra t io  

Analys is Month Results Resul ts  EPAIEML 

K-40 
i n  s o i l  

CS-137 
i,n s o i l  

Pu-239 
i n  s o i l  

June 27.1 20.4 1.33 

June 1.02 .810 1.26 

June .0111 .0100 1.11 

K-40 
i n  t i s s u e  June 1.99 2.10 0.95 

K-40 
i n vege ta t ion  June 11.4 9.80 1.16 

CS-137 
i n vegetat  i on June 1.71 1.39 1.23 

Pu-239 
i n vegetat  i on June 

H- 3 
i n  water 

Mn-54 
i n  water 

Co-60 
i n  water 

Sr-90 
i n  water 

CS-137 
i n  water 

June 21.5 21.8 0.99 

June 

June 2.32 2.30 1.01 

June ,312 .430 0.73 

June 2.44 2.43 1.00 

Pu-239 
i n  water June .0559 .0560 1.00 ............................................................................... ............................................................................... 



To measure the performance of the c o n t r a c t o r  l abo ra to ry  f o r  a n a l y s i s  
of animal t i s s u e s ,  a known amount of a c t i v i t y  was added t o  s e v e r a l  samples.  
The r epo r t ed  a c t i v i t y  i s  compared t o  t h e  known amount i n  Table  C-5. The aver -  
age b i a s  f o r  Sr-90 was -57 pe rcen t  and f o r  Pu-239 was -26 percent .  The pre-  
c i s i o n  was 6 5  percent  f o r  Pu-239 and 11 percent  f o r  Sr-90 ana lyses .  

In  a d d i t i o n  t o  c a l i b r a t i o n  of t h e  TLD's with a Cs-137 sou rce  t r a c e a b l e  t o  
NBS, t h e  accuracy of t h e  results ob ta ined  from the Dosimetry Network i s  a f -  
f i rmed by p a r t i c i p a t i o n  i n  the I n t e r n a t i o n a l  Intercompari son of  Environmental 
Dosimeters Program ope ra t ed  by the Idaho Operat ions Of f i ce  of  t h e  DOE. The 
r e s u l t s  of the e i g h t h  such comparison s tudy  a r e  given i n  Table  C-6. 

For personal  dos imeters ,  t h i s  Laboratory was a c c r e d i t e d  i n  1985 under the 
National Voluntary Laboratory A c c r e d i t a t i o n  Program opera ted  by the National 
Bureau of S tandards .  For both personal  and environmental dos ime te r s ,  the 
TLD measurements a r e  performed accord ing  t o  s t anda rds  proposed by t h e  American 
National S tandards  I n s t i t u t e  (ANS175). 



TABLE C-5. -QUALITY ASSURANCE RESULTS FOR THE BIOENVIRONMENTAL PROGRAM - 1986 ' 

............................................................................... ............................................................................... 
Sample Type 

and % Bias+ 
Shipment Act i v i  t y  Added Act i v i  t y  Reported o r  

Number Nucl i de pCi/g Bone Ash pCi/g Bone Ash prec is ion*  

Spiked Samples 
Bone Ash 

Ash 1 
7 2 

Ash 2 
72 

Ash 3 
72 

Ash 4 
72 

Ash F 
7 3 

Ash G 

Ash H 
73 

Ash I 
73 

Dupl i cate  Sarnpl es 

(cont  i nued ) 



TABLE C-5, CONTINUED ............................................................................. ............................................................................. 
Sample Type 

and % Bias+ 
Shi pment Act i v i  t y  Added Act i v i  t y  Reported o r  

Number Nucl i de pCi/g Bone Ash pCi/g Bone Ash p rec is ion*  

S D ~  ked S a m ~ l  es 

Dupl i c a t e  Samples 

Bov-6 Dup 239Pu 
90Sr 

+ Bias (B) = Recovery -1 ; where recovery i s  - XI 
U 

and x l  = net  a c t i v i t y  repor ted  
u = a c t i v i t y  added 

1 * Prec is ion  (Cv) = 2 where xl = f i r s t  value 
x2  = second value 

**Counti ng e r r o r  exceeds repor ted  a c t  i v i  t y  



TABLE C-6. SUMMARY RESULTS OF THE EIGHTH INTERNATIONAL INTERCOMPARISON 
OF ENVIRONMENTAL DOSIMETERS ............................................................................... ............................................................................... 

Standard 
Quant i ty  Mean Devi a t i  on Comments 

Summary of F i e ld  S i t e  No. 1 
Results (mR) : 

EMSL-LV dos imeters  
ALL dos imeters  
Calcul a t e d  exposure 

Summary of  F i e l d  S i t e  No. 2 
Resul t s  (mR) : 

EMSL-LV dos imeters  
ALL dos imeters  
Cal cu l  a t e d  exposure 

1.9 EMSL-LV r e s u l t s  20% lower 
6.2 t h a n  a l l  domimeters and 
1.5 22% lower than  t h e  

c a l  cul a t e d  exposure. 

0.8 EMSL-LV r e s u l t s  23% lower 
4.5 t han  a1 1 domimeters and 
0.5 25% lower than  t h e  

c a l  cul  a t e d  exposure. 

Sumnary of Laboratory 
Resu l t s  (mR) : 

EMSL-LV dos imeters  14.1 1.1 EMSL-LV r e s u l t s  13% lower 
ALL dos imeters  16.2 3.4 t han  a l l  domimeters and 
Cal cu l  a t e d  exposure 17.2 0.9 18% lower than  the .  

c a l c u l a t e d  exposure. ............................................................................... ............................................................................... 
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APPENDIX D 

RADIATION PROTECTION STANDARDS FOR EXTERNAL AND INTERNAL EXPOSURE 

DOE EQUIVALENT COMMITMENT 

For s tochast ic  e f f e c t s  i n  members o f  t he  pub l i c ,  t he  f o l l ow ing  l i m i t s  are 
used : 

E f f e c t i v e  Dose Equi val  ent* ----------------------------------- 
mrem/y r mSv/yr 

Occasional annual exposures** 

Pro1 onged pe r i  od o f  exposure 

*Includes both e f f e c t i v e  dose equivalent  from external  r a d i a t i o n  and 
committed e f f e c t i v e  dose equivalent  from ingested and inha led 
rad i  onucl ides. 

**Occasional exposure impl ies  exposure over a few years w i t h  t h e  prov iso 
t h a t  over a l i f e t i m e  the  average exposure does not exceed 100 mrem 
(1 mSv) per  year  (ICRP-39). 

CONCENTRATION GUIDES 

ICRP-30 1 i s t s  Derived A i r  Concentrations (DAC) and Annual L im i t s  o f  Intake 
(ALI). The ALI i s  t h e  secondary l i m i t  and can be used w i t h  assumed breathing 
ra tes  and ingested volumes t o  ca lcu la te  concentrat ion guides. The concentrat ion 
guides (CG's) i n  Tab1 e D - 1  were der ived i n  t h i s  manner and y i e l d  t he  committed 
e f f e c t i v e  dose equivalent  (50 year)  of 100 mrem/yr f o r  members o f  t h e  pub1 i c .  

EPA DRINKING WATER GUIDE 

I n  40 CFR 141 t h e  EPA set  al lowable concentrat ions f o r  continuous con- 
t r o l  l e d  releases o f  radionucl ides t o  d r i nk ing  water sources. Any sing1 e o r  
combination o f  beta and gamma emi t ters  should not lead t o  exposures exceeding 
4 mremlyr. For t r i t i u m  t h i s  i s  20,000 pCi/L (740 Bq/L) and f o r  s t ront ium i s  
8 pCi/L (0.3 BqIL). 
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APPENDIX E 

.DATA SUMMARY FOR THE MONITORING NETWORKS 

TABLE E-1. SUMMARY OF ANALYTICAL RESULTS FOR AIR SURVEILLANCE NETWORK 
CONTINUOUSLY OPERATING STATIONS - 1986 ................................................................................ ................................................................................ 

RADIOACTIVITY CONC. 
NO. DAYS (PCI/M3) 
DETECTED RADIO- ----------------------- 

SAMPLING LOCATION /SAMPLED NUCLIDE MAX MI N AVG* -------------------------------------------------------------------------------- 
DEATH VALLEY JCT CA 26.7/300.1 7BE 0.71 0.20 0.033 

14.0/300.1 103RU 0.81 0.021 0.011 
14.8/300.1 1311 4.6 0.045 0.043 
3.0/300.1 132TE 0.97 0.14 0.0042 
5.0/300.1 134CS 0.18 0.083 0.0023 
8.81300.1 137CS 0.49 0.088 0.0063 

FURNACE CREEK CA 

SHOSHONE CA 

ALAMO NV 

AUSTIN NV 

(conti nued) 



TABLE E-1. Cont i nued ................................................................................ ................................................................................ 
RADIOACTIVITY CONC. 

NO. DAYS (PCIlM3) 
DETECTED RADIO- ....................... 

SAMPLING LOCATION ISAMPLED NUCLIDE MAX MIN AV G* ................................................................................ 
AUSTIN NV (CONT) 

BEATTY NV 

STONE CABIN RANCH NV 

CURRANT NV - BLUE EAGLE RANCH 7.01352.3 7BE 0.56 0.21 0.0073 , 

13.01352.3 103RU 0.62 0.012 0.011 
14.01352.3 1311 2.6 0.080 0.037 
4.01352.3 134CS 0.20 0.13 0.0019 
9.01352.3 137CS 0.44 0.066 0.0059 

ELY NV 

GOLDFIELD NV 

GROOM LAKE N V  

(cont i nued) 



TABLE E - 1  . C o n t  i n u e d  ................................................................................ ................................................................................ 
RADIOACTIVITY CONC. 

NO. DAYS ( P C I l M 3 )  
DETECTED RADIO- ....................... 

SAMPLING LOCATION ISAMPLED NUCLIDE MAX M I  N AVG* 

H IKO NV 

I N D I A N  SPRINGS NV 

LAS VEGAS NV 

LATHROP WELLS NV 

NYALA NV 

OVERTON NV 

PAHRUMP NV 

(cont i n u e d  ) 



TABLE E-1. Cont i nued ................................................................................ ................................................................................ 
RADIOACTIVITY CONC. 

NO. DAYS (PCIlM3) 
DETECTED RADIO- ....................... 

SAMPLING LOCATION ISAMPLED NUCLIDE MAX MIN AV G* 

PAHRUMP NV (CONT) 

PIOCHE NV 

SCOTTY'S JCT NV 

SUNNYSIDE NV 

RACHEL NV - ROBINSON 
TRAILER PARK 

TONOPAH NV 

TTR NV 104.2/328.3 7BE 0.47 0.044 0.066 
23.71328.3 103RU 0.75 0.0081 0.015 
25.01328.3 1311 1.9 0.0063 0.040 

3.81328.3 132TE 0.18 0.18 0.0021 
12.81328.3 134CS 0.26 0.065 0.0050 
23.71328.3 137CS 0.44 0.0062 0.0097 

3.8/328.3 140LA 0.53 0.53 0.0061 
( c o n t  i nued)  



TABLE E-1. Continued 
................................................................................ 

RADIOACTIVITY CONC. 
NO. DAYS (PCIlM3) 
DETECTED RADIO- ....................... 

SAMPLING LOCATION ISAMPLED NUCLIDE MAX MIN AV G* ................................................................................ 
FALLINI'S(TW1NSPGS) RANCHNV 35.51362.4 7BE 0.52 0.17 0.032 

14.01362.4 103RU 0.59 0.056 0.0083 
16.01362.4 1311 5.2 0.12 0.034 
3.01362.4 134CS 0.24 0.18 0.0017 
11.01362.4 137CS 0.39 0.072 0.0054 

CEDAR CITY UT 13.21354.8 7BE 0.44 0.23 0.010 
11.01358.8 103RU 0.29 0.085 0.0057 
15.01358.8 1311 1.4 0.17 0.025 
5.81358.8 134CS 0.10 0.046 0.00097 
7.01358.8 137CS 0.20 0.15 0.0033 

DELTA UT 

MILFORD UT 

ST GEORGE UT 

SALT LAKE CITY UT 

-------------------------------------------------------------------------------- -------------------------------------------------------------------------------- 
*AVG MEANS TIME-WEIGHTED AVERAGE OVER THE SAMPLING TIME. 

NOTE: ALL RADIOISOTOPES, OTHER THAN 7BE, WERE DETECTED AS THE DEBRIS FROM 
CHERNOBYL ENTERED THE U.S. 



TABLE E-2. SUMMARY OF ANALYTICAL RESULTS FOR AIR SURVEILLANCE NETWORK 
STANDBY STATIONS OPERATED 1 OR 2 WEEKS PER QUARTER - 1986  ................................................................................ ................................................................................ 

RADIOACTIVITY CONC. 
NO. DAYS (PCI lM3)  
DETECTED RADIO- ....................... 

SAMPLING LOCATION ISAMPLED NUCLIDE MAX M I  N AV G* ................................................................................ 
GLOBE AZ 

KINGMAN AZ 

TUCSON AZ 

W I NSLOW AZ 

YUMA AZ 

L I T T L E  ROCK AR 

ALTURAS CA 

BAKER CA 

(cont i  nued) 



TABLE E-2. Continued ................................................................................ -------------------------------------------------------------------------------- 
RADIOACTIVITY CONC. 

