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PREFACE 

The U.S. Atorrric Energy Cornrnission (AEC) used t h e  Nevada Test S i t e  (NTS) 
from January 1951 through January 19, 1976, f o r  conduct ing nuc lear  weapons 
t e s t s ,  nuc lear  rocket-engi  ne development , nuc lear  medicine s tud ies ,  and o the r  
nuc lea r  and non-nuclear experiments. Beginning January 19, 1976, these 
a c t i v i t i e s  became t i l e  r e s p o n s i b i l i t y  o f  t h e  newly formed U.S. Energy Research 
and Development Admin i s t ra t i on  (EKDA), On October 1, 1977 t h e  ERDA was merged 
w i t h  o t h e r  energy- re la ted  agencies t o  fo rm t h e  U.S. Department o f  Energy 
(DOE). Atmospheric nuc lear  t e s t s  were conducted p e r i o d i c a l l y  f rom 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, a1 1 nuc lear  detonat ions 
have been conducted underground w i t h  t h e  expec ta t ion  o f  corrtainment, except 
f o r  four s l i g h t l y  above-ground o r  shal low underground t e s t s  o f  Operat ion 
Dominic I I i n 1962 and f i v e  nuc lear  e a r t h - c r a t e r i  ng experiments conducted 
under t h e  Plowshare program between 1962 and 1968. 

P r i o r  t o  1954, t h e  s u r v e i l  l ance  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. 
P u b l i c  Hea l th  Serv ice (PHs), and t h e  U.S. Environmental P r o t e c t i o n  Agency 
(EPA) f rom 1970 t o  t h e  present,  prov ided an O f f s i t e  Rad io log ica l  Safety 
Program f o r  nuc lear  t e s t i n g .  The PHs o r  EPA has a l so  prov ided o f f s i t e  
s u r v e i l l a n c e  f o r  nuc lear  exp los ive  t e s t s  a t  places o the r  than  t h e  NTS. 

Since 1954, t h e  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 n  t h e  o f f s i t e  environment surrounding 
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 r e  assessed by sampl i ng mi 1 k, water, and a i  r ; depl o y i  ng dosimeters ; and 
sampl i ng food  crops, s o i l  , e tc .  , as requ i  red. To implement p r o t e c t i v e  
ac t i ons ,  p rov ide  immediate r a d i a t i o n  mon i to r ing ,  and o b t a i n  environmental  
samples 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 ,  personnel w i t h  mob i le  
mon i t o r i ng  equipment a r e  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 .  Since 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 sampl e re leases  o f  r a d i o a c t i v i t y  d u r i  ng nucl  ear  t e s t s .  Moni t o r i  ng data 
ob ta 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 re  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 t o r i ng  personnel on t h e  ground. Data f rom a i rbo rne  
sampling a r e  used t o  q u a n t i f y  t h e  i nven to r i es ,  d i f f u s i o n ,  and t r a n s p o r t  o f  t h e  
r a d i  onucl ides  re1  eased. 

P r i o r  t o  1959 a r e p o r t  was pub l i shed f o r  each t e s t  s e r i e s  o r  t e s t  p r o j e c t .  
beginning 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 t e s t s ,  
su rve i  11 ance datla were pub1 i shed f o r  each i n d i v i d u a l  t e s t  t h a t  re1  eased 
r a d i o a c t i v i t y  o f f  s i t e .  From January 1964, through December 1970, 



semi-annual summaries o f  these r e p o r t s  f o r  i n d i v i d u a l  nuc lea r  t e s t s  were a l s o  
pub1 ished. 

I n  1971, t h e  AEC implemented a  requi rement ,  now r e f e r r e d  t o  as t h e  DOE 
Manual , Chapter 0513, t h a t  each c o n t r a c t o r  o r  agency i n v o l v e d  i n  ma jo r  nuc lea r  
a c t i v i t i e s  p rov ide  a  comprehensive rad io1  o g i c a l  moni t o r i  ng r e p o r t .  S ince 
1971, t h e  EPA has f u l f i l  l e d  t h e  annual r e p o r t i n g  requi rements o f  t h i s  DOE 
d i  r e c t  i ve. 
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PROGRAM SUMMARY -- 1979 

No radioactivity from the nuclear tests conducted at the Nevada Test Site 
(NTS) in 1979 was measured offsite by the U.S. Environmental Protection 
Agency ' s Envi ronment a1 Moni tori ng Systems Laboratory, which cont i nued i t s  
Offsite Radiological Safety Program for the NTS and other si tes of past 
underground nucl ear tests. For each t e s t ,  the Laboratory provided ai rborne 
meteorological measurements, ground and airborne radiation monitoring teams, 
and special briefings t o  the Test Controller's Advisory Panel. 

No measurable concentrations of manmade radionucl ides attributable t o  the 
testing program were found  in humans living in the environs of the NTS as 
determined by who1 e-body counts of individuals residing there. 

The only radioactivity from non-NTS si tes of past underground nuclear 
tes ts  was due t o  tritium, which was measured in water samples collected from 
the Project Dribble Site near Hattiesburg, Mississippi, and the Project Long 
Shot Site on Amchitka Island, Alaska. The maximum concentrations measured a t  
these locations were 10 and 0.1 percent of the Concentration Guide, 
respectively. Further sampl i ng i s  pl anned at the Project Dribble site. 

A small amount of airborne radioactivity originating from nuclear tests 
carried out by the People's Republic of China was detected during 1979 a t  some 
stations scattered throughout the Air Surveillance Network. 

Sampling of tissues from wildlife and domestic animals on and around the 
NTS was continued by the Laboratory's Animal Investigation Program. Data from 
analysis of these tissues are published separately in an annual report. 

Dose assessment calculations were no t  warranted this year because no 
radioactivity from the nuclear tests conducted at the NTS during 1979 was 
detected by the offsite monitoring networks. 



INTRODUCTION 

Under Memorandum of Understanding No. EY-76-A-08-0539 with t h e  U.S. 
Department of Energy (DOE), t h e  U.S. Envi ronmental P ro t ec t i on  Agency's (EPA) 
Environmental Monitoring Systems Laboratory--Las Vegas (EMSL-LV) , cont inued 
i t s  O f f s i t e  Radiological Safety Program f o r  t h e  Nevada Tes t  S i t e  (NTS) and f o r  1 

o t h e r  s i t e s  des igna ted  by t h e  DOE during ca l enda r  y e a r  1979. This  r e p o r t ,  
prepared i n  accordance with t h e  DOE Manual, Chapter 0513 (ERDA 1974) ,  con ta in s  
d e s c r i p t i o n s  of p e r t i n e n t  f e a t u r e s  of t h e  NTS and i t s  envi rons ,  summaries of 
t h e  EMSL-LV dosimetry and sampl i ng methods, a n a l y t i c a l  procedures ,  and t h e  
a n a l y t i c a l  r e s u l t s  from envi ronmental measurements. Where appl icabl  e ,  
dosimetry and sampling d a t a  a r e  compared t o  app rop r i a t e  guides  f o r  ex te rna l  
and i n t e r n a l  exposures of humans t o  i on i z ing  r ad i a t i on .  

DESCRIPTION OF THE NEVADA TEST SITE 

H i s t o r i c a l l y ,  t h e  major programs conducted a t  t h e  NTS have been nuc lear  
weapons devel opment , proo f - t e s t i  ng and weapons s a f e t y ,  t e s t i n g  peaceful uses 
of nuc lear  expl o s ives  (Pl owshare Program), r e a c t o r  engine devel o ment f o r  
nuc lear  rocke t  and ramjet  appl i c a t i o n s  ( P r o j e c t s  P lu to  and Rover!, Ili gh- 
energy nuc l ea r  physics research ,  and se i smic  s t u d i e s  (Vela Uniform). During 
1979, nucl e a r  weapons devel opment , proof - t e s t i  ng and weapons s a f e t y ,  and 
nuc l ea r  physics  programs were continued. P ro j ec t  P lu to  was d i scont inued  i n  
1964; P ro j ec t  Rover was te rmina ted  i n  January 1973; Plowshare t e s t s  were 
terni inated i n  1970; Vela Uniform s t u d i e s  ceased i n  1973. All nuc lear  weapons 
t e s t s  s i n c e  1962 have been conducted underground. 

S i t e  Locat ion 

The NTS i s  l oca t ed  i n  Nye County, Nevada, with i t s  sou theas t  co rne r  about 
90 km northwest  of Las Vegas (F igures  1 and 2 ) .  I t  has an a r ea  of about 3,500 
km and v a r i e s  from 40 t o  56 km i n  width (eas t -wes t )  a.nd from 64 t o  88 km i n  
1 ength (nor th-south) .  This  a r ea  c o n s i s t s  of 1 a rge  bas ins  o r  f l a t s  about 900 
t o  1,200 m above mean sea  l eve 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 i d e s  by exc lus ion  a r e a s ,  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 provide a b u f f e r  zone between t h e  t e s t  
a r e a s  and pub l i c  lands.  This  bu f f e r  zone v a r i e s  from 24 t o  104 km between t h e  
t e s t  a r e a  and land t h a t  i s  open t o  t h e  publ ic .  Depending upon wind speed and 
d i r e c t i o n ,  from 1 /2  t o  more than  6 hours w i l l  e l a p s e  before  any r e l e a s e  of 
a i  rborne r ad i  oaCt i vi t y  coul d pass over  pub1 i c  1 ands. 





F i g u r e  2. Nevada Tes t  S i t e  roads and f a c i l i t i e s .  



C l  imate 

The c l i m a t e  o f  t h e  NTS and surrounding area i s  var iab le ,  due t o  i t s  
va r i a t i ons .  i n  a l t i t u d e  and i t s  rugged t e r r a i n .  General l y ,  t h e  c l  imate i s  
r e f e r r e d  t o  as con t i nen ta 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  canmon food crops wi thout  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 of vegetat ion indigenous t o  an 
area. According t o  Houghton e t  al .  (1975), t h i s  method o f  c l a s s i f i c a t i o n  of  
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  of 
temperature and s e v e r i t y  o f  drought. Table 1 (Houghton e t  a l .  1975) 
summarizes t h e  c h a r a c t e r i s t i c s  o f  c l  imat i c  types f o r  Nevada. 

As Houghton e t  a1 . po in t  out ,  90 percent o f  Nevada's popu la t ion  1  ives i n  
areas w i t h  l e s s  than 25 cm o f  r a i n f a l l  pe r  yea r  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 - l a t i t u d e  steppe t o  l o w - l a t i t u d e  deser t  regions. 

According t o  Q u i r i  ng (1968), t h e  NTS average annual p r e c i p i t a t i o n  ranges 
f rom about 10 cm a t  t h e  lower e leva t i ons  t o  around 25 cm on t h e  h ighe r  
e leva t ions .  Dur ing t h e  w in te 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 considerably  w i th  e l  evation; s l  ope, and l o c a l  a i r  currents.  The average 
d a i l y  high ( low)  temperatures a t  t h e  lower a l t i t u d e s  are  around 50°F(250F) 
i n  January and 95"F(55"F) i n  Ju ly ,  w i t h  extremes o f  l lO°F and -15OF. 
Corresponding tenpera tures  on t h e  p l  ateaus are  35"F(25"F) i n  January and 
80°F(650F) i n  J u l y  w i th  extremes o f  100°F and -20°F. Temperature extremes as 
low as -30°F and h ighe r  than 115OF have been observed. 

The wind d i rec t i ons ,  as measured on a  30-m tower a t  an observat ion s t a t i o n  
about 9 km NNW o f  Yucca Lake, i s  predominantly n o r t h e r l y  except dur ing  t h e  
months o f  May through August when wi nds from t h e  south-southwest predomi na te  
( Q u i r i n g  1968). Because o f  t h e  preva len t  mounta in/va l ley winds i n  t h e  basins, 
sou th  t o  southwest winds predominate dur ing  d a y l i g h t  hours o f  most months. 
During t h e  winder months souther ly  winds have o n l y  a  s l  i g h t  edge over  
n o r t h e r l y  winds f o r  a  few hours du r i ng  t h e  warmest p a r t  o f  t h e  day. These 
wind p a t t e r n s  may be q u i t e  d i f f e r e n t  a t  o the r  l o c a t i o n s  on t h e  NTS because of 
l o c a l  t e r r a i n  e f f ec t s  and d i f f e rences  i n  e levat ion.  

Geology and Hydro1 ogy 

Geologica l  and hyd ro log i ca l  s tud ies  o f  t h e  NTS have been i n  proyress by 
t h e  U.S. Geologica l  Survey and var ious o the r  o r g a n i z < ~ t i o n s  s ince  1956. 
Because of t h i s  con t i nu ing  e f f o r t ,  i n c l u d i n g  subsurface s tud ies  o f  numerous 
borehol es, t h e  sur face  and underground geo log ica l  and hydro1 og i ca l  
c h a r a c t e r i s t i c s  f o r  much o f  t h e  NTS a r e  known i n  considelmable d e t a i l .  Th i s  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 underground experiments a re  
conducted. A comprehensive sunmary o f  t h e  geology and hydrology o f  t h e  NTS 
has been e d i t e d  and pub l i shed by Eckel (1968). 

Tw major hydro log ic  systems shown i n  F igure 3  e x i s t  on t h e  NTS (ERDA 
1977). Ground wa te r  i n  t h e  northwestern p a r t  o f  t h e  NTS o r  i n  t h e  Pahute Mesa 
area has been repo r ted  t o  f l o w  a t  a  r a t e  of 2  m t o  180 m per  year t o  t h e  



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

\ Mean Temperature Annual P rec ip i t a t i on  

O C  cm 
Climate (OF) ( inches) Domi nant Percent 

Type Winter Sunmer Total  * Snowfall Vegetation o f  Area 

A1 p i  ne -18' t o  -9' 4' t o  10' % t o 1 1 4  Mediumto Alp ine I - 
tundra ( 0' t o  15') (40' t o  50') 115 t o  45) heavy meadows 

Humid - lZO t o  -lo 10° t o  21' 64 t o  114 + Heavy P i  ne-f i r 1 
I cont inental  (10' t o  30') (50' t o  70') (25 t o  45) f o r e s t  
1 
I 

I or Subhumid - lZO t o  -lo 10° t o  21° 30 t o  64 Moderate Pine o r  scrub 15 
I cont inental  (10' t o  30') (50' t o  70') (12 t o  25) wood1 and 

Mid- la t i tude -lo t o  4' 18' t o  27' 15 t o  38 L i g h t  t o  Sagebrush, 57 
steppe (20' t o  40') (65' t o  80') ( 6 t o  15) moderate grass, scrub 

1 I 

M id - la t i tude -lo t o  4' 18' t o  27' 8 t o  20 L igh t  Greasewood, 2 0 
desert (20' t o  40') (65' t o  80') ( 3 t o  8) s hadscal e 

Low-lat i tude -4' t o  10' 27' t o  32' 5 t o  25 Neg l ig ib le  Creosote 7 
I desert (40' t o  50') (80' t o  90') ( 2 t o  10) bush 

" i m i  t s  o f  annual p r e c i p i t a t i o n  over1 ap because o f  var ia t ions  i n  temperature which a f f e c t  t he  
water bal anceb 
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south and southwest toward t h e  Ash Meadows Discharge Area i n  t h e  Amargosa 
Desert. It i s  est imated t h a t  t h e  ground water t o  t h e  east o f  t h e  NTS moves 
f rom n o r t h  t o  south a t  a r a t e  o f  no t  l e s s  than 2 m no r  g rea te r  than  220 m p e r  
year. Carbon-14 analyses o f  t h i s  eastern ground water i n d i c a t e  t h a t  t h e  lower 
v e l o c i t y  i s  nearer  t h e  t r u e  value. A t  Mercury Va l l ey  i n  t h e  extreme southern 
p a r t  o f  t h e  NTS, t h e  eas tern  ground water f l o w  s h i f t s  southwest toward t h e  Ash 
Meadows D i  scharge Area. 

The water  l e v e l s  under t h e  NTS vary from depths of  about 100 m beneath t h e  
sur face  o f  v a l l  eys i n  t h e  southeastern p a r t  o f  t h e  s i t e  t o  more than  600 m 
beneath t h e  sur face  o f  highlands t o  t h e  north. Al though much o f  t h e  v a l l e y  
f i l l  i s  sa tu ra ted ,  downhard movement o f  water i s  extremely slow. The pr imary 
a q u i f e r  i n  these format ions i s  t h e  Paleozoic  carbonates t h a t  u n d e r l i e  t h e  more 
recent  t u f f s  and a1 luviums. 

Land Use o f  NTS Environs 

F igure  4 i s  a map o f  t h e  off-NTS area showing a wide v a r i e t y  o f  l and  uses, 
such as farming, min ing,  graz ing,  camping, f i s h i n g ,  and hunt ing. For  example, 
w i t h i n  a 300-km rad ius  west o f  t h e  NTS, e l  evat ions range f rom 85 In be1 CM MSL 
i n  Death Val l ey  t o  4,420 m above MSL i n  t h e  S i e r r a  Nevada Range. P a r t s  o f  two 
major a g r i c u l t u r a l  v a l l  eys ( t h e  Owens and San Joaquin) a re  included. The 
areas south o f  t h e  NTS a r e  more uni form s i n c e  t h e  Mojave Deser t  ecosystem 
(m id - l a t i t ude  d e s e r t )  comprises most of t h i s  p o r t i o n  o f  Nevada, Cal i f o r n i  a, 
and Arizona. The areas east  o f  t h e  NTS a r e  p r i m a r i l y  m i  d - l a t i t u d e  steppe w i t h  
some o f  t h e  o l d e r  r i v e r  v a l l  eys, such as t h e  V i r g i n  R i ve r  Val1 ey and Moapa 
Val l ey ,  suppor t ing  i r r i g a t i o n  f o r  smal l-scal  e bu t  i n t e n s i v e  farmi ng o f  a 
v a r i e t y  o f  crops. Grazing i s  a l so  common i n  t h i s  area, p a r t i c u l a r l y  t o  t h e  
northeast.  The area n o r t h  o f  t h e  NTS i s  a l so  m i d - l a t i t u d e  steppe, where t h e  
major a g r i c u l t u r a l  a c t i v i t y  i s  graz ing o f  c a t t l e  and sheep. Minor 
a g r i c u l t u r e ,  p r i m a r i l y  t h e  growing o f  a l f a l f a  hay, i s  found i n  t h i s  p o r t i o n  o f  
t h e  S ta te  w i t h i n  300 km o f  t h e  NTS Contro l  P o i n t - 1  (CP-1). Many o f  t h e  
r e s i d e n t s  grow o r  have access t o  l o c a l l y  grown f r u i t s  and vegetables. 

