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PREFACE 

The U.S. Atomic Energy Commission (AEC) used t h e  Nevada Test  S i t e  (NTS) 
from January 1951 th rough January 19, 1975, f o r  conduct ing nuc lear  weapons 
t e s t s ,  nuc lear  rocket-engine development, nuc lear  medicine s tud ies ,  and o the r  
nuc lear  and non-nuclear experiments. Beginning January 19, 1975, these a c t i v -  
i t i e s  became t h e  r e s p o n s i b i l i t y  of t h e  newly formed U.S. Energy Research and 
Development A d m i n i s t r a t i o n  (ERDA). On October 1, 1977 t h e  ERDA was merged w i t h  
o the r  energy- re la ted  agencies t o  form t h e  U.S. Department o f  Energy ( D O E ) .  
Atmospheric nuc lear  t e s t s  were conducted p e r i o d i c a l l y  from January 27, 1951, 
through October 30, 1958, a f t e r  which a  t e s t i n g  morator ium was i n  e f f e c t  u n t i l  
September 1, 1961. Since then a l l  nuc lear  de tonat ions  have been conducted 
underground w i  t h  t h e  expec ta t i on  of c o n t a i  nment, except f o r  f o u r  s l  i g h t l  y 
above-ground o r  sha l low underground t e s t s  o f  Operat ion Dominic I 1  i n  1962 and 
f i v e  nuc lear  e a r t h - c r a t e r i n g  experiments conducted under t h e  Plowshare program 
between 1962 and 1968. 

P r i o r  t o  1954, an o f f - s i t e  s u r v e i l l a n c e  program was performed by t h e  Los 
Alamos S c i e n t i f i c  Labora tory  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 from 1970 t o  t h e  present  t h e  U.S. Envi-  
ronmental P r o t e c t i o n  Agency (EPA) have prov ided an O f f - S i t e  Rad io log i ca l  Safety 
Program under an In te ragency  Agreement. The PHs o r  EPA has a l s o  prov ided 
o f f - s i t e  s u r v e i l l a n c e  f o r  U.S. nuc lea r  exp los i ve  t e s t s  a t  p laces o the r  than t h e  
NTS. 

Since 1954, an o b j e c t i v e  o f  t h i s  s u r v e i l l a n c e  program has been t o  measure 
l e v e l  s  and t rends  of r a d i o a c t i v i t y ,  i f  present ,  i n  t h e  environment surrounding 
t e s t i n g  areas t o  a s c e r t a t 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 sampling m i l k ,  water, and a i r ;  by  dep loy ing  dosimeters; and by 
sampling food crops, s o i l ,  e tc . ,  as r e q u i r e d .  Personnel w i t h  mob i le  m o n i t o r i n g  
equipment are p laced i n  areas downwind f rom t h e  t e s t  s i t e  p r i o r  t o  each t e s t  
i n  o rder  t o  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 -  
i n g ,  and o b t a i n  envi ronmental  samples r a p i d l y  a f t e r  any re lease  o f  r a d i o a c t i v -  
i t y .  Since 1962, a i r c r a f t  have a l s o  been deployed t o  r a p i d l y  mon i to r  and Sam- 
p l e  re leases  o f  r a d i o a c t i v i t y  d u r i n g  nuc lea r  t e s t s .  Mon i to r i ng  da ta  ob ta ined 
by  t h e  a i r c r a f t  crew immediate ly  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  m o n i t o r i n g  personnel on t h e  ground. Data from a i rbo rne  sampling a re  
used t o  q u a n t i f y  t h e  amounts, d i f f u s i o n ,  and t r a n s p o r t  o f  t he  r a d i o n u c l i d e s  
re leased.  

Beginning w i t h  Operat ion Upshot-Knothole i n  1953, a  r e p o r t  was pub l ished 
by t h e  PHs summarizing t h e  s u r v e i l l a n c e  da ta  f o r  each t e s t  s e r i e s .  I n  1959 
f o r  r e a c t o r  t e s t s ,  and i n  1962 f o r  weapons and Plowshare t e s t s ,  such data  were 
pub1 i shed f o r  those t e s t s  t h a t  re leased r a d i o a c t i v i t y  de tec tab le  o f f  t h e  NTS. 
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The r e p o r t i n g  i n t e r v a l  was changed again i n  1964 t o  semi-annual p u b l i c a t i o n  of  
da ta  f o r  each 6-month pe r i od  which a l so  i nc luded  t h e  data from t h e  i n d i v i d u a l  
r e p o r t s .  

I n  1971, t he  AEC implemented a  requirement,  now incorpora ted  i n t o  DOE 
Order 5484.1, t h a t  each c o n t r a c t o r  o r  agency i nvo l ved  i n  major nuc lear  a c t -  
i v i  t i e s  p rov ide  a  comprehensive annual r a d i o l o g i c a l  mon i to r i ng  r e p o r t .  This  i s  
t h e  s i x t e e n t h  annual r e p o r t  i n  t h i s  se r i es ;  i t  summarizes the  o f f - s i t e  
a c t i v i t i e s  o f  t he  EPA d u r i n g  CY 1987. 



CONTENTS 

Preface . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  iii 
Figures . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  v i i  
Tables . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  i x  

. . . . . . . . . . . . . . . . . .  Abbreviat ions.  Symbols and Conversions x i  
. . . . . . . . . . . . . . . . . . . . . . . . . .  Pref ixes.  Conversions x i i  

. . . . . . . . . . . . . . . . . . . . . . . .  1 . I n t r o d u c t i o n  . .  1 

2 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 
. . . . . . . . . . . . . . . .  . 3 Desc r ip t i on  o f  t h e  Nevada Test S i t e  4 

Ai rborne Re1 eases o f  R a d i o a c t i v i t y  
a t  t h e  NTS Dur ing 1987 . . . . . . . . . . . . . . . . . . . .  6 

4 Q u a l i t y  Assurance . . . . . . . . . . . . . . . . . . . . . . . . .  7 . 
. . . . . . . . . . . . . . . . . .  5 . Radio1 og i  c a l  Safety A c t i v i t i e s  9 

Speci a1 Test Support . . . . . . . . . . . . . . . . . . . . . .  9 
Pathways Mon i to r i ng  . . . . . . . . . . . . . . . . . . . . . .  9 
A i r  Su rve i l l ance  Network . . . . . . . . . . . . . . . . . . . .  9 

. . . . . . . . . . .  Noble Gas and T r i t i u m  Surve i l l ance  Network 13 

. . . . . . . . . . .  Long-Term Hydro log ica l  Mon i to r i ng  Program 16 . . . . . . . . .  . . . . . . . . .  M i l k  Surve i l l ance  Network 21 . . . . . . . . . . . . . . . . . . . . .  Biomoni to r ingProgram 22 . . . . . . . . . . . . . . . . . .  External  Exposure Mon i to r i ng  26 . . . . . . . . . . . . . .  Thermoluminescent Dosimetry Network 26 . . . . . . . . . . . . . . . . . . .  Resul ts  o f  TLD Mon i to r i ng  29 . . . . . . . . . . . . .  Pressur ized Ion  Chamber (PIC) Network 31 . . . . . . . . . . . . . . . . . . . . . . .  I n t e r n a l  Dosimetry 32 

. . . . . . .  6 . Pub l i c  In fo rmat ion  and Community Assistance Programs 35 . . . . . . . . . . . . . . . . .  Community Mon i to r i ng  S ta t i ons  36 

. . . . . . . . . . . . . . . . . . . . . . . . . .  7 . Dose Assessment 38 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 . References 40 

Appendices 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A . S i t e  Data A - 1  

. . . . . . . . . . . . . . . . . . . .  B . Sample Analys i  s  Procedures B-1 



CONTENTS (Cont inued) 

. . . . . . . . . . . . . . . . . . .  C. Q u a l i t y  Assurance Procedures C - 1  

0. Radia t ion  P r o t e c t i o n  Standards f o r  Ex terna l  and I n t e r n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Exposure D - 1  

. . . . . . . . . . . . . .  E. Data Summary f o r  t h e  Mon i to r i ng  Networks E - 1  

Addenda 

1. REECO Nonrad io log ica l  Supplement t o  t h e  NTS Environmental . . . . . . . . . . . . . . . . . . . . . . .  Mon i to r i ng  Report. ~ d d - 1  



FIGURES 

Number Page 

. . . . . . . . . . . . . . .  1 Locat ion  o f  t h e  Nevada Test  S i t e  (NTS) 5 

. . . . . . . . . . . . . .  2 A i r  Su rve i l l ance  Network s t a t i o n s  (1987) 10 

. . . . . . . . . . .  3 Standby A i r  S u r v e i l l a n c e  Network s t a t i o n s  (1987) 11 

. . . . . . . .  Monthly average gross b e t a  i n  a i r  samples. 1981.1987 12 

Noble Gas and T r i t i u m  S u r v e i l l a n c e  Network 
. . . . . . . . . . . . . . . . . . . . . . . .  sampling l o c a t i o n s  14 

. . . . .  Weekly average krypton-85 concen t ra t i on  i n  a i r .  1987 data  15 

. . . . . . . . . .  Trend i n  annual average krypton-85 'concent ra t ion  15 

. . . . . . . . . . . . . . . .  LTHMP sampling l o c a t i o n s  on t h e  NTS 18 

. . . . . . . . . . . . . . .  LTHMP sampling l o c a t i o n s  near t h e  NTS 19 

. . . . . . . . . .  M i l k  sampling l o c a t i o n s  w i t h i n  300 km o f  t h e  NTS 20 

. . . . . . . . . . . . .  Standby m i l k  s u r v e i l l a n c e  network s t a t i o n s  21 

Stront ium-90 concen t ra t i on  i n  Pasteur ized M i l k  Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  samples 22 

. . . . . . . . . . . . .  C o l l e c t i o n  s i t e s  f o r  animals sampled. 1987 23 

. . . . . . . . .  Average s t ron t ium-90 concen t ra t i on  i n  animal bone 24 

. . . . . . . . . . . . . . . . . . .  Locat ions  moni tored w i t h  TLD's 28 

16 Average annual TLD exposure as a f u n c t i o n  o f  s t a t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a l t i t u d e  30 

17 Loca t i on  o f  f a m i l i e s  i n  t h e  O f f - S i t e  Human Surve i l l ance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Program 33 



FIGURES (Continued) 

Page Number 

A . l  Ground-water flow systems around the 
Nevada Test S i te  . . . . . . . . . . . . . . . . . . . . . . . .  A-4 

General land use w i t h i n  300 km o f  the 
NevadaTes tS i te  . . . . . . . . . . . . . . . . . . . . . . . .  A-5 

Populat ion of Arizona. Ca l i fo rn ia .  Nevada. and Utah 
Counties near the Nevada Test S i t e  (1986) . . . . . . . . . . . .  A-6 