NO. DAYS (PCIlM3) 
DETECTED RADIO- ....................... 

SAMPLING LOCATION ISAMPLED NUCLIDE MAX MI N AVG* ................................................................................ 
BISHOP CA 

INDIO CA 

LONE PINE CA 

NEEDLES CA 

RIDGECREST CA 

SANTA ROSA CA 

(conti nued) 



TABLE E-2. Continued ................................................................................ -------------------------------------------------------------------------------- 
RADIOACTIVITY CONC. 

NO. DAYS (PCI/M3) 
DETECTED RADIO- ....................... 

SAMPLING LOCATION /SAMPLED NUCLIDE MAX MIN AVG* -------------------------------------------------------------------------------- 
CORTEZ CO 

DENVER CO 

GRAND JUNCTION CO 

MOUNTAIN HOME ID 

NAMPA ID 

POCATELLO ID 

FORT DODGE IA 

(conti nued) 



TABLE E-2. C o n t i n u e d  ................................................................................ -------------------------------------------------------------------------------- 
RADIOACTIVITY CONC. 

NO. DAYS (PC I lM3 )  
DETECTED RADIO- ....................... 

SAMPLING LOCATION ISAMPLED NUCLIDE MAX M I N  AVG* 
-------------*------------------------------------------------------------------ 

DODGE CITY KS 

MINNEAPOLIS MN 

CLAYTON MO 

JOPLIN MO 

ST JOSEPH MO 

GREAT FALLS MT 

KALISPELL MT 

IOWA CITY I A  

( c o n t i n u e d )  



TABLE E-2. Continued -------------------------------------------------------------------------------- -------------------------------------------------------------------------------- I 

RADIOACTIVITY CONC. 
NO. DAYS (PCIlM3) 
DETECTED RADIO- ....................... 

SAMPLING LOCATION ISAMPLED NUCLIDE MAX MIN AV G* ................................................................................ 
MILES CITY MT 

NORTH PLATTE NE 5.5141.1 103RU 0.14 0.12 0.017 
6.5141.1 1311 1.3 0.13 0.075 
1.5141.1 134CS 0.060 0.060 0.0022 
4.5141.1 137CS 0.15 0.089 0.012 

ADAVEN (CANFIELD'S RANCH) NV 5.8153.9 

BATTLE MOUNTAIN NV 6.6143.9 
13.7143.9 
14.6143.9 
2.0143.9 
4.9143.9 

12.6143.9 
2.0143.9 

CALIENTE NV 

CURRIE NV 

DUCKWATER NV 

14.0151.0 
23.9151.0 

1.1151.0 
3.1151.0 

12.0151.0 

CURRANT NV - ANGLE WORM RANCH 8.0150.4 
12.0150.4 
16.9150.4 

1.0150.4 
3.9150.4 

10.9150.4 

4.1157.9 
14.1157.9 
17.0157.9 
4.0157.9 
6.0157.9 

12.1157.9 

2.0125.6 
9.8125.6 

10.9125.6 

0.066 0.067 
0.040 0.23 
0.34 0.0069 
0.12 0.0095 
0.053 0.037 

0.28 0.049 
0.076 0.045 
0.052 0.24 
0.16 0.0030 
0.060 0.011 
0.039 0.038 

0.30 0.023 
0.074 0.074 
0.077 0.28 
0.19 0.017 
0.093 0.019 
0.049 0.039 

0.36 0.028 
0.046 0.075 
0.15 0.93 

(cont i nued) 



TABLE E-2. Cont i nued ................................................................................ -------------------------------------------------------------------------------- 
RADIOACTIVITY CONC. 

NO. DAYS (PCIlM3) 
DETECTED RADIO- ....................... 

SAMPLING LOCATION ISAMPLED NUCLIDE MAX MIN AV G* ................................................................................ 
DUCKWATER NV (CONT) 1.4125.6 132TE 0.16 0.16 0.0084 

2.5125.6 134CS 0.18 0.13 0.015 
5.5125.6 137CS 0.39 0.042 0.042 

EUREKA NV 

FALLON NV 

FRENCHMAN STATION NV 

GEYSER RANCH NV 

LOVELOCK NV 

(continued) 



TABLE E-2. Continued 
.................................................................................. 

RADIOACTIVITY CONC. 
NO. DAYS (PCIlM3) 
DETECTED RADIO- ....................... 

SAMPLING LOCATION ISAMPLED NUCLIDE MAX MI N AVG* ................................................................................ 
LUND NV 

MESQUITE NV 

RENO NV 

ROUND MOUNTAIN NV 

WELLS NV 

W INNEMUCCA NV 

ALBUQUERQUE NM 

(continued) 



TABLE E-2. Conti nued ................................................................................ -------------------------------------------------------------------------------- 

SAMPLING LOCATION 

RADIOACTIVITY CONC. 
NO. DAYS (PCIlM3) 
DETECTED RADIO- ....................... 
ISAMPLED NUCLIDE MAX MI N AV G* 

CARLSBAD NM 

SHIPROCK NM 

BISMARK ND 

FARGO ND 

WILLISTON ND 

MUSKOGEE OK 

MEDFORD OR 

(conti nued) 



TABLE E-2. C o n t i n u e d  ................................................................................ ................................................................................ 
RADIOACTIVITY CONC. 

NO. DAYS ( P C I l M 3 )  
DETECTED RADIO- ....................... 

SAMPLING LOCATION ISAMPLED NUCLIDE MAX M I N  AV G* ................................................................................ 
BURNS OR 

RAPID  C I T Y  SD . 

AMARILLO TX 

AUSTIN  TX 

MIDLAND TX 

TYLER TX 

BRYCE CANYON UT 

ENTERPRISE U T  

GARRISON UT 

(cont i n u e d  ) 



TABLE E-2. Cont inued ................................................................................ -------------------------------------------------------------------------------- 
RADIOACTIVITY CONC. 

NO. DAYS (PC I lM3 )  
DETECTED RADIO- ....................... 

SAMPLING LOCATION ISAMPLED NUCLIDE MAX MIN  AV G* ................................................................................ 
LOGAN UT 

PAROWAN UT 

VERNAL UT 

WENDOVER UT 

SEATTLE WA 

SPOKANE WA 

ROCK SPRINGS WY 

( c o n t i  nued) 



TABLE E-2. Continued -------------------------------------------------------------------------------- -------------------------------------------------------------------------------- 
RADIOACTIVITY CONC. 

NO. DAYS (PCIlM3) 
DETECTED RADIO- ....................... 

SAMPLING LOCATION ISAMPLED NUCLIDE MAX MI N AVG* ................................................................................ 
WORLAND WY 8.0157.7 7B E 0.37 0.18 0.035 

10.0157.7 103RU 0.32 0.034 0.024 
13.0157.7 1311 3.1 0.081 0.13 
5.0157.7 134CS 0.16 0.056 0.0082 
9.0157.7 137CS 0.25 0.043 0.020 

-------------------------------------------------------------------------------- ................................................................................ 
*AVG MEANS TIME-WEIGHTED AVERAGE OVER THE SAMPLING TIME. 

NOTE: ALL RADIOISOTOPES OTHER THAN 7BE, WERE DETECTED AS THE DEBRIS FROM 
CHERNOBYL ENTERED THE U.S. 

THE FOLLOWING STATIONS HAD NEGLIGIBLE GAMMA-SPECTRA: 

MONROE LA 
BLUE JAY NV 
DESERT OASIS RESORT NV 

TABLE E-3. SUMMARY OF GROSS BETA ANALYSES FOR AIR SURVEILLANCE NETWORK - 1986 -------------------------------------------------------------------------------- ................................................................................ 
RADIOACTIVITY CONC. 

NO. (PCIlM3) 
DAYS ....................... 

SAMPLING LOCATION SAMPLED MAX MI N AV G 

SHOSHONE CA 352.9 0.70 -0.0057 0.022 

LAS VEGAS NV 358.8 0.73 0.0013 0.026 

DELTA UT 302.3 1.1 0.0 0.029 

MILFORD UT 359.1 0.83 0.0014 0.025 

ST GEORGE UT 364.1 0.62 0.0018 0.021 



TABLE E-4. PLUTONIUM-239 CONCENTRATION IN COMPOSITED AIR SAMPLES* - 1986 ------------------------------------------------------------------------------- ------------------------------------------------------------------------------- 
FIRST SECOND THIRD . FOURTH ANNUAL 

SAMPLING LOCATION QUARTER QUARTER QUARTER QUARTER AVERAGE ................................................................................ 

DENVER AND CORTEZ, CO 370 2.1 - - 170 

JOPLINICLAYTON, MO -49 -2.1 - -26 -16 

GREAT FALLSIMILES CITY, MT 160 -1.5 - 140 40 

LAS VEGAS, NV 4.1 3.7 -21 2.8 -2.6 

LATHROP WELLS, NV 4 2.4 7 8 2.9 18 

RACHEL, NV 7.7 6.8 -51 -27 -8.5 

BISMARCK/ FARGO, ND 46 -1.6 - 1.2 4.8 

MEDFORDIBURNS, OR 6.5 -16 - 13 -6.0 

AUSTIN/AMARILLO, TX 1.4 - - -4.1 -1.9 

VERNAL/LOGAN, UT -8.4 -2.7 - 5.2 -1.5 

SALT LAKE CITY, UT 8.9 2.5 -3.3 2.4 3.2 

SEATTLEISPOKANE, WA 7.8 -0.91 - -11 -.89 

WORLANDIROCK SPRINGS, WY 12 -1.8 - 11 9.5 

............................................................................... ............................................................................... 
*ALL DATA ARE EXPRESSED IN ACI/M~ AND ARE LESS THAN THE MDC WHICH VARIED FROM 
2 TO 500 ACIIM~. ALL PLUTONIUM-238 RESULTS WERE ALSO LESS THAN MDC. 



TABLE E-5. SUMMARY OF ANALYTICAL RESULTS FOR THE NOBLE GAS AND TRITIUM 
SURVEILLANCE NETWORK - 1986 -------------------------------------------------------------------------------- ---------*---------------------------------------------------------------------- 

NUMBER RADIOACTIVITY CONC. 
SAMPLES (PCI/M3)* PERCENT 

SAMPLING ANALYZED/ ----------------------- CONC . 
LOCATION LOST RAD IONUCLIDE MAX MI N AV G GUIDE+ -------------------------------------------------------------------------------- 
SHOSHONE, 
CALIF. 

ALAMO , 
NEV. 

AUSTI N , 
NEV. 

BEATTY, 
NEV. 

ELY, 
NEV. 

85KR 
133XE 

3H IN ATM. M.* 
3H AS HTO IN AIR 

133XE 
3H IN ATM. M.* 
3H AS HTO IN AIR 

85KR 
133XE 

3H IN ATM. M.* 
3H AS HTO IN AIR 

85KR 
133XE 

3H IN ATM. M.* 
3H AS HTO IN AIR 

85KR 
133XE 

3H IN ATM. M.* 
3H AS HTO IN AIR 

GOLDFIELD , 49/ 2 85KR 3 1 17 25 <0.01 
NEV. 441 7 133XE 45 -13 3.4 (0.01 

51/1 3H IN ATM. M.* 0.62 -0.72 0.0080 - 
51/1 3H AS HTO IN AIR 1.7 -1.4 0.11 <0.01 

INDIAN SPRINGS, 44/7 85KR 30 2 1 26 <0.01 
NEV. 46/ 5 133XE 4 3 -14 3. 3 <0.01 

50/2 3H IN ATM. M.* 0.49 -0.60 0.054 - 
50/2 3HASHTOINAIR 2.9 -2.9 0.37 <0.01 

LAS VEGAS, 46/ 5 85KR 33 18 25 <0.01 
NEV. 46/ 5 133XE 67 -15 3.3 (0.01 

50/ 1 3H IN ATM. M.* 2.3 -0.65 0.22 - 
5011 3H AS HTO IN AIR 21 -8.1 2.3 <0.01 

(conti nued) 



TABLE E-5. Continued -------------------------------------------------------------------------------- -------------------------------------------------------------------------------- 
NUMBER RADIOACTIVITY CONC. 
SAMPLES (PCI/M3)* PERCENT 

SAMPLING POSITIVE1 ....................... CONC. 
LOCATION NEGATIVE RAD IONUCL IDE MAX MI N AV G GUIDE+ ................................................................................ 
LATHROP WELLS, 51/1 
NEV. 481 4 

5110 
51/0 

85KR 
133XE 

3H I N  ATM. M.* 
3H AS HTO I N  AIR 

OVERTON, 49/ 3 
NEV. 47/ 5 

50/2 
50/ 2 

85KR 
133XE 

3H I N  ATM. M.* 
3H AS HTO I N  AIR 

PAHRUMP , 48/ 4 
NEV. 47/5 

51/0 
51/0 

3H I N  ATM. M.* 
3H AS HTO I N  AIR 

P IOCHE, 13/1 85KR 30 2 1 26 <0.01 
NEV. 12/2 133XE 9.4 -3.2 2.4 <0.01 

52/0 3H I N  ATM. M.* 0.68 -0.74 -0.059 - 
52/0 3 H A S H T O I N A I R  2.7 -6.4 -0.57 <0.01 

RACHEL, 50/ 2 85KR 3 1 19 25 ' <0.01 
NEV. 48/ 4 133XE 4 5 -7.6 3.5 <0.01 

52/0 3H I N  ATM. M.* 1.0 -0.38 0.14 - 
52/0 3H AS HTO I N  AIR 14 -1.9 1.3 <0.01 

TONOPAH , 48/4 
NEV. 47/ 5 

52/0 
52/0 

CEDAR CITY, 44/ 8 
UTAH 39/13 

52/0 
5210 

ST GEORGE, 40/12 
UTAH 41/11 

50/2 
5012 

85KR 
133XE 

3H I N  ATM. M.* 
3tl AS HTO I N  AIR 

85KR 
133XE 

3H I N  ATM. M.* 
3H AS HTO I N  AIR 

85KR 
133XE 

3H I N  ATM. M.* 
3H AS HTO I N  AIR 

(conti nued) 



TABLE E-5. Cont i nued ................................................................................ -------------------------------------------------------------------------------- 
NUMBER RADIOACTIVITY CONC. 
SAMPLES (PCI/M3)* PERCENT 

SAMPLING POSITIVE1 ----------------------- CONC. 
LOCATION NEGATIVE RADIONUCLIDE MAX MI N AVG GUIDE+ ................................................................................ 
SALT LAKE CITY, 5012 3H IN ATM. M.* 0.91 -0.28 0.14 - 
UTAH 5012 3H AS HTO IN AIR 8.7 -3.2 1.0' <0.01 

* CONCENTRATIONS OF TRITIUM IN ATMOSPHERIC MOISTURE (ATM. M.) ARE EXPRESSED AS 
PC1 PER ML OF WATER COLLECTED. 