I ndus t r y  w i t h i n  t h e  immediate off-NTS area  inc ludes  34 a c t i v e  mines and 
m i l l s ,  two o i l  f i e 1  ds a t  Trap Springs and Eagle Springs, and several  
i n d u s t r i a l  p l a n t s  i n  Henderson, Nejada ( F i g u r e  4). The number o f  employees 
f o r  these operat ions may vary from one person a t  several  o f  t h e  small mines t o  
severa l  hundred workers f o r  t h e  o i l  f i e l d s  n o r t h  o f  t h e  NTS and t h e  i n d u s t r i a l  
p lan ts  i n  Henderson. Most o f  t h e  i n d i v i d u a l  mining operat ions i n v o l v e  l e s s  
t h a n  10 workers per  mine; however, a few opera t ions  employ 100 t o  250 workers. 

The major  body o f  water  c l ose  t o  t h e  NTS i s  Lake Mead (100 km southeast) ,  
a manmade l a k e  supp l i ed  by water f rom t h e  Colorado River.  Lake Mead supp l i es  
about 60 percent  o f  t h e  water  used f o r  domestic, r ec rea t i ona l ,  and i n d u s t r i a l  
purposes i n  t h e  Las Vegas Val ley. Some Lake Mead water i s  used i n  Arizona, 
southern C a l i f o r n i a ,  and Mexico. Smal l e r  r e s e r v o i r s  and lakes l oca ted  i n  t h e  
area a re  used p r i m a r i l y  f o r  i r r i g a t i o n  and f o r  water ing 1 ivestock.  In '  
C a l i f o r n i a ,  t h e  Owens R i v e r  and Haiwee Rese rvo i r  feed  i n t o  t h e  Los Anyeles 
Aqueduct and c o n s t i t u t e  t h e  major sources o f  water f o r  t h e  Los Angeles area. 



F igu re  4. General land  use i n  t h e  Nevada Test S i t e  environs. 
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Many r e c r e a t i o n a l  areas, i n  a1 1 d i r e c t i o n s  around t h e  NTS (F igu re  4) a r e  
used f o r  such a c t i v i t i e s  as hunt ing,  f i s h i n g  and camping, I n  general, t h e  
camping and f i s h i n g  s i t e s  t o  t h e  northwest, nor th,  and nor theast  o f  t h e  NTS 
a re  u t i l  i zed  throughout  t h e  year  except f o r  t h e  w i n t e r  months. Camping and 
f i s h i n g  l o c a t i o n s  t o  t h e  southeast, south, and southwest a re  u t i l i z e d  
throughout t h e  year. The hun t i ng  season i s  f rom September th rough January. 

Da i ry  fa rming  i s  no t  ex tens ive  w i t h i n  300 km of t h e  NTS. A survey o f  m i l k  
cows du r i ng  t h e  summer o f  1979 showed 8,200 d a i r y  cows, 730 f a m i l y  m i l k  cows 
and 258 f a m i l y  m i l k  goats i n  t h e  area. The 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 e c t i o n s  around t h e  NTS (F igu re  5), whereas most da i r y  
cows (F igu re  6)  a re  l o c a t e d  southeast o f  t h e  S i t e  (Moapa R iver ,  Nevada; V i r g i n  
R i v e r  Val ley ,  Nevada; and Las Vegas, Nevada), no r theas t  (Lund) , and southwest 
(near  Barstow, C a l 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 .  
Approximately 250,000 c a t t l  e and 280,000 sheep (Cal i f o r n i  a 1979; Nevada 
Department o f  Agr i  c u l t u r e  1978; Utah Department o f  Ag r i  c u l t u r e  1979) w r e  
pastured w i t h i n  t h i s  area dur ing  1979. The d i s t r i b u t i o n s  o f  t h e  c a t t l e  and 
sheep by county a r e  shown i n  F igures 7 and 8, respec t i ve l y .  

Popul a t  i on D i s t r i b u t i o n  

F igure  9 shows t h e  cur ren t  popu la t ion  o f  count ies  surrounding t h e  NTS 
based on p r o j e c t i o n s  by t h e  S ta tes  i n  which t h e  count ies  w r e  located. 
Exc luding t h e  Las Vegas area, t h e  major popu la t ion  c e n t e r  (approximately 
435,000 i n  1979), t h e  popu la t i on  dens i ty  w i t h i n  t h i s  area i s  about 0.6 persons 
per square k i lometer .  For comparison, t h e  48 cont iguous s t a t e s  (1970 census) 
had a popul a t  i o n  dens i t y  o f  approximately 26 persons per  square k i  1 ometer. 
The est imated average popu la t ion  dens i t y  f o r  Nevada i n  1979 was 2.6 persons 
p e r  square k i lometer .  

The o f f s i t e  area w i t h i n  83 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  predominantly 
r u r a l .  Several m a 1  1 comrmnities a re  l o c a t e d  i n  t h e  area, t h e  l a r g e s t  being 
i n  t h e  Pahrump Val1 ey. Th i s  growing r u r a l  community, w i t h  an es t imated  
popu la t i on  o f  about 3,600, i s  l oca ted  about 72 km south-southwest o f  t h e  NTS 
Contro l  Point-1. The Amargosa Farm Area, which has a popu la t ion  o f  about 
1,000, i s  l oca ted  about 50 km southwest o f  CP-1. The l a r g e s t  town i n  t h e  
n e a r - o f f s i t e  area i s  Beatty,  which has a popu la t ion  o f  about 600 and i s  
l oca ted  approximately 65 km t o  t h e  west o f  CP-1. 

The Mojave Deser t  o f  Cal i f o r n i a ,  which inc ludes  Death Val l ey  Nat iona l  
Monument, l i e s  a long t h e  southwestern border  o f  Nevada. . The Nat iona l  Park 
Serv ice  (1980) es t imates  t h a t  t h e  popu la t i on  w i t h i n  t h e  Monument boundaries 
ranges from a minimun o f  900 permanent r e s i d e n t s  dur ing  t h e  summer nonths t o  
as many as 35,000 t o u r i s t s  and canpers on any p a r t i c u l  a r  day d u r i n g  t h e  major 
ho l i day  per iods i n  t h e  w in te r  months, and a s  many as 80,000 dur ing "Death 
Va l ley  Days" i n  t h e  month o f  November. The l a r g e s t  town and cont iguous 
populated area f n  t h e  Mojave Desert i s  Barstow, l o c a t e d  265 km south-southwest 
of t h e  NTS, w i t h  a popul a t i o n  o f  about 25,000. The next l a r g e s t  popul a ted  
area i s  t h e  Ridgecrest-China Lake area, which has a popu la t ion  o f  about 
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F i g u r e  5. D i  s t r i b u t i o n  and number o f  f a m i l y  m i l k  cows and goats, by county. 
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Figure 6. D i s t r i b u t i o n  o f  d a i r y  cows, by county. 
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Figure 7. Distribution of beef c a t t l e ,  by county. 
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Figure 8. Dis t r ibu t ion  of sheep, by county. 
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Figure 9. Population of Arizona, Cal i f o r n i a ,  Nevada, and 
Utah count ies  near  t h e  Nevada Test  S i t e .  



20,000 and i s  l oca ted  about 190 km southwest o f  t h e  NTS. The Owens Val ley,  
where numerous small towns a re  located,  l i e s  about 50 km west o f  Death Val ley .  
The l a r g e s t  town i n  Owens Va l l ey  i s  Bishop, l oca ted  225 km west-northwest o f  
t h e  NTS, w i t h  a popu la t ion  o f  about 5,300 i n c l u d i n g  cont iguous populated 
areas. 

The extreme southwestern reg ion  o f  Utah i s  more developed than t h e  
adjacent p a r t  o f  Nevada. The l a r g e s t  town, Cedar City, w i t h  a popu la t ion  o f  
10,700, i s  l oca ted  280 km east  nor theas t  o f  t h e  NTS. The next l a r g e s t  
community i s  St. George, l o c a t e d  220 km east  o f  t h e  NTS, w i t h  a popu la t ion  o f  
9,100. 

The extreme nor thwestern reg ion  o f  Ar izona i s  most ly  range l and  f o r  t h a t  
p o r t i o n  i n  t h e  Lake Mead Recreat ion Area. I n  add i t i on ,  severa l  smal l  
communities l i e  along t h e  Colorado River.  The l a r g e s t  town i n  t h e  area i s  
Kingman, l oca ted  280 km southeast o f  t h e  NTS, w i t h  a popu la t ion  o f  about 
8,000. 

AIRBORNE RELEASES OF RADIOACTIVITY AT THE NTS DURING 1979 

Dur i  ng 1979, a1 1 nucl  ear  detonat ions were conducted underground, and a1 1 
were contained. However, d u r i n g  re -en t ry  d r i l l i n g  operat ions, occasional 
1 ow-1 evel re leases o f  a i  rborne r a d i o a c t i v i t y  d i d  occur. According t o  
i n f o r m a t i o n  prov ided by t h e  Nevada Operat ions O f f i ce ,  DOE, t h e  q u a n t i t i e s  o f  
rad ionuc l i des  re leased i n t o  t h e  atmosphere dur ing  1979 a re  shown i n  
Table 2. 

TABLE 2. TOTAL AIRBORNE RADIONUCLIDE RELEASES 
AT THE NTS DURING 1979 

Radionucl i de  
Q u a n t i t y  Re1 eased 

(Ci  1 

T r i t i u m  
Krypton-85 
I o d i  ne-131 
Xenon-133 
Xenon-133m 
Xenon-135 

Tot a1 12.6 

ND = no de tec tab le  re lease 

There i s  a1 so a cont inuous unknown 1 ow-1 evel re lease o f  t r i t i u m  and 
krypton-85 on t h e  NTS. T r i t i u m  i s  re leased p r i m a r i l y  f rom t h e  Sedan Cra te r  



and by t h e  evapora t ion  o f  water  f rom ponds formed by dra inage of water f rom 
tunnel  t e s t  areas i n  t h e  R a i n i e r  Mesa. The seepage o f  krypton-85 and t r i t i u m  
t o  t h e  su r face  from underground t e s t  areas i s  suspected. The s h o r t - l i v e d  
i od ines  and xenons a re  re leased o n l y  du r i ng  a  ven t ing  o r  du r i ng  a  d r i l l b a c k  
operat ion.  

OTHER TESTS 

The name, date, l o c a t i o n ,  y i e l d ,  depth, and purpose o f  each underground 
nuc lea r  t e s t  conducted o f f  t h e  NTS a r e  shown i n  Table 3. No .off-NTS nuc lea r  
t e s t s  were conducted du r i ng  1979. 

TABLE 3. UNDERGROUND TESTS CONDUCTED OFF THE NEVADA TEST SITE 

Name of Test, 
Operation or  

Project Date Location 

Depth 
Purpose of (k) the events,# 

Project/Gnane 12/10/61 48 km (30 mi) SE of 3.1** 360 Mu1 ti-purpose 
Coach* Carl sbad; N. Mex. (1184) experiment. 

Project Shoal t 10126163 45 km (28 mi) SE of 12 366 Nuclear Test 
Fallon, Nev. (1200) detection re- 

search experi - 
ment. 

Project Dribblet 10122164 34 km (21 mi) SW of 5.3 
(Salmon Event) Hattiesburg , Miss. 

~ p e r a ~ i d n  Long 10/29/65 Amchitka Island, 80 
Shott A1 aska 

Project Dribblet 12/03/66 34 km (21 6i)  SW of 0.38 
(Sterling Event) Hattiesburg , Miss. 

Project Gasbuggy* 12/10/67 88 km (55 m i )  E of 29 
Famington, N. Mex. 

Faultless Event* 01/19/68 Central Nevada Test 200- 
Area 96 km (60 mi) E 1000 
of Tonopah , Nev. 

Project Miracle 02/02/69 34 km (21 mi) SW of Non- 
Play (Diode Tube)* Hattfesburg, Miss. - nuclear 

expl osi on . 

Nuclear t e s t  
detection re- 
search experi- 
ment. 

DOD nuclear 
t e s t  detection 
experiment. 

Nuclear t e s t  
detection re- 
search experi - 
ment. 

Joint  Goverment- 
Industry gas 
stimulation ex- 
periment. 

Cal ibration 
tes t .  

Detonated in 
SalmonISterl i ng 
cavity. Seismic 
studies. 

Project Rul i son* 09/10/69 19 km (12) SW of 40 2568 Gas Stimulation 
Rifle, Colo. (8425) experiment. 

Operation ~ i l  r o d  ' 10/02/69 M i t k a  Island. 1000 1219 Cal ibration t e s t .  
A1 ask8 (4000) 

(conti nued) 



TABLE 3. Continued 

Name o f  Test, Depth 
Operation o r  Yie ld m Purpose of  

Project  Date Location ( k t )  ( f t )  the event 

Project  Miracle* 04/19/70 34 km (21 mi)  SW o f  Non- 823 Detonated i n  
Play (Humid Hattiesburg , Miss. rlucl ear (2700) Salmon/Sterl i ng 
Water) t explosion cavity. Seismic 

studies. 

Operation 11/06/71 Amchitka -Island, <5000 1829 T e s t o f w a r -  
Canniki n* . A1 aska (6000) head f o r  

Spartan 
missi le. 

Project  Rio 05/17/73 48 km (30 mi) SW o f  3x30 1780 Gas stimula- 
Bl anco* Meeker, Col o. t o  t i o n  experi- 

2040 ment. 
(5840 

t o  
6690) 

*Pl owshare Events 
tVel a Uniform Events 
*Weapons Tests 
§Information f r a n  "Revised Nuclear Test S t a t i s t i c s  .* dated September 20, 1974, and "Announced 
United States Nuclear Test Stat is t ics."  dated June 30, 1976, d i s t r i bu ted  by David G. Jackson, 
Director ,  O f f  i c e  o f  Pub1 i c  A f fa i rs ,  Energy Research Administration, Nevada Operations O f f  ice,  
Las Vegas, Nevada. 

#News re1 ease A1 -62-50, ABC A1 buquerque Operations Off ice.  A1 buquerque, New Mexico. 
December 1, 1961. 

*"The Ef fec ts  o f  Nuclear Weapons," Rev. Ed. 1964. 



METHODS 

SPECIAL TEST SUPPORT 

Before each nuclear  t e s t ,  mobil e  mon i to r ing  personnel were pos i t ioned i n 
t h e  o f f s i t e  areas most l i k e l y  t o  be exposed should a  re lease o f  rad ioac t i ve  
mater ia l  occur. These moni tors,  equipped w i th  r a d i a t i o n  survey instruments, 
gamma exposure-rate recorders, thermolumi nescent dosimeters (TLD's) , por tab le  
a i r  samplers, and supp l ies  f o r  co l  l e c t i n g  environmental samples, were prepared 
t o  conduct a  mon i to r ing  program d i r e c t e d  from t h e  NTS Contro l  Po in t  (CP-1) v i a  
two-way r a d i o  communications. 

I n  add i t ion ,  f o r  each event a t  t h e  NTS, a  U.S. A i  r Force a i r c r a f t ,  w i t h  
t w o  Reynolds E l  ec t  r i  ca l  and Engi nee r i  ng Company moni t o r i  ny personnel equipped 
w i th  por tab le  r a d i a t i o n  s  urvey i n s t  r u m n t  s, was a i rbo rne  near sur face ground 
zero t o  detect  and t rack  any r a d i o a c t i v e  e f f l uen t .  One EMSL-LV c loud sampl i n g  
and t r a c k i n g  a i r c r a f t  was a l so  a i rborne over  NTS t o  ob ta in  samples, assess 
t o t a l  c loud volume, and prov ide  long-range t r a c k i n g  i n  t h e  event o f  a  re lease 
of a i rbo rne  r a d i o a c t i v i t y .  A second EMSL-LV a i r c r a f t  was a i rborne t o  gather  
meteorological  data and t o  perform cloud t rack ing .  I n fo rma t ion  from these  
a i r c r a f t  was used i n  p o s i t i o n i n g  t h e  r a d i a t i o n  monitors. 

ROUTINE MONITORING AND SAMPLING 

The O f f s i t e  Rad io log ica l  Safety Program f o r  t h e  NTS cons i s ted  o f  
cont inuous ly  operated dos imet ry and a i r  sampl i ng n e t w r k s  and schedul ed 
c o l l e c t i o n s  o f  m i  l k  and water  sampl es a t  l o c a t i o n s  surrounding t h e  NTS. 

A i r  Su rve i l l ance  Network 

The A i  r S u r v e i l  lance Network (ASN) i s  operated t o  mon i to r  envi ronrnental 
1  evels o f  r a d i o a c t i v i t y  f rom NTS operations. At t h e  beginning o f  1979, t h e  
ASN cons is ted  o f  49 cont inous ly  opera t ing  sampl i n g  s t a t i o n s  and 73 standby 
s t a t i o n s  i n  2 1  western States. By February 1, 1979, 24 o f  t h e  a c t i v e  s t a t i o n s  
were changed t o  standby s ta t ions ,  and l a t e r  i n  t h e  year  opera t ion  o f  t h e  
Diablo s t a t i o n  was terminated. A t  t h e  end of t h e  year, t h e  network had 25 
a c t i v e  s t a t i o n s  and 96 standb-y s t a t i o n s  (F igures  10 and 11). 

Samples o f  a i rbo rne  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 c t i v e  s t a t i o n  on 
4 - i n  (10-cm) diameter g l a s s - f i b e r  o r  Microsorban f i l t e r s  a t  a  f l o w  r a t e  o f  
about 350 m3per day. F i l t e r s  were changed a f t e r  sanpler  opera t ion  periods of 
2 o r  3  days (700 t o  1,100 m3). Ac t iva ted  charcoal c a r t r i d g e s  d i r e c t l y  behind 
t h e  f i l t e r s ,  used t o  c o l l e c t  gaseous radio iodine,  were changed a t  t h e  sane 
t ime as t h e  f i l t e r s .  The s t a t i o n s  were operated by State and municipal h e a l t h  



F i g u r e  10. A i r  Su rve i l l ance  Network s t a t i o n s  w i t h i n  Nevada. 
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department personnel or by local residents. All  a i r  f i l t e rs  and charcoal 
cartridges were mailed t o  the EMSL-LV for analysis. All standby stations wre 
operated for 1-week periods each quarter for performance evaluation. 

The f i l te rs  and cartridges were analyzed by gamma spectrometry. I f  fresh 
fission products had been detected on the f i l t e r s ,  radiochernical analysis 
woul d have been performed for strontiun-89,90 and plutonium isotopes on 
selected f i l ters .  Appendix Tab1 e A-1 summarizes the analytical procedures and 
mi nimum detectable concentrat ions (MDC ' s )  for each analysis. Gross beta 
analyses for samples from all stations were discontinued in 1979 in favor of 
high resolution gamma spectrometry, which resolves complex mixtures of 
garnma-emitti ng radionucl ides and el imi nates nonspecific background 
interferences. Quarterly composites from 11 ASN stations were analyzed for 
plutoni um-238 and plutoni um-239. 