D i s t r i b u t i o n  o f  fami ly m i l k  cows and goats. 
by county ( 1987) . . . . . . . . . . . . . . . . . . . . . . . .  A-8 

D i s t r i b u t i o n  of d a i r y  cows. by  county (1987) . . . . . . . . . . .  A-g 

D i s t r i b u t i o n  of beef c a t t l e .  by  county (1987) . . . . . . . . . . . .  A-10 

D i s t r i b u t i o n  of sheep. by county (1987) . . . . . . . . . . . . . .  A - 1 1  

Amchi t ka  Is land and background sampl i n g  loca t ions  
f o r  the LTHMP . . . . . . . . . . . . . . . . . . . . . . . . . .  E-16 

LTHMP sampling loca t ions  for  P ro jec t  Cannikin . . . . . . . . . . .  E-17 

LTHMP sampling loca t ions  for  P ro jec ts  Milrow and Long Shot . . . .  E-19 

LTHMP sampling loca t ions  fo r  P ro jec t  Rio Blanco . . . . . . . . . .  E-21 

LTHMP sampling loca t ions  for  P ro jec t  Rul ison . . . . . . . . . . .  E-23 

LTHMP sampling loca t ions  f o r  P ro jec t  Dr ibb le  . 
towns and residences . . . . . . . . . . . . . . . . . . . . . .  E-24 

. LTHMP sampling loca t ions  for  P ro jec t  Dr ibb le  near GZ . . . . . .  E-26 

LTHMP sampling loca t ions  for  P ro jec t  Dr ibb le  . 
near S a l t  Dome . . . . . . . . . . . . . . . . . . . . . . . . .  E-28 

LTHMP sampling loca t ions  for P ro jec t  Fau l t less  . . . . . . . . . .  E-30 

LTHMP sampling loca t ions  for  P ro jec t  Shoal . . . . . . . . . . . .  E-32 

LTHMP sampling loca t ions  fo r  P ro jec t  Gasbuggy . . . . . . . . . .  E-33 

LTHMP sampling loca t ions  for  P ro jec t  Gnome . . . . . . . . . . . .  E-34 

v i i i  



TABLES 

Number Page 

. . . .  1 Tota l  A i rborne Radionucl i d e  Emissions a t  t he  NTS During 1987 6 

. . . . .  2 Annual Average Krypton-85 Concentrat ions i n  A i r .  1977.1987 l 6  

3 Water Sampling Locat ions Where Samples Contained 
Manmade R a d i o a c t i v i t y  . 1987 . . . . . . . . . . . . . . . . . . .  21 

4 Network Annual Average Concentrat ions o f  T r i  ti 'um 
. . . . . . . . . . . . . . . .  and Strontium-90 i n  M i l k .  1975-1987 22 

5 Radionucl ide Concentrat ions i n  Desert Bighorn Sheep 
Samples-1986 . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

6 Radionucl ide Concentrat ions i n  Tissues From Mule Deer 
. . . . . . . . . . . . .  Col lec ted  on t h e  Nevada Test S i te .  1987 27 

7 Radionucl ides Concentrat ions i n  Tissues Co l lec ted  
. . . . . . . . . . . . . . . . . . . . . . . . .  fromNTSCHUKARS 28 

. . . . . . . . . .  8 Annual O f f - S i t e  Personnel Dose 1987 TLD Resul ts  29 

. . . . . . . . .  9 Dosimetry Network Summary f o r  t h e  Years 1971-1987 30 

. . . . . . . . . . . . . . .  10 Pressur ized I o n  Chamber Readings. 1987 31 

Appendices 

. . . . . . . . . . . .  . A . l  C h a r a c t e r i s t i c s  o f  C l i m a t i c  Types i n  Nevada A - 2  

. . . . . . . . . . . . . . . . . . . . .  B . 1 Sample Anal y s i  s Procedures B - 1  

C . l  Samples and Analyses f o r  Dup l i ca te  Sampling Program . 1987 . . . . .  C-2 

. . . . . . . . . . . . . .  C.2 Sampling and Ana ly t i ca l  P rec i s ion  . 1987 C-3 

. . . . . . . .  C.3 EPA Q u a l i t y  Assurance Intercomparison Resul ts  . 1987 C-4 

. . . . . . . . .  . C.4 Qua1 i t y  Assurance Resul ts  f rom DOE Program 1987 C-6 

C.5 Q u a l i t y  Assurance Resul ts  f o r  t he  Bioenvironmental Program . 1987 . C-9 

i x 



TABLES (Cont inued) 

Number 

Rout ine M o n i t o r i n g  Frequency, Sample Size, MDC and 
. . . . . . . . . . . . . . . . . . . . .  Concentrat ion Guides 

Summary o f  A n a l y t i c a l  Resu l ts  f o r  A i r  S u r v e i l  lance 
Network Cont inuously  Operat ing S t a t i o n s  - 1987 . . . . . . . .  

Summary o f  A n a l y t i c a l  Resu l ts  f o r  A i r  Su rve i l l ance  Network 
. .  Standby S t a t i o n s  Operated 1 o r  2 Weeks per  Qua r te r  - 1987. 

Summary o f  Gross Beta Analyses f o r  
. . . . . . . . . . . . . . .  A i r  Su rve i l l ance  Network - 1987. 

Plutonium-239 Concent ra t ion  i n  Composited 
. . . . . . . . . . . . . . . . . . . . . .  Air Samples - 1987 

Summary. o f  A n a l y t i c a l  Resu l t s  f o r  t h e  Noble Gas 
. . . . . . . . . . .  and T r i t i u m  S u r v e i l l a n c e  Network - 1987. 

Summary o f  T r i t i u m  Resu l ts  f o r  t h e  WTS Network 
. . . . . . .  Long-Term Hyd ro log i ca l  M o n i t o r i n g  Program - 1987 

T r i t i u m  Resu l ts  f o r  t h e  Long-term Hydro log ica l  
. . . . . . . . . . . . . . . . . .  Mon i to r ing .Program - 1987. 

Summary o f  A n a l y t i c a l  Resu l ts  f o r  t h e  M i l k  
. . . . . . . . . . . . . . . . .  S u r v e i l l a n c e  Network - 1987. 

A n a l y t i c a l  Resu l ts  f o r  t h e  Standby M i  1  k  Su rve i l  1  ance 
N e t w o r k - 1 9 8 7  . . . . . . . . . . . . . . . . . . . . . . . .  

Summary o f  Rad ia t i on  Dose Equ iva len ts  f rom 
TLD Data - 1987. . . . . . . . . . . . . . . . . . . . . . . .  

Page 

D- 2 



ABBREVIATIONS, SYMBOLS AND CONVERSIONS 

ASN 
AVG 
B q 
CG 
C i  
CP-1  
CY 
d  
DOE 
DOE/NV 
EMSL-LV 
EP A 
eV 
9  
GY 
GZ 
h  
HTO 
L 
LTHMP 
m 
MD C 
MSL 
MSN 
NGTSN 
NTS 
Pa 
P I C  
Q A 
R 
r a d  
rem 
SD 
Sv 
TLD 

A i  r Survei 11 ance Network 
Average 
Becquerel, one d i s i n t e g r a t i o n  per  second 
Concentrat ion Guide 
Cur ie  
Cont ro l  P o i n t  One 
Calendar Year 
day 
U.S. Department o f  Energy 
Department o f  Energy, Nevada Operat ions O f f i c e  
Environmental Mon i to r i ng  Systems Laboratory, Las Vegas 
U.S. Environmental P r o t e c t i o n  Agency 
e l e c t r o n  v o l t  
gram 
Gray, equ iva len t  t o  100 r a d  (1 J/kg)  
Ground Zero 
hour 
tri t i  ated water 
1  i t e r  
Long-Term Hydro1 o g i  c a l  M o n i t o r i n g  Program 
meter 
Minimum Detec tab le  Concentrat ion 
Mean Sea Level 
M i l k  Su rve i l l ance  Network 
Noble Gas and T r i  ti um Surve i l  1 ance Network 
Nevada Test  S i t e  
Pascal - u n i t  o f  pressure 
Pressur ized i o n  chamber 
Qua1 i t y  Assurance 
Roentgen 
u n i t  o f  absorbed dose, 100 e r g s l g  
the  r a d  ad jus ted  f o r  b i o l o g i c a l  e f f e c t  
Standard dev i  a t i  on 
S ieve r t ,  e q u i v a l e n t  t o  100 rem 
thermoluminescent dosimeter 



femto = 10-15 

p ic0  = 10-12 

nano = 10-9 

micro = 10'6 

m i l l i  = 10-3 

k i l o  = 103 

mega = 106 

CONVERSIONS 

Mu1 t i p l y  by To Obtain 

Concentration Guides 

S I  Un i ts  

r a d  
rem 
pCi 

Gray (Gy = 1 Joule/kg) 
S iever t  (Sv)  



SECTION 1 

INTRODUCTION 

The EMSL-LV operates an Of f -S i te  Radio log ica l  Safety Program around the  NTS and other s i t e s  as 
requested by the Department of Energy (DOE) under an Interagency Agreement between DOE and EPA. 
This repo r t ,  prepared i n  accordance w i t h  DOE orders (DOE851, covers the program a c t i v i t i e s  
fo r  calendar year 1987. It contains desc r ip t i ons  o f  pe r t i nen t  features o f  t he  NTS and i t s  en- 
v i rons,  summaries o f  the  EMSL-LV dosimetry and sampl i ng  methods, a n a l y t i c a l  procedures, qua1 i t y  
assurance, and the a n a l y t i c a l  r e s u l t s  from environmental measurements. Where appl icable,  dos- 
imet ry  and sampling data are compared t o  appropr ia te  standards f o r  ex terna l  and i n t e r n a l  expo- 
sures o f  humans t o  i o n i z i n g  r a d i a t i o n .  



SECTION 2 

SUMMARY 

PURPOSE 

It i s  U.S. Environmental P ro tec t i on  Agency (€PA) p o l i c y  t o  p r o t e c t  t he  general pub l i c  and the 
environment from p o l l u t i o n  caused by human a c t i v i t i e s .  This includes rad ioac t i ve  contamination 
o f  t he  biosphere and concomitant r a d i a t i o n  exposure o f  the populat ion.  To t h i s  end and i n  agree- 
ment w i t h  U.S. Department of  Energy (DOE) p o l i c y  of  keeping r a d i a t i o n  exposure o f  the  general 
pub l i c  as low as reasonably achievable, t he  EPA's Environmental Moni tor ing  Systems Laboratory i n  
Las Vegas (EMSL-LV) conducts an O f f -S i te  Radiological  Safety Program around the  DOE'S Nevada Test 
S i te .  This program i s  conducted under an Interagency Agreement between EPA and DOE. The p r i n c i -  
pal  a c t i v i t y  a t  t he  NTS i s  t e s t i n g  o f  nuclear devices, though o ther  r e l a t e d  p ro jec ts  are a l so  
conducted. 