+ CONCENTRATION GUIDES USED ARE FOR EXPOSURE TO A SUITABLE SAMPLE OF THE 
POPULATION IN AN UNCONTROLLED AREA. 

TABLE E-6. SUMMARY OF TRITIUM RESULTS FOR THE NTS NETWORK LONG-TERM 
HYDROLOGICAL MONITORING PROGRAM - 1986 -------------------------------------------------------------------------------- ................................................................................ 

TRITIUM CONCENTRATION 
(PCI/L) PERCENT 

SAMPLING NO. ------------------------- CONC. 
LOCATION SAMPLES MAX MIN AV G GUIDE -------------------------------------------------------------------------------- 
WELL 1 ARMY 12 3.7 -3.5 -0.99 <0.01 
WELL 2 12 150 -7.1 12 0.06 
WELL 3 11 7.4 -4.9 0.99 <0.01 
WELL 4. 11 7.8 -28 -4.8 <0.01 
WELL 4 CP-1 9 7.0 -3.5 -0.54 <0.01 
WELL 5C 11 4.3 -5.8 -0.94 <0.01 
WELL 8 12 160 -6.4 14 0.07 
WELL 20 11 6.1 -7.4 1.2 <0.01 
WELL A 11 19 4.1 11 0.06 
WELL B TEST 10 320 130 160 0.8 
WELL C 11 58 0.13 25 0.1 
WELL 5-13 11 5.5 -8.5 -1.7 <0.01 
WELL U19C 12 5.8 -7.4 -0.54 <0.01 
WELL UE7NS 4 3200 2300 2500 10 
WELL UE18R 8 23 -1.0 5.8 0.03 -------------------------------------------------------------------------------- ................................................................................ 



TABLE E-7. TRITIUM RESULTS FOR THE LONG-TERM HYDROLOGICAL MONITORING 
PROGRAM - 1986 ............................................................................... ------------------------------------------------------------------------------- 
COLLECTION CONC. + 2 SIGMA PCT OF 

DATE TRITIUM CONC. 
SAMPLING LOCATION 1985 (pcI/L) GUIDE ............................................................................... 
NEVADA TEST SITE NETWORK 

SHOSHONE CA 
SHOSHONE SPRING 

ADAVEN NV 
ADAVEN SPRING 

ALAMO NV 
WELL 4 CITY 

ASH MEADOWS NV 
CRYSTAL POOL 

FAIRBANKS SPRINGS 

WELL 17s-50E-14CAC 

WELL 18s-51E-7DB 

BEATTY NV 
SPECIE SPRINGS 

TOLICHA PEAK. 

USECOLOGY 

WELL 11s-48-1DD COFFERS 02/05 -2.8 + 8.5* <0.01 
07/01 22 ? 230* 0.1 

WELL 12s-47E-7DBD CITY 03/12 9.0 i: 7.6* 0.04 
(conti nued) 



TABLE E-7. Continued ............................................................................... ------------------------------------------------------------------------------- 
COLLECTION CONC. r 2 SIGMA PCT OF 

SAMPLING LOCATION 
DATE TRITIUM CONC. 
1985 (PCI/L) GUIDE 

BEATTY NV 
WELL ROAD D SPICERS 

YOUNGHANS RCH (COW CAMP) 08/06 . -46 k 140* <0.01 (2)  

YOUNGHANS RCH (HOUSE WE) 08/06 62 k 140" 0.3 (3) 

YOUNGHANS RCH (LOWER PO) 08/06 -29 k 140* <0.01 (4) 

YOUNGHANS RCH (UPPER PO) 08/06 -79 k 85* <O.Ol  (5)  

BOULDER CITY NV 
LAKE MEAD INTAKE 

CLARK STATION NV 
WELL 6 TTR 

HIKO NV 
CRYSTAL SPRINGS 

INDIAN SPRINGS NV 
WELL 1 SEWER COMPANY 

WELL 2 US A I R  FORCE 

LAS VEGAS NV 
WELL 28 WATER DISTRICT 02/07 -9.3 + 200* (0.01 

06/06 2.7 k 7.9* 0.01 

LATHROP WELLS NV 
CITY 15s-50E-18CDC 

NYALA NV 
SHARP ' S RANCH 

(cont i  nued) 

E-22 



TABLE E-7. Continued ------------------------------------------------------------------------------- ------------------------------------------------------------------------------- 
COLLECTION CONC. + 2 SIGMA PCT OF 

DATE TRITIUM CONC. 
SAMPLING LOCATION 1985 (PCI/L) GUIDE ............................................................................... 
OASIS VALLEY NV 
GOSS SPRINGS 

PAHRUMP NV 
WELL BCALVADA ? 05/01 -4.3 2 9.2* <0.01 

I 10121 -120 2 250* <0.01 

RACHEL NV 
WELLS 7 AND 8 PENOYER 02/03 -13 + 9* <0.01 

WELL 13 PENOYER 

WELL PENOYER CULINARY 04/03 4.4 2 7.7* 0.02 
09/08 -42 2 140* <0.01 

UNION CARBIDE WELL 

TONOPAH NV 
CITY WELL 

WARM SPRINGS NV 
TWIN SPRINGS RANCH 

NTS NV 
WELL 5B 

WELL C-1 

WELL D TEST 

WELL W6D l!L/L $ 

WELL UElC 

WELL UE5C 02/05 -130 + 200* <O. 01 
06/03 83 r 7 0.4 
07/03 0.13 + 7.9* <O. 01 

(cont i  nued) 



TABLE E-7. Continued ------------------------------------------------------------------------------- ............................................................................... 
COLLECTION CONC. + 2 SIGMA PCT OF 

DATE TRITIUM CONC. 
SAMPLING LOCATION 1985 (PCIIL) GUIDE 

NTS NV 
WELL UE15D 

BACKGROUND SAMPLES - AMCHITKA, AK 
CONSTANT I NE SPRING 081 29 

DUCK COVE CREEK 081 29 

JONES LAKE 081 29 

SITE D HYDRO EXPLORE HOLE 081 28 

WELL ARMY 1 081 28 

WELL ARMY 2 081 29 

WELL ARMY 4 081 29 

PROJECT CANNIKIN - AMCHITKA, & 

CANNIKIN LAKE (NORTH END) 081 29 

CANNIKIN LAKE (SOUTH END) 081 29 47 + 7 0.2 

DK-45 LAKE 081 30 49 + 8 0.2 

ICE BOX LAKE 081 29 39 + 7 0.2 

PIT SOUTH OF CANNIKIN G 081 29 28 + 6 0.1 

WELL HTH-3 081 29 50 + 7 0.2 

WHITE ALICE CREEK 081 29 49 + 8 0.2 

(conti nued) 



Figure E-1. Amchitka Island and background sampling locations for the LTHMP. 
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Figure E-2. LTHMP sampl i n g  locations for  Project Canni kin. 
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TABLE E-7. Continued ............................................................................... ------------------------------------------------------------------------------- 
COLLECTION CONC. + 2 SIGMA PCT OF 

DATE TRITIUM CONC. 
SAMPLING LOCATION 1985 (PCIIL) . GUIDE ............................................................................... 
PROJECT LONGSHOT - AMCHITKA, AK 

LONG SHOT POND 1 08/30 33 + 8 0.2 

LONG SHOT POND 2 081 30 37 + 7 0.2 

LONG SHOT POND 3 081 30 38 1 9 0.2 

MUD PIT NO.l 

MUD PIT N0.2 08/30 410 + 9 2 

MUD PIT N0.3 

REED POND 081 30 37 + 7 0.2 

WELL EPA-1 081 30 270 + 9 1 

WELL GZ NO.l 081 30 2300 + 230 10 

WELL GZ N0.2 08/30 150 + 8 0.8 

WELL WL-1 08/30 41 + 7 0.2 

WELL WL-2 08/30 320 + 9 2 

PROJECT MILROW - AMCHITKA, AK 
CLEVENGER CREEK 08/28 44 + 8 0.2 

HEART LAKE 081 28 31 + 7 0.2 

WELL W-2 08/28 28 + 8 0.1 

WELL W-3 081 28 28 + 8 0.1 

WELL W-4 081 28 31 + 8 0.2 

WELL W-7 08/ 28 35 1 7 0.2 

WELL W-8 081 28 41 + 7 0.2 
(conti nued) 



@surface Ground Zero 
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Figure E-3. LTHMP sampling locations for Projects Milrow and Long Shot. 
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TABLE E-7. Continued ............................................................................... ------------------------------------------------------------------------------- 
COLLECTION CONC. 4 2 SIGMA PCT OF 

SAMPLING LOCATION 
DATE TRITIUM CONC. 
1985 (PCI/L) GUIDE 

PROJECT MILROW - AMCHITKA, AK (CONT) 

WELL W-10 081 28 35 * 7 0.2 

WELL W-11 081 28 87 k 8 0.4 

WELL W-13 081 28 42 * 7 0.2 

WELL W-14 08/28 33 k 7 0.2 

WELL W-15 081 28 28 + 7 0.1 

WELL W-17 081 28 30 & 8 0.1 

WELL W-18 081 28 52 + 7 0.3 

PROJECT RIO BLANCO - COLORADO 

B-1 EQUITY CAMP 061 17 100 * 8 0.5 

BRENNAN WINDMILL 06/16 71 + 7 0.4 

CER N O . l  BLACK SULPHUR 061 17 100 + 7 0.5 

CER N0.4 BLACK SULPHUR 06/17 100 + 8 0.5 

FAWN CREEK 1 06/16 58 & 7 0.3 

FAWN CREEK 3 (sp cond 350,pH .6) 06/16 64 & 7 0.3 

FAWN CREEK 6800FT UPSTR 061 16 59 * 7 0.3 
(sp  cond 190,ph.4) 

FAWN CREEK 500FT UPSTRE 061 16 69 + 8 0.3 
(sp cond pH.0) 

FAWN CREEK 500FT DOWNST 061 16 63 k 7 0.3 

FAWN CREEK 8400FT DOWNS 06/16 49 2 8 0.2 

WELL JOHNSON ARTESIAN 06/17 57 2 7 0.3 

WELL RB-D-01 06/17 25 + 7 0.1 

(conti  nued) 
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Figure E-4. LTHMP sampling locat ions  f o r  Project  Rio Blanco. 



TABLE E-7. Conti nued 
............................................................................... 

COLLECTION CONC. + 2 SIGMA PCT OF 
DATE TRITIUM CONC. 

SAMPLING LOCATION 1985 (PcI/L) GUIDE ............................................................................... 
PROJECT RULISON - COLORADO 
GRAND VALLEY CO 
BATTLEMENT CREEK 

CITY SPRINGS 06/15 28 + 8 0.1 

ALBERT GARDNER RANCH 06/ 15 190 + 9 1 

WELL CER TEST (3H lost) 06/ 15 N A 

RULISON CO 
LEE HAYWARD RANCH 

POTTER RANCH 06/16 140 2 8 0.7 

ROBERT SEARCY RANCH (SC) 06/15 90 k 9 0.5 

FELIX SEFCOVIC RANCH 

PROJECT DRIBBLE - MISSISSIPPI 
BAXTERVILLE MS 
HALF MOON CREEK 

HALF MOON CREEK OVRFLW 04/03 800 + 12 4 
04/03 840'~ 12 4 

LOWER LITTLE CREEK 

POND WEST OF GZ 

REECO PIT DRAINAGE-A 04/03 62 + 9 0.3 

REECO PIT DRAINAGE-B 04/03 2800 2 200 10 

REECO PIT DRAINAGE-C 04/03 36 + 9 0.2 

SALT DOME TIMBER CO. 04/04 30 + 9 0.2 
(conti nued) 
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Figure E-5. LTHMP sampl i ng 1 ocati  ons f o r  Project Rul i son. 
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Figure E-6. LTHMP sampl ing locations fo r  Project Dr ibble  - 
towns and residences. 