In anticipation of airborne radioactivity from the atmospheric nuclear 
tes t  by the Peopl e 's  Republic of China at  0100 EST on December 14, 1978, 66 of 
the standby stations were activated with f i l t e r s  and charcoal cartridges from 
December 15, 1978, through January 5, 1979. 

Noble Gas and Tritium Surveillance Network 

The Noble Gas and Tritiun Surveil lance Network monitors the airborne 
levels of radiokrypton, radioxenon, and tritium. In May 1979, the sampling - 

stations in Death Valley Junction and Las Vegas were reiioved fran the Network, 
and nw stations were added a t  Area 15 and Area 400 on the NTS and a t  Lathrop 
We1 1s in the offsite area t o  enhance the monitoring for effluents from 
experimental high-1 eve1 waste study areas. Currently this network consists of 
six stations on and six stations off the NTS as shown in Figure 12 ( the Area 
51 station i s  considered an NTS station). 

Tw sampling systems are used in th is  Network: a compressor-type a i r  
smpl e r  and a mol ecul ar  sieve sanpl er. The compressor-type equi pent  
continuously samples a i r  over a 7-day period and stores i t  in two pressure 
tanks, which together hold approximately 1 cubic meter of a i r  at about 220 psi 
(1.6 MPa). The tanks are exchanged weekly and returned to the EMSL-LV where 
their  contents are analyzed for krypton-85 and radi oxenon. 

A molecul a r  sieve column i s  used t o  collect tr i t iated water from air. A 
prefilter i s  used t o  rmove particles before a i r  passes through the molecular 
sieve column. Approximately 5 cubic meters of a i r  are passed through each 
sampler over a 7-day sampling period. Tritiated water (HTO)  absorbed on the 
molecul a r  sieve column is  recovered, and the concentration of tritium in 
water, expressed in pCi/ml of sampled a i r ,  i s  determined' by liquid 
sci ntil lation counting techniques. Analyses for t r i t i m  hydride and t r i t ia ted 
methane were discontinued in 1979. 

Thermol umi nescent Dosimetry Network 

The ThermolLfminescent Dosimetry Network comprises 78 stations at  b o t h  
inhabited and uninhabited locations within a 300-km radius of the CP-I. Each 
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F i g u r e  12. Noble Gas and T r i t i u m  S u r v e i l l a n c e  Network s t a t i o n s .  
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F igu re  13. Thermoluminescent Dosimeter Network s ta t i ons .  
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s t a t i o n  i s  equipped w i t h  t h r e e  Harshaw Model 2271-62 (TLD200) thermo- 
1 uminescent dosimeters (TLD's) t o  measure environmental background 1 evels as 
we1 1 as acc identa l  releases o f  gamma-emitting r a d i o a c t i v i t y  (F igure  13). 
Wi th in  t h e  area covered by t h e  Network, each o f  24 o f f s i t e  res idents  wore a 
dosimeter du r i ng  1979. A1 1 TLD's were exchanged qua r te r l y .  

The on l y  ma jor  change i n  t h e  Network du r i ng  1979 was t h e  removal of gamma 
r a t e  recorders from Network s t a t i o n s  beginning February 1, 1979. The 
dosimeters a t  P ine Creek Ranch s t a t i o n  were no t  exchanged u n t i l  t h e  t h i r d  
quar te r  due t o  weather cond i t ions  and t h e  e r e c t i o n  o f  a  padlocked fence. At 
t h e  beginning o f  t h e  t h i r d  quar te r ,  t h i s  s t a t i o n  was moved ou ts ide  t h e  fence 
several  hundred f e e t  f rom i t s  o r i g i n a l  1  ocat ion. Dosimeters s t o l e n  from 
several  s t a t  ions  were rep1 aced t h e  f o l  1  owing quarter.  

The Model 2271-62 dosimeter cons i s t s  o f  two small "ch ips"  o f  dysprosium- 
a c t i v a t e d  calc ium f l u o r i d e  mounted i n  a window o f  Te f lon  p l a s t i c  at tached t o  a 
smal l  alumi num card. An energy compensation s h i e l d  o f  1.2-mm t h i c k  cadmium 
metal i s  placed over  t h e  card  con ta in ing  t h e  chips, and t h e  sh ie lded card  i s  
t hen  sealed i n  an opaque p l a s t i c  card  holder.  Three o f  these dosimeters a re  
placed i n  a secured, rugged, p l a s t i c  housing 1 meter above ground l e v e l  a t  
each s t a t i o n  t o  s tandard ize t h e  exposure geometry. One dosimeter i s  issued t o  
each o f  24 o f f s i t e  res idents  who are  i n s t r u c t e d  i n  i t s  proper wearing. 

A f te r  appropr ia te  c o r r e c t  ions were made f o r  background exposure 
accumul ated dur ing  shipment between t h e  l abo ra to ry  and t h e  ~ n o n i t o r i  ng 
l o c a t i o n ,  t h e  TLD readings f o r  each s t a t i o n  were averaged. The average value 
f ~ r  each s t a t i o n  was then compared t o  t h e  values obta ined du r i ng  t h e  prev ious 
year t o  determine whether t h e  new value was w i t h i n  t h e  range o f  previous 
background values f o r  t h a t  s ta t i on .  The data f rom each o f  t h e  personnel 
dosimeters were compared t o  t h e  background value measured a t  t h e  nearest 
s ta t i on .  

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 v a r i a t i o n s  i n  t h e  na tu ra l  
background exposure r a t e  a t  t h e  p a r t i c u l a r  s ta t i on .  I n  t h e  absence of o the r  
i ndependent exposure r a t e  measurements , one must compare t h e  present exposure 
r a t e  w i t h  va l  i d  p r i o r  measurements of na tu ra l  background. Typica l  l y  , t h e  
smal lest  net  exposure de tec tab le  a t  t h e  99 percent conf idence l e v e l  f o r  a  
90-day exposure pe r i od  would be 5 t o  15 mR above background. Depending on 
l o c a t i o n ,  t h e  background ranges from 15 t o  35 mR. The term "background," as 
used i n  t h i s  context ,  r e f e r s  t o  n a t u r a l l y  occu r r i ng  r a d i o a c t i v i t y  p lus  a 
c o n t r i b u t i o n  from res idua l  manmade f i s s i o n  products, such as worl  d-wi de 
fa1  l ou t .  

M i l k  Su rve i l l ance  Networks 

M i l k  i s  one o f  t h e  most important  pathways by which manmade rad ionuc l ides  
en te r  t h e  d i e t  o f  man. For t h i s  reason, m i l k  produced near t h e  NTS i s  
monitored r o u t i n e l y .  The s i x  most common f i s s i o n  products observed i n  m i l k  
a re  tr i t i  um, s t r o n t i  um-89,90, r a d i o i o d i  nes, cesium-137, and barium-140. 
Concentrat ions o f  potassium-40, a n a t u r a l l y  occur r ing  rad ionuc l i de  found i n  
m i l k ,  a re  no t  reported. 



The r o u t i n e  M i l k  Su rve i l l ance  Network (MSN) and t h e  Standby Mi lk  
Surve i l lance  Network (SMSN) were cont inued dur ing  1979 t o  moni tor  
concentrat ions o f  rad ionucl  ides  i n  mi lk .  The MSN cons is ted  o f  24 sari~pl i n y  
s i t e s  (F igure  14) a t  which EMSL-LV personnel c o l l e c t e d  4  l i t e r s  o f  raw m i l k  
each qua r te r  from f a m i l y  cows, cornmercial producers, and p a s t u r i z a t  i o n  plants. 
I n  t h e  event o f  a  re lease o f  r a d i o a c t i v i t y  f rom t h e  NTS, extensive sarripliny 
would be conducted i n  t h e  a f f e c t e d  area w i t h i n  a  480 k~n  rad ius  o f  CP-1 t o  
assess t h e  rad ionuc l  i d e  concentrat ions i n  m i  l k ,  t h e  r a d i a t i o n  doses t h a t  cou ld  
r e s u l t  from t h e  i n g e s t i o n  o f  m i l k ,  and t h e  p r o t e c t i v e  ac t ions  required. M i l k  
supp l i e r s  and producers beyond 480 kin a re  normal l y  sar~~pled by t h e  SMSN; 
however, EMSL-LV monitors a re  prepared t o  c o l l e c t  sanpl es as f a r  out as 
necessary t o  assure adequate and t i m e l y  coverage. 

The SMSN cons is ts  o f  about 140 Grade A mi lk  processing p lants i n  a1 1  
S ta tes  w s t  of t h e  M i s s i s s i p p i  River .  Federal reg ional  o f f i c e s  and S t a t e  
h e a l t h  departments can be requested t o  c o l  l e c t  raw rni l k  samples represent i  ng 
m i l k  sheds supply ing m i l k  t o  processing p lants.  Dur ing 1.979, t h e r e  was no 
re lease o f  r a d i o a c t i v i t y  from t h e  NTS; t he re fo re ,  t h i  s  Network was a c t i v a t e d  
only  f o r  performance tes t i ng .  

A1 1  mi lk  sampl es from t h e  MSN ,!ere analyzed f o r  gamma emi t t e r s  and 
s t r o n t  iurn-89,90. Six  m i  l k  samples were a lso  analyzed f o r  t r i  t i um. Selected 
samples frorn t h e  SMSN were analyzed f o r  gamnu emi t ters ,  strontium-89,90, and 
t r i t i  um. Appendix Tabl e  A - 1  1  i s t s  t h e  a n a l y t i c a l  procecures and d e t e c t i o n  
l i m i t s  f o r  these analyses. 

Long-Term Hydro1 og i ca l  Mon i to r ing  Program. 

The Long-Term Hydrologi  ca l  Mon i to r i ng  Proyrarn (LTHMP) was cont inued dur ing 
1979. We1 1  s, s p r i  ngs, and sur face  water sources near underground nuc lear  
de tonat ion  t e s t  areas i n  A1 a s ~ a ,  Nevada, Colorado, New Mexico, and M i s s i s s i p p i  
w r e  sampled p e r i o d i c a l l y  t o  moni tor  f o r  t h e  migra t ion  o f  t e s t - r e l a t e d  
r a d i  onucl ides. A deep-well water  sampl er, capable o f  c o l l e c t i n g  3-1 i t e r  
samples from depths t o  1,800 rn, was used t o  c o l l e c t  mr iy  o f  t h e  sarilples f rom 
we1 1s having no pumps. 

Nevada Test  S i t e  

F igures  15  and 16 show t h e  s m p l  i n g  l oca t i ons  around t h e  NTS. Eleven 
s t a t i o n s  are  sampled monthly wh i l e  20 s t a t i o n s ,  8  o f  t han  on t h e  NTS, a r e  
s a p 1  ed seni annual l y .  Eleven o the r  o f f s i t e  s t a t i o n s  a re  sanpl ed annual l y .  
Not a l l  s t a t i o n s  cou ld  be sampled w i th  t h e  des i red  frequency because o f  
i nc lanen t  weather o r  i nope ra t i ve  pmps. TWO l o c a t i o n s  w r e  not sanrpl ed a t  
a1 1  : We1 1  UE18r and Road D wi n d m i l l  . , 

Each sample was analyzed f o r  gamma emi t te rs  and t r i t i u m .  Gross alpha and 
be ta  r z d i  oact i v i  t y  measurements w r e  made on a1 1  s m ~ p l  es c o l l e c t e d  p r i o r  t o  
October 1, 1979, a t  which t ime these analyses were d i  scont i  nued i n  f avo r  o f  
h igh r e s o l u t i o n  gamma spectrometry. For  each s m p l e d  loca t ion ,  sanples o f  raw 
water and f i l t e r e d / a c i d i f i  ed water were co l  lec ted .  The raw water sanrpl es were 
analyzed f o r  t r i t i u m .  Po r t i ons  o f  t h e  f i l t e r e d / a c i d i f i e d  samples were 
analyzed f o r  gamma emit ters.  Appendix Tabl e  C - 1  s u m r ~ r i z e s  t h e  a n a l y t i c a l  
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techniques used. Suspended sol ids col 1 ected on each f i  1 t e r  were a1 so analyzed 
for gamma emitters. 

Other Test Sites 

Annua l  water samples were collected from a1 1 off-NTS s i tes  of underground 
nuclear detonations except for the Project Faultless s i t e  near Warm Springs, 
Nevada, where sampling will be resumed in 1980. These s i tes  included Project 
Gnome near Carlsbad, New Mexi co; Project Shoal near Fa1 lon, Nevada; Project 
Dribble (Miracle Pl ay) near. Hattiesburg, Mississippi ; Project Gasbuggy near 
Gobernador, New Mexico; Project Rul ison near Grand Val :ey , Colorado; Project 
Rio Blanco in Rio Blanco County, Colorado; and Projects Long Shot/Milrow/ 
Cannikin on Amchitka Island, Alaska. Figures 17  through 29 identify the 
sampling locations, and Table 3 (p .  17-18) 1 i s t s  additional information on the 
location of each s i t e  and tes ts  performed a t  these locations. 

Because tritium was observed t o  exceed background levels in water samples 
taken from the Half Moon Creek overflow, twelve we1 1s were drilled in April 
1978 t o  monitor these tritium concentrations quarterly (DOE 1978). Quarterly 
collection of water samples from these we1 1s continued until March 1979 when a 
new dri l l ing program (DOE 1979) was planned by the DOE/hV. The EMSL-LV was 
assigned responsibility for radiological safety, fie1 d analysis for tritium, 
providing contract monitoring, quality assurance services, and laboratory 
analyses for the program between July 18, 1979 and September 5 ,  1979 by the 
DOEINV . 
Animal Investigation Program 

The basic responsibility of the Animal Investigation Program ( A I P )  i s  t o  
monitor the radionuclide burdens in ,  and damage t o ,  domestic animals and 
wildlife on and around the NTS. These analyses have no t  been completed, b u t  
will be reported in the annual AIP report for 1979. 

Animals sampled were deer, eagles, rabbits, chuckars, a horse, a coyote, a 
bobcat, desert bighorn sheep, and cattle. Some of these animals were found 
dead as road ki l l s  or from natural causes; others were collected and 
sacrificed for  sampling. Figure 30 shows where the animals were collected. 

Animals were necropsied whenever possible. Samples of the adrenals, eyes, 
heart, kidneys, 1 iver, lungs, muscle, spleen, thyroid, sonads, and gross 
1 esions were col 1 ected for h i  stopathol ogi cal evaluation f f post mortem change 
had not occurred. Tissues from large animals col lected for radioanalysis 
included 1 iver, 1 u n g ,  tracheobrochial lymph node, muscle, thyroid, blood, 
kidney, fetus, and bone samples from the samples from 't~he femur or hock. 
Rumen or stomach contents were also taken for radioana1.ysis. In small 
animals, bone from the entire skeleton, muscle, skin, entire gastrointestinal 
t ract  , and compos i ted i nternal organs, i ncl uded 1 i ver, 1 ungs , kidneys , and 
spleen, were collected for radioanalysis. 

Soft tissues and rumen contents were analyzed for gamma emitters. Tissue 
water from blood was analyzed for tritium. If blood was not available a soft 



t issue was subsLituted. Bone was analyzed fo r  strontium-89,90 and 
pl utonium-238,239. 

A sizeable mule deer herd described by Smith e t  a1 . (1978) resides in the 
i~iountainous regions of the NTS during the summer. If they move to 
unrestricted lands, these deer may be hunted by members of the public. A 
study designed to  determine migration patterns of the herd through tracking 
individual deer outf i t ted with col la rs  containing miniature radio transmitters 
was begun in 1975 and continued through 1979. 

Duriny the summer and fa1 1 of 1979, 11 mule deer were captured e i ther  by 
.the chemical res t ra in t  of free-ranging animals (Smith e t  a l .  1978) or by 
trapping (Gil es 1979). These deer were outf i t ted w i t h  radiotransmitter 
co l la rs ,  ear tags ,  and ref lect ive markers suspended from the col lar .  These 11 
newly instal led transmitters brought to  25 the total  number of working 
transmi t t e r s  i n the f iel  d (14 from previous years).  Laboratory personnel 
~nonitored the movements of the deer weekly with hand-held receivers and 
di rect i onal antenna. Thi rteen other deer were captured b u t  were unsui t a b 1  e 
f o r  co7 l a r i  ng and were released a f t e r  visible markers had been attached. 

Offsite Human Surveillannce Program 

During 1979, the  Offsite Human Surveil lance Proge0am continued t o  determine 
levels of radionuclides in families residing around the NTS. Whole-body 
counts and physical examinations are performed semiannuirl ly t o  determine 
1 eve1 s of radioactivity in the body and t o  document any physical changes t h a t  
might be attributed t o  the effects of chronic exposure t:o radiation. 

Currently, 56 individuals from 19 farnil i es  par t ic ipate  in the program. 
The geoyraphical locations of the participating families are shown in 
Figure 31. These families travel t o  the EMSL-LV, where a whole-body count of 
each person i s  performed t o  determine the body burden of gamma-emitting 
radi onucl ides. A short medical hi story,  complete blood count, urinalysis and 
a thyroid profi le  are obtained for  each individual, and each receives a 
physical exan~i nation. 

The resul ts  of each whole-body count are provided t o  the families 
isimedi a tely a f t e r  counti ng i s  completed. Results from the bl ood analyses, 
urinalysis and physical examinations are sent t o  the families a t  a l a t e r  date. 

QUALITY ASSURANCE 

A qual i ty assurance program i s  carried out on sampling and radioanalytical 
procedures t o  assure t h a t  data from these procedures.wil1 be valid. This 
program i ncl udes i nstrumental qual i ty  control procedures, the analysi s of 
repl icate  samples to  measure precision, and the analysis of cross-check 
samples obtained from an independent laboratory t o  measure accuracy. 

Radi oanal yt  i'cal count i ng systems and TLD systems are cal i brated using 
radi onucl ide standards tha t  are traceable to  the National Bureau of Standards 



( r lBS) .  These standards a re  obtained from t h e  Q u a l i t y  Assurance D i v i s i o n  a t  
EMSL-LV o r  from NBS. Each standard source used f o r  TLD c a l i b r a t i o n s  i s  
p e r i o d i c a l  l y  checked f o r  accuracy i n accordance w i t h  procedures t raceab le  t o  
NBS. The most recent  such determinat ion was performed i n  October 1979. 

To determine accuracy o f  t h e  data obta ined f rom t h e  TLD systems, 
dosimeters a re  p e r i o d i c a l l y  submit ted t o  t h e  U n i v e r s i t y  o f  Texas School o f  
Pub1 i c  Hea l th  f o r  i ntercompari  sons o f  environmental dosimeters. Dosimeters 
were submit ted t o  t he  Four th  I n t e r n a t i o n a l  Intercomparison o f  Environmental 
Dosimeters i n  January 1979 (Table 4) .  