The p r i n c i p a l  a c t i v i t i e s  o f  the  O f f -S i te  Radiological  Safety Program are:  r o u t i n e  environmen- 
t a l  moni tor ing  f o r  rad ioac t i ve  ma te r ia l s  i n  var ious media and f o r  r a d i a t i o n  i n  areas which may be 
af fected by nuclear t e s t s ;  and p r o t e c t i v e  ac t ions i n  support o f  the nuclear t e s t i n g  program. 
These are conducted t o  document compliance w i t h  standards, t o  i d e n t i f y  trends, and t o  provide 
in format ion t o  the  pub l i c .  This r e p o r t  summarizes these a c t i v i t i e s  f o r  CY 1987. 

Locat ions 

Most o f  t h e  r a d i o l o g i c a l  sa fe ty  e f f o r t  i s  
app l ied  i n  the areas around the  Nevada Test 
S i t e  (NTS) i n  south-central  Nevada. This 
p o r t i o n  o f  Nevada i s  sparsely se t t l ed ,  0.5 
person/km2, and has a cont inenta l  a r i d  c l i -  
mate. The l a r g e s t  town i n  the  near o f f - s i t e  
area i s  Beatty, located about 65 km west o f  
t he  NTS w i t h  a popu la t ion  o f  about 1,000. 

Underground t e s t s  have been conducted i n  
several o the r  States f o r  var ious purposes. 
A t  these s i t e s  i n  Alaska, Colorado, New Mex- 
ico ,  and M iss i ss ipp i ,  a long-term hydrolog- 
i c a l  moni tor ing  program i s  conducted t o  de- 
t e c t  any poss ib le  rad ioac t i ve  contamination 
o f  potable water and aqu i fe rs  near these 
s i t e s .  

Speci a1 Test  Support 

Dur ing CY 87, personnel were deployed i n  
support of  t he  15 announced nuclear t e s t s  a t  
t he  NTS. No r a d i o a c t i v i t y  o f  NTS o r i g i n  was 
detected o f f  s i t e .  

Pathways Moni tor ing  

The pathways lead ing t o  human exposure t o  
rad ionuc l ides ( a i r ,  water, and food) are  mon- 
i t o r e d  by networks o f  sampling s ta t i ons .  The 
networks are designed no t  on l y  t o  de tec t  
r a d i a t i o n  f rom DOE/NV nuclear t e s t  areas b u t  
a l so  t o  measure popu la t ion  exposure from 
other sources. No p o s i t i v e  r e s u l t s  were ob- 
ta ined by these networks t h i s  year t h a t  cou ld  
be a t t r i b u t e d  t o  NTS a c t i v i t i e s .  

. I n  1987 the  a i r  su rve i l l ance  network (ASN) 
consisted o f  30 cont inuously opera t ing  s ta-  

t i o n s  surrounding the  NTS and 83 standby 
s t a t i o n s  (operated 1 o r  2 weeks each quar ter )  
i n  a l l  States west o f  the  M iss i ss ipp i  River.  
Other than natura l  1 y occur r ing  be ry l  lium-7, 
t he  on l y  a c t i v i t y  detected by t h i s  network 
was plutonium-239 from worldwide f a l l o u t .  

The noble gas and t r i t i u m  sampling network 
(NGTSN) consisted of 17 s ta t i ons  o f f  s i t e  
( o f f  t he  .NTS and exc lus ion areas) i n  1987. 
No NTS-re1 ated r a d i o a c t i v i t y  was detected a t  
any o f f - s i t e  s t a t i o n  by t h i s  network. T r i t -  
ium concentrat ions i n  a i r  remained below Min- 
imum Detectable Concentration (MDC) l e v e l s  
and krypton-85 concentrat ions continued the 
upward trend, r e f l e c t i n g  the worldwide i n -  
crease i n  the  use o f  nuclear technology. 

The long-term moni tor ing  o f  we l l s  and sur- 
face waters near s i t e s  o f  nuclear t e s t s  
showed on1 y background rad ionuc l  i d e  concen- 
t r a t i o n s  except f o r  those we l l s  t h a t  had 
detectable a c t i v i t y  i n  previous years o r  
those t h a t  had been spiked w i t h  rad ionuc l  ides  
f o r  hydro log ica l  t es ts .  

The m i l  k s u r v e i l  lance network consisted o f  
28 sampling l oca t i ons  w i t h i n  300 km o f  t he  
NTS and about 122 standby l oca t i ons  i n  the 
Western U.S. The t r i t i u m  concentrat ion i n  
m i l k  was a t  background leve l s ,  and stront ium- 
90 from worldwide fa1 1 ou t  continued the s l  ow 
downward t rend  observed i n  recent  years. 

Other foods analyzed have been mainly meat 
from domestic o r  game animals. The radionu- 
c l i d e  most f requen t l y  found i n  the e d i b l e  
p o r t i o n  o f  t he  sampled animals i s  cesium-137. 
However, i t s  concent ra t ion  has been near the  
MDC since 1968. Strontium-90 i n  samples o f  



animal bone remain a t  very low l e v e l s  as does 
plutonium-239 i n  both  bone and 1 i v e r  samples. 

External  Exposure 

External  exposure i s  monitored by a net -  
work of thermol umi nescent dosimeters (TLD's) 
a t  132 f i xed  l oca t i ons  surrounding the NTS 
and by TLD's worn by 58 o f f - s i t e  res idents .  
I n  a few cases, small exposures o f  a few 
m i l l i r e m  (mrem) above the average f o r  t he  
person were measured. Except f o r  several 
occupat ional  exposures, a l l  such ne t  ,expo- 
sures were very low and were not  r e l a t e d  t o  
NTS a c t i v i t i e s .  The range o f  exposures meas- 
ured, vary ing w i t h  a l t i t u d e  and s o i l  c o n s t i t -  
uents, i s  s i m i l a r  t o  the range o f  such expo- 
sures found i n  o ther  areas o f  t he  U.S. 

I n t e r n a l  Exposure 

I n t e r n a l  exposure i s  assessed by whole- 
body count ing supplemented by semi -planar and 
i n t r i n s i c  detec tors  t o  measure l ung  burdens 
o f  r a d i o a c t i v i t y .  I n  1987, counts were made 
on 230 i n d i v i d u a l s  from t h e  o f f - s i t e  areas 
around the  Nevada Test S i te ,  t h e  EMSL-LV 
Laboratory, EG 8 G f a c i l i t i e s  throughout t h e  
Uni ted States and members o f  t he  general pub- 
l i c  concerned about poss ib le  r a d i a t i o n  expo- 
sure. No nuclear t e s t  r e 1  ated r a d i o a c t i v i t y  
was detected.  I n  add i t ion ,  phys ica l  examin- 
a t i ons  o f  t he  o f f - s i t e  res iden ts  revealed a 
normal ly heal t h y  popu la t ion  consi  s t e n t  w i t h  
t h e  age and sex d i s t r i b u t i o n  o f  t h a t  popula- 
t i o n .  

Community Mon i to r i ng  S ta t i ons  

The 15 Community Moni tor ing  S ta t i ons  be- 
came operat iona l  i n  1982. ' Each s t a t i o n  i s  
operated by a r e s i d e n t  o f  t he  community who 
i s  t r a i n e d  t o  c o l l e c t  samples and i n t e r p r e t  
some o f  t h e  data. Each s t a t i o n  i s  an i n t e -  
g r a l  p a r t  of t h e  ASN. NGTSN and TLD networks 
and i s  a1 so equipped w i t h  a pressur ized i o n  
chamber system and record ing barograph. 
Samples and data f rom the  s t a t i o n s  a re  ana- 
l yzed  by EMSL-LV and a re  a l so  i n t e r p r e t e d  
and repo r ted  by t h e  Desert Research I n s t i -  
t u t e ,  U n i v e r s i t y  o f  Nevada. Data from these 
s t a t i o n s  a re  repo r ted  he re in  as p a r t  o f  the  
networks i n  which they p a r t i c i p a t e .  

Dose Assessment 

Doses were ca l cu la ted  f o r  an average a d u l t  
l i v i n g  i n  Nevada us ing t h e  rad ionuc l i des  
measured i n  samples c o l l e c t e d  by t h e  moni tor-  
i n g  networks. Using conservat ive  assump- 
t i o n s ,  t h e  est imated dose would have been 
about 0.16 mrem (1.6 pSv) f o r  1987. No 
r a d i o a c t i v i t y  o r i g i n a t i n g  on t h e  NTS was de- 
t e c t a b l e  by the moni tor ing  networks; there-  
fo re ,  no dose assessment can be made. How- 

ever, based on the NTS releases repor ted i n  
Table 1, atmospheric d i spe rs ion  ca l cu la t i ons  
(AIRDOVEPA) i n d i c a t e  t h a t  t he  h ighest  i n d i  - 
v idua l  dose would have been 0.2 prem (0.002 
pSv), and the dose t o  the  popu la t ion  w i t h i n  
80 km of Control  Po in t  One (CP-1) would have 
been 5.9 x person-rem (5.9 x 10'6 per-  
son-Sv) . 

I n  t h e  u n l i k e l y  event t h a t  a c e r t a i n  mule 
deer had been c o l l e c t e d  by a hunter r a t h e r  
than by EPA personnel, t h a t  hunter could have 
received a dose equ iva lent  o f  29 mrem (0.29 
mSv) if he a te  a l l  t he  l i v e r  and meat from 
the deer. 



SECTION 3 

DESCRIPTION OF THE NEVADA TEST SITE 

Hi s t o r i c a l  l y ,  the  ma j o r  programs conducted a t  the  NTS have been nuclear weapons development, 
p roof  - t e s t i n g  and weapons safe ty  and e f fec ts ,  t e s t i n g  peaceful uses o f  nuclear explosives (Plow- 
share Program), reac to r  engine development fo r  nuclear rocke t  and ramje t  app l i ca t i ons  (Pro jec ts  
Rover and P lu to ) ,  h igh  energy nuclear physics research, seismic s tud ies  (Vela Uniform), and stud- 
i e s  o f  h igh- leve l  waste storage. Dur ing 1986, nuclear weapons development, p roof  - t es t i ng  and 
weapons safety,  nuclear physics programs, and s tud ies  o f  h igh- leve l  waste storage were continued 
a t  t h e  NTS. P ro jec t  P lu to  was discont inued i n  1964; P ro jec t  Rover was terminated i n  January 
1973; Plowshare t e s t s  were terminated i n  1970; Vela Uniform s tud ies  ceased i n  1973. A l l  nuclear 
weapons t e s t s  a f t e r  1962 have been conducted underground. More d e t a i l  and p e r t i n e n t  maps f o r  the 
po r t i ons  of t h i s  sec t i on  are inc luded i n  Appendix A. Only selected in format ion i s  presented i n  
t h i s  Section. 