TABLE E-7. , Continued ............................................................................... ------------------------------------------------------------------------------- 
COLLECTION CONC. + 2 SIGMA ' PCT OF 

DATE TRITIUM CONC. 
SAMPLING LOCATION 1985 (PCI/L) GUIDE ------------------------------------------------------------------------------- 
BAXTERVILLE MS 
HALF MOON CREEK 

HALF MOON CREEK OVRFLW . 04/03 800 + 12 4 
04/03 840 2 12 4 

LOWER LITTLE CREEK 

POND WEST OF GZ 

REECO PIT DRAINAGE-A 04/03 62 + 9 0.3 

REECO PIT DRAINAGE-B 

REECO PIT DRAINAGE-C 

SALT DOME TIMBER CO. 

ANDERSON, B. R. 

ANDERSON, H. 

ANDERSON, R. L. 

CHAMBLISS, B. 

DANIELS, W. JR. 

KELLY, G. 

LEE, P. T. 
I 

MILLS, A. C. 

MILLS, R. 

READY, R. 

WELL ASCOT 2 



malf Moon 

Lamar 

Scale in Meters 

@ Surface Ground Zero 
Water Sampling Locations 

3/86 , Location Maps 
w 

F i g u r e  E-7. LTHMP sarnpl i n g  l o c a t i o n s  f o r  P r o j e c t  D r i b b l e  - n e a r  GZ. 
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TABLE E-7. Continued ............................................................................... ............................................................................... 
COLLECTION CONC. r 2 SIGMA PCT OF 

DATE TRITIUM CONC . 
SAMPLING LOCATION 1985 (PCI/L) GUIDE ............................................................................... 
BAXTERVILLE MS 

WELL CITY 

WELL E-7 04/04' -7.0' + 12* <0.01 

WELL HM-1 

WELL HM-2A 04/03 -12 r 9* <0.01 
04/03 -13 9* <0.01 

WELL HM-2B 

WELL HM-3 

WELL HM-L 

WELL HM-L2 

WELL HM-S 

WELL HMH-1 

WELL HMH-2 

WELL HMH-3 

WELL HMH-4 

WELL HMH-5 

WELL HMH-6 

WELL HMH-7 

WELL HMH-8 

WELL HMH-9 

1 

0.2 

0.1 

(conti nued) 
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3/86 Location Maps - 

F i g u r e  E-8. LTHMP sarnpl i n g  l o c a t i o n s  f o r  P r o j e c t  D r i b b l e  - n e a r  S a l t  Dome. 
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TABLE E-7. Continued ------------------------------------------------------------------------------- ............................................................................... 
COLLECTION CONC. + 2 SIGMA PCT OF 

DATE TRITIUM CONC. 
SAMPLING LOCATION 1985 (PCI/L) GUIDE 

BAXTERVILLE MS 
WELL HMH-10 

WELL HMH-11 04/03 1100 +- 190 6 

WELL HT-2C 04/04 -4.6 + 8.8* <0.01 

WELL HT-4 04/04 -17 + 9* <0.01 

WELL HT-5 04/04 -27 + 11* <0.01 

WELL PS-3 04/05 20 + 8 0.1 

COLUMBIA MS 
WELL 649 CITY 

LUMBERTON MS 
WELL 2 CITY 

PURVIS MS 
CITY SUPPLY 

PROJECT FAULTLESS - NEVADA 
BLUE JAY NV 
HOT CREEK RANCH SPRING 07/22 15 +- 8 

MAS NTENANCE STATION 07/22 -4.6 * 9.3* 
WELL BIAS 07/22 5.4 + 9.2* 
WELL HTH-1 07/21 2.0 i: 9.2* 

WELL HTH-2 07/21 6.8 +- 9.0" 

(continued) 
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Figure E-9. LTHMP sampl i ng 1 ocations for Project Faultless. 
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TABLE E-7. Continued ............................................................................... ------------------------------------------------------------------------------- 
COLLECTION CONC. + 2 SIGMA PCT OF 

DATE TRITIUM CONC. 
SAMPLING LOCATION 1985 (PCI/L) GUIDE ------------------------------------------------------------------------------- 
PROJECT SHOAL - NEVADA 
FRENCHMAN STATION NV 
HUNT'S STATION 

WELL FLOWING 

FRENCHMAN STATION 

WELL H-3 

WELL HS-1 

PROJECT GASBUGGY - NEW MEXICO 
GOBERNADOR NM 
ARNOLD RANCH 

BIXLER RANCH 

BUBBLING SPRINGS 

CAVE SPRINGS 

LA JARA CREEK 06/11 . 69 +- 9 0.3 

LOWER BURRO CANYON 06/12 120 + 8 0.6 

WELL EPNG 10-36 06/13 320 + 11 2 

WELL JICARILLA 1 06/12 68 k 7 0.3 

WELL 30.3.32.343 (NORTH) 061 12 96 + 8 0.5 

(continued) 
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Figure E-10. LTHMP sampling locations for  Project Shoal. 
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F i g u r e  E-11. LTHMP sarnpl i n g  1 o c a t i o n s  f o r  P r o j e c t  Gasbuggy. 
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Figure E-12. LTHMP sampl i ng 1 ocat i  ons f o r  Project  Gnome. 



TABLE E-7. Continued ............................................................................... ------------------------------------------------------------------------------- 
COLLECTION CONC. + 2 SIGMA PCT OF 

DATE TRITIUM CONC. 
SAMPLING LOCATION 1985 (pcI/L) GUIDE ............................................................................... 
PROJECT GNOME - NEW MEXICO 
CARLSBAD NM 
WELL 7 CITY 

LOVING NM 
WELL 2 CITY 

MALAGA NM 
WELL 1 PECOS PUMPING ST 03/19 1.1 r 8.8* <O.Ol (6) 

WELL LRL-7 03/21 16000 + 310 80 (7) 

WELL PHs 6 03/19 66 + 7 0.3 

WELL PHs 8 03/19 26 r 7 0.1 

WELL PHs 9 03/19 3.3 + 7.8* 0.02 

WELL PHs 10 031 19 4.0 + 7.7* 0.02 

WELL USGS 1 03/19 1.3 + 7.9* <0.01 

WELL USGS 4 03/21 220000 2 670 1000 (8) 

MALAGA NM 
WELL USGS 8 03/21 160000 + 780 800 (9) ------------------------------------------------------------------------------- ............................................................................... 

* CONCENTRATION IS LESS THAN THE MINIMUM DETECTABLE CONCENTRATION (MDC). 

NOTES 

ANALYSIS RESULT ZSIGMA UNITS 



TABLE E-7. Continued 
............................................................................... 

COLLECTION CONC. + 2 SIGMA PCT OF 
DATE TRITIUM CONC. 

SAMPLING LOCATION 1985 (PCI/L) GUIDE 
--------------------------*---------------------------------------------------- 

Analysis Resul t  2 Sigma Uni ts  

(3)  226RA 0.14 0.05 PCIIL 
2 34U 17 1 PCIIL 
235U 0.27 0.05 PCIIL 
23811 6.0 0.3 PCIIL 

(4)  226RA 0.030 0.025" PCI/L 
234U 6.7 0.5 PCIIL 
23511 0.090 0.051 PCIIL 
23811 2.6 0.2 PCIIL 

(9)  90SR 5640 392 PCIIL 
137CS 62 9 PCIIL 
238PU -0.49 2.2* PCI/L 
239PU -0.028 1.5* PCI/L 



TABLE E-8. SUMMARY OF ANALYTICAL RESULTS FOR THE MILK SURVEILLANCE 
NETWORK - 1986 ................................................................................. ................................................................................. 

RADIOACTIVITY CONC. 
(PCIIL) 

SAMPLING SAMPLE NO. OF RADIO- ---------------em------ 

LOCATION TYPE SAMPLES NUCLIDE MAX MI N AVG ................................................................................. 
BENTON CA - 

IRENE BROWN RANCH 10 8 K 2.3 1.4 2.1 
3 3H 69 -49 11 
3 89SR 0.70 -0.15 0.25 
3 90SR 0.66 0.51 0.58 

BENTON CA - 
PAUL ALLRED 13 1 K 1.4 1.4 1.4 

1 3H 11 11 11 
1 89 SR -0.031 -0.031 -0.03 
1 90SR 0.23 0.23 0.23 

HINKLEY CA - 
BILL NELSON DAIRY 

RIDGECREST CA - 
CEDARSAGE FARM 

AUSTIN N V  - 
YOUNG ' S RANCH 

CURRANT NV - 
MANZONIE RANCH 

DYER NV - 
OZEL LEMON 

(conti  nued) 



TABLE E-8. Conti nued --------------------------------------------------------------------------------- --------------------------------------------------------------------------------- 
RADIOACTIVITY CONC. 

SAMPLING 
(PCIIL) 

SAMPLE NO. OF RADIO- ....................... 
LOCATION TYPE SAMPLES NUCLIDE MAX MIN AV G ................................................................................. 
GOLDFIELD NV - 

FRAYNE RANCH 10 ' 7 K 2.1 1.7 2.0 
2 3H 260 200 230 
2 89SR -1.7 -1.8 -1.7 
2 90SR 2.4 1.6 2.0 

LAS VEGAS NV - 
HEIN HETTINGA DRY (LDS) 12 11 K 2.0 0.49 1.5 

5 3H 550 140 280 
5 89SR 0.48 -5.6 -1.2 
5 90SR 1.2 0.024 0.54 

LATHROP WELLS NV - 
JOHN DEER RANCH 10 7 K 2.3 1.7 2.0 

2 3H 130 -43 44 
2 89SR 2.5 -5.4 -1.4 
2 90SR 0.86 0.46 0.66 

LOGANDALE NV - 
KNUDSEN DAIRY 12 12 K 1.8 0.44 1.4 

5 3H 210 7.6 130 
5 89SR 0.94 -8.2 -1.6 
5 90SR 1.1 0.24 0.60 

LUND NV - 
MCKENZIE DAIRY 12 12 K 1.8 0.45 1.4 

4 3H 340 -72 130 
4 89SR -0.21 .-I. 1 -0.72 
4 90SR 0.76 0.49 0.61 

MCGILL NV - 
LARSEN RANCH 

MESQUITE NV - 
SF AND K DAIRY 

(con t i  nued) 



TABLE E-8. C o n t i n u e d  ................................................................................. --------------------------------------------------------------------------------- 
R A D I O A C T I V I T Y  CONC. 

( P C I / L )  
SAMPLING SAMPLE NO. OF RADIO- ....................... 
LOCATION TYPE SAMPLES NUCLIDE MAX M I  N AV G ................................................................................. 
MOAPA NV - 

ROCKVIEW D A I R I E S ,  I N C  12 

NYALA NV - 
SHARP ' S RANCH 13 

CALIENTE NV - 
JUNE COX RANCH 10 

ROUND MT NV - 
BERG'S RANCH 13 

SHOSHONE NV - 
HARBECKE RANCH 13 

RACHEL NV - 
JAMES MOODY 

RACHEL NV - 
PENOYER FARM 13 
C R I S  CASTLETON 

( c o n t i n u e d )  



TABLE E-8. Continued --------------------------------------------------------------------------------- --------------------------------------------------------------------------------- 
RADIOACTIVITY CONC. 

(PCIIL)  
SAMPLING SAMPLE NO. OF RADIO- ....................... 
LOCATION TYPE SAMPLES NUCLIDE MAX MIN AV G 

CEDAR CITY UT - 
BRENT JONES DAIRY 13 3 K 1.8 1.4 1.7 

1 3H 9 1 91  91 
2 89SR 4.7 0.49 2.6 
2 90SR 0.91 -0.98 -0.03 

CEDAR CITY UT - 
WESTERN GEN DAIRIES 12 9 K 1.7 0.48 1.4 

2 3H 220 36 130 
2 89SR 2.3 -1.8 0.27 
2 90SR 0.96 0.84 0.90 

ST GEORGE UT - 
GENTRY DAIRY 12 10 K 1.8 0.37 1.5 

3 3H 210 -120 5 1 
4 89SR 0.97 -1.3 0.07 
4 90SR 0.64 -0.19 0.15 

ST GEORGE UT - 
TRUMAN CANNON 13 2 K 1.7 1.5 1.6 

1 3H 340 340 340 
1 89SR -1.3 -1.3 -1.3 
1 90SR 0.97 0.97 0.97 



TABLE E-9. ANALYTICAL RESULTS FOR THE STANDBY MILK SURVEILLANCE NETWORK - 
1986 ............................................................................... ............................................................................... 