TABLE 4. SUMMARY RESULTS OF THE FOURTH INTERNATIONAL 
INTERCOMPARISON OF ENVIRONMENTAL DOSIMETERS 

- 
Standard 

Q u a n t i t y  Mean Dev ia t i on  Remarks 

Sumrnary o f  " low" l abo ra to ry  r e s u l t s  (mR): 

EMSL-LV dosimeters 11.1 0.8 
A l l  dosimeters (121) 12.0 3.8 
Cal c u l  a ted  exposure 12.2 1.2 

Summary o f  "h igh"  1 aboratory r e s u l t s  (mR) : 

EMSL-LV dosimeters 4 3 . 1 .  3.2 
A1 1 dosimeters (122) 43.9 6.6 
Cal c u l  a ted exposure 45.8 4.6 

EMSL-LV r e s u l t s  8% 1 ower than 
t h e  mean f o r  a1 1 p a r t i c i p a n t s  
and 9% lower than t h e  ca lcu-  
l a t e d  exposure. 

EMSL-LV r e s u l t s  2% lower than 
t h e  mean f o r  a1 1 p a r t i c i p a n t s  
and 6% lower than t h e  ca lcu-  
l a t e d  exposure. 

Sun~rnary o f  f i e l d  r e s u l t s  (mR): 

EMSL-LV dosimeters 14.3 1.1 EMSL-LV r e s u l t s  11% lower than 
A l l  dosimeters (120) 16.0 4.5 t h e  mean f o r  a l l  p a r t i c i p a n t s  
Measured exposure 14.1 0.7 and 1% higher  than t h e  

measured exposure. 

A s tudy  t o  determine t h e  response of t h e  TLD's over 'a range o f  energies 
performed i n  1974 was repeated i n  1979. TLD's exposed by t h e  NBS were read 
ou t  a t  t h e  EMSL-LV i n  t h e  usual manner. The r e s u l t s  f o r  t h i s  intercomparison, 
shown i n  F igu re  32, i n d i c a t e  l i t t l e  o r  no change i n  energy dependence from one 
yea r  t o  t h e  other.  A l l  TLD measurements a re  i n  conformance w i t h  standards 
proposed by t h e  American Nat ional  Standards I n s t i t u t e  (ANSI 1975). 



Instrument q u a l i t y  c o n t r o l  cha r t s  a re  used t o  assure t h a t  instrument 
backyround ir~easurernents and t h e  response o f  l abo ra to ry  instruments t o  a  
re fe rence standard a re  w i t h i n  requ i red  1  im i t s .  

P rec i s i on  o f  t h e  r e s u l t s ,  as in f luenced by sampl i ng and a n a l y t i c a l  e r ro rs ,  
i s  est imated through a  program o f  r e p l  i c a t e  ana l ys i s  and dupl i c a t e  sampl ing. 
Approxirnately 20 percent  o f  a1 1  samples are  used t o  determine sainpl i n g  and 
a n a l y t i c a l  e r r o r .  About 10 percent o f  t h e  samples a re  c o l l e c t e d  i n  dup l i ca te  
and analyzed t o  ob ta in  an est imate of sampl i n g  and a n a l y t i c a l  e r r o r  
(Appendix A). An add i t i ona l  10 percent o f  t h e  samples a r e  s p l i t  i n  t h e  
l abo ra to ry  t o  o b t a i n  an est imate o f  t h e  a n a l y t i c a l  e r ro r .  For t h e  TLD 
Network, s i x  r e p l  i c a t e  exposures a r e  made (frorn t h e  s i x  ch ips)  a t  each 
s ta t i on .  Est imates o f  t h e  t o t a l  e r r o r  i n  p r e c i s i o n  are  made from t h e  
var iances o f  these r e p l  i cates (Appendix Tab1 e  A-3 ) .  

Accuracy determinat ions a re  made by t h e  ana l ys i s  o f  in tercompar ison 
samples prov ided by t h e  Qua1 i t y  Assurance D iv i s i on ,  EMSL-LV (EPA 1979). These 
i ntercompari son samples c o n s i s t  o f  simul ated environmental samples con ta in ing  
known amounts o f  one o r  Inore radionucl  ides. The in tercompar ison samples are  
analyzed, and t h e  r e s u l t s  sent t o  t h e  Qua1 i t y  Assurance D i v i s i o n  f o r  
s t a t i s t i c a l  ana l ys i s  and comparison w i t h  t h e  known value and a n a l y t i c a l  values 
obta ined by o the r  p a r t i c i  p a t i  ng 1 aborator ies.  These i ntercompari  sons a re  
performed bimonthly,  qua r te r l y ,  o r  semiannual l y ,  depending upon t h e  type o f  
sample. The r e s u l t s  of t h e  analyses o f  these cross-check samples f o r  1979 a re  
summarized i n  t h e  (Appendix Table A-4). 
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Figure 18. Long-Term Hydro1 ogi ca l  Moni t o r i  ng Program sampl i ng 
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F i g u r e  20. Long-Term Hydro1 og i ca l  Mon i t o r i ng  Prcyram sampl i ng 
s i t e s  f o r  P r o j e c t s  D r i b b l e  and M i r a c l e  Play,  Tatum S a l t  

Dome, M i s s i s s i p p i  . 
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Figure 21. Long-Ten Hydrological Monitoring Program sampl ing sites 
for Projects Dribble and Miracle Play , Tatum Dome, Mississippi. 
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Figure 22. Long-Term Hydro1 ogi cal Monitoring Program sampl i ng s i t e s  
f o r  Projec t  Gasbuggy, Rio Arriba County, New Mexico. 
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Figure 23. Long-Term Hydro1 ogical  Monitoring Program sampl i ng 
s i t e s  f o r  Pro jec t  Rul i son,  Rul i son,  Colorado. 
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Figure 24. Long-Term Hydro1 ogical Monitoring Program sampl ing s i t e s  
for Faultless Event, Central Nevada Test Area. (No samples 
were collected during 1979; collection will resume in 1980.) 
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Figure 25. Long-Term Hydrological Monitoring Program sampl ing 
s i t e s  f o r  Project  Rio Blanco, Rio Blanco County, Colorado. 

4 2 



Scale ~n M~les  I 
I 

Scale In K~lometers 

@surface Ground Zero 

Sampl~ng Locat~ons 

Figure  26. Long-Term Hydrological  Monitoring Prcgram sarnpl ing 
s i t e s  for P r o j e c t  Canni k in ,  Amchitka I s l a n d ,  Alaska. 



Figure  27. Long-Term Hydrological Monitoring Proqram sampling 
s i t e s  f o r  P r o j e c t  Milrow, Arnchitka I s l a n d ,  Alaska. 

F igure  28. Long-Term Hydro1 og i ca l  Monitoring Program sampl i ng 
si tes f o r  P r o j e c t  Longshot, Amchitka I s l a n d ,  Alaska. 
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F i g u r e  29. Background sampl i ng s i t e s  f o r  t h e  Long-Term Hydro1 ogi c a l  
Moni to r ing  Program on Amchitka I s l a n d ,  Alaska .  (Base  camp a r e a  

i s  shown i n  l a r g e r  s c a l e  i n  t h e  lower  p o r t i o n  of t h e  f i g u r e . )  

45 



- - - -  

Desert Game 

. An~mal Collect~on Site 

Figure 30. Wildlife collection s i t e s  on the Nevada Test Site. 

4 6 



Winnemucca 

Elko 

A u s t i n  
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RESULTS AND DISCUSSION 

No t e s t - r e l a t e d  r a d i o a c t i v i t y  f rom t h e  nuclear  t e s t i n g  programs conducted 
a t  t h e  NTS du r i ng  1979 was measured o f f s i t e  i n  a i r ,  m i l k ,  o r  water. The on l y  
r a d i o a c t i v i t y  observed from non-NTS s i t e s  o f  past underground nuclear  t e s t s  
was from smal l  amounts of t r i t i u m  found i n  water samples from t h e  P r o j e c t  
D r i b b l e  s i t e  i n  M i s s i s s i p p i  and t h e  P r o j e c t  Long Shot s i t e  i n  Alaska. The 
concentrat ions o f  t r i t i u m  i n  these samples were no g rea te r  than  10 percent of 
t h e  Concentrat ion Guide. These waters a re  no t  used f o r  human consumption and 
would not  c o n s t i t u t e  a h e a l t h  hazard. Resul ts  from t h e  o f f s i t e  Rad io log ica l  
Safety Prograrn a re  discussed below and s p e c i f i c  data a re  presented i n  t h e  
Appendix tab les.  

A I R  SURVEILLANCE NETWORK 

Dur i  ng 1979, no a i  rborne r a d i o a c t i v i t y  r e l a t e d  t o  t h e  underground t e s t i n g  
program a t  t h e  NTS was detected on any sample from t h e  Network. However, 
n a t u r a i l y  occu r r i ng  be ry l l i um-7  and t h e  f i s s i o n  products zirconium-95, 
c e s i  um-137, b a r i  um-140, and c e r i  um-144 from pas t  nuc lear  t e s t s  conducted by 
t h e  People 's  Republ i c  o f  China were detected on a i r  f i l t e r s .  Appendix Tables 
B-1 and B-2 summarize data from these samples. 

Appendix Table B-3 shows t h e  average concent ra t ion  o f  plutonium-239 i n  
a i  rborne p a r t  i cu l  a tes  c o l  1  ected a t  se lec ted  s t a t  ions  of t h e  A i  r Survei  1  lance 
Network. The p a r t  i c u l  a t e  sampl es were c o l  1  ected on f i 1 t e r s  and cornposi t e d  
q u a r t e r l y  p r i o r  t o  analys is .  The f o u r  Nevada s t a t i o n s  represent  a i r  samples 
c o l l e c t e d  near t h e  NTS (F igure  l o ) ,  w h i l e  t h e  o t h e r  t h r e e  s t a t i o n s  represent  
remote l o c a t i o n s  (F igu re  11). 

A1 1 observed concent ra t  ions  of p l  u t o n i  um-239 were a t t r i b u t e d  t o  wor l  dwide 
fa1 l ou t .  The p lutonium concent ra t ions  shown f o r  1978 and 1979 a re  gene ra l l y  
w i t h i n  t h e  same range as those measurements f o r  t h e  nor thern  hemisphere 
repo r ted  f o r  1977 and 1978 by Toonkel (1980) except f o r  one h igh  concent ra t ion  
observed a t  Rachel , Nevada, (1.1 x  10-16 ~ C i / m l )  dur ing  t h e  second qua r te r  
of 1979 and one h igh  va lue  observed a t  Diablo, Nevada, (1.0 x 10 - l 6  pCi/ml) 
du r i ng  t h e  f o u r t h  qua r te r  o f  1978. However, bo th  o f  these values are  l e s s  
than 0.04 percent  of t h e  Concentrat ion Guide (Appendix C) f o r  exposure t o  t h e  
general pub1 i c  and a r e  w i t h i n  a f a c t o r  of two o f  t h e  h ighes t  concent ra t ions  
observed by Toonkel i n  t h e  Un i ted  States. D i f fe rences  o f  a  f a c t o r  o f  two have 
been observed f o r  a i r  samples i n  t h e  Dup l i ca te  Sampling Program (Appendix 
Table A-3). 



NOBLE GAS AND TRITIUM SURVEILLANCE NETWORK 

Maximum concentrations of krypton-85 f o r  t he  s ta t ions  in t he  Noble Gas and 
Tritiurn Surveillance Network ranged from 1.1 x 10-l1 vCi/ml t o  3.3 x 10-l1 
pCi/ml (Appendix Table B-3). As shown in  Figure 33, t h e  maximum 
concentrations fo r  t he  Network s ta t ions  combined fo l l  ow a 1 ognormal 
d i s t r ibu t ion  with a geometric mean of 1.88 x 10-11 pCi/ml and a geometric 
deviation o f  1.16. As the  expected geometric standard deviation of t he  
krypton-85 measurements a t t r ibu ted  t o  sampl ing, ana ly t ica l ,  and counting 
e r rors  was determined t o  be 1.1 from the  duplicate sampiing program (Appendix 
A ) ,  t h e  var ia t ion in  the  krypton-85 concentrations throughout t h e  Network 
appears t o  be caused primarily by t h e  measurement errors.  

The annual average concentrations a t  each s t a t i on  were calculated over t he  
time period sampled using a1 1 values, including those l e s s  than t h e  MDC. All 
concentrations of krypton-85, xenon-133, and tritium 1 i s t ed  i n  Appendix 
Table B-3 a r e  expressed i n  ~Ci /ml  of a i r .  Since t he  t r i t i um concentration i n  
a i r  varies by fac tors  of 15 t o  20 while t he  concentrations in  pCi/ml of 
atmospheric moisture vary by fac tors  of up t o  about 7, t h e  t r i t i um 
concentration i n  vCi per ml of atmospheric moisture i s  a lso  given i n  Appendix 
Table B-3 a s  a more re1 iab le  indicator. ' 

The average concentration of krypton-85 f o r  t he  year  a t  a1 1 s ta t ions  was 
t he  same (1.9 x 10'11 pCi/ml) , except f o r  t he  concentration a t  BJY 
(2.2 x 10-l1 vCi/ml), which was s ign i f ican t ly  d i f fe ren t  from t h e  Network 
average a t  t h e  95 percent confidence level .  The average concentration a t  t h i s  
s t a t i on  has been t he  highest in t he  Network more often than a t  any other  
s t a t i on ,  probably because of i t s  central  location on t h e  NTS where seepage of 
the  radioactive noble gases from past  underground nucleEr detonations i s  
suspected. As shown i n  Tab1 e 5 and Figure 34, the  average concentration of 
krypton-85 f o r  t he  Network has gradually increased s ince  sampling began in 
1972. This increase,  observed a t  a l l  s t a t i ons ,  probably r e f l ec t s  t h e  
worldwide increase in ambient concentrations resul t ing from t h e  pro1 i f e r a t  ion 
of nuclear techno1 ogy. 

Xenon-133 was detected only on t h e  NTS. I f  t he  highest concentration 
measured had pers is ted throughout t h e  year ,  t h e  occupational exposure would 
have been l e s s  than 0.01 percent of t h e  CG (Appendix C). 

As in  the  past ,  tritium as  HTO i n  atmospheric moisture samples was 
general ly  a t  background concentrat ions; i. e. , be1 ow t h e  MDC of approximately 
3 x 1 0 ' ~  pCi/ml a t  a l l  off-NTS s ta t ions  and a t  the  on-NTS s ta t ions  a t  
Mercury, Area 400, and Area 51. Occasional increased concentrations were 
observed a t  Area 400 and Area 51. The on-NTS s t a t i ons  a t  Area 15, BJY, and 
Area 12 had concentrations consis tent ly  above background; the  concent r a t  ion 
averages f o r  these  s ta t ions  were fac tors  of 5 t o  65 times t he  average fo r  a l l  
off-NTS s ta t ions .  



1979 
Geometric Mean = 1.88 x 10-l1 uCi/ml 
Geometric Standard Deviation = 1.16 

Cumulative Frequency, % 

Figure 33. D i s t r i b u t i o n  of Network concent ra t ions  of krypton-85. 

Figure 34. Trend i n  annual concentrat  ions of krypton-85. 
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TABLE 5. ANNUAL AVERAGE KRYPTON-85 CONCENTRATIONS I N  AIR, 1972-1979 
- 

8 5 ~ r  Concentrat ions (x10-l1 vCi /ml)  

Sampl i ng 
Locat ions . 1972 1973 1974 1975 1976 1977 1978 1979 

Beat ty ,  Nev. 1.6 1.6 1.7 1.9 2.0 2.0 2.0 1.9 
D i a b l o & R a c h e l , N e v . *  1.6 1.6 1.7 1.8 1.9 1.9 2.0 1.9 
Hiko, Nev. 1.6 1.6 1.7 1.7 1.7 1.9 2.0 1.9 
I nd ian  Springs, Nev. - - - 2.0 2.0 2.0 2.0 1.9 
NTS, Mercury, Nev. 1.6 1.6 1.8 1.8 1.9 2.0 1.0 1.9 
NTS, Area 51, Nev. 1.6 1.6 1.7 1.8 2.0 1.9 2.0 1.9 
NTS, BJY, Nev. 1.7 1.8 1.9 1.9 2.0 2.1 2.2 2.2 
NTS, Area 12, Nev. 1.6 1.6 1.8 1.8 2.0 1.9 2.0 1.9 
Tonopah, Nev. 1.6 1.6 1.8 1.7 1.9 1.9 2.0 1.8 
Las Vegas, Nev.* 1.6 1.6 1.7 1.8 1.8 2.0 2.0 - 
D e a t h V a l l e y , C a l i f . *  1.6 1.5 1.8 1.7 2.0 2.0 2.0 1.9 
NTS, Area 15, Nev.? - - - - - - - 1.9 
NTS, Area 400, Nev.? - - - - - - - 1.8 
L a t  hrop We1 1 s , Nev.? - - - - - - - 1.9 
Network Average 1.6 1.6 1.8 1.8 1.9 2.0 2.0 1.9 

*Removed 1979 
+New s t a t i o n s  1979 
*S ta t i on  a t  D iab l  o was moved t o  Rachel i n  March 1979. 

THERMOLUMINESCENT DOSIMETRY NETWORK 

Dur ing 1979 none o f  t h e  s t a t i o n s  i n  t h e  Network rece ived an exposure above 
background; however, a ne t  exposure was recorded f o r  t h r e e  consecut ive 
quar te rs  on dosimeters worn by one o f f s i t e  res ident .  We i n v e s t i g a t e d  and 
found t h a t  t h e  res iden t  had p laced t h e  TLD next  t o  a radium-dia l  alarm c lock  
r a t h e r  t h a n  wearing it as i ns t ruc ted .  The ne t  exposure was a t t r i b u t e d  t o  t h e  
p r o x i m i t y  o f  t h e  TLD t o  t h e  clock. 

Appendix Table B-5 1 i s t s  t h e  maximum, minimum, and average dose equ iva len t  
r a t e  (mremlday) measured a t  each s t a t i o n  i n  t h e  Network du r i ng  1979. No 
al lowance was made f o r  t h e  smal l  a d d i t i o n a l  exposure due t o  t h e  neutron 
component o f  t h e  cosmic r a y  spectrum. No s t a t i o n  exhibi , ted an exposure i n  
excess o f  background. 

Table 6 shows t h a t  t h e  average annual dose r a t e  f o r  t h e  Dosimetry Network 
i s  cons i s ten t  w i t h  t h e  Network average es tab l i shed  i n  1975. The general t r e n d  
i s  decreasing f rom 1971 t o  1975 and i s  l e v e l i n g  o f f  s ince  1975, except f o r  a 
h i g h  b ias  i n  t h e  1977 r e s u l t s  a t t r i b u t e d  t o  mechanical readout problems. The 
t r e n d  shown by t h e  Network average i s  i n d i c a t i v e  o f  t h e  t r e n d  e x h i b i t e d  by 
i n d i v i d u a l  s ta t i ons .  