S i t e  Locat ion 

The NTS i s  located i n  Nye County, Nevada, 
w i t h  i t s  southeast corner about 90 km no r th -  
west o f  Las Vegas (F igure  1 ) .  It has an area 
o f  about 3,500 square km and va r ies  from 40 
t o  56 km i n  w id th  (east-west) and f rom 64 t o  
88 km i n  l eng th  (north-south).  This area 
cons i s t s  o f  l a r g e  basjns o r  f l a t s  about 900 
t o  1,200 m above mean sea l e v e l  (MSL) sur- 
rounded by mountain ranges r i s i n g  1,800 t o  
2,300 m above MSL. 

The NTS i s  surrounded on th ree  s ides by 
exc lus ion areas, cot l e c t i v e l  y named t h e  Nel- 
1 i s  A i r  Force Base Range Complex, which pro- 
v ide a b u f f e r  zone between the  t e s t  areas 
and p u b l i c  lands.  This b u f f e r  zone va r ies  
from 24 t o  104 km between the  t e s t  area and 
land t h a t  i s  open t o  the pub l i c .  Depending 
upon wind speed and d i r e c t i o n  a t  t he  t ime o f  
t e s t i n g ,  from 2 t o  more than 6 hours w i l l  
e lapse before  any re lease o f  a i rborne rad io -  
a c t i v i t y  could pass over p u b l i c  lands. 

C l  imate 

The c l ima te  o f  t h e  NTS and surrounding 
area i s  var iab le ,  due t o  i t s  v a r i a t i o n s  i n  
a1 t i  tude and i t s  rugged t e r r a i n .  General 1 y, 
the  c l ima te  i s  r e f e r r e d  t o  as con t i nen ta l  
a r i d .  Throughout t h e  year, t he re  i s  i n s u f -  
f i c i e n t  p r e c i p i t a t i o n  t o  support t h e  growth 
o f  common food crops w i thou t  i r r i g a t i o n .  

As Houghton e t  a1 . (Ho75) p o i n t  out ,  90 
percent o f  Nevada's popu la t ion  1 i ves  i n  areas 
w i t h  l e s s  than 25 cm o f  r a i n f a l l  per year o r  
i n  areas t h a t  would be c l a s s i f i e d  as mid- 
l a t i t u d e  steppe t o  l ow- la t i t ude  deser t  
reg ions . 

nate (Qu68). Because of t he  preva lent  moun- 
t a i n l v a l l e y  winds i n  the  basins, south t o  
southwest winds predominate du r ing  d a y l i g h t  
hours o f  most months. During the win ter  
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 ing  the warmest p a r t  o f  t he  day. Wind 
pa t te rns  are  o f t e n  q u i t e  d i f f e r e n t  a t  o ther  
l oca t i ons  on t h e  NTS because o f  l o c a l  t e r r a i n  
e f f e c t s  and d i f fe rences i n  e levat ion .  

Geology and Hydrology 

Geological and hydro log ica l  s tud ies  o f  the  
NTS have been i n  progress by t h e  U.S. Geolog- 
i c a l  Survey and var ious o ther  organizat ions 
s ince 1956. Because of t h i s  cont inu ing e f -  
f o r t ,  t h e  surface and underground geological  
and hydro log ica 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 are known i n  considerable d e t a i l  (see 
F igure  A-1). Th is  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 
are  conducted. A comprehensive summary of 
t h e  geology and hydrology o f  t he  NTS was pub- 
l i s h e d  i n  1975 (Wi75). 

The aqu i fe rs  under ly ing the  NTS vary i n  
depth from about 200 m beneath t h e  surface 
o f  va l l eys  i n  t h e  southeastern p a r t  o f  the  
s i t e  t o  more than 500 m beneath the  surface 
o f  h ighlands t o  t h e  nor th .  Although much o f  
t h e  v a l l e y  fill i s  saturated, downward move- 
ment o f  water i s  re tarded by var ious t u f f s  
and i s  extremely slow. The pr imary aqu i fer  
i n  these format ions cons is ts  o f  Paleozoic 
carbonates t h a t  under l i e  t h e  more recent 
t u f f s  and a l luv iums.  

Land Use o f  NTS Environs 

The wind d i r e c t i o n ,  as measured on a 30 m Indus t r y  w i t h i n  the  immediate off-NTS area 
tower a t  an observat ion s t a t i o n  about 9 km inc ludes approximate1 y 40 a c t i v e  mines and 
NNW o f  Yucca Lake near CP-1, i s  predominantly m i l l s ,  o i l  f i e l d s  i n  the  Rai l road Val ley 
n o r t h e r l y  except du r ing  May through August area, and several i n d u s t r i a l  p lan ts  i n  Hen- 
when winds f rom the  south-southwest predomi- derson, Nevada. The number o f  employees f o r  



Figure 1. Location o f  the  Nevada Test  S i t e  (NTS) . 
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these operations may vary from one person a t  
several o f  the small mines t o  several hundred 
workers f o r  the o i l  f i e l d s  nor th  of the NTS 
and the  i ndus t r i a l  p lants  i n  Henderson. Most 
of the ind iv idua l  mining operations involve 
less  than 10 workers per mine; however, a few 
operations employ 100 t o  250 workers. 

The major 'body of water close t o  the NTS 
i s  Lake Mead (120 km southeast. Figure A.2), 
a man-made lake supplied by water from the 
Colorado River. , Lake Mead supplies about 70 
percent o f  the water used fo r  domestic, rec- 
rea t iona l ,  and i ndus t r i a l  purposes i n  the Las 
Vegas Valley. Some Lake Mead water i s  used 
i n  Arizona, southern Ca l i fo rn ia ,  and Mexico. 
Smaller reservo i rs  and lakes located i n  the 
area are used p r imar i l y  fo r  i r r i g a t i o n ,  fo r  
watering l ivestock, and f o r  w i l d l i f e  refuges. 

Dairy farming i s  not  extensive w i t h i n  300 
km o f  the NTS. As shown i n  Figures A.4 and 
A.5 the fami ly  cows and goats are d i s t r i bu ted  
i n  a l l  d i rec t ions  around the NTS, whereas 
most da i r y  cows are located t o  the southeast 
(along the Muddy and V i r g i n  River va l leys and 
i n  Las Vegas, Nevada), northeast (Lund), and 
southwest (near Barstow, Cal i f o r n i  a). 

Grazing i s  the most common land use w i t h i n  
300 km o f  the s i t e .  Approximately 600,000 
c a t t l e  and 200,000 sheep are d i s t r i bu ted  
w i t h i n  the area as shown i n  Figures A.6 and 
A.7, respect ive ly .  The estimates are based 
on in format ion supplied by the Ca l i f o rn i a  
Crop and Livestock repor t ing  service (CA85), 
from 1986 t o  1987 ag r i cu l t u ra l  s t a t i s t i c s  
supplied by the Nevada Department o f  Agricul-  
t u re  (NV86) and 1987 estimates based on 1982 
census information supplied by the Utah 
Oepartment o f  Agr icu l ture (UT87). 

Population D i s t r i bu t i on  

Amargosa Farm Area, which has a population o f  
about 850, i s  located about 50 km southwest 
of CP-1. The largest  town i n  the near o f f -  
s i t e  area i s  Beatty, which has a populat ion 
of about 1,200 and i s  located approximate1 y 
65 km t o  the west o f  CP-1. 

AIRBORNE RELEASES OF RADIOACTIVITY 
AT THE NTS DURING 1987 

A l l  nuclear detonations dur ing 1987 were 
conducted underground and were contained. 
A1 though releases o f  low-level radioactivity 
occurred dur ing re-entry d r i l l i n g ,  seepage 
through f issures i n  the s o i l  or purging o f  
tunnel areas. Table 1 shows the t o t a l  quan- 
t i t i e s  o f  radionucl ides released t o  the a t -  
mosphere, as reported by the DOE Nevada 
Operations Off ice (DOE88). Because these 
releases occurred throughout the year and 
because of the distance from the po in ts  o f  
releases t o  the nearest sampl ing stat ion, 
none o f  the rad ioact ive mater ial  l i s t e d  i n  
t h i s  tab le  was detected o f f  s i t e .  

TABLE 1. TOTAL AIRBORNE RADIONUCLIDE 
EMISSIONS AT THE NTS DURING 1987 

Q u a n t i t y  
Hal f - L i f e  Re1 eased 

Radi onuc l  i de (days) (Cf 

T r i t i u m  4500 126.4 
Krypton-85 3990 5.042 
Xenon- 127 36.4 0.0003 
Xenon- 133 5.24 44.02 
Xenon-133 m 2.2 2.00 
Xenon- 135 0.38 

Excluding Clark County, the major popula- xenon-131 m 
0.005 

11.92 1.0 
t i o n  center ( a ~ ~ r o x f m a t e l ~  569,500 1 n 1986 )~  Xenon ( I s o t o p i c  m i x t u r e  unknown) 29.0 
the populat ion dens i ty  w i t h i n  a 150 km rad ius  Cesium-137 11,030,6 
o f  CP-1 on the NTS i s  about 0.5 persons per 0.000017 

square ki lometer. For comparison, the 48 34.8 1.0 

contiguous states (1980 census) had a ~ o ~ u l a -  Iodine (Isotopic mixture unknown) 0*101 
t i o n  densi ty o f  approximately 29 persons per 
square ki lometer. The estimated average pop- 
u l a t i o n  densi ty f o r  a l l  o f  Nevada i n  1980 was 
2.8 persons per square ki lometer. 