COLLECTION CONC. + 2 SIGMA 
DATE 3H 89SR 90SR 

SAMPLING LOCATION 1986 (PCI/L) (PCI/L) (pcI/L) ............................................................................... 
GAMMA SPECTROMETRY AND RADIOCHEMICAL ANALYSES 

TAYLOR AZ 
SUNRISE DAIRY 08/11 190+280* -1.0+1.5* 0.89+0.97* 

TUCSON AZ 
SHAMROCK DAIRY (PIMA CO 08/11 180 + 270* 0.58 + 0.98* 0.18 + 0.66* 

FAYETTEVILLE AR 
UNIVERSITY OF ARK 

RUSSELLVILLE AR 
ARKANSAS TECH UNIV 08/18 160 + 280* -1.5 + l.l* 2.3 + 1.6' 

BAKERSFIELD CA 
CARNATION DAIRY 081 12 N A 0.24 r 0.94* 0.59 + 0.60* 

MODEST0 CA 
FOSTER FARMS DAIRY 08/19 240 r 280* N A N A 

WEED CA 
MEDO-BEL CREAMERY 

WILLOWS CA 
FOREMOST FOODS COMPANY 

COLORADO SPGS CO 
SINTON DAIRY CO 

FT COLLINS CO 
POUDRE VALLEY DAIRY 

GRAND JCT CO 
COLORADO WEST DAIRIES 

PUEBLO CO 
HYDE PARK DAIRY CO 

BURLINGTON IA 
MISS VALLEY MILK PRO 

DAVENPORT IA 
SWISS VALLEY FARMS CO 



TABLE E-9. Conti nued ------------------------------------------------------------------------------- -_----------------------------------------------------------------------------- 
COLLECTION CONC. + 2 SIGMA 

DATE 3H 89SR 90SR 
SAMPLING LOCATION 1986 (PCI/L) (PCI/L) (PCI/L) ............................................................................... 

GAMMA SPECTROMETRY AND RADIOCHEMICAL ANALYSES 

GARDEN CITY KS 
MYERS MILK PROD 07/24 130 + 270* 1.5 + 1.4* 1.5 + 0.8 

07/28 180+280* N A N A 

MANHATTAN KS 
KANSAS STATE UNIVERSITY 08/04 170 + 270* 0.33 + 2.1f 1.7 + 1.2* 

BATON ROUGE LA 
LA STATE UNIV 08/18 100 + 270" 0.18 + 1.2* N A 

LAFAYETTE LA 
UNIV SOUTHWESTERN LA 08/18 84 A 270* N A N A 

MONROE LA 
BORDEN' S 

RUSTON LA 
TECH UNIV DAIRY 08/18 SAMPLE DESTROYED IN MAIL 

FOSSTON MN 
LAND 0' LAKES INC 07/30 110+270* -1.6+1.3* 3.420.8 

ROCHESTER MN 
ASSC MILK PRODUCERS 07/28 260 + 270* 2.5 + 2.5* 1.5 + 0.8 

AURORA MO 
MID-AMERICA DAIRY INC 07/28 N A -0.43 + 1.5* 2.6 + 1.0 

CHILL ICOTHE MO 
MID-AMERICA DAIRYMEN 07/22 220 + 290* 3.3~2.6~ 2.0k0.7 

BOZEMAN MT 
DAR I GOLD FARMS 07/24 250 + 270* N A N A 

HAVRE MT 
VITA-RICH DAIRY 07/21 300 + 280* 2.1 + 1.5* 1.4 + 1.5" 

NORFOLK NE 
GILLETTE DAIRY 07/28 170 + 270* -0.53 + 1.8* 3.3 + 1.0 

07/31 N A -0.70 + l.l* 2.5 + 0.7 
(continued) 



TABLE E-9. Continued ............................................................................... ------------------------------------------------------------------------------- 
COLLECTION CONC. 2 2 SIGMA 

DATE 3H 89SR 90SR 
SAMPLING LOCATION 1986 (PCI/L) (PCI/L) (PCI/L) ------------------------------------------------------------------------------- 

GAMMA SPECTROMETRY AND RAD IOCHEMICAL ANALYSES 

OMAHA NE 
ROBERTS DAIRY-MARSHALL 07/29 180 + 270* N A N A 

LAS VEGAS NV 
ANDERSON DAIRY 08/11 410 2 240 N A N A 

RENO NV 
MODEL DAIRY 

ALBUQUERQUE .NM 
BORDEN'S VALLEY GOLD 

LA PLATA NM 
ROTHLISBERGER DAIRY 

DEVILS LAKE ND 
LAKE VIEW DAIRY 

FARGO ND 
CASSCLAY CREAMERY 

CLAREMORE OK 
SWAN BROS DAIRY 

ENID OK 
AMP1 GOLDSPOT DIVISION 

MCALESTER OK 
OK STATE PENITENTIARY 

STILLWATER OK 
OSU DAIRY 

CORVALLIS OR 
SUNNY BROOK DAIRY 

MEDFORD OR 
DAIRYGOLD FARMS 

TILLAMOOK OR 
TILLAMO'OK CO CRMY 1.4 + 0.6 

(cont i nued) 



TABLE E-9. Conti nued ............................................................................... ------------------------------------------------------------------------------- 
COLLECTION CONC. + 2 SIGMA 

DATE 3H 89SR 90SR 
SAMPLING LOCATION 1986 (PCI/L) (PCI/L) (PCI/L) ............................................................................... 

GAMMA SPECTROMETRY AND RADIOCHEMICAL ANALYSES 

BEAVER UT 
CACHE VALLEY DAIRY 07/18 160 + 270* N A N A 

PROVO UT 
BYU DAIRY PRODUCTS LAB 07/21 360 + 260* 0.46 + 1.9* 1.3 + 0.9* 

CEDAR CITY UT . . 

WESTERN GEN DAIRIES 07/29 N A 0.43 + 1.2* 0.83 + 0.66* 
SEATTLE WA 
CONSOLIDATED DAIRY PROD 08/25(1) 220 + 270* -0.033 + 1.4* 1.1 + 0.8* 

SPOKANE WA 
CONSOLIDATED DAIRY 08/25 230 + 280* -0.22 + 0.98* 1.2 + 0.8 

LARAMIE WY 
UNIV OF WYO (DAIRY) 08/01 350 + 260* N A N A 

RIVERTON WY 
ALBERTSON ' S PLANT 07/30 240 + 270* N A N A 

COLLECTION COLLECTION 
DATE DATE 

SAMPLING LOCATION 1986 SAMPLING LOCATION 1986 ............................................................................... 
GAMMA SPECTRAL ANALYSES ONLYf* 

PIMA AZ 
SMITH HUNT DAIRY 

YUMA AZ 
GOLDEN WEST DAIRY 

LITTLE ROCK AR 
BORDENS 

FRESNO CA 
STATE UNIV CREAMERY 

MANTECA CA 
08/11 - DEJAGER DAIRY NO 2 NORTH 08/11 

REDDING CA 
08/11 MCCOLL'S DAIRY PROD 081 11 

SAN LUIS OBISPO CA 
081 18 CAL STATE POLY 08/12 

SEBASTOPOL CA 
0 81.1 4 WM MILLER DAIRY 08/11 

(conti nued) 



TABLE E-9. C o n t i n u e d  ............................................................................... ------------------------------------------------------------------------------- 
COLLECT ION COLLECTION 

DATE DATE 
SAMPLING LOCATION 1 9 8 6  SAMPLING LOCAT'ION 1 9 8 6  ............................................................................... 

GAMMA SPECTRAL ANALYSES ONLY** 

SMITH RIVER CA GREAT FALLS MT 
COUNTRY MAID DAIRY 08/12 MEADOW GOLD DAIRY 0 7 / 2 3  

TRACY CA MISSOULA MT 
DEUEL VOC I N S T  08 /  11 BEATRICE DAIRY PRODUCTS 0 7 / 2 9  

W I L L I T S  CA 
RIDGEWOOD RANCH DAIRY 08/ 1 3  

DELTA CO 
ARDEN MEADOW GOLD DAIRY 0 8 / 0 4  

LAKE M I L L S  I A  
LAKE M I L L S  COOP CRMY 0 7 1  30 

LEMARS I A  
WELLS DAIRY 

DALTON MN 
DALTON CO-OP CREAMERY 0 8 / 0 6  

FLENSBURG MN 
FLENSBURG CO-OP CMRY 08/08 ( 2 )  

NICOLLET MN 
WALTER SCHULTZ FARM 081 1 5  

GERING NE 
4-STATES DAIRY-D SCHILL 0 7 / 3 1  

GD ISLAND NE 
MID-AMER DAIRYMN-J I M  SA 0 7 / 3 0  

SUPERIOR NE 
MID-AMER DAIRYMN-D F R l T  0 7 / 2 9  

FALLON NV 
CREAMLAND DAIRY 08/11 

YERINGTON NV 
VALLEY DAIRY 0 8 / 1 0  

EUGENE OR 
ECHO SPRINGS DAIRY 

GRANTS PASS OR 
VALLEY OF ROGUE DAIRY 0 8 / 2 5  

JACKSON MO KLAMATH FALLS OR 
MID-AMERICA DAIRYMEN I N  0 7 / 2 9  NED0 BEL CREAMERY 0 8 / 2 5  

JEFFERSON C I T Y  MO MILTON-FREEWATER OR 
CENTRAL DAIRY CO 0 7 / 2 2  PARENTS DAIRY 0 8 / 2 5  

B I L L I N G S  MT MYRTLE POINT OR 
MEADOW GOLD DAIRY 0 7 / 2 8  SAFEWAY STORES I N C  0 8 / 2 5  

( c o n t i  n u e d )  



TABLE E-9. Continued ------------------------------------------------------------------------------- ------------------------------------------------------------------------------- 
COLLECTION COLLECTION 

DATE DATE 
SAMPLING LOCATION 1986 SAMPLING LOCATION 1986 ............................................................................... 

GAMMA SPECTRAL ANALYSES ONLY** 

REDMOND OR MOSES LAKE WA 
EBERHARD'S CREAMERY INC 08/26 SAFEWAY STORES INC 08/25 

NORTH OGDEN UT CHEYENNE WY 
WESTERN GENERAL DAIRY 07/17 DAIRY GOLD FOODS 08/06 

SMITHFIELD UT 
CACHE VALLEY DAIRY 07/17, 07/21 

------------------------------------------------------------------------------- ------------------------------------------------------------------------------- 
* CONCENTRATION IS LESS THAN THE MINIMUM DETECTABLE CONCENTRATION (MDC). 

** POTASSIUM-40 WAS THE ONLY GAMMA EMITTER DETECTED EXCEPT FOR THE TWO SAMPLES 
LISTED BELOW. 

NOTES 

ANALYSIS RESULT ZSIGMA UNITS SAMPLING LOCATION 

(1) 137CS 13 7 PC111 Seattle, WA 

(2) 137CS 31 13 PCI/L Fl ensburg, MN 



TABLE E-10. SUMMARY OF RADIATION DOSE EQUIVALENTS FROM TLD DATA - 1986 ------------------------------------------------------------------------------- ------------------------------------------------------------------------------- 
DOSE ADJUSTED 

EQUIVALENT RATE DOSE 
MEASUREMENT PERIOD (MREMID) EQUIVALENT 

STAT1 ON ------------------ ---------------- ---------- 
LOCATION ISSUE COLLECT MAX. MIN. AVG. (MREMIY) ............................................................................... 
Alamo, NV 11/07/85 11/06/86 0.25 0.22 0.24 . 88 

American Borate, NV 11/07/85 11/06/86 0.27 0.23 0.26 95 

At lanta  Mine, NV 12/09/85 12/01/86 0.24 0.20 0.22 80 

Austin, NV 01/08/86 01/15/87 0.40 0.31 0.36 131 

Baker, .CA 12/13/85 12/01/86 0.23 0.19 0.21 77 

Barstow, CA 12/12/85 12/01/86 0.27 0.23 0.25 91 

B a t t l e  Mountain, NV 12/11/85 12/03/86 0.23 0.19 0.21 7 7 

Beatty, NV 11/07/85 11/04/86 0.29 0.25 0.27 99 

Bishop, CA 12/11/85 12/02/86 0.28 0.25 0.26 9 5 

Blue Eagle Ranch, NV 12110185 12/02/86 0.19 0.16 0.17 62 

Blue Jay, NV 01/15/86 01/15/87 0.32 0.29 0.31 113 

Boulder, UT 12110185 12/09/86 0.25 0.22 0.23 84 

Bryce Canyon, UT 12110185 12/09/86 0.23 0.21 0.22 80 

Cactus Springs , NV 11/04/85 11/03/86 0.17 0.14 0.16 58 

Cal iente ,  NV 11/06/85 11/06/86 0.29 0.26 0.27 99 

Carp, NV 11/06/85 11/06/86 0.30 0.27 0.28 102 

Cedar Ci ty ,  UT 11/05/85 11/05/86 0.20 0.19 0.19 69 

Cherry Creek, NV 12110185 12/02/86 0.30 0.25 0.27 99 

Clark Stat ion,  NV 01/13/86 01/14/87 0.30 -0.28 0.29 106 

Coaldale, NV 12/11/85 12/04/86 0.29 0.24 0.27 99 

Colorado Ci ty ,  AZ 11/05/85 11/04/86 0.19 0.12 0.17 6 2 

(con t i  nued) 