TABLE 6. DOSIMETRY NETWORK SUMMARY 
FOR THE YEARS 1971-1979 

Environmental Rad ia t i on  Dose Rate 
( m r m l y  1 

Year Maximum Minimum Average 

MILK SURVEILLANCE NETWORK 

The a n a l y t i c a l  r e s u l t s  f o r  t h e  1979 MSN samples a re  summarized i n  Appendix 
Tab1 e B-6, where t h e  maximum, minimum, and average concent ra t ions  o f  tri t i  urn, 
stront ium-89, and stront ium-90, i n  samples c o l l e c t e d  du r i ng  1979 are  shown f o r  
each sampling l o c a t i o n .  The average rad ionuc l i de  concent ra t ions  f o r  t h e  MSN 
and t h e  SMSN l i s t e d  i n  Table 7 a re  comparable. 

TABLE 7. SUMMARY OF RADIONUCLIDE CONCENTRATIONS FOR MILK SURVEILLANCE 
' NETWORK AND STANDBY MILK SURVEILLANCE NETWORK 

Concentrat ions (x10-' p C i / m l  ) 
No. o f  

Network Radionucl i d e  Samples Cmax hi n Cav 

SMS N 3~ 11 <400 <400 <400 
8 9 ~ r  11 <40 <20 <20 
' O S ~  11 3.6 < 1 <2 



LONG-TERM HYDROLOGICAL MONITORING PROGRAM 

Table 8 l i s t s  t h e  l o c a t i o n s  a t  which water samples were found t o  con ta in  
man-made r a d i o a c t i v i t y .  R a d i o a c t i v i t y  i n  samples c o l l e c t e d  a t  these l o c a t i o n s  
have been repor ted  prev ious ly ,  except f o r  Well UE7ns, which was added t o  t h i s  
program i n  1979. The data f o r  a11 samples analyzed are  compiled i n  Appendix 
Tables B-7 through B-11 and compared t o  t h e  CG's i n  Appendix C. 

None o f  t h e  rad ionuc l i de  concentrat 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 8 a re  expected t o  r e s u l t  i n  r a d i a t i o n  exposures t o  res idents  i n  t h e  
areas where t h e  samples were co l lec ted .  Well C, Test We1 1 B y  and Well UE7ns 
a re  l o c a t e d  on t h e  NTS and are  no t  used f o r  d r i n k i n g  water. USGS We1 1s 4 and 
8 on p r i v a t e  l and  a t  t h e  P r o j e c t  Gnome s i t e  a re  c losed and locked t o  prevent  
t h e i r  use. The Half-Moon Creek ove r f l ow  and t h e  HMH holes a t  t h e  P r o j e c t  
D r i b b l e  s i t e  a re  about 1 m i l e  from t h e  nearest  res idence and a re  no t  sources 
o f  d r i n k i n g  water f o r  humans, a l though t h e  Half-Moon Creek ove r f l ow  i s  used by 
c a t t l e  g raz ing  i n  t h e  area. 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  
a re  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. 

To make c e r t a i n  t h a t  t h e  subsurface t r i t i u m  contaminat ion near t h e  P ro jec t  
D r i b b l e  s i t e  has no t  entered an a q u i f e r  used by o f f s i t e  res idents ,  f u r t h e r  
d r i l l  i ng and water sampling i s  planned by representa t i ves  o f  t h e  S ta te  o f  
M i s s i s s i p p i ,  t h e  U.S. Department o f  Energy, and t h e  EPAu 

We observed no inc rease i n  e i t h e r  gross alpha o r  gross be ta  r a d i o a c t i v i t y  
i n  samples analyzed f o r  t h i s  a c t i v i t y .  The concentrat ions ranged f rom 
<2 x l o - '  t o  <1 x vCi gross alpha per  m i l l i l i t e r  and f rom <3 x lo- '  
t o  <8 x pCi gross be ta  per  m i l l i l i t e r .  

ANIMAL INVESTIGATION PROGRAM 

No animal damage c la ims were made du r i ng  1979. Annual repo r t s  f o r  t h e  
Animal I n v e s t i g a t i o n  Program a re  pub l i shed separate ly .  

OFFSITE HUMAN SURVEILLANCE PROGRAM 

Dur ing 1979 a t o t a l  o f  465 whole body and 556 phoswich counts were 
performed on people. Cesium-137 was detected by t h e  NaI(T1) whole body 
counter  i n  79 ou t  o f  92 whole body measurements. The maximum, minimum, and 
average body burdens f o r  t h i s  rad ionuc l i de  were 3.0 x <0.5 x l o e 9 ,  
and 1.4 x vCi /g body weight, r e s p e c t i v g l y  , which were s i m i l a r  t o  l a s t  
y e a r ' s  concent ra t ions  (maximum o f  3 . 4 8 ~  10- pCi/g; minimum o f  
<5.0 x 10"; and average o f  1.3 x 10' vCi/g body weight) .  

No abnormal hematol og i  ca l  f i n d i n g s  o r  t h y r o i d  p r o f  i 1 es were observed t h a t  
cou ld  be a t t r i b u t e d  t o  past o r  present NTS t e s t i n g  operat ions.  



TABLE 8. WATER SAMPLING LOCATIONS WHERE SAMPLES WERE FOUND TO CONTAIN 
MANMADE RADIOACTIVITY 

Concent r a t i o n  % of 
Type of Conc. 

R a d i o a c t i v i t y  ( ~ 1 0 ~ '  u ~ i  /ml) Guide 
Sampl i ng 
Locat ion 

NTS, We1 1  C 

NTS, Test Well B 

NTS, Well UE7ns 

P ro jec t  Gnome, USGS We1 1  4 Gross 6 
3~ 

g O ~  r 

Pro jec t  Gnome, USGS We1 1  8 Gross 6 

P r o j e c t  Dr ibb le ,  
We1 1s HMH-1 through 11 H 

P ro jec t  Dr ibb le ,  Well PS-3 3~ 

P ro jec t  Dr ibb le ,  
H a l f  -Moon Creek o v e r f l  ow H 

P r o j e c t  Long Shot, 
We1 1  WL-2 

P r o j e c t  Long Shot, 
EPA, Well 1 3~ 

P r o j e c t  Long Shot, 
Well GZ, No. 1 

P r o j e c t  Long Shot, 
Well GZ, No. 2  

P r o j e c t  Long Shot, 
Mud P i t ,  No. 1 

P r o j e c t  Long Shot, 
Mud P i t ,  No. 2 

P r o j e c t  Long Shot, 
Mud P i t ,  No. 3 '  

*Concent r a t i o n  range 



The concentrat ions o f  t r i t i u m  i n  u r i n e  samples from people (averaye o f  
7.6 x p C i / m l  w i t h  a range of <3.0 x 10" t o  5.3 x 1 0 ' ~  ~ C i l m l )  were 
w i t h i n  t h e  range o f  background concentrat ions normal ly  observed i n  surface 
waters o r  i n  atmospheric moisture. The s i n g l e  h igh  l e v e l  (5.3 x 
~ C i / m l )  cou ld  have r e s u l t e d  from a t r i t i a t e d  luminous d i a l  watch worn by t h e  
sub jec t  . 

DOSE ASSESSMENT 

Dose assessment c a l c u l a t i o n s  are  no t  inc luded i n  t h i s  r e p o r t  because 
detec tab le  1 evels of r a d i o a c t i v i t y  f rom t h e  1979 nuclear t e s t i n g  program a t  
t h e  NTS were not  observed o f f s i t e  by any o f  t h e  mon i to r ing  networks. Residual 
r a d i o a c t i v i t y  was observed i n  waters from off-NTS we1 1s known t o  be 
contaminated du r ing  past  nuc lear  t e s t s  a t  t h e  P ro jec t  D r i b b l e  S i t e  near 
Hat t iesburg,  M i s s i s s i p p i ,  and a t  t h e  P r o j e c t  Long Shot S i t e  on Amchitka 
Is land,  Alaska. However, t h e  waters from these contaminated we1 1s are  not  
used f o r  d r i n k i n g  purposes. 
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APPENDIX A. SAMPLING AND ANALYSIS PROCEDURES 
AND QUALITY ASSURANCE 

ANALYTICAL PROCEDURES 

The procedures f o r  analyz ing sampl es c o l  1 ected f o r  o f f  s i t e  surve i  11 ance, 
described by Johns e t  a1 . i n  "Radiochemical Ana ly t i ca l  Procedures f o r  Analyses 
of Envi ronmental Sampl es" (EMSL-LV-0539-17, pubs1 ished by t h e  EMSL-LV i n  1979) 
a re  summarized i n  Table A-1. 

TABLE A-1. SUMMARY OF ANALYTICAL PROCEDURES 

Coun ing  Sample Approximate 
Type o f  Analytical Period Analytical Size Detection 
Analysis* Eaui ~ment  (min) Procedures ( l i t e r )  L imi tw 

NaI(T1) 
Spectromtry 

I G  6 Ge ( L i )  
9mma 
Spectromt ry 

Gamma spectro- 
meter with 
NaI detector 
cal ibrated a t  
10 keV per 
channel (0.05- 
2.0 MeV range). 

Ganma spectro- 
meter w i th  IG o r  
Ge(Li ) detector 
cal ibrated a t  0.5 
keV/channel (0.4 
t o  2 MeV range) 
indiv idual  detec- 
t o r  e f f i c ienc ies  
ranging fm 
?15% t o  35%. 

Low-background 
thin-window. 
gas-flow pro- 
portional 
counter w i th  a 
5.7-an diameter 
window (80 ug/cm2) 

Automatic 
1 i qu id  
s c i n t i l l a t i o n  
counter w i th  

d output printer. 

10 min. f o r  
a i r  charcoal 
cartridges 

Individual 
a i r  f i l t e r s  
30 min 
a i r  f i l t e r  
composites. 
-1200 min. 
100 min f o r  
milk, water, 
Long-Tenn 
Hydro, sus- 
pended solids. 

Radionucl ide 700-1200 m3 
concentra- f o r  a i r  cc 
t ions  quan- samples. 
t i f f e d  from 
gaimna spec- 
t r a l  data by 
canputer 
using a least  
squares 
technique. 

Radionucl ide Same as 
concentration above. 
quant i f ied 
f ran  gamna 
spectral data 
by on-1 ine 
computer pro- 
gram. Radio- 
nuclides i n  a i r  
f i l t e r  composite 
samples are  
i den t i f i ed  only. 

Chemical 1.0 
separation by 
ion exchange. 
Separated sam- 
p le  counted 
successively; 
a c t i v i t y  cal-  . 
culated by 
simultaneous . 
equations. 

Sample pre- 0.005 
pared by 
d i s t i l l a t i on .  

For a i r  cc 4x10'14 
uCi/ml. 

For rout ine milk 
and water general 1 y , 
-1~10-8 rCi/ml f o r  
most comnon f a l l o u t  
radionuclides i n  a 
simple spectrum. 
F i l t e r s ,  f o r  Long- 
T e n  Hydro. sus- 
pended sol ids. 6.0~ 
10-gp~i/ml. 

4x10'7 pCi/ml 

(cont i  nued) 



TABLE A-1. Continued 

Counting Samp l e Approxiloate 
Type of Analytical Period Analytical Size Detect ion 
Analysis* Equipment (mi n) Procedures (1 i t e r )  Limit** 

3~ Enrichment 
( Long-Tenn 
Hydrological 
Samples) 

Automatic 
sc in t i l la t ion  
counter with 
output printer. 

2 3 8 , 2 3 9 ~ ~  Alpha spectro- 
234235.238~ meter with 450 

mn2, 300-~m 
depl etion depth, 
s i l icon surface 
barri e r  detectors 
operated in 
vacuum chambers. 

Single channel 
analyzer 
coup1 ed t o  
P.M. tube 
detector. 

200 Sample concen- 
trated by 
electrolysis 
followed by 
dis t i l la t ion .  

1000-1400 Sample i s  acid 
digested. 
separated' by 
ion exchange. 
electroplated 
on s ta in less  
s tee l  planchet 
and counted by 
alpha spectro- 
meter. 

30 Precipitated 
with Ba, con- 
verted t o  
chloride. 

Gross alpha Low-background 50 
Gross beta thin-window, 
in liquid gas- f l  ow pro- 
samples porti onal 

counter with a 
5.7-cm-diameter 
window (80 ug/ 
an2). 

Gross beta Low-level end 
on a i r  window, gas 
f i l t e r s  flow propor- 

tional counter 
with a 12.7- 
an-diameter 
window (100 
mg/cm2). 

B5~r, 1 3 3 ~ e  Automatic 200 
C H j T  liquid sc in t i l -  

lat ion counter 
with output 
printer. 

~ t o i e d  f o r  
30 days for  
222~n 226~a t o  
equil ibrate. 
Radon gas 
pumped in to  
sc in t i l la t ion  
ce l l  for  alpha 
scintillation 
counting. 
Sample eva- 
porated; 
residue 
weighed and 
counted; 
corrected f o r  
self-attenu- 
ation. 

F i l te rs  10-an 4~1015y~i/ml 
counted a t  7 diameter 
and 14 days glass f iber  
a f t e r  col- f i l t e r ;  sam- 
lection; two ple collected 
counts can from 500- 
be used t o  1200m3. 
extrapol a t e  
concentrat ion 
t o  mid-col- 
lection time 
assuming 1-1.2 
decay o r  using 
experimentally 
derived decay. 

Physical 400-1000 8 5 ~ r  = 4x10'12 
separation by uCi /ml 
gas chroma- 
tography; dis- 
solved in 
toluene "cock- 
t a i l "  for  count- CH T = 4 x 1 0 ' ~ ~  
ing. u~j /ml  

*Johns. F. B., P. B. Hahn. 0. J. Thane, aod E. W. Bretthauer. Radiochemical Analytical Procedures for  
Analyses of Envi ronmental Samples, EMSL-LV-0539-17, U.S. Environmental Protection Agency, EMSL-LV, Las 
Vegas. 1979. 

**The detection,l imit  for  a l l  samples received a f t e r  January 1. 1978 i s  defined as  3.29 siyma where 
sigma equals the  counting er ror  of the  sample and Type I e r ror  Tipe I1 error  = 5 percent. (Corley, 
J .  P., 0. H. Denham. D. E. Nicheles, A. R. Olsen and 0. A. Waite. A Guide for  Environmental 
Radiological Surveil lance a t  ERDA Installat ions .' ERDA 77-24 pp. 3.19-3.22, March, 1977, Energy 
Research and Development Administration. Division of Safety, Standards and Compliance, Washington. O.C.) 



REPLICATE SAMPLING PROGRAM 

The repl i c a t e  sampl i ng program was i n i t i a t e d  f o r  t h e  purpose of r o u t i n e l y  
assessing t h e  e r r o r s  due t o  sampling, ana l ys i s  and caunt ing of sarnples 
ob ta ined froni t h e  s u r v e i l l a n c e  networks mainta ined around t h e  Nevada Test  S i t e  
and o the r  s i t e s  designated by t h e  Nevada Operations O f f i c e ,  Department o f  
Energy. 

The program invo l ved  t h e  c o l l e c t i o n  and ana lys is  o f  rep l  i c a t e  sampl es from 
t h e  A i r  Su rve i l l ance  Network (ASN), t h e  Noble Gas and T r i t i u m  Surve i l l ance  
Network (NGTSN) , t h e  Dosimetry Network and t h e  Standby C l i  l k  Survei  1  lance 
Network (SMSN). Due t o  d i f f i c u l t i e s  a n t i c i p a t e d  i n  o b t a i n i n g  s u f f i c i e n t  
q u a n t i t i e s  o f  m i l k  f o r  dupl i c a t e  sanpl es from t h e  M i  l k  S u r v e i l  lance  Network, 
dup l i ca te  samples w r e  c o l l e c t e d  dur ing  t h e  annual a c t i v a t i o n  of t h e  SMSN. 

TABLE A-2. SAMPLES AND ANALYSES FOR REPLICATE SAMPLING PROGRAM* 

Sets o f  
Number o f  Samples Rep1 i c a t e  Number o f  

Surve i l  l ance  Sampling Co l lec ted  Samples Rep l ica tes  S  amp1 e  
Netwo r k  Locat ions Per Year Co l l ec ted  Per Set  Ana lys is  

ASN 12 1 8,300 533 2  Gross B 
Y Spect romet r y  

NGTS N 11 5 72 5 2  2 85Kr, 3H, HTO, 
HT,H ,O 

DGS imet ry  78 212 212 4-6 Ex terna l  

SMSN 

LTMP 134 2 54 -3 5 2 Gross a, Gross 6, 
3 H 

- 

*Only t h e  Dosimetry Network had a  s u f f i c i e n t  number o f  rep l  i c a t e  samples 
dur ing  1979. The dup l i ca te  sampling r e s u l t s  repo r ted  f o r  a l l  o the r  networks 
a r e  f o r  1978. 

A t  l e a s t  30 dup l i ca te  samples f r a n  each network were c o l l e c t e d  and 
analyzed over t h e  r e p o r t  per iod. S ince t h r e e  thermoluminescent (TLD) cards 
c o n s i s t i n g  o f  two TLD chips each a re  used a t  each s t a t i o n  o f  t h e  Dosimetry 
Network, no a d d i t i o n a l  sanples were necessary. Table A-2 summarizes t h e  
sampling in fo rmat ion  fo r  each s u r v e i l  lance network. 

Since t h e  sampling d i s t r - i  but ions o f  each sample type appeared t o  be l o g  
normal from t h e  [ rev i  ew o f  cumulat ive frequency p l  o t s  o f  t h e  resu l t s ,  t h e  
var iance o f  each se t  o f  r e p l i c a t e  sample r e s u l t s  was est imated from t h e  
1  ogar i thns  o f  t h e  r e s u l t s  i n  each set. 



The variance, s2, o f  each se t  o f  r ep l  i c a t e  TLD resu'l t s  (n=6) was est imated 
from t h e  logar i thms o f  t h e  r e s u l t s  by t h e  s tandard express ion 

Since d u p l i c a t e  samples were c o l l e c t e d  f o r  a1 1 o ther  sample types, t h e  
var iances, s2, f o r  these types were c a l c u l a t e d  f rom s2  = (0.886R)2, where R i s  
t h e  abso lu te  d i f f e r e n c e  between t h e  1 ogari thms o f  t h e  dupl i c a t e  sample 
r e s u l t s .  For  smal l  sample s izes ,  t h i s  es t imate  o f  t h e  var iance i s  
s t a t i s t i c a l  l y  e f f i c i e n t *  and c e r t a i n l y  more convenient t o  ca l  c u l  a t e  than t h e  ' 
standard expression. 