The o f f - s i t e  area w i t h i n  80 km o f  the NTS 
( the  area i n  which the  dose commitment must 
be determined f o r  the purpose o f  t h i s  r epo r t )  
i s  predominantly ru ra l ,  Figure A.2. Several 
small communities are located i n  the  area, 
the la rges t  being i n  the Pahrump Valley. 
This growing r u r a l  community, w i th  an e s t i -  
mated populat ion o f  about 6,000, i s  located 
about 72 km south o f  the NTS CP-1. The 



SECTION 4 

QUALITY ASSURANCE 

The goals o f  the EMSL-LV q u a l i t y  assurance program are t o  assure the  c o l l e c t i o n  and ana l ys i s  
o f  environmental samples w i t h  t he  h ighes t  degree o f  accuracy and p r e c i s i o n  ob ta inab le  w i t h  
s ta te -o f - t he -a r t  ins t rumenta t ion  and t o  achieve t he  bes t  poss ib le  completeness and comparab i l i t y  
g iven t he  ex ten t  and type o f  networks from which samples are  co l l ec ted .  To meet these goals, i t  
i s  necessary t o  devote s t r i c t  a t t e n t i o n  t o  sample c o l l e c t i o n ,  sample ana lys is ,  and q u a l i t y  assur- 
ance procedures. 
Sample C o l l e c t i o n  percent  of a l l  samples are  c o l l e c t e d  i n  dup- 

l i c a t e .  When analyzed, t he  data i n d i c a t e  t he  
The c o l l e c t i o n  o f  samples i s  governed by p rec i s i on  o f  bo th  sample c o l l e c t i o n  and ana l -  

a d e t a i l e d  se t  of Standard Operat ing Proce- y s i s .  Rep l ica te  count ing  of a t  l e a s t  10 per -  
dures (SOP'S). These SOP'S p resc r i be  t he  cent  o f  a l l  samples y i e l d  data from which t he  
frequency and method o f  c o l l e c t i o n ,  t he  type p r e c i s i o n  of count ing  can be determined. 
o f  c o l l e c t i o n  media, sample containment and 
t r anspo r t ,  sample preserva t ion ,  sample iden- If t h e  b i a s  and p r e c i s i o n  data are  o f  suf-  
t i f i c a t i o n  and l a b e l  ing ,  and ope ra t i ng  param- f i c i e n t  q u a l i t y  ( i .e . ,  normalized dev ia t i on  
e t e r s  f o r  t he  ins t rumenta t ion .  Sample con- i n  Table C.3 i s  l e s s  than 31,  then compar- 
t r o l  i s  an impor tan t  segment o f  these a c t i v -  a b i l i t y ,  i .e . ,  comparison o f  t he  data w i t h  
i t i e s  as i t  enables t r a c k i n g  from c o l l e c t i o n  those o f  o ther  a n a l y t i c a l  1 abora tor ies ,  can 
t o  ana l ys i s  f o r  each sample and governs the  be assessed w i t h  confidence. The r e s u l t s  o f  
s e l e c t i o n  of d u p l i c a t e  samples f o r  ana l ys i s  ex te rna l  QA procedures are  shown i n  Appendix 
and t h e  samples chosen fo r  r e p l i c a t e  anal-  C. 
y s i  s. 

I n t e r n a l  Qual i t y  Assurance 
These procedures prov ide  assurance t h a t  

sample c o l l e c t i o n ,  1 abel i ng and hand1 i n g  a re  I n t e r n a l  QA cons i s t s  o f  those procedures 
standardized t o  minimize sample v a r i a b i l i t y  used by t h e  ana l ys t  t o  assure proper sample 
due t o  incons is tency  among these va r i ab les .  p repa ra t i on  and ana l ys i s .  The p r i n c i p a l  pro-  

cedures used a re  t h e  f o l l o w i n g :  
Sample Analys is 

' Instrument background determinat ions 
A l l  o f  t he  networks operated by t h e  EMSL- ' Blank and reagent  analyses 

LV have i n d i v i d u a l  Qua1 i t y  Assurance P r o j e c t  ' Instrument c a l i b r a t i o n  w i t h  known nu- 
p lans .  The procedures requ i red  by these c l  i des  
p lans  assure t h a t  the  r e s u l t s  o f  ana l ys i s  ' Laboratory c o n t r o l  standards ana lys is  
w i l l  be o f  known q u a l i t y  and w i l l  be compar- " Performance check-source ana l ys i s  
ab le  t o  r e s u l t s  ob ta ined elsewhere w i t h  ' Maintenance o f  c o n t r o l  cha r t s  f o r  back- 
equ i va len t  procedures. These P l  ans are  sum- ground and check-source da ta  
marized i n  t h e  f o l l o w i n g  sec t ions .  Scheduled ins t rument  maintenance. 

Ex terna l  Qual i t y  Assurance 

Externa l  QA prov ides  t h e  da ta  f rom which 
t h e  accuracy o f  ana l ys i s  (a  combination of 
b i a s  and p rec i s i on )  can be determined. B ias  
i s  assessed from t h e  r e s u l t s  ob ta ined on 
intercompar ison study samples and on samples 
"spiked" wf t h  known amounts o f  r ad ionuc l  ides .  
The O f f - S i t e  Rad io log ica l  Safety Program par-  
t i c i p a t e s  i n  Intercompar ison Study Programs 
t h a t  i nc lude  environmental sample ana lys is ,  
TLD dosimetry, and whole-body count ing.  
Also, samples which are  undisc losed t o  t h e  
ana l ys t  a re  spiked by adding known amounts of 
r ad ionuc l i des  and then entered i n t o  t he  nor-  
mal cha in  o f  ana l ys i s .  

These procedures ensure t h a t  t he  instrumenta-  
t i o n  i s  n o t  contaminated, i s  opera t ing  prop- 
e r l y  and t h a t  c a l i b r a t i o n  i s  co r rec t ,  and 
t h a t  samples c a r r i e d  through the  t o t a l  ana- 
l y t i  c a l  procedure are  accurate1 y analyzed, 

Val i d a t i o n  

A f t e r  t h e  r e s u l t s  a re  produced, superv i -  
sory  personnel examine the  data t o  determine 
whether o r  n o t  t h e  ana l ys i s  i s  v a l i d .  This 
inc ludes  checking a l l  procedures from sample 
r e c e i p t  t o  a n a l y t i c a l  r e s u l t  w i t h  p a r t i c u l a r  
a t t e n t i o n  t o  t h e  i n t e r n a l  QA data and compar- 
i s o n  o f  t h e  r e s u l t s  w i t h  p rev ious  data f rom 
s i m i l a r  samples a t  t he  same l oca t i on .  

Data f o r  p r e c i s i o n  a re  c o l l e c t e d  f rom dup- Any v a r i a n t  r e s u l t  o r  f a i l u r e  t o  f o l l o w  
l i c a t e  and r e p l i c a t e  analyses. A t  l e a s t  10 . i n t e r n a l  QA procedures du r i ng  sample ana l ys i s  



w f  11 t r i g g e r  an i n t e r n a l  a u d i t  of t he  ana ly t -  
i c a l  procedures and/or a  re-ana lys is  o f  the 
sample o r  i t s  dup l i ca te .  

Aud i ts  

A l l  a n a l y t i c a l  data are reviewed by per- 
sonnel o f  t he  Dose Assessment Branch f o r  
completeness and consistency. I nves t i ga t i ons  
are  conducted t o  reso lve any incons is tenc ies  
and c o r r e c t i v e  ac t ions are taken i f  neces- 
sary. SOP'S and QA p r o j e c t  p lans are rev ised 
as needed f o l l o w i n g  review of  procedures and 
methodology. The EMSL-LV QA O f f i c e r  aud i t s  
t h e  operat ions p e r i o d i c a l l y .  



SECTION 5 

RADIOLOGICAL SAFETY ACTIVITIES 

The r a d i o l o g i c a l  safety a c t i v i t i e s  of  the  EMSL-LV are d i v ided  i n t o  two major areas: special  
t e s t  support and r o u t i n e  environmental su rve i l l ance  t h a t  includes pathways moni tor ing  and i n -  
t e r n a l  and ex terna l  exposure moni tor ing .  Both o f  these a c t i v i t i e s  are designed t o  detec t  any 
increase i n  environmental r a d i a t i o n  which might cause exposure t o  i n d i v i d u a l s  o r  popu la t ion  
groups so t h a t  p r o t e c t i v e  ac t i ons  may be taken, t o  the ex tent  feas ib le .  These a c t i v i t i e s  are 
descr ibed i n  the f o l l o w i n g  po r t i ons  o f  t h i s  repo r t .  

Special Test Support PATHWAYS MONITORING 

Before each nuclear t e s t ,  moni tor ing  per- 
sonnel a re  pos i t ioned i n  the  o f f - s i t e  areas 
most l i k e l y  t o  be a f fec ted  should a re lease 
o f  r a d i o a c t i v e  ma te r ia l  occur. They ascer- 
t a i n  t h e  l oca t i ons  o f  res idents ,  work crews 
and domestic animal herds and o b t a i n  i n f o r -  
mation r e l a t i v e  t o  res iden ts  i n  communities 
and remote areas. These moni tors,  equipped 
w i t h  r a d i a t i o n  survey instruments,  gamma 
exposure-rate recorders,  thermoluminescent 
dosimeters (TLD's) , por tab le  a i r  samplers, 
and suppl i e s  f o r  c o l  l e c t i n g  environmental 
samples, are  prepared t o  conduct a mon i to r i ng  
program as d i r e c t e d  from t h e  NTS Control  
P o i n t  (CP-1) v i a  two-way r a d i o  communica- 
t i o n s .  

For those t e s t s  which might  cause ground 
motion detec tab le  o f f  s i t e ,  EPA monitors a re  
s ta t i oned  a t  l o c a t i o n s  where hazardous s i t u -  
a t i o n s  might ensue such as underground mines. 
At  these l oca t i ons ,  occupants are  n o t i f i e d  o f  
p o t e n t i a l  hazards so they can take precau- 
t i o n a r y  measures. 

Pro fess iona l  EPA personnel serve as mem- 
bers  o f  t he  Test  C o n t r o l l e r  ' s  Advisory Panel 
t o  prov ide advice on poss ib le  p u b l i c  and 
environmental impact o f  each t e s t  and on 
f e a s i b l e  p r o t e c t i v e  ac t i ons  i n  case acciden- 
t a l  re leases o f  r a d i o a c t i v i t y  should occur. 

An EG6G c loud  sampling and t r a c k i n g  a i r -  
c r a f t  i s  ' always f lown over t h e  NTS t o  o b t a i n  
samples, assess t o t a l  c loud volume, and pro- 
v ide  long-range t r a c k i n g  i n  t h e  event o f  a 
re lease  o f  a i rbo rne  r a d i o a c t i v i t y  . A second 
a i r c r a f t  i s  a l s o  f lown t o  gather meteorolog- 
i c a l  data  and t o  perform c loud  t r a c k i n g .  
I n fo rma t ion  from these a i r c r a f t  can be used 
i n  p o s i t i o n i n g  the  r a d i a t i o n  moni tors .  

Dur ing CY 1987, EMSL personnel were de- 
p loyed f o r  a l l  underground t e s t s ,  none of 
which re leased r a d i o a c t i v i t y  which cou ld  be 
detec ted o f f  s i t e .  

The o f f - s i t e  r a d i a t i o n  moni tor ing  program 
inc ludes a pathways moni tor ing  system con- 
s i s t i n g  o f  a i r ,  water and m i l  k  su rve i l l ance  
networks surrounding the  NTS and a l i m i t e d  
animal sampl i n g  p r o j e c t .  These are explained 
i n  d e t a i  1 below. 