TABLE E-10. Cont i nued ------------------------------------------------------------------------------- ------------------------------------------------------------------------------- 
DOSE ADJUSTED 

EQUIVALENT RATE DOSE 
MEASUREMENT PERIOD (MREMID) EQUIVALENT 

STATION ------------------ ---------------- ---------- 
LOCATION ISSUE COLLECT MAX. MIN. AVG. (MREMIY) ............................................................................... 
Complex 1, NV 12/10/85 12/03/86 0.31 0.27 0.29 106 

Corn Creek, NV 11/08/85 11/03/86 0.12 0.10 0.11 40 

Cortez Rd./HWY 278, NV 12/11/85 12/03/86 0.31 0.27 0.28 102 

Coyote Summit, NV 01/13/86 01/12/87 0.32 0.30 0.31 113 

Crescent Valley, NV 12/11/85 12/03/86 0.24 0.20 0.22 80 

Crystal ,  NV 11/08/85 11/06/86 0.19 0.17 0.18 6 6 

Currant, NV 12/11/85 12/02/86 0.29 0.25 0.26 95 

Currie,  NV 12/10/85 12/02/86 0.31 0.26 0.28 102 

Death Val ley JCT., CA 11/07/85 11/06/86 0.20 0.17 0.19 69 

Delta, UT 01/13/86 01/08/87 0.21 0.18 0.19 6 9 

Diablo Maint. Sta. ,  NV 01/13/86 01/13/87 0.33 0.30 0.32 117 

Duchesne, UT 01/15/86 01/06/87 0.20 0.18 0.19 69 

Duckwater, NV 

Elgin, NV 

El ko, NV 

Ely, NV 

Enterprise,  UT 

Eureka, NV 

Fallon, NV 

Ferron, UT 

Flying Diamond CP,  NV 

0.27 0.23 0.25 9 1 

0.35 0.24 0.30 110 

0.25 0.19 0.22 80 

0.23 0.20 0.21 77 

0.34 0.30 0.32 117 

0.31 0.24 0.28 102 

0.22 0.18 0.20 7 3 

0.20 0.13 0.18 6 6 

0.23 0.19 0.21 77 

(continued) 



TABLE E-10. Continued ............................................................................... ---_--------------------------------------------------------------------------- 
DOSE ADJUSTED 

EQUIVALENT RATE DOSE 
MEASUREMENT PERIOD (MREMID) EQUIVALENT 

STATION ------------------ ---------------- ---------- 
LOCATION ISSUE COLLECT MAX. MIN. AVG. (MREM/ Y )  ............................................................................... 
Furnace Creek, CA 11/06/85 11/06/86 0.17 0.13 0.16 58 

Gabbs, NV 

Garrison,  UT 

Geyser Ranch, NV 

Goldf ie ld ,  NV 

Grantsvi l  l e y  UT 

Green River, UT 

Groom Lake-NTS, NV 

Gunnison, UT 

Hancock Summit, NV 

Hiko, NV 

Hot Ck. Ranch, NV 

Ibapah, UT 

Independence , CA 

Indian Spr ings ,  NV 

Jacob ' s  Lake, AZ 

Kanab, UT 

Kirkeby Ranch, NV 

Koyens Ranch, NV 

Las Vegas (Airpor t )  , NV 

Las Vegas (Pl acak) , NV 

0.19 69 

0.19 69 

0.26 95 

0.24 88 

0.19 69 

0.18 66 

0.18 66 

0.17 6 2 

0.37 135 

0.20 7 3 

0.23 84 

0.28 102 

0.23 84 

0.13 47 

0.25 91 

0.16 58 

0.20 73 

0.23 84 

0.14 51 

0.14 51 

(cont  i nued) 



TABLE E-10. Continued ............................................................................... ------------------------------------------------------------------------------- 
DOSE ADJUSTED 

EQUIVALENT RATE DOSE 
MEASUREMENT PERIOD (MREMID) EQUIVALENT 

STATION ------------------ ---------------- ---------- 
LOCAT ION ISSUE COLLECT MAX. MIN.  AVG. (MREMI Y )  ............................................................................... 
Las Vegas (UNLV), NV 12/31/85 12/31/86 0.12 0.10 0.11 40 

Las Vegas (USDI), NV 12/31/85 12/31/86 0.17 0.15 0.16 58 

Lathrop Wells, NV 11/04/85 11/03/86 0.24 0.21 0.23 84 

Lavada 's Market, NV 11/08/85 11/07/86 0.24 0.19 0.21 77 

Lida, NV 01/07/86 01/14/87 0.29 0.22 0.26 95 

Loa, UT 12110185 12/09/86 0.35 0.32 0.33 120 

Logan, UT 01/06/86 01/06/87 0.21 0.16 0.19 69 

Lone Pine, CA 12/11/85 12/02/86 0.23 0.18 0.21 77 

Lovelock, NV 12/11/85 12/03/86 0.22 0.18 0.20 73 

Lund, NV 12/10/85 12/02/86 0.24 0.19 0.22 80 

Lund, UT 12/11/85 12/01/86 0.32 0.26 0.28 102 

Mammoth Lakes, CA (1) 12/11/85 12/02/86 0.31 0.23 0.28 102 

Manhattan, NV 

Mesquite, NV 

Mi l fo rd ,  UT 

M i  na, NV 

Moapa, NV 

Mont i c e l l  o , UT 

Mtn. Meadows 
Ranch, NV (2 )  

Nash Ranch, NV 

Nephi, UT 0.17 0.18 66 
(cont i nued) 



TABLE E-10. Continued ............................................................................... ------------------------------------------------------------------------------- 
DOSE ADJUSTED 

EQUIVALENT RATE DOSE 
MEASUREMENT PERIOD (MREMID) EQUIVALENT 

STATION ------------------ -------------em- ---------- 
LOCATION ISSUE COLLECT MAX. MIN. AVG. (MREM/ Y )  ------------------------------------------------------------------------------- 
Nyala, NV 

Olancha, NV 

Overton, NV 11/04/85 11/04/86 0.17 0.13 0.15 5 5 

Page, AZ 11/05/85 11/05/86 0.18 0.10 0.16 58 

Pahrump, NV 11/07/85 11/06/86 0.14 0.11 0.13 4 7 

Parowan, UT 12/10/85 12/02/86 0.23 0.19 0.21 7 7 

Penoyer Farms, NV 01/13/86 01/15/87 0.31 0.27 0.29 106 

Pine Creek Ranch, NV 12/10/85 12/03/86 0.33 0.29 0.31 113 

Pioche, NV 12/09/85 12/04/86 0.24 0.20 0.22 80 

Pr ice,  UT 01/16/86 01/06/87 0.21 0.18 0.19 69 

Provo, UT 01/14/86 01/06/87 0.21 0.17 0.19 69 

Queen C i t y  Smt., NV 01/13/86 01/13/87 0.35 0.31 0.34 124 

Rachel, NV 01/15/86 01/12/87 0.30 0.27 0.28 102 

Reed Ranch, NV 01/13/86 01/13/87 0.30 0.27 0.29 106 

Ridgecrest, CA 12/12/85 12/01/86 0.23 0.18 0.20 7 3 

Rose Ranch, NV 12/09/85 12/01/86 0.32 0.26 0.29 106 

Round Mt., NV 01/08/86 01/15/87 0.35 0.28 0.32 117 

Ruby Val ley ,  NV 12/10/85 12/02/86 0.32 0.25 0.28 102 

S. Desert Cor. C t r . ,  NV 11/08/85 11/03/86 0.14 0.10 0.13 4 7 

S a l t  Lake City, UT 11/08/85 11/06/86 0.29 0.25 0.26 95 

Schurz, NV 12/11/85 12/04/86 0.28 0.25 0.27 99 

(con t i  nued) 

E-60 



TABLE E-10. Continued ............................................................................... ------------------------------------------------------------------------------- 
DOSE ADJUSTED 

EQUIVALENT RATE DOSE 
MEASUREMENT PERIOD (MREMID ) EQUIVALENT 

STAT I ON ------------------ ---------------- ---------- 
LOCATION ISSUE COLLECT MAX. MIN. AVG. (MREM/ Y ) ............................................................................... 
S c o t t y ' s  JCT., NV 01/06/86 01/12/87 0.31 0.23 0.29 106 

Sheri ' s  Ranch, NV 11/07/85 11/07/86 0.28 0.23 0.25 9 1 

Shoshone, CA 11/07/85 11/06/86 0.20 0.15 0.18 6 6 

Spri  ngdal e, NV 11/06/85 11/05/86 0.30 0.26 0.28 102 

St. George, UT 11/05/85 11/05/86 0.17 0.14 0.15 55 

Stone Cabin Ranch, NV 

Sunnysi de , NV 

Tempiute, N V  

Ti kaboo Val l e y ,  NV 

Tonopah Test  Rng., NV 

Tonopha, NV 

Trout Creek, UT 

Twin Springs Ranch, NV 

Uhalde's Ranch, NV (3)  12/10/85 12/03/86 0.32 0.25 0.28 102 

US Ecology, NV 11/07/85 11/07/86 0.30 0.26 0.29 106 

Val 1 ey Crest, CA 11/07/85 11/06/86 0.24 0.13 0.17 6 2 

Vernal, UT 01/15/86 01/06/87 0.23 0.19 0.21 7 7 

Vernon, UT 01/14/86 01/08/87 0.23 0.20 0.21 77 

Warm Springs,  NV 01/13/86 01/14/87 0.36 0.32 0.34 124 

Wells, NV 12110185 12/02/86 0.25 0.22 0.23 84 

Wendover, UT 12/09/85 12/01/86 0.21 0.16 0.19 69 

(cont i nued) 



TABLE E-10. Continued ------------------------------------------------------------------------------- ------------------------------------------------------------------------------- 
DOSE ADJUSTED 

EQUIVALENT RATE DOSE 
MEASUREMENT PERIOD (MREMID) EQUIVALENT 

STAT I ON ------------------ ---------------- ---------- 
LOCATION ISSUE COLLECT MAX. MIN. AVG. (MREM/ Y) ------------------------------------------------------------------------------- 
W i  11 ow Springs 
Lodge, UT 01/14/86 01/08/87 0.20 0.17 0.18 66 

Wi nnemucca, NV 12/11/85 12/03/86 0.24 0.20 0.22 80 

Young's Ranch, NV 01/08/86 01/15/87 0.33 0.22 0.27 99 

Footnotes 

(1) Previously called Mammoth Mtn., CA 
(2) Previously called Casey's Ranch, NV 
(3) Previously called Adaven, NV 



TABLE E-11. SUMMARY OF RADIATION DOSES FOR OFFSITE RESIDENTS - 1986 ------------------------------------------------------------------------------- ------------------------------------------------------------------------------- 
Dose 

Equivalent Rate 
Background Measure- (MREMID) Net 

RESIDENT Stat ion ment Period ------- -------- Exposure 
NO. Location Issue Collect Max. Min. Avg. (MREM) 

2 Caliente,  NV 01/08/86 01/13/87 0.31 0.27 0.30 2.6 

3 Blue Jay,  NV 08/07/86 01/15/87 0.27 0.20 0.23 0.0 

6 Indian Springs, NV 01/17/86 01/07/87 0.17 0.15 0.16 0.0 

7 Goldfield, NV 01/06/86 01/12/87 0.24 0.20 0.22 0.0 

8 Twin Springs 
Ranch, NV 01/14/86 01/12/87 0.28 0.25 0.26 0.0 

9 Blue Eagle 
Ranch, NV 01/07/86 01/06/87 0.19 0.16 0.17 0.0 

10 Complex 1, NV 01/08/86 01/07/87 0.29 0.27 0.28 0.0 

11 Complex 1, NV 01/08/86 01/07/87 0.30 0.27 0.29 0.0 

13 Koyens Ranch, NV 01/15/86 01/12/87 0.20 0.10 0.16 0.0 

14 Tikaboo Valley, NV 01/13/86 01/12/87 0.24 0.18 0.21 0.0 

15 Tikaboo Valley, NV 01/13/86 01/12/87 0.23 0.20 0.22 0.0 

Nyala, NV 

Goldfield, NV 

Beatty, NV 

A1 amo, NV 

Corn Creek, NV 

Corn Creek, N V  

Stone Cabin 
Ranch, NV 

Lathrop Wells, NV 

Furnace Creek, CA 0.20 0.17 0.18 3.6 
(cont i nued ) 



TABLE E-11 .  (Continued) ............................................................................... ------------------------------------------------------------------------------- 

Dose 
Equi val ent Rate 

Background Measure- (MREMID) Net 
Resident Sta t ion ment Period Exposure 

No. Location Issue Collect  Max. Min. Avg. (MREM) 

Pahrump, NV 01/15/86 

Indian Springs, NV 01/17/86 

Beatty, NV 01/16/86 

Goldfield, NV 01/06/86 

Tonopah, NV 01/07/86 

Cedar City,  UT 01/07/86 

St. George, UT 01/06/86 

Ely, NV 01/07/86 

Las Vegas 
(UNLV), NV 12/31/85 

Tonapah, NV 

S a l t  Lake City, UT 

Rachel, NV 

Rachel, NV 

Corn Creek, NV 

Overton, NV 

Shoshone, CA 

Corn Creek, NV 

Hiko, NV 

Ely, NV 

(continued) 