The p r i n c i p l e  t h a t  t h e  var iances o f  random samples c o l l e c t e d  f rom a normal 
popu la t i on  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  es t imate  t h e  
conf idence i n t e r v a l  o f  t h e  expected popu la t i on  geometr ic var iance f o r  each 
t y p e  o f  sample 'analys is .  The expressions used are  as f o l  1  ows: ( 2 )  

n n 
Lower Confidence L i m i t  (LCL) = 1 ( n i  - 1) ( i 2 )  / x 2  0.995, 1 ( n i  - 1 ) 

i = l  i = l  

n  n 
Upper Confidence L i m i t  (UCL) = 1 (ni - l ) ( i 2 )  / x 2  0.005, 1 ( n i  - 1 )  

i = l  i = l  

LCL - < 0 2  - < UCL 

where 0 2  = t h e  t r u e  va lue o f  t h e  popu la t i on  geometric var iance 

n i - 1  = t h e  degrees s f  freedom f o r  n samples c o l l e c t e d  f o r  t h e  i t h  
r e p l  i c a t e  sampl e 

s f  
= t h e  expected geometric var iance o f  t h e  i t h  r e p l i c a t e  sample 

S 2  = t h e  bes t  es t imate  o f  sample geometr ic var iance de r i ved  from t h e  
var iance est imates o f  a1 1 rep l  i c a t e  sampl es ( t h e  expected val  ue 
o f  s2 i s  02). 

"Snedecor, G .  W., and W .  G. Cochran. S t a t i s t i c a l  Methods. The Iowa S ta te  
U n i v e r s i t y  Press, Ames, Iowa. 6 t h  Ed. 1967. pp. 39-47. 



The 99% upper conf idence l i m i t  f o r  t h e  t o t a l  e r r o r  (sampl ing + a n a l y t i c a l  
+ count ing  e r r o r s )  o f  t h e  geometric mean o f  any group o f  samples c o l l e c t e d  
f ran  a g iven  network was then determined as t h e  geometric mean +2=57S. 

The f o l l  owing t a b l e  1 i s t s  t h e  expected geanet r i c  standard d e v i a t i o n  and 
i t s  99% upper conf idence l i m i t  (UCL) f o r  most analyses. 

TABLE A-3. UPPER CONFIDENCE LIMITS OF SAMPLING AND ANALYTICAL/COUNTING 
ERRORS* 

Sets o f  Expected 
Rep1 i cate  Geometric 99% UCL 

Surve i l  lance Sampl es Stnd. Dev. o f  
Network Ana lys is  Eva1 uated S Tota l  E r r o r  

ASN 

NGT SN 

Gross B 533 
7 Be 86 
1311 23 
132Te 13 
1 40Ba 28 
1 44Ce 21 

85Kr 
3H 
HTO 
H T 

Dosimetry (TLD) 212 

SMSN 40K 32 

LTHMP Gross a 38 
Gross 6 27 
3H (conv.) 3 6 
3H (enr ich. )  5 0 

*Only t h e  Dosimetry Network had a s u f f i c i e n t  number o f  r e p l i c a t e  samples 
dur ing  1979. The d u p l i c a t e  sampling r e s u l t s  repor ted  f o r  a l l  o the r  networks 
a re  f o r  1978. 

I NTERCOMPARISON STUDIES 

Data f r a n  a n a l y s i s  of in tercompar ison samples are  s t a t i s t i c a l  l y  analyzed 
and compared w i t h  known values and values obta ined from o t h e r  p a r t i c i p a t i n g  
l abo ra to r i es .  A summary o f  t h e  s t a t i s t i c a l  ana l ys i s  i s  g iven  i n  Table A-4. 
The 1979 analyses were w i t h i n  acceptable l i m i t s  except f o r  t h e  s t ront ium-90 
analyses o f  m i l k .  However, none o f  t h e  a n a l y t i c a l  r e s u l t s  d i f f e r e d  from t h e  
known values by  more than 25 percent, 



TABLE A-4. 1979 QUALITY ASSURANCE INTERCOMPARISONS 

Mean of Mean Range 
Rep1 i cate  Pl us Normal i zed 
Analyses Standard Known Devi a t  i on f rorn : 

+a Error of Val ue 
Anal ys i s Month (x10-9 1.1Cilm1) Range ( ~ 1 0 ' ~  vCi/rnl ) Grand Avg. Conc. 

Gross a Jan 10 + 2 
i n water Mar 5 + 1  

Gross B Jan 15 + 3 
i n water Ma r 8 5 1  

3H in water Jan 1,167 + 1.5 
AP r 2,233 + 58 
Sep 13 ,130+318  

9oSr in water Jan 7 + 1. 

89Sr in water Jan 15 + 3 

U in  water Feb 34 + 3 

60C0 in water Oct 6 + 2  

l 3 4 ~ s  in water Oct 8 + 1  

137Cs in water Oct 11 + 0 0.0 11 -0.3 -0.0 

Jan 

Jan 

Jan 

Jan 

Jan 

Jan 

137Cs in rnil k 

l " ~ a  in milk 

89Sr in milk 

40K in  milk 

137Cs in 
a i r  f i l t e r s  
(pCi/fi l  t e r )  

Jan 
Mar 

1311 in water qpr 41 2 8 3.60 40 0.0 0.4 



APPENDIX B. DATA SUMMARY FOR MONITOR1 NG NETWORKS 

TABLE B-1. 1979 SUMMARY OF ANALYTICAL RESULTS FOR AIR SURVEILLANCE NETWORK 
ACTIVE STATIONS* 

Sampl i ng 
Loca t i on  

No. Type of R a d i o a c t i v i t y  Conc. 
Days Radio- ( ~ 1 0 - l 2  vCi /ml )  

Detected a c t  i v i  t y  Cmax C m i  n Cavg 

Baker, Cal i f .  

Bishop, C a l i f .  

Death V a l l e y  Jct., 
Cal i f. 

Furnace Creek, Cal i f . 

Needles, Cal i f. 

R idyecres t ,  C a l i f .  

Shoshone, C a l i f .  

Alamo, Nev. 

Bea t t y  , Nev. 

B l  ue Eagl e Ranch, Nev. 

B lue  Jay, Nev. 

Cal i ente  , Nev. 3.0 7Be 0.13 0.13 0.067 

Angleworm Ranch, Nev. . 3.8 7 Be 0.48 0.48 0.19 

(con t inued)  



TABLE B-1 . Cont i nued 

No. Type o f  Radi oact  i v i  t~ Conc. 
Sampl i ng 
Loca t i on  

Days ~ i d i  o- (x10-12 v ~ ;  / m l  ) - 
Detected a c t i v i t y  %ax Cmi  n Cavg 

- --- pp 

Diab lo ,  Nev. 

Duckwater, Nev. 

Eureka, Nev. 

Fa1 1 i n i  ' s Ranch, Nev. 

G l  endal e , Nev. 

G o l d f i e l d ,  Nev. 

Area 51, NTS, Nev.t 

Hiko, Nev. 

I n d i a n  Springs, Nev. 

Las Vegas, Nev. 

Lathrop We1 l s ,  Nev. 

Lida, Nev. 

Lund, Nev. 

Mesquite , Nev. 

Nyala, Nev. 51.0 7 Be 1.4 0.076 0.047 
2.0 95Zr 0.0095 0.0095 <0.001 

Pahrump, Nev . 112.8 7 Be 1 .2 .  0.062 0.097 

Pioche, Nev. 5.0 7 Be 0.37. 0.19 0.14 

(con t  i nued) 



TABLE B-1. Continued 

No. Type of R a d i o a c t i v i t y  Conc. 
Sampl i ny 
Loca t ion  

Days cadi o- ( ~ 1 0 - 1 2  u ~ i  /m1) 
Detected a c t i v i t y  Cmax C m i  n Cavg 

Sco t t y ' s  Junct ion,  Nev. 128.4 
3.0 

Stone Cabin Ranch, Nev. 78.1 
5.0 

Sunnyside, Nev. 132.2 
2.3 

Robison T r a i l e r  Park 74.7 
Rachel, Nev. - 

Tonopah, Nev. 116.3 

Tonopah Test Range, 110.0 
Nev . 3.0 

3.0 

De l ta ,  Utah 52.7 
2.0 

Garr ison,  Utah 2.0 

St. George, Utah 72.1 
7.2 
2.1 

* Those s t a t i o n s  no t  repor ted  here had sampl es i ndicat . i  ng r a d i o a c t i v i t y  
concent ra t ions  l e s s  than  t h e  MDC, which i s  approx imate ly  4 x l O ' l 4  p C i / m l .  

t Also known as Groan Lake. 



TABLE B-2. 1979 SUMMARY OF ANALYTICAL RESULTS FOR AIR SURVEILLANCE 
NETWORK STANDBY STATIONS* 

Sampl i ng 
Loca t i on  

No. Type of Radi oact  i v i  t y  Conc. 
Days Radio- - ( ~ 1 0 - l 2  pCi/ml) 

Detected a c t i v i t y  h a x  Crni n Cav CJ 

W i  nslow, Ar iz .  2.0 l 4 o ~ a  0.046 0.046 0.023 

I n d i o ,  C a l i f .  2.0 7 Be 0'. 23 0.23 0.23 

Grand Junc t ion ,  6.1 7 Be 0.28 0.22 0.11 
Colo. 2.0 9 5Zr 0.012 0.012 0.0017 

Idaho F a l l s ,  
9 

Idaho 

Mountain Home, 
Idaho 

Twi n Fa1 1 s , Idaho 2.0 7 Be 0.20 0.20 0.057 

Sioux C i t y ,  Iowa 

Monroe, La. 

J o p l i n ,  Mo. 

St.  Joseph, Mo. 

Frenchman Sta., 
Nev . 

Capi t o1  ' Reef, Utah 

Logan, Utah 

Provo, Utah 

S e a t t l e  ,. Wash. 

* Samples from s t a t i o n s  not repor ted  here conta ined l e s s  r a d i o a c t i v i , t y  
than  t h e  MDC o f  approxirnately 4 x 10-14 p C i / m l .  



TABLE B-3. AIR CONCENTRATIONS OF 239PU AT SELECTED AIR SURVEILLANCE 
NETWORK STATIONS, 1978-1979 

Sampl i ng Pe r i od  
0 n O f f  239Pu Con- 

Sampl i ng Dates Sampler c e n t r a t  i o n  
Loca t i on  Year Date Time Date Time O f f  (x10-l8 p C i  / m l  ) 

Rachel, 
Nevada 

Las Vegas, 
Nevada 

La th rop  We1 l s ,  
Nevada 

D iab lo ,  
Nevada 

Barstow, 
C a l i f .  

Provo, 
Utah 

Aberdeen, 
South Dak. 



TABLE B-4. 1979 SUMMARY OF ANALYTICAL RESULTS FOR THE 
NOBLE GAS AND TRITIUM SURVEILLANCE NETWORK 

No. Radi oac t  i v i  t y  Conc. % o f  
Sampl i ng Days Radio- (x lO- l2  p C i / m l  )** Conc. 
Locat  i on Sampl es nucl  i de cmax C m i  n  Cav Guide* 

Beat ty ,  Nev. 8 5Kr 
l 3Xe 

3H i n  atm. m. 
3W as HTO i n  a i r  

Death Val 1  ey 
Jc t . ,  C a l i f .  

85Kr 
3Xe 

3~ i n  atm. m. 
3H as HTO i n  a i r  

5Kr 
1 3 3Xe 

3H i n  atm. m. 
,3H as HTO i n  a i r  

Diab lo,  Nev.t 

* 5Kr 
3Xe 

3H i n  atm. m. 
3H as HTO i n  a i r  

Hiko, Nev. 

I n d i a n  Spr ings,  
Nev . 85Kr 

l33Xe 
3H i n  atn. m. 

3H as HTO i n  a i r  

85Kr 
133Xe 

3H i n  atm. m. 
3H as HTO i n  a i r  

La th rop  We1 1 s  , 
Nev. 

Rachel, Nev. 8%- 
- 1 3 3 ~ ~  

3H i n  atm. m. 
3H as HTO i n  a i r  

85Kr 
133Xe 

3H i n  atrn. m. 
3H as HTO i n  a i r  

Tonopah, Nev. 

(cont inued)  



TABLE B-4. Continued 

No. R a d i o a c t i v i t y  Conc. % o f  
Sampl i ng Days Radio- ( ~ 1 0 - l 2  u ~ i / m l  )** Conc. 
Loca t i on  Sarnpl es nucl  i de Cmax C m i  n Cav Guide* 

Area 15, 
NTS, Nev.*§ 

E 5  ~r 2 4 
133  ~e <40 

3H -,in atm. m. 22 
3H as HTO i n  a i r  62 

Area 51, 
NTS, Nev.*§ 

8 5  ~r 3 1 
133 ~e 17 

3H i n  atm. m. 2 0 
3H as HTO i n  a i r  19 

Area 400, 
NTS, Nev. § 

K r  2 3 
1 3 3  Xe <14 

3 H i n a t n i . m .  2.4 
3H as HTO i n  a i r  7.7 

BJY, NTS, Nev. 8 5  Kr 33 
1 3 3  Xe 2 4 

3H i n  atm. m. 5 
3H as HTO i n  a i r  27 

Mercury, 
NTS, Nev. 

8 5  Kr  2 5 
1 3 3  Xe <9 

3H ~n atm. m. 1.1 
3H as HTO i n  a i r  6.5 

Area 12, 
NTS, Nev. 

8 5  Kr  2 3 
133 Xe <14 

3H i n  atm. m. 43 
3H as HTO i n  a i r  92 

*Concentrat ion Guides used f o r  NTS s t a t i o n s  a re  those a p p l i c a b l e  t o  
r a d i a t i o n  workers. Those used f o r  off-NTS s t a t i o n s  a r e  f o r  exposure t o  a 
s u i t a b l e  sample o f  t h e  popu la t i on  i n  an uncon t ro l l ed  area. See Appendix B 
f o r  Concent ra t ion  Guides. 

, tSampler was moved t o  Rachel, Nevada. 
* ~ l s o  known as Groom Lake. 
§New s t a t i o n  added t o  t h e  Network. 

**Concentrat i ons  o f  t r i t i u m  i n  atmospheric mo is tu re  (atm. m. ) a re  expressed 
as 10 '~ p C i  p e r  m l  o f  water  co l l ec ted .  



TABLE C-5.  1979 SUMMARY OF RADIATION DOSES FOR THE DOSIMETRY NETWORK 
- 

S t a t  i o n  
Loca t i on  

Measurement 
P e r i  od 

Adaven, Nev. 01/10/79 - 01/30/80 
Alamo, Nev.* 01/08/79 - 01/08/80 
Area 51-NTS, Nev. 01/08/79 - 01/14/80 
Aus t in ,  Nev. 01/09/79 - 01/29/80 
Baker, Cal i f .  01/08/79 - 01/14/80 
Barstow, C a l i f .  01/08/79 - 01/14/80 
Bea t t y ,  Nev. 01/03/79 - 01/08/80 
Bishop, Ca1 i f . t  01/10/79 - 01/15/80 
B lue  Eagle  Ranch, Nev. 01/09/79 - 01/29/80 
B lue  Jay, Nev. 01/11/79 - 01/16/80 
Cactus S p r i  ngs, Nev. 01/02/79 - 01/07/80 
Cal i ente,  Nev. 01/09/79 - 01/09/80 
Carp, Nev. 01/09/79 - 01/10/80 
Casey's Ranch, Nev. 01/10/79 - 01/16/80 
Cedar City, Utah 01/16/79 - 01/16/80 
C l a r k  S t a t i o n ,  Nev. 01/11/79 - 01/15/80 
Compl ex I , Nev. 01/10/79 - 01/30/80 
Coyote Surnri~i t , Nev . 01/12/79 - 01/15/80 
Cur ran t ,  Nev. 01/09/79 - 01/29/80 
Death Val l e y  J c t  . , Cal i f .  01/11/79 - 01/17/80 
Deser t  Game Range, Nev. 01/02/79 - 01/07/80 
D i a b l o  Maint .  Sta., Nev. 01/11/79 - 01/15/80 
Duckwater, Nev. 01/09/79 - 01/29/80 
E l g i n ,  Nev. 01/09/79 - 01/10/80 
E l y ,  Nev. 01/09/79 - 01/29/80 
En te rp r i se ,  Utah 01/16/79 - 01/16/80 
Eureka, Nev. 01/10/79 - 01/30/80 
Furnace Creek, Cal i f .  01/11/79 - 01/17/80 
Gar r i son ,  Utah 01/08/79 - 01/28/80 
Geyser Maint .  Sta., Nev. 01/08/79 - 01/28/80 
G l  endal  e , Utah 01/15/79 - 01/15/80 
G o l d f i e l d ,  Nev. 01/08/79 - 01/28/80 
Hancock Summit, Nev. 01/12/79 - 01/15/80 
Hiko,  Nev. 01/08/79 - 01/08/80 
Hot Creek Ranch, Nev. 01/11/79 - 01/16/80 
Independence, Cal i f. 01/09/79 - 01/15/80 
I n d i a n  Spr ings ,  Nev. 01/02/79 - 01/07/80 
K i  rkeby Ranch, Nev. 01/08/79 - 01/28/80 
Koynes , Nev. 01/12/79 - 01/17/80 
Las Vegas ( A i r p o r t )  , Nev. 01/19/79 - 01/15/80 
Las Vegas (P lacak ) ,  Nev. 01/19/79 - 01/15/80 
Las Vegas (USDI)', Nev. 01/19/79 - 01/15/80 
La th rop  We1 1 s , N e v . ~  01/03/79 - 01/08/80 

Annual 
Dose Adjusted 

Eaui v a l  e n t  Rate Dose 
' (mrernld) Equ iva len t  

Max. Kin.  Avg. (mrem/y) 

0.35 130 
0.24 88 
0.19 6 8 
0.31 110 
0.22 8 1 
0.30 110 
0.25 9 1 
0.27 98 
0.17 6 3 
0.34 120 
0.17 6 3 
0.30 110 
0.29 100 
0.19 69 
0.21 7 6 
0.30 110 
0.28 100 
0.33 120 
0.28 100 
0.21 78 
0.15 55 
0.36 130 
0.27 9 9 
0.34 120 
0.21 7 7 
0.27 99 
0.29 104 
0.18 65 
0.19 7 1 
0.29 100 
0.16 59 
0.25 92 
0.38 140 
0.21 76 
0.25 92 
0.26 95 
0.16 60 
0.20 7 5 
0.25 92 
0.14 49 
0.14 5 0 
0.17 6 2 
0.24 8 7 

(cont i nued) 



TABLE B- 5. Cont i nued 

S t a t i o n  
Locat ion  

Dose 
Equi val  en t  Rate 

Measurement (mrem/d) 
Per iod Max. Min. Avg. 