A I R  SURVEILLANCE NETWORK (ASN) 

Network Design 

The ASN monitors an important  r o u t e  o f  
human exposure t o  rad ionuc l  ides,  i n h a l a t i o n  
o f  a i rborne mater ia ls .  The concent ra t ion  and 
the  source must both  be determined i f  appro- 
p r i a t e  c o r r e c t i v e  ac t ions are t o  be taken. 
The ASN i s  designed t o  moni tor  t he  areas 
w i t h i n  350 km o f  the  NTS w i t h  some concentra- 
t i o n  o f  s t a t i o n s  i n  the  p r e v a i l i n g  downwind 
d i r e c t i o n  (F igure  2 ) .  The coverage i s  con- 
s t ra ined  t o  those l o c a t i o n s  having a v a i l a b l e  
e l e c t r i c a l  power and a res iden t  w i l l i n g  t o  
operate the  equipment. This cont inuous ly  
opera t ing  network i s  supplemented by a stand- 
by network which covers the contiguous States 
west o f  the  M iss i ss ipp i  River (F igure  3 ) .  

Methods 

Dur ing 1987 the  ASN cons is ted of  3 1  con- 
t i n u o u s l y  opera t ing  sampl i n g  s t a t i o n s  and 83 
standby s ta t i ons .  The a i r  sampler a t  each 
s t a t i o n  was equipped t o  c o l l e c t  both  p a r t i c -  
u l a t e  rad ionuc l i des  and r e a c t i v e  gases. 

Samples o f  a i rborne p a r t i c u l a t e s  were co l -  
l e c t e d  a t  each a c t i v e  s t a t i o n  on 5-cm diam- 
e t e r  g lass - f i be r  f i l t e r s  a t  a f l ow  r a t e  o f  
about 82 m3 per day. F i l t e r s  were changed 

a f t e r  sampler opera t ion  per iods o f  2 o r  3 
days (163 t o  245 m3). Act iva ted charcoal 
c a r t r i d g e s  placed d i r e c t l y  behind t h e  f i l t e r s  
t o  c o l l e c t  gaseous r a d i o i o d i n e  were changed 
a t  t he  same t ime as the  f i l t e r s .  The standby 
network was ac t i va ted  f o r  1 t o  2 weeks per 
quar ter  a t  most l oca t i ons .  The standby sam- 



Delta 

Nevada 1 

G I 

I 

I 
Salt Lake City I 

Pyramid Lake 
5 
cP 

S I 
Austin E ~ Y  I 

I 
Sunnyside 

Stone Cabin Rn. Blue Eagle Rn. I 
Nyala Milford I 

Twin Springs Rn. 
OTfR Cedar City I 

Pioche Hike OCaliente 
Scotty's Jct. \. St. George 

\ 
Lathrop Wells. 

Arizona 5/88 

.Indian . Ovenon \ Springs 
Furnace Death Creek Valley Jct. Pahrump \& Mead 

Vegas 
Shoshone 

rn Community Monitoring Stations (15) 
Other Locations (16) 

Figure 2 .  Air Surveil lance Network stat ions (1987). 

10 



Figure 3. Standby Air Survei 1 lance Network s t a t i o n s  (1987). 
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p l e r s  a re  f d e n t f c a l  t o  those used i n  the  ASN p l  utonf  um-238 and p l  utonf  um-239 anal ysf  s o f  
and are  operated by State and munfcfpal composfted f i l t e r s  from 15 s ta tes .  The r e -  
h e a l t h  department personnel o r  by  l o c a l  r e s f -  su l  t s  from the  p l  u ton i  um-239 analyses are  
dents. A l l  a i r  f i l t e r s  and charcoal car-  shown i n  Appendf x Table E.4; p l  utonium-238 
t r i d g e s  were analyzed a t  t he  EMSL-LV. r e s u l t s  were a l l  l e s s  than t h e  MDC. 

Resu l ts  

Dur ing 1987, no af rborne radf  oac t f  v f  t y  re -  
l a t e d  t o  nuclear t e s t i n g  a t  t h e  NTS was de- 
t e c t e d  on any sample f rom t h e  ASN. Through- 
o u t  t he  network, be ry l l i um-7  was the o n l y  
n u c l i d e  detected by gamma spectroscopy. The 
p r f  nc f  pa1 means o f  b e r y l  l ium-7 product fon i s  
f rom s p a l l a t i o n  o f  oxygen-16 and ni t rogen-14 
i n  t h e  atmosphere by cosmic rays .  Appendf x 
Tables E. l  and E.2, summarize t h e  data  from 
t h e  ASN samples. A1 1 t ime-weighted averages 
(Avg i n  t h e  tab les )  are  l e s s  than 1 percent 
o f  t he  Concentrat ion Guide (Appendix 0) f o r  
exposure t o  t h e  general pub1 l c ,  however, 
these guides do n o t  apply t o  n a t u r a l l y  occur- 
r i n g  radfonuc l ldes.  

Two a d d i t i o n a l  analyses a re  performed on 
t h e  samples from the  ASN: a gross beta  
ana lys i s  o f  t he  f i l t e r s  f rom 5 sta t ions,  and 

The gross beta  ana lys i s  f s  used t o  detec t  
t rends f n atmospheric rad loac t f  vf t y  s ince 
t h i s  ana lys i s  i s  more s e n s i t i v e  than gamma 
spectrometry. For t h i s  study, th ree s ta t i ons  
n o r t h  and e a s t  of t h e  NTS, and two s ta t i ons  
south and west of t h e  NTS are used. The 
th ree  f f l t e r s  per week from each s t a t i o n  a re  
analyzed fo r  gross beta  a c t i v i t y  a f t e r  a 
7-day de lay  t o  decrease t h e  c o n t r i b u t i o n  from 
thoron daughter a c t f  v f  t y .  The data suggest 
1 f t t l e  s i g n i f i c a n t  d f  f fe rence among s ta t i ons  
and l n d f c a t e  a r e l a t i v e l y  s tab le  concentra- 
t i o n  compared t o  prev ious years (Figure 4). 
The m ximum concent ra t ion  measured was 0.053 3 pCi/m , t h e  mfnimum was <0.001 p ~ f / m 3 ,  

an!! t h e  a r f t hmet i c  average was 0.0094 pCi/m 
(0.35 mBq /m3). A summary o f  t h e  data i s  
shown i n  Appendfx Table E.3. 

*Elevated concentrat ion a t t r i b u t e d  t o  A p r i l  1986 accident a t  Chernobyl, 
U . S . S . R . .  

Figure 4. Monthly average gross be ta  i n  a i r  samples, 1981-1987. 



NOBLE GAS AND TRITIUM SURVEILLANCE NETWORK 
( NGTSN) 

Network design 

There are  several  sources fo r  t he  radionu- 
c l i d e s  monitored by t h i s  network. Noble 
gases are  emi t ted from nuclear power p lants ,  
propul  sf on reactors ,  reprocessing f a c i l i t i e s  
and nuclear explosions. T r i t i u m  i s  emi t ted 
from the same sources and i s  a l s o  produced 
n a t u r a l l y .  The monf t o r i n g  network w i l l  be 
a f fec ted  by  a l l  these sources, b u t  must be 
able t o  de tec t  NTS emissions. For t h i s  pur- 
pose some o f  the  samplers are  located c lose  
t o  the NTS and p a r t i c u l a r l y  i n  drainage-wind 
channels leadfng from the  t e s t  areas. I n  
1987 t h i s  network cons is ted o f  17 s t a t i o n s  as 
shown i n  F igure  5. 

Methods 

Samples o f  a i r  a re  c o l l e c t e d  by  d i r e c t l y  
compressing a i r  i n t o  pressure tanks. The 
equipment cont inuous ly  samples af r over 5 7- day pe r iod  and s to res  approximately I m o f  
a i r  I n  the  pressure tanks. The tanks a re  
exchanged weekly and re tu rned  t o  the EMSL-LV 
where t h e i r  contents  a r e  analyzed. Analysis 
s t a r t s  by condensing t h e  samples a t  l i q u i d  
n i t rogen  temperature and using gas chroma- 
tography t o  separate the  gases. The separate 
f r a c t i o n s  of radfoxenon and rad iok ryp ton  a re  
d f  ssolved f n s c i n t i l l a t i o n  c o c k t a i l s  and 
counted I n  l i q u i d  s c i n t i l l a t f o n  counter (see 
Appendix 8). 

For t r i t i u m  sampling, a molecular  s ieve 
column f s used t o  c o l l e c t  water from a i r  
a f t e r  i t  pa ses through a p a r t i c u l a t e  f i l t e r .  3 Up t o  10 m of a i r  a r e  passed through t h e  
column over a 7-day sampl f ng  per iod.  Water 
adsorbed on the  molecu lar  s ieve i s  recovered, 
and the  concent ra t lon  o f  t r i t i u m  f n  t h e  water 
(HTO) i s determf ned by  l i q u i d  s c i n t i l l a t i o n  
coun t i  ng (see Appendix B). 

Resul ts 

The r e s u l t s  from t h e  samples c o l l e c t e d  by  
t h e  NGTSN are shown i n  t h e  Appendix (Table 
E.5) as t h e  maximum, minimum and average con- 
c e n t r a t i o n  fo r  each s ta t fon .  The krypton- 5 9 concent ra t ions ranged from 19 t o  34.2 pCi/m . 
A paper presented by  Bernhardt e t  a1 ., (Be73) 
i n  a 1973 symposium contained a curve t h a t  
p red i c ted  krypton-85 concent ra t ion  f o r  t h e  
fu tu re .  This fnformatfon was used as the  
bas i s  f o r  an ongoing study of  krypton-85 
concent ra t ions i n  a i r .  Thfs ac tua l  meas- 
urement system began i n  1972, so the  Bern- 
h a r d t  values f o r  t h e  years 1960, 1965, and 
1970 were used t o  prov ide a h i s t o r i c a l  r e f -  

erence f o r  the  t ime per iod preceding the 
ac tua l  measurement o f  krypton-85 concentra- 
t i o n s  i n  a i r .  

Because ac tua l  data f o r  the  per iod 1972- 
1987 have been co l lec ted,  i t  i s  no longer  
necessary t o  inc lude t h e  Bernhardt values. 
These actual  data were used t o  generate a 
l e a s t  squares 1 i near regress ion 1 ine .  Com- 
pa r ing  t h i s  equat ion t o  the same equation i n  
p r i o r  annual r e p o r t s  shows a d i f fe rence.  
Thfs i s  due t o  the  f a c t  t h a t  t he  new equation 
i s  based on s i x teen  consecutive years o f  
ac tua l  data (1972-1987) and does no t  i nc lude  
values g iven by  Bernhardt f o r  1960, 1965, and 
1970. 