TABLE E-11. (Cont i nued) ------------------------------------------------------------------------------- ------------------------------------------------------------------------------- 

Dose 
Equivalent Rate 

Background Measure- (MREMID) Net 
Resident Sta t ion ment Period - --------- ----- Exposure 

No. Locat i on Issue Collect Max. Min. Avg. (MREM) 

239 Hot Creek 
Ranch, NV 01/15/86 07/02/87 0.27 0.25 0.26 0.0 

247 Cal i en te ,  NV 01/08/86 10/07/86 0.20 0.18 0.19 0.0 

248 Penoyer Farms, NV 01/13/86 01/13/87 0.27 0.21 0.23 0.0 

2 49 Austin, NV 01/08/86 01/15/87' 0.27 0.21 0.24 0.0 

2 58 Pioche, NV 01/06/86 07/28/86 0.24 0.21 0.23 0.0 

263 Death Valley 
Jc t .  , CA 01/14/86 08/06/86 0.21 0.15 0.18 0.0 

2 64 Rachel, NV 01/15/86 01/13/87 0.28 0.24 0.26 0.0 

275 Corn Creek, NV 01/31/86 04/01/86 0.15 0.15 0.15 0.0 

280 Pine Creek 
Ranch, NV 06/03/86 01/07/87 0.29 0.21 0.26 5.4 

281 Currant, NV 06/10/86 12/02/86 0.21 0.11 0.18 0.0 

283 Pioche, NV 08/27/86 11/24/86 0.20 0.20 0.20 0.0 

292 Death Val l e y  
Jc t . ,  CA 10/21/86 01/09/87 0.20 0.20 0.20 0.0 

293 Pioche, NV 12/01/86 01/05/87 0.21 0.21 0.21 0.0 

295 Currant, NV 12/02/86 01/06/87 0.20 0.20 0.20 0.0 



TABLE E-12. NOBLE GAS SAMPLES CONTAINING DETECTABLE CONCENTRATIONS 
OF XENON-133 ------------------------------------------------------------------------------- ------------------------------------------------------------------------------- 
COLLECTION PCT OF 

DATE CONC. r 2 SIGMA CONC. 
SAMPLING LOCATION 1986 (PCIIM3) GUIDE ------------------------------------------------------------------------------- 
SHOSHONE CA 

ALAMO NV 

AUSTIN NV 

BEATTY NV 

DIABLO NV-1MI TWD REED RA 04122-04/23 64 r 10 0.01 

ELY NV 

GOLDFIELD NV 

GROOM LAKE NV 

HIKO NV 

INDIAN SPRINGS NV 

LAS VEGAS NV 

LATHROP WELLS NV 

OVERTON NV 

PAHRUMP NV <0.01 
<o. 01 

Conti nued 



TABLE E-12. Continued ------------------------------------------------------------------------------- ------------------------------------------------------------------------------- 
COLLECTION PCT OF 

DATE CONC. + 2 SIGMA CONC. 
SAMPLING LOCATION 1986 (PCIlM3) GUIDE ............................................................................... 
PIOCHE NV 05122-05/27 9.4 + 5.4 <0.01 

RACHEL NV 
ROBINSON TRAILER PARK 041 23-04/30 29 + 5 <0.01 

04130-05/07 20 + 6 <0.01 
05/07-05/14 45 2 6 <0.01 
05114-05/21 17 + 7 <0.01 
05121-05/29 9.6 + 5.8 <0.01 

PENOYER FARM CRIS CASTL 04122-04/23 18 + 5 <0.01 
04128-04/30 160 2 7 0.03 
04130-05/05 29 2 7 <0.01 

MEDLIN RANCH 

TONOPAH NV 

FALLINI'S (TWIN SPGS) RAN 04130-05/05 92 2 9 0.02 

CEDAR CITY UT 05113-05/20 33 + 12 <O. 01 ............................................................................... ------------------------------------------------------------------------------- 
*CONCENTRATION IS LESS THAN THE MINIMUM DETECTABLE. CONCENTRATION (MDC). 
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ADDENDUM 1 

NONRADIOLOGICAL SUPPLEMENT TO THE NTS ENVIRONMENTAL MONITORING REPORT 

Prepared by : 

I n d u s t r i a l  Hygiene 
Reynolds E l e c t r i c a l  and Engineering Co., Inc. 

Report Period: 

Calendar Year 1986 

INTRODUCTION: 

Environmental compliance a c t i v i t i e s  which are the  subject  o f  t h i s  r e p o r t  a re  
regu la ted under Chapter 445 o f  t h e  S ta te  o f  Nevada Admin i s t ra t i ve  Codes. 
Chapters 445.131, 445.361, and 445.401 respec t i ve l y  address water  po l  1  u t i o n  
c o n t r o l ,  p u b l i c  water systems, and a i r  p o l l u t i o n .  There were a  t o t a l  of 23 
f a c i l i t i e s  which had S ta te  o f  Nevada opera t ing  permits o r  approval i n  1986. 
For common in fo rma t ion  i n c l u d i n g  s i t e  descr ip t ion ,  geology, l and  use, etc., 
reference t h e  EPA Annual Report. 

SUMMARY : 

Water Pol 1 u t i  on 

No e f f l u e n t  moni to r ing  i s  required. 

A i r  P o l l u t i o n  

There was no S ta te  i nspec t i on  i n  CY86 o f  t h e  23 f a c i l i t i e s  which had opera t ing  
permi ts  o r  r e g i s t r a t i o n  c e r t i f i c a t e s .  A S ta te  inspect ion  conducted January 
14 and 15, 1987, found no v i o l a t i o n s  f o r  pe rm i t ted  f a c i l i t i e s  opera t ing  i n  
CY86. 

No e f f l u e n t  moni to r ing  i s  requ i red and none was performed. The a l lowable  
emissions a re  es tab l ished by State-determined opera t ing  cons t ra in t s  which were 
no t  exceeded. 

 round-water' Moni to r ing  

Composite q u a r t e r l y  samples were taken from two w e l l s  t o  moni tor  changes i n  
n i t r a t e  concentrat ion.  



MONITORING DATA COLLECTION, ANALYSIS, AND EVALUATION: 

A i  r P o l l u t i o n  Control 

a. Area 1 Shaker P lant  - Operating r e s t r i c t i o n s  t o  Permits 922 and 923 were 
not  v i o l a t e d  du r ing  t h i s  period. The f a c i l i t i e s  were not  operated i n  excess 
o f  t h e  a l lowable hours and an annual p roduct ion  r e p o r t  was t ransmi t ted  t o  
t h e  Sta te  by A p r i l  15, 1987. 

b. Area 12 Concrete Batch P lant  - The p l a n t  d i d  not  exceed t h e  permit  r e s t r i c -  
t i o n  o f  8 hours per day, nor more than 296 hours per year. An annual 
repo r t  was t ransmi t ted  t o  t h e  S ta te  by Apr i  1 15, 1987. 

c. Area 3 Aggregate P lan t  - The r e s t r i c t i o n s  t o  Operating Permit 919 were not  
exceeded. The p l a n t  d i d  not  operate i n  excess o f  8 hours per day, nor 
more than 280 hours per year, An annual product ion repo r t  was submitted 
t o  t h e  S t a t e  by A p r i l  15, 1987. 

d. Area 1 Aggregate P lant  - The r e s t r i c t i o n s  t o  Operating Permit 1287 were not  
exceeded. The p l a n t  d i d  not  operate i n  excess o f  9 hours per day, nor more 
than 1125 hours per year. An annual p roduct ion  r e p o r t  was be submit ted by 
A p r i l  15, 1987. 

e. Area 5 Surface Area Disturbance - The r e s t r i c t i o n s  t o  Permit 921 were not  
exceeded. A f i n a l  f u g i t i v e  dust  c o n t r o l  p lan  w i l l  be submitted a t  l e a s t  
s i x  months p r i o r  t o  abandonment o f  t h e  s i t e .  

f. Area 2 Stemming Systems - The r e s t r i c t i o n s  t o  Operating Permits 957 and 958 
were not  exceeded. 

g. NTS 4,000,000 BTUIhour o r  Greater  B o i l e r  Permits - The r e s t r i c t i o n s  t o  
Permits 1035, 1036 and 925 were not  exceeded. The b o i l e r s  were no t  operated 
i n  excess o f  8,400 hours per year. A l l  b o i l e r s  used Number 2 f u e l  o i l .  
An annual ana lys i s  o f  f u e l  f o r  s u l f u r  and BTU content was submitted on 
September 26, 1986. 

h. Area 3 Por tab le  Stemming System - The r e s t r i c t i o n s  t o  Operating Permit 
1089 were s a t i s f i e d  i n  t h e  annual r e p o r t  sent t o  t h e  Sta te  by A p r i l  15, 
1987. 

i. Area 1 Concrete Batch P lan t  - The p l a n t  d i d  not  exceed Operating Permit 
1082 r e s t r i c t i o n  o f  500 opera t ing  hours per year. 

j. Iow Portable Crusher - The crusher d i d  not  exceed Operating Permit 1217 
r e s t r i c t i o n  o f  no t  opera t ing  i n  excess o f  8 hours per day nor more than 650 
hours a t  any one locat ion .  

Ground-Water Moni to r ing  

Monthly ground water samples were c o l l e c t e d  from Wells Ue5C and UeSB and com- 
pos i ted  i n t o  calendar year q u a r t e r l y  samples t o  moni tor  changes i n  n i t r a t e  
concentrat ion.  The CY86 f o u r t h  qua r te r  r e s u l t  from Well Ue5B was 67.0 



m i l l i g r a m s  o f  n i t r a t e s  p e r  l i t e r  (mg/l)  and t h e  sample from Wel l  UeSC was 75.9 
mg/l 



ADDENDUM 2 
P a r t  A 

ENVIRONMENTAL PERMITS, ORDERS, AND NOTICES 

P a r t  A o f  t h i s  Addendum p e r t a i n s  t o  EG&G a c t i v i t i e s  a t  t h e  l o c a t i o n s  shown. 

P e r m i t / N o t i f i c a t i o n  Issue  ' I s s u i n g  
EG&G Operat ions Type Date Agency 

Santa Barbara 
Operat ion 

N o t i f i c a t i o n  o f  Hazardous 
Waste A c t i v i t y  EPA ID 
#CAD980813224 

Feb. 1985 S t a t e  of 
C a l i f o r n i a  

(Robin H i 1  1 
Fac i  1 i t y )  

I n d u s t r i a l  Waste Con t ro l  
Permi t  # I I - 202  

1973 

Jan. 1987 

Dec. 1985 

Goleta S a n i t a r y  
D i s t .  C a l i f o r n i a  

(The "226" 
B u i l d i n g )  

I n d u s t r i a l  Waste Con t ro l  
P e r m i t  ( a p p l i c a t i o n )  

Goleta S a n i t a r y  
Di s t .  C a l i f o r n i a  

K i  rt 1 and Oper . 
(Craddock Fac. ) 

Not i f i c a t  i on o f  Hazardous 
Waste A c t i v i t y  
EPA I D  #NMD049986896 

S t a t e  o f  New 
Mexico 

Los Alamos No N o t i f i c a t i o n s  o r  Permi ts  
r equ i  r e d  

Washington A e r i a l  
Measurements 

No N o t i f i c a t i o n s  o r  Permi ts  
req  u i red  

---- 

May 1983 San Ramon Oper. 
(San Ramon 
F a c i l i t y )  

N o t i f i c a t i o n  of Hazardous 
Waste A c t i v i t y  EPA I D  
#CAD056196900 

S t a t e  o f  
C a l i f o r n i a  

(Pleasanton 
Fac i  1 i t y )  

Wastewater Discharge 
Permi t  #3672-101 

Nov. 1985 Dub1 i n/San Ramon 
S a n i t a r y  D i s t .  
C a l i f o r n i a  

(San Ramon 
Fac i  1 i t y )  

Jan. 1985 Cent r a  1 Con t ra  
Costa San i t a r y  
D i s t .  C a l i f o r n i a  

Wastewater Discharge 
Permi t  (no number) 

N o t i f i c a t i o n  o f  Hazardous 
Waste A c t i v i t y  EPA I D  
#MAD980578983 
Wastewater Permi t  
#43005732-0 

Jan. 1982 

Oct. 1984 

Woburn Oper. S t a t e  o f  
Massachusetts 

S t a t e  of 
Massachusetts 



ADDENDUM 2 
Par t  A (Continued) 

Permi t /Not  if i c a t i o n  Issue I s s u i n g  
EG&G Operations Type Date Agency 

Las Vegas Oper. N o t i f i c a t i o n  o f  Hazardous Aug. 1980 Sta te  of Nevada 
Waste A c t i v i t y  EPA I D  
#NVD097868731 
PCB N o t i f i c a t i o n  Feb. 1986 Sta te  o f  Nevada 
NVT-PCB-137 
Extremely ~aza rdous  Waste Jan. 1987 Sta te  o f  
Di sposal Permi t #3-9886 C a l i f o r n i a  

(North Las Vegas) Wastewater Con t r i bu t i on  Aug. 1985 City o f  North 
Permit #85-1 Las Vegas 

(Sunset & I n d u s t r i a l  Wastewater March1986 ClarkCounty  
Escondi do) Permit CCSD-012 

A i  r Pol l u t i o n  Contro l  Operat i  on* Clark County 

Permits 

A06501 
A06502 
A06504 
A06505 
A06503 
A06506 
A06507 
A06509 
A06510 
A06511 
A06512 
A06503 
A06504 

Nov. 1'981 
Nov. 1981 
Aug. 1976 
Oct. 1976 
Nov. 1981 
May 1984 
May 1984 
May 1984 
May 1984 
May 1984 
Feb. 1985 
May 1984 
May 1984 

Clark County 
Clark County 
Clark County 
Clark County 
Clark County 
Clark County 
Clark County 
Clark County 
Clark County 
Clark County 
Clark County 
Clark County 
Clark County 

*Renewed annual l y  



ADDENDUM 2 
Par t  B (Continued) 

STATUS OF THE ENVIRONMENTALLY RELATED FACILITIES AT THE NTS, 
ADMINISTERED THROUGH THE REYNOLDS ELECTRICAL CO., INC. (REECO) 

CLEAN A I R  ACT 

The S ta te  o f  Nevada A i  r Q u a l i t y  Regulat ions r e q u i r e  a r e g i s t r a t i o n  c e r t i f i c a t e  
before  , s t a r t i n g  construct ion,  mod i f i ca t i on ,  o r  a l t e r a t i o n s  o f  an a i  r contaminant 
emi ss ion source. An opera t ing  permi t  i s  requ i red before i n i t i a l  operat i on  o f  
t h e  emission source. A r e g i s t r a t i o n  c e r t i f i c a t e  o r  opera t ing  permi t  i s  requ i red 
before  t h e  surface disturbance o f  20 acres o r  more accumulative t o t a l  o f  land. 