Lida, Nev. 01/08/79 - 01/28/80 0.28 0.26 0.28 
Lone P i  ne, Cal i f .  01/09/79 - 01/15/80 0.27 0.24 0.25 
Lund, Nev. 01/10/79 - 01/29/80 0.24 0.23 0.24 
Mammoth Mtn., Ca l i f .§  01/10/79 - 11/06/79 0.37 0.22 0.30 
Manhattan, Nev. 01/09/79 - 01/29/80 0.37 0.32 0.35 
Mesqui t e ,  Nev. 01/15/79 - 01/15/80 0.19 0.16 0.18 
Nevada Farms, Nev. 01/12/79 - 01/15/80 0.36 0.31 0.33 
Nuclear Eng. Co., Nev. 01/03/79 - 01/08/80 0.33 0.29 0.32 
Nyala, Nev. 01/10/79 - 01/16/80 0.23 0.21 0.21 
01 ancha, Cal i f. 01/09/79 - 01/15/80 0.26 0.25 0.26 
Pahrump, Nev. # 01/62/79 - 01/09/80 0.19 0.16 0.16 
P ine  Creek Ranch, Nev. 07/20/79 - 01/30/80 0.35 0.32 0.33 
Pioche, Nev. 01/10/79 - 01/09/80 0.24 0.22 0.23 
Queen C i t y  Summit, Nev.** 01/12/79 - 01/15/80 0.38 0.36 0.37 
Reed Ranch, Nev. 01/11/79 - 01/15/80 0.32 0.30 0.31 
Ridgecrest,  Cal i f . 01/09/79 - 01/15/80 0.22 0.17 0.21 
Robison's Tr. Park, Nev. 01/12/79 - 01/15/80 0.33 0.30 0.32 
Round Mountain, Nev. 01/09/79 - 01/28/80 0.31 0.27 0.29 
Rox, ~ e v . t t  05/09/79 - 01/15/80 0.26 0.25 0.26 
S c o t t y ' s  Junct ion,  Nev. 01/08/79 - 01/28/80 0.26 0.25 0.26 
Sel bach Ranch, Nev. 01/03/79 - 01/08/80 0.33 0.29 0.30 
S h e r r i ' s  Bar, Nev. 01/08/79 - 01/08/80 0.23 0.19 0.21 
Shoshone, C a l i f .  01/11/79 - 01/17/80 0.30 0.25 0.28 
S p r i  ngdal e, Nev. 01/03/79 - 01/08/80 0.32 0.31 0.32 
Spr i  ng Meadows, Nev. 01/02/79 - 01/07/80 0.19 0.14 0.17 
S t .  George, Utah 01/16/79 - 01/17/80 0.18 0.16 0.18 
Stone Cabin Ranch, Nev. 01/11/79 - 01/17/80 0.32 0.29 0.30 
Sunnyside , Nev . 01/10/79 - 01/30/80 0.18 0.16 0.18 
Tempi u te  , Nev. 01/12/79 - 01/17/80 0.34 0.31 0.32 
Tenneco, Nev. 01/02/79 - 01/07/80 0.28 0.26 0.27 
Tonopah , Nev. 01/08/79 - 01/28/80 0.30 0.28 0.30 
Tonopah Test Range, Nev. 01/09/79 - 01/29/80 0.27 0.25 0.27 
Twin Springs Ranch, Nev. 01/11/79 - 01/16/80 0.30 0.27 0.28 
Warm Springs, Nev. 01/11/79 - 01/15/80 0.30 0.25 0.29 
Young's Ranch, Nev. 01/09/79 - 01/29/80 0.25 0.13 0.24 

*Sto len second q u a r t e r  1979, r e p l  aced t h i r d  q u a r t e r  2979. 
t ~ o s i m e t e r s  and con ta ine r  s t01 en t h i  r d  qua r te r  1979, 
r e p l  aced f o u r t h  qua r te r  1979. 

*S ta t i on  moved f o u r t h  qua r te r  1979. 
SFourtn qua r te r '  exchange not  poss ib le  due t o  weather cond i t ions .  
#S ta t i on  moved second qua r te r  1979. 

* *Sta t ion  monitored on ly  t h i r d  and f o u r t h  qua r te r  1979. 
t t ~ o s i m e t e r s  and con ta ine r  st01 en f i r s t  qua r te r  1979, 

rep l  aced second q u a r t e r  1979. 
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Annual 
Adjusted 

Dose 
Equi va l  en t  

(mrem/y ) 
100 

9 3 
8 7 

110 
130 

6 5 
120 
120 
78 
93 
60 

120 
84 

130 
11 0 

7 7 
120 
110 
9 5 
9 3 

11 0 
7 6 

100 
110 
6 1 
64 

110 
6 6 

120 
9 9 

110 
9 8 

100 
110 
89 



TABLE B-6. 1979 SUMMARY OF ANALYTICAL RiSULTS FOR THE 
MILK SURVEILLANCE NETWORK 

R a d i o a c t i v i t y  Conc. 
(x10-9 v C i  / m l  ) 

Sampl i ng Sample No. o f  Radi o- 
Locat  i on Type* Samples nuc l  i d e  crnax Cmi n Cavg 

H ink ley ,  C a l i f . ,  12 3 89Sr < 30 <'2 < 10 
B i l l '  Nelson D a i r y  4 9oSr 2.2 <O. 8 < 2 

Keough Hot Spgs., 13 
Cal i f  . 
Y r i b a r r e n  Ranch 

Trona, Ca l i f . ,  13 
S tan fo rd  Ranch 

Aus t in ,  Nev., 14 
Young ' s Ranch 

Ca l i en te ,  Nev., 13 
dune Cox Ranch 

Currant ,  Nev. , 
B l  ue Eagle Ranch 

Hiko,  Nev., 
Da r re l  Hansen Ranch 

Las Veyas, Nev., 
LDS D a i r y  Farm 

La th rop  We1 1 s , Nev. , 
K i r k e r  Ranch 

( c o n t  i nued) 



TABLE B-6. Continued 

R a d i o a c t i v i t y  Conc. 
(x10-9 vCi / m l  ) 

Sampl i ng Sample No. o f  Radio- - 
L o c a t i o n  , Type* Samples n u c l i d e  h a x  Cmi n Cavg 

L ida ,  Nev., 
L i da  L i ves tock  Co. 

Loyandal e, Nev. , 
Veyas Val 1 ey D a i r y  

Lund, Nev. , 
McKenzi e Dai ry 

Mesquite,  Nev. , 
Hugh Bros. D a i r y  

Moapa, Nev. , 12 3 89Sr < 20 2.3 <9 
Agman Seventy-Five, Inc.  4 9oSr 1.6 0.76 <0.76 

. Nyala,  Nev., 13 4 3 H 930 <400 <400 
Sharp ' s Ranch 3. 89s r < 30 < 2 < 2 

4 9oSr 5.6 <0.72 < 3 

Overton, Nev. , 12 2 8 9 S r  <50 < 3 < 30 
Robison D a i r y  3 9oSr 3.7 <2 < 3 

Pahrurnp, Nev. , 1 3  0 89Sr - - - - - - 
Oxborrsow Ranch 1 9oSr , 2.0 2.0 2.0 

Round Mountain, 13 3 89Sr <20 < 2 < 9 
Nev. , 3 9 0 S r  6.6 1.4 3.2 
Berg Ranch 

(con t inued)  



TABLE B-6. Continued 

Rad ioac t iv i t y  Conc. 
( ~ 1 0 ' ~  uCi /ml ) 

Sampl i ng Sample 'No. of Radio- 
Locat ion Type* Sampl e s  nucl i de cma x Cmi n Cav 

Shoshone, Nev. , I. 3 1 89Sr 3.5 3.5 3.5 
Ki rkeby Ranch 1 90s r 3.0 3.0 3.0 

Spr ingda le ,  Nev., 1 3  1 89Sr <8 <8 <8 
Boi l ing  Pot Ranch 1 90S r 2.5 2.5 2.5 

Cedar C i t y ,  Utah, 12 3 89s r <20 <2 < 9 
Western General Dairy 4 9 0 ~ r  1.9 <0.8 (2 

St .  George, Utah, 12 2 89s r (20 < 3 (10 
Cottom Dairy 3 9oSr 3.6 1.2 < 2 

*12 = raw milk from Grade A p roducer (s ) ;  1 3  = raw milk from family cow(s) ;  
14 = o t h e r  than  Grade A producer ( raw) 



TABLE B-7. 1979 SUMMARY OF ANALYTICAL RESULTS FOR THE NTS MONTHLY 
LONG-TERM HYDROLOGICAL MONITORING PROGRAM 

Type o f  Radi oac t  i v i  t y  Conc. % o f  
Sanipl i ng No. Radio- (x10-9 pCi / m l  ) Conc. 
Locat  i on Samples* a c t i v i t y  (ha, hi n Cavg Guide 

Wzl l  8 7 Gross a < 3 < 2 < 2 - - 
7 Gross 6 <6 (4 <4 - - 
8 3 H 23 < 10 <10 <O. 01 

Well U3CN-5 7 Gross IX 11 2.7 < 4 - - 
7 Gross 6 1.2 : 6 <6 - - 
8 3H 16 < 10 <10 <0.01 

We1 1 A 7 Gross a <30 <3 < 3 - - 
7 Gross 6 11 <6 < 6 - - 
8 3 H 3 1 < 9 < 9 <0.01 

We1 1 C 7 Gross a 13 < 6 <6 - - 
7 Gross 6 15 < 2 <20 - - 
8 H 170 3 4 7 3 <0.01 

We1 1 5c 7 Gross a 8.1 < 4 < 4 - - 
7 Gross 6 9.8 < 6 < 6 - - - 
8 3H 2 3 <10 <10 <0.01 

Army We1 1 7 Gross a 3.1 < 2 < 2 - - 
No. 1 7 Gross 6 <6 . 3.8 - - 

8 3 H 18 <10 <4 (10 (0.01 

We1 1 2 7 Gross a < 4 < 3 < 3 - - 
7 Gross 6 8.0 <6 <6 - - 
8 3 H 48 <10 <10 <0.01 

Test  Well B 3 Gross a <3 <3 < 3 - - 
3 Gross 13 <6 < 6 <6 - - 
4 3 H 180 140 160 0.01 

Well 5-13 7 Gross a < 4 < 3 < 3 - - 
7 Gross 6 <6 3.9 <4 - - 
7 3 H 3 5 <10 <10 <o. 01  

We1 1 UE7ns 7 Gross a 6.5 <2 < 2 - - 
6 Gross 6 5.9 < 3 < 3 - - 
8 ,-I 3,700 13 1,500 0.05 

Well U19c 6 Gross a < 5 <3 < 3 - - 
6 Gross 6 6.3 4.5 4.5 - - 
8 H 3 5 < 10 <10 <0.01 

* Samples cou l  d no t  be c o l  l e c t e d  every month due t o  weather c o n d i t i o n s  o r  
i n o p e r a t i v e  pumps. 

t Concent ra t ion  Guides f o r  d r i n k i n g  water a t  on-NTS 1 oca t i ons  a r e  t h e  same as 
t hose  f o r  off-NTS 1 ocat ions.  See Appendix B f o r  Concent ra t ion  Guides. 



TABLE B-8. 1979 ANALYTICAL RESULTS FOR THE NTS SEMI-ANNUAL* 
LONG-TERM HYDROLOGICAL MONITORING PROGRAM 

Sanlpl i ny 
Locat i on 

Type o f  R a d i o a c t i v i t y  % o f  
Sampl e Radio- Conc. Conc. 

Date TY p e t  a c t i  v i  t y  (XIO-~ v C i  /in1 ) Guide* 

NTS, 01/17 23 Gross a 4.4 - - 
Me11 UE15d Gross B 8.6 - - 

3H N A - - 

NTS, ' 01/19 2 3 Gross a <4 -- 
Test We1 1 D, Gross B < 6 - - 

3H N A <0.01 

NTS, 02/23 
Well iJElc, 

NTS, 02/22 
Well C - 1  

NTS, 01/16 
Well UESC 

N TS, 
We1 1 5b 

NTS, 
Test We1 1 F, 

Ash Meadows, Nev., 
Crys ta l  Pool 

Ash Meadows, Nev. , 
We1 1 18S/51E-7DB 

Ash Meadows, Nev . , 
We1 1 17S/50E-14CAC 

2 3 Gross a 
Gross 8 
3~ 

23 Gross a 
Gross 6 

H 

2 3 Gross a 
Gross 6 
3 H 

23 Gross a 
Gross B 
3 H 

01/16 23 Gross a 
Gross 6 
3H 

03/05 27 Gross a 
Gross $ 
3H 

03/05 23 Gross a 
Gross B 

. . 
H 

03/05 23 Gross a 
Gross B 

H 

(cont  i nued ) 



TAGLE B-8. Continued 

Sampl i ng 
Locat ion  

Type o f  R a d i o a c t i v i t y  % o f  
Sampl e Radio- Conc . Conc . 

Date TY pe t a c t i v i t y  ( ~ l O - g ' ~ C i / m l )  Guide* 

Ash Meadows, Mev., 03/05 27 Gross a < 4 - - 
Fairbanks Springs Gross 6 <6 - - 

3 H < 10 <o. 01 

Beat ty ,  Nev., 03/06 23 Gross a < 6 - - 
C i t y  Supply, Gross 6 <20 - - 
12S/47E-7DBD 3H <10 <O. 01 

Beat ty  , Nev. , 03/07 23 Gross a - - 
Nuclear Gross 6 <20 - - 
Engi nee r i  ng Co. 3H < 10 <0*81 

Beat t y  , Nev. , 03/06 23 Gross a 4.5 - - 
Coffers We1 1, Gross p < 6 - - 
llS/48/1DD 3H < 10 <0.01 

Ind ian  Sp r i  ngs, Nev., 02/22 2 3 Gross a < 6 - - 
USAF No. 2 Gross 6 <20 - - 

3 H <20 <0.01 

Ind ian  Springs, Nev., 02/20 2 3 Gross a < 3 1 - - 
Sewer Co. Inc., Gross 6 < 6 - - 
Well No. 1 3 H 11 <0.01 

Lathrop We1 1 s , Nev. , 03/07 2 3 Gross a 2.7 - - 
City Supply Gross 6 < 6 - - 

3 H < 10 (0.01 

Sp r i  ngdal e, Nev. , 03/06 27 Gross a <10 - - 
Goss Springs Gross 6 <20 - - 

3 H < 10 <o. 01 

*During 1979 samples were c o l l e c t e d  on ly  once. 
t 23  = We1 1 ; 27 = Sp r ing  
*Concentrat ion Guides f o r  d r i n k i n g  water  a t  on-NTS 1ocat.ions are  t h e  same 

as those f o r  off-NTS loca t i ons .  See Appendix B. 



TABLE 8-9. 1979 ANALYTICAL RESULTS FOR THE NTS AHNUAL LONG-TERM 
HYDROLOGICAL MONITORING PROGRAM 

Sarnpl i ng 
Locat ion  

Type o f  R a d i o a c t i v i t y  % o f  
Sarnpl e Radio- Conc. Conc. 

Date TY pe* a c t i v i t y  ( ~ 1 0 ' ~  pCi/rnl ) Guide? 

Shoshone, 'Cal i f  . 111 16 2 7 3 H 800 0.03 
Shoshone Sp r i  ng 

Hiko, Nev. 11/14 27 3 H 460 0.02 
Crys ta l  Springs 

Alarno, Nev. 11/14 2 3 3 H 360 0.01 
C i t y  Supply 

Warm Springs, Nev. 11/14 27 3 H 460 0.02 
Twin Springs Ranch 

Nyala, Nev. 11/15 23 3H 580 0.02 
Sharp Ranch 

Adaven, Nev. 11/15 27 3 H 1800 0.06 
Adaven Spr i ng 

Pahrump, Nev. 11/16 2 3 3H 510 0.02 
Cal vada We1 1 3 

Tonopah , Nev. 11/15 2 3 3H < 10 <O. 01  
City Supply 

Clark S t a t i  on, 11/15 23 3 H 16 <0.01 
Nev. Tonopah Test 
Range Well 6 

Las Vegas, Nev. 11/09 23 3 H 0.83 <0.01 
Water D i  s t r i c t  
We1 1 No. 28 

Ternpiute, Nev. 11/14 23 3 H 510 0.02 
Union Carbide Well 
- 

*23 = We1 1 ; 27 =, Spr ing  
t See Appendix B f o r  Concentrat ion Guides. 