The concent ra t ion  over the  whole,network 
appeared t o  have a normal d i s t r i b u t i o n  w i t h  a 
mean of 25.5 pci/m3 (0.94 Bq/m3) and a stand- 
a r d  d e v i a t i o n  o f  0.4. The weekly averages 
p l u s  and minus one standard d e v i a t i o n  f o r  t h e  
network are  shown i n  F igure  6. This network 
average concentrat ion,  as shown i n  Table 2 
has gradual 1 y Increased since sampl l n g  began 
i n  1972. Th is  increase, observed a t  a l l  
s ta t i ons ,  r e f l e c t s  the  worldwide Increase i n  
ambient concentrat ions r e s u l  t i n g  from t h e  
i ncreased use o f  nuclear technology. The 
increase i n  a& ien t  krypton-85 concent ra t ion  
was p ro jec ted  by  Bernhardt e t  al.,  (Be73). 
However, t h e  measured network average i n  985 

3 1 i s  o l y  about 13 percent o f  t he  250 pCi1m (9  
Bqlm 1 pred ic ted  by  Bernhardt. Since nuclear 
f u e l  reprocessing i s  t h e  pr imary source of  
krypton-85, t h e  dec i s ion  o f  t h e  Uni ted States 
t o  defer  f u e l  reprocessing may be one reason 
why krypton-85 l e v e l s  have n o t  increased as 
f a s t  as pred ic ted.  

Using data  from our  network (Table 21 ,  t he  
change over t ime was p l o t t e d  as shown i n  Fig-  
u r e  7. L inear  regress ion ana lys i s  i nd i ca tes  
t h a t  t he  krypton concent ra t ion l t ime r e l a t i o n  
i s p ~ i l m 3  = 15.49 + 0.66t where t i s  number 
o f  years a f t e r  1970. The c o r r e l a t i o n  coef- 
f i c i e n t ,  R, i s  0.95. 

As i n  t h e  past, t r i t i u m  concent ra t ions i n  
atmospheric moisture samples from the  off-NTS 
s t a t i o n s  were genera l ly  below t h e  minimum de- 
t e c t a b l e  concent ra t ion  (MDC) o f  about 400 
pCi/L water (Appendix Table E.5). Negative 
numbers were s t a t i s t i c a l l y  der ived and are  
o n l y  rep resen ta t i ve  o f  values which a re  l e s s  
than the  minimum detec tab le  concent ra t lon  
(MDC) . The t r i t i u m  concentrat ions observed 
a t  off-NTS s t a t i o n s  were considered t o  be 
rep resen ta t i ve  o f  environmental background. 
The mean o f  t he  t r i t i u m  concent ra t ion  f o r  
a11 o f - s l t e  s t a t i o n s  was 0.62 p C i l n f  (23 5 mBq/m ) o f  a i r .  Only s i x  o f  t h e  815 c o l l e c -  
t e d  samples were above t h e  MDC. 



Austin 

Figure 5. Noble Gas and Tri ti urn Surveil 1 ance Network sampling locations. 
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Figure  6 .  Weekly average krypton-85 concentra t ion  i n  a i r ,  1987 d a t a .  
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F igure  7 .  Trend i n  annual average krypton-85 concentration. 
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TABLE 2. ANNUAL AVERAGE KRYPTON-85 CONCENTRATIONS IN AIR, 1977-1987 

Sarnpl 1 ng 
Locat 1 ons 

Kr-85 Concentrattons (p~ l /m3 )  
---------------o---------------------------------------------------- 

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 

Beatty, NV 
Dlablo and 

Rachel, NV+* 

Hlko. NV* 
1ndlan Springs, 
NV 

Nanmoth Lakes, CA -- -- -- -- -- -- -- -- -- -- 26 

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

Death Valley Jct., 20 20 19 -- -- -- - - -- -- -- -- 
CA* 

HTS, Area 15, NV* -- -- 19 21 25 -- -- -- -- -- -- 
NTS, Area 400, NV* -- -- 18 21 23 -- -- - - -- - - -- 
Lathrop Wells, NV -- -- 19 22 24 24 26 22 24 25 2 5 

Pahrump, NV 
Overton, Nev. 

Cedar Clty, Ut. 
St. George, Ut. 

Sa l t  Lake Ctty, Ut.+ -- -- -- -.. -- 25 25 25 25 -- -- 
Shoshone, CA -- -- -- -- -- 25 25 23 24 25 26 

NETHORK AVERAGE 20 20 19 21 24 24 25 23 24 25 26 

*Stattons dlscontlnued 
**Station a t  Dlablo was mved t o  Rachel I n  March 1979. 

LONG-TERM HYDROLOGICAL MONITORING PROGRAM cesium-137 had .been used i n  a hydrologic 
study. The t r i t i u m  concentrations found dur- 

T r i t ium and ganma-spectral analysis were i ng  t h i s  sampling year were consistent wi th  
done on samples taken from 157 wel ls,  springs, the l eve l s  found f n  previous years. I n  only 
and other sources o f  water a t  locat ions where four samples *re the tri t ium concentrations 
underground nuclear explosives tes ts  have greater than the Drfnking Water Standards, 
been conducted. Gamma radioact iv f  t y  was and those samples were from wel ls  not acces- 
found i n  only two sampled locat ions where s i b l e  t o  the general publ ic.  



Background 

Surface- and ground-water sampling and 
ana lys i s  from water sources around t h e  Nevada 
Test S i t e  (NTS) have been performed f o r  many 
years. As underground nuclear t e s t s  occurred 
f n  other s ta tes ,  water samplfng programs were 
I n s t i t u t e d .  F i n a l l y ,  i n  1972, a l l  o f  the  
water sampling programs were combined t o  con- 
s t i t u t e  the  Long-Term Hydrologfcal  Moni tor ing  
Program (LTHMP). A t  each of t he  s i t e s  o f  
underground nuclear tes ts ,  water sampl i ng 
po in ts  were es tab l ished by the  U.S. Geolog- 
i c a l  Survey so t h a t  any m ig ra t i on  o f  rad io -  
a c t i v i t y  from the  t e s t  c a v i t i e s  t o  potab le  
water sources cou ld  be detected by rad io -  
ana lys is .  

The 22 w e l l s  on the  NTS and the  31 w e l l s  
i n  areas around the  NTS which are  p a r t  o f  
t h i s  program are shown i n  Figures 8 and 9 
respect f  ve l  y. The l o c a t i o n s  o f  t he  sampling 
po in ts  a t  o ther  than NTS loca t i ons  f n  Nevada, 
Alaska, Colorado, Missf s s i p p i  , and New Mexico 
are shown f n  Figures E.1 through E.12, i n  
Appendix E. 

Methods 

A t  nea r l y  a l l  locat ions,  t he  standard op- 
e r a t i n g  procedure i s  t o  c o l l e c t  f ou r  samples. 
Two samples are c o l l e c t e d  i n  500-mL glass 
b o t t l e s  t o  be analyzed fo r  t r i t i u m .  The 
r e s u l t s  from ana lys i s  o f  one o f  these i s  re -  
por ted wh i l e  the  o ther  sample serves as a 
backup i n  case o f  loss ,  o r  i f  the  t r i t i u m  i s  
a t  detec tab le  concentrat ion,  as a dup l i ca te  
sample. The remaining two samples are c o l -  
l ec ted  i n  4 L p l a s t i c  conta iners  ( c u b i t -  
ai.ners). One o f  these. i s  analyzed by gamna 
spectrometry and the o ther  i s  s tored as a 
backup o r  f o r  dupl f c a t e  ana lys is .  For w e l l s  
w i t h  opera t ing  pumps, t h e  samples are  c o l l e c -  
t e d  a t  t h e  nearest  convenient o u t l e t .  I f  t h e  
wel l  has no pump, a truck-mounted sampling 
r i g  i s  used. With t h i s  r i g  i t  i s  poss ib le  t o  
c o l l e c t  3 - l f t e r  samples f rom w e l l s  as deep as 
1800 meters. The pH, conduc t i v i t y ,  and tem- 
perature of  t he  water f s measured when t h e  
sample i s  c o l  1 ec ted . 

The t r i t i u m  and gamma spectrometr ic anal- 
yses are descr ibed i n  t h e  Appendix. For 
those samples i n  whfch the  t r f t f u m  concentra- 
t i o n  f s l ess  than 700 pCi/L (26 BqIL),  an 
enrichment procedure i s  performed which r e -  
duces the  MDC t o  10 pCi/L (0.37 Bq/L) from 
about 300 pCf/L (11  BqIL).  Also, f o r  the  
f i r s t  t ime a water source i s  sampled, t h e  
sample i s  analyzed f o r  strontium-89 and -90, 
radf  um-226, u ran i  um isotopes, and plutonium- 
238, -239. 

For those operat ions conducted i n  o ther  
states, samples f o r  t he  LTHMP are c o l l e c t e d  
annually. For the l oca t i ons  on the NTS l i s -  
t ed  i n  Table E.6 i n  Appendix E, the  samples 
are co l l ec ted  monthly, when possible,  and 
analyzed by gamma spectrometry as wel l  as f o r  
t r i t i u m .  For a few NTS we l l s  and f o r  a l l  the  
water sources around the NTS a sample f o r  
t r i t i u m  ana lys is  i s  co l l ec ted  tw ice per year 
a t  about a 6-month i n t e r v a l .  During the 
other 10 months, on ly  a cub i ta ine r  o f  water 
i s  co l l ec ted  f o r  ana lys is  by gamma spectrom- 
e t r y .  One o f  the two samples co l l ec ted  f o r  
t r i t i u m  ana lys is  i s  analyzed by the conven- 
t i o n a l  method, the other by the enrichment 
method. 

Results 

The loca t i ons  a t  which the  water samples 
were found t o  conta in  man-made r a d i o a c t i v i t y  
are  shown i n  Table 3 along w i t h  the  ana ly t -  
i c a l  r e s u l t s .  For t r i t i u m  concentrat ions,  
on ly  those samples i n  which the concentrat ion 
exceeded 0.01 o f  the  Dr ink ing  Water Standard 
( i  .e. >200 pCi/L)  are shown. The r a d i o a c t i v -  
i t y  i n  the samples c o l l e c t e d  from those loca-  
t i o n s  has been repor ted before. 

The r e s u l t s  o f  analysf s f o r  a l l  c o l l e c t e d  
samples are shorn f n Appendix Tables E.6 and 
E.7 together w i t h  the  percent o f  t he  re levan t  
concentrat f  on guide t h a t  i s  1 f sted f n Appen- 
d i x  0. There were 11 new sampling l o c a t i o n s  
t h f  s year. Only some o f  the  radfochemical 
r e s u l t s  are ava i l ab le  a t  present, as shown 
i n  the  notes t o  the  tab les  i n  the  Appendix. 
None o f  t he  samples from the new loca t i ons  
had a detec tab le  concentrat ion o f  stront ium- 
89 o r  -90. 

Discussf on 

A1 though some p o s i t i v e  r e s u l t s ,  t h a t  i s  
detec tab le  amounts o f  man-made rad ionuc l  i des, 
are  shown f o r  some o f  t he  water samples, none 
of them are expected t o  r e s u l t  i n  measurable 
r a d i a t i o n  exposures t o  res idents  f n  the areas 
where the  samples were cot lec ted.  Specif i- 
c a l l  y, these were as f o l  lows : 

NTS--Well UE7ns f s  located on the  NTS, a 
r e s t r i c t e d  area, and t h e  wel l  i s  not  used as 
a c u l i n a r y  water source. 