PERMIT 
NO. 

ISSUE EXPIRATION 
LOCATION/FACILITY ITEM(S1 DATE DATE 

Area 6 Concrete Batch 11/21/84 11/29/89 
P lant  

Area 3 Protec Bacon-Western 12/03/84 12/03/89 
Aggregate Hopper Dust F i  1 t e r s  

Area 5 Aggregate Surface Dis -  12/03/84 12/03/89 
P lant  turbance 

Area 1 Shaker P lant  S i m p l i c i t y  12/03/84 12/03/89 
Screen 

Pioneer Screen 
Cedarapids Screen 
Conveyors 
Baghouse 
B ins  

Area 1 Shaker PLant C M I  Rotary Dryer 12/03/84 12/03/89 
Baghouse 
B ins  

Area 23, Bldg. 753 Ajax B o i l e r  #83- 12/03/84 12/03/89 
35651 

Area 12 Concrete Idea l  Mfg. Co. 12/03/84 12/03/89 
Batch P lant  

Area 2 LLNL Por t  - Ba rber-Greene 12/03/84 12/03/89 
a b l  e Stemming Conveyor 
System A t las  Conveyors ( s )  

PERMITTEE 

F &S 

DOE 

DOE 

DOE 

DOE 

DOE 

DOE 

DOE 



ADDENDUM 2 
Par t  B (Continued) 

CLEAN AIR ACT (Continued) 

PERMIT ISSUE EXPIRATION 
NO. LOCATION/FAC ILITY ITEM (S) DATE DATE 

0P958 Area 2 LLNL Porta- Barber-Greene 12/03/84 12/03/89 
b l e  Stemming System Conveyor 

A t l as  Converyor 
Nordberg Converyor 

OP1035 Por tab le  B o i l e r  Super ior  #2 10/20/85 10/20/90 
B i o l e r  S e r i a l  
#1342-1576 

OP1036 Area 6 Decon York-Shipley 10/20/85 10/20/90 
Faci 1 i t y  Boi 1 e r  

S e r i a l  #82-14857 

OP1082 Area 1 Concrete Rex Lo-Go P lan t  1/30/86 1/30/91 
Batch P lant  

OP1084 Area 1 Shaker P lant  Surface Dis -  1/30/86 1/30/91 
turbance 

OP1085 Area 6 D iese l  Tank 105,000 ga l lons  2/25/86 2/25/91 

OP1086 Mercury Gasoline 420,000 ga l  1 ons 2/25/86 2/25/91 
Tank 

OP1087 Mercury Diesel  Tank 420,000 ga l l ons  2/25/86 2/25/91 

OP1089 Area 3 Por tab le  4 Double Hoppers 2/25/86 2/26/91 
Stemming System 1 Conveyor B e l t  

OP1090 Area 6 Gasoline 42,000 ga l lons  2/25/86 , 2/25/91 
Tank 

OP1217 Area 1 Por tab le  Iowa Crusher 12/03/84 12/03/89 
Aggregate Plant  

0P1287 Area 1 Aggregate Portec Crusher 2/12/87 2/12/92 
Plant  Screens, Screws 

and Conveyors 

PERMITTEE 

DOE 

REECo 

REECo 

REECo 

REECo 

REECo 

REECo 

REECo 

REECo 

REECo 

REECo 

REECo 



ADDENDUM 2 
P a r t  B (Continued) 

CLEAN A I R  ACT (Continued') 

PERMIT 
NO. LOCATION/FACILITY 

RC974 Area 6 DAF 

RC1367 Nevad Test  S i t e  

87-5 Open Burning 

87-37 Tank Burn Tes t  

ISSUE EXPIRATION 
ITEM (S ) DATE . DATE PERMITTEE 

Surface 4/19/85 
Disturbance 

DOE 

S u r f  ace 
Disturbance . 

3/17/87 REECo 

F i  r e  Dept. and 8/27/86 8/31/87 REECo 
Env. Sci .  T r a i n i n g  

Open Burn ing  3/31/82 7/31/87 REECo 



ADDENDUM 2 
PART B (cont inued) 

WATER POLLUTION 

S ta te  o f  Nevada Water P o l l u t i o n  Contro l  Regulat ions requ i re  a  permi t  f o r  con- 
s t ruc t i on ,  i n s t a l l a t i o n ,  o r  s i g n i f i c a n t  mod i f i ca t i on  o f  sewage c o l l e c t i o n  and 
t reatment f a c i  1  i t i e s  and review o f  plans and speci f i  c a t i  ons f o r  sewage t r e a t -  
ment works. 

The Sta te  o f  Nevada inspected t h e  sewage treatment systems ( lagoons) i n  Areas 
6, 12 and 23 i n  November, 1985. App l ica t ions  f o r  permits w i  11 be made a f t e r  
complet ion o f  f i n a l  design. 

The Area 30 Exp lora tory  Shaf t  San i ta ry  Waste System Plan was reviewed by the  
State, and approved 3/2/84. 

CLEAN WATER 

S t a t e  o f  Nevada water supply regu la t i ons  r e q u i r e  review and approval o f  p lans 
and s p e c i f i c a t i o n s  f o r  cons t ruc t i on  o f  p u b l i c  (po tab le)  water systems and f o r  
any subs tan t i a l  a d d i t i o n  t o  o r  a l t e r a t i o n  o f  e x i s t i n g  systems and p e r i o d i c  
sampl i ng fo r  b a c t e r i  01 og i  c a l  , chemical , and rad i  01 og i  ca l  analyses. 

Permi t s  Recei ved: 

System Permi t No. Expi r a t i o n  Date Permit tee 

NTS - Area 23 NY-360-12C 9/30/87 REECo 
NTS - Area 1 NY-5024-12NC 9/30/87 REECo 
NTS - area 2  & 12 NY-4099-12C 9/30/87 REECo 
NTS - Area 6  NY-5000-12NC 9/30/87 REECo 
NTS - Area 3  NY-4097-12NC 9/30/87 REECo 
NTS - Area 25 NY-4098-12NC 9/30/87 REECo 

Per iod i c  sampl i ng f o r  b a c t e r i  01 ogi c a l  , chemical , and radio1 ogi  c a l  analyses i s  
being done. 

SOLID WASTE 

Sta te  o f  Nevada Regul a t i  ons governi ng s o l  i d  waste requi  r e  review and approval 
o f  so l  i d  waste management plans. 

There i s  a  salvage yard  i n  Area 23; san i ta ry  l a n d f i l l s  i n  Areas 6, 10, and 23; 
and cons t ruc t i on  l a n d f i  11s i n  Areas 3, 19, and 25. DOE/NV i n s t r u c t e d  REECo on 
4/8/85 t o  ob ta in  t h e  necessary S ta te  permits o r  approvals f o r  these f a c i l i t i e s .  



ADDENDUM 2 
PART B (Cont inued)  

RCRA WASTE 

REECo has an EPA I d e n t i f i c a t i o n  Number, NV3890090001, f o r  hazardous waste 
a c t i v i t i e s .  A  P a r t  B Permi t  a p p l i c a t i o n  f o r  t h e  Rad ioac t i ve  Waste Management 
S i t e  L a n d f i l l  i n  Area 5 was submi t ted t o  EPA Region I X  by  DOE/NV November, 
1985. A  r e p o r t  must be sen t  t o  t h e  S ta te  by March 1, o f  each yea r  p r o v i d i n g  
i n f o r m a t i o n  on hazardous wastes shipped o f f s i t e  t h e  p rev ious  ca lendar  year. 

REECo has been i ssued  PCB Generator I.D. No. NVG-PCB-006 by t h e  State.  
An annual r e p o r t  must be sen t  t o  t h e  S t a t e  by J u l y  1, cove r i ng  t h e  p rev ious  
ca lendar  year.  



ADDENDUM 2 
PART C 

STATUS OF THE ENVVIRONMENTALLY RELATED FACILITIES AT THE TTR, 
ADMINISTERED THROUGH REECO 

CLEAN AIR ACT 

1. REECo was issued Operating Permit #I083 f o r  t h e  Ross Concrete Batch P lant  
on 1130186. This permi t  exp i res  1/30/91. 

2. REECo was issued Operating Permit # lo81  f o r  t h e  C. S. Johnson Batch P lan t  
om 1130186. This permit  expires 1/30/91. 

3. A permi t  f o r  Open Burning a t  t h e  F i r e  Department T r a i n i n g  F a c i l i t y  i n  t h e  
TTR was issued 9/17/86. This permit  (#87-8) exp i res  9/17/87. 

4. REECo was issued opera t ing  Permits # I311 - #I315 f o r  t h e  one d iese l  and 
f o u r  JP-4 storage tanks respec t i ve l y  on 3/26/87. The permits exp i re  
3/26/92. 

5. REECo was issued Operating Permit #I316 on 3/26/87 f o r  an i nc ine ra to r .  
This permit  requi  res calendar year r e p o r t i n g  o f  throughput and opera t ing  
hours by A p r i l  15, each year. The permit  expires on 3/26/92. 

6. REECo was issued R e g i s t r a t i o n  C e r t i f i c a t e  #I379 on 3/27/87 t o  const ruc t  
an add i t i ona l  d iese l  s torage tank. 

WATER POLLUTION 

1. The sewage lagoon system i s  complete and i n  operation, rep lac ing  t h e  
100,000 and 50,000 gpd Sewage Treatment Package Plants. In format ion  i s  
c u r r e n t l y  being gathered f o r  DOE t o  ob ta in  a  permi t  f o r  t h i s  lagoon 
system. 

2. Plans f o r  t h e  Sewage Treatment Package P lant  t o  be i n s t a l l e d  a t  S i t e  4  
were submitted t o  t h e  S ta te  f o r  review and approval on 10/31/85. Approval 
i s  expected a f t e r  S ta te  r e c e i p t  o f  add i t i ona l  requested informat ion.  A  
permit  w i  11 not  be issued ( l e s s  than 10,000 gpd in f l ow) .  

CLEAN WATER 

1. Publ ic  Water Supply Operating Permits: 
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Permi t s  Recei ved : 

System Permit No. Expi r a t i o n  Date 

TTR-Sandi a- 
Area 6 NY-3014-12NC 9/30/87 

SOLID WASTE 

Permi t t e e  

REECo 

REECo 

REECo 

REECo 

Operation and maintenance p lan  f o r  t h e  san i ta ry  l a n d f i l l  was submitted t o  t h e  
Sta te  on December 19, 1981. 

RCRA WASTE 

TTR has an EPA I d e n t i f i c a t i o n  Number, NV 3570090016, fo r  hazardous waste 
a c t i v i t i e s .  



ADDENDUM 3 

ENVIRONMENTAL IMPACT STATEMENTS AND ENVIRONMENTAL ASSESSMENTS 

The f o l l  owing Envi ronmental Assessments were completed i n CY 1986. 

1. Uni ted States Geological Survey (USGS) S o i l  Studies near Beatty, Nevada 

2. USGS d r i  11 holes near Lathrop We1 l s ,  Nevada 

3. The L i q u i d  Gas Fuel S p i l l  Tes t  F a c i l i t y  a t  Frenchmen F l a t ,  Nevada Test S i t e  

No Environmental Impact Statements were w r i t t e n  i n  CY 1986. 
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