TABLE B-10. 1979 ANALYTICAL RESULTS FOR THE OFF-NTS LONG-TERM 
HYDROLOGICAL MONITORING PROGRAM (ANNUAL SAMPLES) 

Type o f  R a d i o a c t i v i t y  % o f  
Sampl i ng Depth Sample Radio- Conc. Conc. 
Loca t i on  Date (m)* Type? a c t i v i t y  ( ~ 1 0 ' ~  pCi/ml)  ~ u i d e *  

PROJECT GNOME -- NEW M E X I C O  

Ma1 aga, USGS 3/22 162 
Wel l  No. 1 

Malaga, USGS 3/22 148 
Well No. 4 

Ma1 aga, USGS 3/24 144 
Well No. 8 

Malaga, PHS 3/24 25 
We1 1 No. 6 

Malaga, PHs 3/24 157 
Well No. 8 

Malaga, PHs 3/24 59 
Well No. 9 

Malaga, PHs 3/24 137 
We1 1 No. 10 

23 Gross a 
Gross B 
3H 

23 Gross a 
Gross B 
3H 
90 S r  

23 Gross a 
Gross B 
3H 
9 0  S r  
137  cs 

23 Gross a 
Gross B 
3 H 

23 Gross a 
Gross B 
3 H 

23 Gross a 
Gross B 
3 H 

23 Gross a 
Gross 6 
3H 

Ma1 aga , 3/23 236 23 Gross a ' <20 - - 
Pecos R i v e r  Gross W . <30 - - 
Pumping S t  a t  i ons 3H <10 <O. 01  

Lov ing,  City 3/23 69 23 Gross a i 3  - - 
Well No. 2 Gross <6 - - 

3H <I 0 <O. 0 1  

( con t  i nued) 



TABLE B-10. Continued 

Type o f  R a d i o a c t i v i t y  % o f  
Sampl i ng Depth Sample Radio- Conc. Conc. 
Locat ion  Date (m)* Typet a c t i v i t y  (x10m9 p C i  / m l  ) Guide* 

Carlsbad, C i t y  3/23 249 23 Gross a <B - - 
Well No. 7 Gross 6 < 20 - - 

3 H <11 <0.01 

PROJECT SHOAL -- NEVADA 

Frenchman, 6/13 no t  23 Gross a 20 - - 
Frenchman known Gross 6 16 - - 
S t a t i o n  3 H 2 1 <0.01 

Frenchman, We1 1 6/13 213 23 G r o s s a  <3 - - 
HS-1 Gross B 0.1 - - 

3 H < 9 <0.01 

Frenchman, 6/13 ,146 23 G r o s s a  51 - - 
Well H-3 Gross 6 19 - - 

3H <10 <0.01 

Frenchman, 6/13 no t  23 Gross a < l o 0  - - 
F l  owi ng We1 1 known Gross B <80 - - 

3 H <10 <0.01 

Frenchman, 6/13 96 23 Gross a 17 - - 
Hunts S t a t i o n  Gross B 14 - - 

3 H <10 <0.01 

PROJECT DRIBBLE -- MISSISSIPPI 

B a x t e r v i l  l e ,  3/13 95 23 Gross a < 2 - - 
C i t y  Supply Gross B < 6 - - 

3 H < 20 <o. 01 

B a x t e r v i l  l e y  3/13 sfc .  22 Gross a < 2 - - 
Lower L i  ttl e Gross B < 6 - - 
Creek 3 H 6 8 <0.01 

(cont inued)  



TABLE B-10. Continued 

Type o f  R a d i o a c t i v i t y  % of 
Sarnpl i ng Depth Sample Radio- Conc. Conc. 
Locat ion  Date (rn)+ Typet  a c t i v i t y  ( x ~ O - ~  pCi/rnl ) Guide* 

B a x t e r v i l  l e y  3/15 
We1 1 HT-1 

Gross a 
Gross B 
3 H 

B a x t e r v i l  l e ,  3/15 
We1 1 HT-2c 

116 2 3 

131 2 3 

197 23 

302 23 

640 2 3 

s fc .  22 

sfc. 2 2 

Gross a 
Gross 6 
3 H 

Bax te rv i  1 1 e, 3/14 
We1 1 HT-4 

Gross a 
Gross 6 
3 H 

B a x t e r v i l  1 e, 3/14 
We1 1 HT-5 

Gross a 
Gross B 
3H 

Bax te rv i  11 e, 3/14 
Well E-7 

Gross a 
Gross fi 
3H 

B a x t e r v i l  l e y  3/16 
We1 1 Ascot 
No. 2 

Gross a 
Gross 6 
3 H 

B a x t e r v i l  l e y  3/15 
Hal f Moon 
Creek 

Gross a 
Gross 6 
3 H 

Bax te rv i  11 e,  3/15 
H a l f  Moon 
Creek Ove r f l  ow 

Gross a 
Gross B 
3 H 

B a x t e r v i l  l e y  3/12 
T. Speights 
res idence 

13 23 Gross a < 2 
Gross 6 
3 H 

(6  
<10 

B a x t e r v i l  l e y  3/13 
R. L. Anderson 
res idence 

2 9 23 Gross a < 2 
Gross 6 < 6 
3 H <10 

B a x t e r v i l  l e ,  3/ 13 
L. J. Bryant  ' 

res idence (creek)  

s fc .  23 3H ,5 1 

(cont inued)  



TABLE B-10. Continued 

Type of Rad ioac t iv i t y  % of 
San~pl i ng Depth Sample Radio- Conc. Conc. 
Location Date (m) * Typet a c t i v i t y  ( x 1 0 - ~  pCi /ml ) ~ u i  de* 

Baxtervil  l e y  3/13 not 23 3H 10 
B. Chan~bl i ss known 
res idence  

Baxtervi 11 e ,  3/14 30 23 Gross a < 2 - - 
Mark Lowe Gross B <6 - - 
res idence  3H <10 <0.01 

Baxtervi l  l e ,  3/14 26 23 Gross or < 2 L - 
R. Ready Gross B < 6 - - 
res idence  3H 5 3 <O. 01 

Baxtervi 11 e ,  
W .  Daniels 
res idence  

Lumberton, 
Ci ty  Supply 
We1 1 No. 2 

Plrrvi s ,  
Ci ty  Supply 

3/12 28 . 23 Gross a 
Gross B 
3 H 

3/13 262 23 Gross a 
Gross B 
3 H 

3/12 295 23 Gross a 
Gross fi 
3H 

Col umbi a ,  3/13 41 
Ci ty  Supply 

Lumberton, 3/13 258 
North Lumberton 
Ci ty  Supply 

Baxtervi 11 e ,  3/15 sfc. 
Pond W o f  GZ 

23 Gross a 
Gross 13 
3H 

23 Gross a 
Gross B 
3H 

21 ~ r o s s  cx 
Gross 6 
3 H 

PROJECT GASBUGGY -- NEW M E X I C O  

Gobernador, 9/30 sfc. 27 3H 
Arnold Ranch 

<o. 01 

(cont  i nued) 



TABLE 6-10. Continued 

Type of R a d i o a c t i v i t y  % of 
Sampl i ng Depth Sample Radio- Conc. Conc. 
Locat ion  Date (m) * Type t a c t i  v i  t y  ( ~ 1 0 " ~  F t C i  / m l  ) ~ u i  de* 

Gobernador, Lower 9/30 70 23 3H <2 0 <0.01 
b u r r o  Canyon 

Gobernador, Fred 9/30 53 23 3H <19 <0.01 
B i x l e r  Ranch 

Gobernador, 9/30 s fc .  27 3H < 10 <O. 01 
Cave Springs 

Gobernador, 9/30 no t  23 3H <20 <0.01 
Windmil l  No. 2 known 

Gobernador, 9/30 sfc .  - 2 7  3H 85 <0.01 
Bubbl i ng Springs 

Gobernador, 9/30 sfc .  22 3H 
La Jara  Creek 

Gobernador, 9/29 1,181 23 3H <20 <0.01 
EPNG We1 1 10-36 

PROJECT RULISON -- COLORADO 

Rul ison,  Lee L. 10/4 no t  23 3H 390 0.01 
Hayward Ranch known 

Rul i son, Glen 1014 no t  23 3H 440 0.01 
Schwab Ranch known 

Grand Val l ey ,  1014 not  23 3H 310 0.01 
A1 b e r t  Gardner known 
Ranch 

Grand Val ley,  1014 s f c .  27 3H 40 (0.01 
City k'ater 
SUPPI Y 

Grand Val 1 ey ' 1014 sfc .  27 3H 180 <0.01 
Spr ing 300 Yds. 
NW o f  GZ (cont inued)  



TABLE B-10. Continued 

Type o f  R a d i o a c t i v i t y  % of 
Sampl i ng Depth Sample Radio- Conc. Conc. 
Locat ion  Date (m) * Type t a c t i v i t y  (x10-9 pCi / m l  ) ~ u i  de* 

Rul i son ,  F e l i x  1014 no t  ; 2 3  3H 300 0.01 
Sefcovic  Ranch known 

Grand Val l e y ,  10/4 s fc .  22 3H 240 <0.01 
Bat t lement  Creek 

Grand Val 1 ey, 10/4 14 23 3H 230 <0.01 
CER We1 1 

Rul i son, 1014 sfc .  27 3H 280 <0.01 
P o t t e r  Ranch 

PROJECT R I O  BLANCO -- COLORADO 

Rio Bl  anco, 1012 sfc .  22 3H 
Fawn Creek 
6,800 f t  Upstrearn 

R io  Blanco, 1012 sfc .  22 3H 
Fawn Creek 
500 f t  Upstream 

R io  Blanco, 1012 sfc. 32 3H 6 0 <0.01 
Fawn Creek 
500 f t  Downstream 

Rio Blanco, 1012 sfc .  22 3H 
Fawn Creek 
8,400 f t  Downstream 

Rio  Blanco, 1012 sfc .  2 7 3H 46 <.0.01 
Fawn Creek No. 1 

Rio  Blanco, 10/2 sfc. 27 3H 
Fawn Creek No. 3 

Rio Blanco, 1012 sfc .  27 3H 110 <0.01 
CER No. 1 
Bl ack Sulphur 

(con t  i nued) 



TABLE B-10. Continued 

Type o f  R a d i o a c t i v i t y  % of 
Sa~npl i ny Depth Sample Radio- Conc. Conc. 
Locat i on Date (m)* Type t a c t i v i t y  (x l (Y9 p C i  / m l  ) Guide* 

R io  Bl anco, 1012 s fc .  27 3H 100 <0.01 
CER No. 4 
Black Sul phur 

Rio Blanco, 1012 s fc .  27 3H 110 <0.01 
B-1 Equ i ty  Camp 

Rio Blanco, 1012 no t  23 3H < 20 <0.01 
Brennan W i  ndmi 1 1 known 

R io  B l  anco, 10/2 no t  23 3H <20 <0.01 
Johnson A r t e s i a n  known 
We1 1 

R io  Blanco, 101 3 476 23 3H 
We1 1 RB-D-01 

PROJECT CANNIKIN -- AMCHITKA, ALASKA 

South End o f  9/27 sfc .  21 3H 8 6 <0.01 
Canniki n Lake 

Nor th  End o f  9/27 sfc .  21 3H 6 0 <0.01 
Cannikin Lake 

Well HTH-3 9/27 42 23 3H 7 7 <0.01 

I c e  Box Lake 9/27 s fc .  31 3H 18 <0.01 

White A l i c e  Creek 9/27 s fc .  22 3H 

P i t  South o f  9/27 sfc. 21 3H 
Canniki  n GZ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PROJECT MILROW -- AMCHITKA, ALASKA 

Heart  Lake 9/28 sfc .  21 3H 41 <0.01 

(con t  i nued) 



TABLE E-10. Continued 

Type of R a d i o a c t i v i t y  % of 
Sanlpl i ng Depth Sample Radio- Conc. Conc. 
Loca t ion  Date (m) * Type t a c t i  v i  t y  (x10-9 p C i  / m l  ) ~ u i  de* 

We1 1 W-8 

We1 1 W-15 

We1 1 W-10 

We1 1 W-11 

We1 1 W-3 

We1 1 W-2 

Clevenger Creek 

Well W-4 

Well W-7 

We1 1 W-13 

We1 1 W-18 

1.6 

1.0 

2.0 

1.5 

1.1 

0.3 

s fc .  

0.46 

0.31 

0.74 

0.20 

54 

55 

5 8 

120 

91  

LOST 

5 5 

4 8 

5 5 

6 9 

37 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

P2OJECT LONG SHOT -- AMCHITKA, ALASKA 

We1 1 MI_-2 9/29 3.0 23 3H 39 0 <0.01 

EPA We1 1-1 9 / 2 9  6.6 23 3H 300 <0.01 

Reed Pond 9/29 s fc .  21 3H 53 <0.01 

Well GZ No. 1 9/29 27.4 23 3H 4,100 0.1 

Well GZ No. 2 9/29 12.2 23 3H 580 0.02 

(cont inued)  



TABLE B-10. Continued 

Type o f  R a d i o a c t i v i t y  % o f  
Sarr~pl i ng De t h  Sample Radio- Conc. Conc. 
Locat ion  Date ( m r *  Type+ a c t i v i t y  (x10-9 pCi/rnl) Guide* 

Mud P i t  No. 1 9/29 s fc .  21 3H 1,200 0.04 

Mud P i t  No. 2 9/29 s fc .  21 3H 1,200 0.04 

Mud P i t  No. 3 9/29 s f c .  21 3H 1,730 0.06 

BACKGROUND SAMPLES -- AMCHITKA, ALASKA 

Constant ine 9/29 s fc .  27 3H 
Spr i  ng 

Army We1 1  No. 1 9/29 26 23 3 H  88 <0.01 

Jones Lake 9/29 sfc .  21 3H 49 <0.01 

Army Well No. 2 1011 16.0 23 3 H  3 0 <0.01 

Army Well No. 3 1011 92.0 23 3H 120 <0.01 

Well AEC 1 1011 6.6 23 3H 91 <O. 01 

Duck Cove Creek 9/29 s fc .  22 3H 6 5 <0.01 

* s f c .  = sur face  

t 21 = Pond, lake ,  r e s e r v o i r ,  stock tank,  o r  s tock pond; 22 = Stream, r i v e r ,  
o r  creek; 23 = Well; 26 = Rain; 27 = Spring. 

* Concentrat ion Guides (CG) f o r  d r i n k i n g  water  a t  o n s i t e  l o c a t i o n s  
a re  t h e  same as those f o r  o f f s i t e  loca t ions .  See Appendix B f o r  
Concentrat ion Guides. As gross a1 pha and gross be ta  r a d i o a c t i v i t y  
concent ra t ions  were used o n l y  f o r  i d e n t i f y i n g  gross r a d i o a c t i v i t y  
concen t ra t i on  increases, and as more c m p l  e t e  rad ionuc l  i d e  analyses 
were made i n  t h e  past ,  c a l c u l a t i n g  t h e  percent of t h e  concen t ra t i on  
guide was not considered appropriate. 

High MDC due t o  h igh  concent ra t ion  of d i sso l ved  so l  ids .  



TABLE B-11. SPECIAL ANALYTICAL RESULTS FOR THE LONG-TERM 
HYDROLOGICAL MONITOR1 NG PROGRAM - PROJECT DRIBBLE* 

- - -- --- 

H Concent r a t i o n  % of 
Sarnpl i ng Depth Conc. 
Locat ion Date (m > (x10-9 vCi / m l  ) Guide 
- - 

HMH - 1 

HMH-2 

HMH-3 

HMH-4 

HMH-5 

HMH-6 

HMH-7 

HMH-8 

HMH-9 

HMH-10 

HMH-11 

PS-3 

*Each sampl e was a1 so analyzed by gamma spectrometry. No gamma-emitt i ng 
rad ionuc l ides  were detected above t h e  MDC of -1 x 10-3 vCi/ml. 

t s f c .  = sur face 



APPENDIX C. RADIATION PROTECTION STANDARDS FOR 
EXTERNAL AND INTERNAL EXPOSURE 

DOE ANNUAL DOSE COMMITMENT 

The annual dose commitment t a b ~ l a t e d  be1 ow i s  from "Standards fo r  
Rad ia t ion  P ro tec t i on "  i n  DOE manual , Chapter 0524. 

Dose L i m i t  t o  C r i t i c a l  Dose L i m i t  t o  Su i tab le  
I n d i v i d u a l s  i n  Uncontrol  1  ed Sample o f  t h e  Exposed 
Area a t  Po in ts  o f  Maximium Populat ion i n  an 

Type o f  Exposure Probable .Exposure (rein) Uncontrol  1  ed Area ( rem) 

Whole Body, gonads 
o r  bone nlarrow 

Other organs 

EPA DR I NKI NG WATER REGULATIONS FOR RAD IONUCL I D E S  

The EPA d r i n k i n g  water  regu la t ions  f o r  rad ionuc l ides  are  se t  f o r t h  i n  
T i t l e  40 o f  t h e  code o f  Federal Regulat ions, Chapter 1, Par t  141. They were 
publ ished i n  t h e  Federal Register ,  Vol. 41, No. 133, on J u l y  9, 1976. 

For  purposes o f  t h e  r e g u l a t i o n  l i s t e d  be1 ow, "community water system" i s  
def ined as a  pub1 i c  water system t h a t  serves a  popu la t ion  o f  which 70 percent 
o r  g rea te r  a re  res idents.  A  p u b l i c  water  system i s  a  system f o r  t h e  p rov i s ion  
t o  t h e  p u b l i c  of p iped water f o r  human consumption, i f  such system has a t  
1  eas t  15 s e r v i c e  connect ions o r  r e g u l a r l y  serves an average o f  25 i n d i v i d u a l s  
d a i l y  a t  l e a s t  3  months out oT t h e  year. 

The r e g u l a t i o n  i s  s ta ted  i n  terms of annual dose'equivalent  and average 
annual concent ra t ion  assumed t o  produce t h a t  dose equivalent .  

Maximum Contaminant Levels f o r  Beta P a r t i c l e s  and Photon R a d i o a c t i v i t y  from 
Man-Made Radionucl ides i n  Community Water Systems 

The average annual concent ra t ion  o f  beta p a r t i c l e  and photon r a d i o a c t i v i t y  
from manrnade rad ionuc l ides  i n  d r i n k i n g  water s h a l l  not produce an annual dose 



equivalent t o  the  to ta l  body o r  any internal  organ greater  than 4 mil 1 i rem per 
year . 

Except f o r  the  t r i t i um and strontium-90, the  concer~trat ion of manmade 
radi onucl ides causing 4 mrem to t a l  body o r  organ dose equivalents shall  be 
calculated on the  basis  of a 2 - l i t e r  per day drinking water intake using t he  
168 hour data l i s t e d  in "Maximum Permissible Body Burdens and Maximum 
Permissible Concentration of Radionuclides in  Air or  Water f o r  Occupational 
Exposure," NBS Handbook 69 a s  amended Augus t  1963, U.S. Department of 
Commerce. I f  two o r  more radionucl ides a re  present, t he  sum of t h e i r  annual 
dose equivalent t o  the  to ta l  body o r  t o  any organ shal l  not exceed 4 mil 1 irem 
per year. 

Average Annual Concentration Assumed t o  Produce a Total Body 
or  Organ Dose of 4 mremlyear 

Radi onucl i de Cri t ica l  Organ pCi per 1 i t e r  

Tritium Total body 20,000 

Strontium-90 Bone marrow 8 

DOE CONCENTRATION GUIDES 

This t ab l e  of concentration guides (CG,s) i s  from the  DOE Manual, Chapter 
0524, "Standards f o r  Radiation Protection. " 

Sampling Radio- CG 
Network o r  Program Medium nuclide (pCi/ml) Basis of Exposure 

Ai r Survei 1 1 ance a i r  7Be 1.1 x 10-8 Sui tab1 e sample 
Network 95Zr  3.3 x 10-lo of t he  exposed 

1311 3.3 x 10-l1 popul a t  i on i n 
l32Te 1.3 x ' uncontrol led area. 

- 137Cs 1.7 x 10-lo 
140Ba 3.3 x 10'1° 
144°C 6.7 x 10-10 
2 3 9 ~ ~  3.3 x 10-13 

(continued) 



- 

Sampl i ng Radi o- CG 
Network o r  Program Medi urn nucl i d e  (pCi /ml ) Basis  of Exposure 

Noble Gas and Tr i t ium a i r  85Kr 1.0 x 10-5 Invidicual  i n  
Su rve i l l ance  Network, 3 H 5.0 x l o m 6  cont ro l  1 ed a rea .  
On-NTS 133Xe 1.0 x lo-5 

Noble Gas and Tr i t ium a i  r 85Kr l . o ~ l O - ~  Sui tab1 e sampl e 
Survei l  l ance  Network, 3H 6.7 x of t h e  exposed 
Off-NTS l33Xe 1.0 x 1 0 ' ~  popul a t i  on i n 

uncontrol 1 ed area.  

Long-Term water  3H 
Hydro1 oyical  Program 89 S r  

9oSr 
137Cs 

. 226Ra 
2341) 
2351) 
2 3 81) 

238Pu 
239Pu 

3.0 x lo-3 Individual  i n  a 
3.0 x cont ro l  l ed  o r  an 
3.0 x loe7 uncontrol 1 ed area.  
2.0 x 10-5 
3.0 x 10-8 
3.0 x 10-5 
3.0 x 10-5 
4.0 x 10-5 
5.0 x 10-6 
5.0 x 10-6 
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