P ro jec t  Gnome--Wells USGS 4 and 8 were 
used f o r  a hydro log ica l  t r a c e r  study many 
years ago so the  rad ionuc l fdes detected were 
cons is tent  w i t h  previous r e s u l t s .  These 
w e l l s  are capped and locked t o  prevent use. 
Well LRL-7 i s  expected t o  show elevated l e v -  
e l s  o f  rad ionuc l ides as It was used for  
d isposal  o f  contaminated s o i l  and s a l t .  It 
i s  a l so  guarded t o  prevent access. 



Figure  8. LTHMP sampling l o c a t i o n s  on t h e  NTS. 
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F igure  9. LTHMP sampling l o c a t i o n s  near t h e  NTS. 
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TABLE 3. WATER SAMPLING LOCATIONS WHEi(E 
SAMPLES CONTAINED MAN-MADE 

RADIOACTIVITY - 1987 

Type o f  Conc . 
Sarnpl i n g  Loca t ion  R a d i o a c t i v i t y  (pCI/L) 

NTS, NV 

Well UE7NS Hydrogen-3 2400-3500 

PROJECT GNOME, NM 

cow-mil k chain. This pathway i s  monitored by 
EMSL-LV through analysis o f  m i l k .  The design 
of the network i s  based on co l lec t ions  from 
areas l i k e l y  t o  be affected by accidental 
releases from the NTS as wel l  as from areas 
un l i ke l y  t o  be so affected. Addit ional con- 
siderat ions are: 1) a complete r i n g  of sta- 
t i ons  t o  cover any NTS release, and 2 )  sam- 
ples from major milksheds as wel l  as from 
fami ly  cows. The a v a i l a b i l i t y  of mi lk  cows 
o r  goats sometimes r e s t r i c t s  sample co l  lec- 
t i o n  i n  ce r ta in  areas. 

Methods 

USGS We1 1 4 Hydrogen-3 
USGS Well 8 Hydrogen-3 

Cesium-137 
Well LRL-7 Hydrogen-3 

Cesium-137 

The network consists of two major por- 
t ions,  the KSN a t  locat ions w i t h i n  300 km o f  
the NTS from which samples are co l lec ted 
monthly (Figure 10) and the standby network 

16*000 (SMSN) a t  locat ions i n  a l l  major milksheds 
200 west of the Miss iss ipp i  River (Figure 11) 

PROJECT RULISON, 
- - .  

HAYWARD SANCH Hydrogen-3 +.------ 

PROJECT DRIBBLE, MS 

Well HMH-1 
through 11 Hydrogen-3 25-33,000 7 -\- 

; e '  
Well  HM-S Hydrogen-3 
Wel l  HM-L Hydrogen-3 1,100-1,400 
REECo P i t  I !  

Dra i  nage-B Hydrogen-3 7,800 
REECo P i t  ., e! I 

I 

Drainage-C Hydrogen-3 550 .- J..--y - - 
1/88 

PROJECT LONG 
SHOT, AK \ 

Stream E of GZ Hydrogen-3 230 
Wel l  GZ. No. 1 Hydrogen- 3 2,400 Figure 11. Standby nllk surveillance network strtlons. 

Mud P i t  No. 1 Hydrogen-3 250 from which samples are co l lec ted annual 1 y. 
Mud P i t  No. 2 Hydrogen-3 310 One exception t o  the l a t t e r  po r t ion  o f  the 
Mud P i t  No. 3 Hydrogen-3 470 network i s  Texas; the State Health Department 

performs the surve i l lance o f  the milksheds i n  
t ha t  State. 

Pro ject  Dribble--Well s a t  t h i s  loca t ion  
are on p r i va te  l.and, about one m i l e  from the 
nearest res ident  and are not  sources f o r  
d r ink ing  water. 

Pro ject  Alaska--The shallow we l l s  a t  Pro- 
j e c t  Longshot on knchitka Is land are i n  an 
i so l a t ed  loca t ion  and are not sources o f  
d r ink ing  water. 

MILK SURVEILLANCE NETWORK (MSN) 

An important pathway f o r  t ranspor t  o f  
radionucl ides t o  humans i s  the alr- forage- 

The monthly raw m i l k  samples are co l lec-  
ted  by EPA monitors I n  4 L cubl ta iners  and 
preserved w i th  formaldehyde. The annual mi lk  
samples are a lso co l lec ted  I n  cubl ta iners  and 
preserved w l t h  formaldehyde bu t  they are co l -  
l ec ted  by contactfng State Food and Drug 
Admlnlstrat lon representatives, a f te r  n o t l f l -  
ca t lon  o f  the Regional EPA of f ices,  who ar- 
range f o r  the samples t o  be mailed t o  EMSL- 
LV. 

A l l  the m i l k  samples are analyzed f i r s t  
f o r  gamna-emitting nucl ides by high-resol u- 



t f o n  gamma spectrometry and per fod ica l l  y f o r  
s t r on t f  um-89 and s t ron t f  um-90 by the methods 
ou t l i ned  f n  Appendix B, a f t e r  a por t ion o f  
m i l k  f s  set aside f o r  t r f t f u m  analysis. Oc- 
cas ional ly  a m i l k  sample w i l l  sour, thus 
preventing I t s  passage through the fon ex- 
change column and i t s  subsequent s t ron t f  urn 
analysls;  however, the other analyses can 
general ly be performed sa t i s fac to r f l y .  For 
the SMSN, two locatfons f n  each State are 
selected f o r  t r i t i u m  and stront ium analyses. 

The ana ly t i ca l  r e s u l t s  from the 1987 MSN 
samples are sumat i red  I n  Appendix Table E.8 
where the maximum, minimum, and average con- 
centrat ions o f  t r f  tium, strontium-89 and 
s t r o n t i  urn-90 are shown f o r  each saw1 i n g  1 o- 
cat ion. As shown i n  Table 4, the average 
concentrations o f  trl t ium and s t ron t f  um-90 
for the whole network are consistent w i t h  
the network averages for previous years. The 
resu l t s  obtained from the standby network are 
l f s t e d  I n  Table E.9. Other than na tu ra l l y  
occurr ing potassf um-40, radf onucl ides were 
no t  detected by gamma spectrometry f n  e i t he r  
the MSN o r  SMSN samples. 

The t r f  t i inn and st ront lunr90 concentra- 
t i ons  f o r  the whole m i l k  network were p lo t ted  
versus probi ts .  The tendency o f  the data t o  
f l t  one s t r a i gh t  I f n e  Ind icates t h a t  the data 
represent a s ing le source, which appears t o  
be atmospheric deposit ion. These resu l t s  are 
consfstent w i t h  the resu l t s  obtained f o r  the 
Pasteurized Mi l k  Network, operated by the 
Eastern Environmental Radiation Faci 1 i t y  i n  
Montogmery, Alabama, shown i n  Figure 12. The 
consf s t en t l y  hfgher r esu l t s  from New Orleans 
r e f l e c t  the hfgher r a i n f a l l  I n  t h a t  area. 

BIOMONITORING PROGRAM 

The pathways f o r  t ransport  of radfonu- 
c l fdes  t o  man fnclude a i r ,  water, and food. 
Honftorfng o f  a i r ,  water, and mflk are dfs-  
cussed above. Meat from loca l  animals f s  a 
food component t ha t  may be a potentf a1 route 
of exposure t o  o f f - s f t e  residents. 

Methods 

Samples of muscle, lung, l i v e r ,  kidney, 
blood, and bone are co l lected periodf c a l l  y 
from c a t t l e  purchased from comnercfal herds 

TABLE 4. NETWORK ANNUAL AVERAGE 
CONCENTRATIONS OF TRITIUM AND 

STRONTIUM-90 I N  MILK, 1975-1987 

Average Concentratfons - pCf /L --------------------------------------------- 
Year H-3 Sr-90 

A New Orleans 
Salt Lake City 
Las Vegas 

1960 1965 1970 1975 1980 1985 

Figure 12. Strontium-90 concent ra t ion i n  Pasteurized M i l k  Network samples. 



Figure  13.  C o l l e c t i o n  s i t e s  f o r  animals sampled, 1987. 
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t h a t  graze areas nor theast  of  the  NTS. The 
s o f t  t i ssues  are analyzed f o r  gamma-emitters. 
Bone and l i v e r  are analyzed fo r  s t ront ium and 
plutonium and b lood/ur ine o r  s o f t  t i ssue  i s  
analyzed f o r  t r i t i u m .  Each November and De- 
cember, bone and kidney samples from deser t  
b ighorn  sheep co l  1 ected throughout southern 
Nevada (see Figure 13) are  donated by li- 
censed hunters and are  analyzed. These k inds 
o f  samples have been. c o l l e c t e d  and analyzed 
f o r  up t o  30 years t o  determine long-term 
t rends.  Dur ing 1987, f i v e  NTS mule deer were 
c o l l e c t e d  and sampled i n  the  same manner as 
the  c a t t l e .  

Resul ts 

A n a l y t i c a l  data  from bones and kidneys 
c o l l e c t e d  from deser t  b ighorn  sheep du r ing  
the l a t e  F a l l  o f  1986 a re  presented i n  Table 
5. T r i t i u m  was no t  detec ted i n  any of  t h e  
kidneys. Other than the na tu ra l  1 y occu r r i ng  
potass i  um-40 the  on1 y gamma-emitting radionu- 
c l i d e  detec ted was cesium-137 (30 pCi/kg) i n  
the  k idneys o f  two o f  t he  sheep. Stront ium- 
90 l e v e l s  i n  the bones (average 2.0 pCi/g 
ash,) a re  cons i s ten t  w i t h  those repo r ted  i n  
recent  years (F igure  141. 

Counting e r r o r s  exceeded the repor ted concen- 
t r a t i o n s  o f  plutonium-238 i n  a l l  samples o f  
bone ash. Plutonium-239 concentrat ions i n  
t h e  ash ranged from -0.8 t o  18 fC i /g .  Only 
t h e  18 fCi /g value exceeded the  MDC. 

E igh t  beef c a t t l e  were sampled du r ing  
1987; four from the  Sharp Brothers Ranch o f  
Nyala c o l l e c t e d  i n  May and fou r  from t h e  
Steve Medl i n  Ranch o f  Alamo c o l l e c t e d  i n  
October. T r i t i u m  was no t  detected i n  any o f  
t he  blood samples. A muscle sample from one 
of  the  Sharp c a t t l e  contained 30210 pCi o f  
Cesium-137 per k i logram. Only n a t u r a l l y  oc- 
c u r r i n g  gamna-emitters (potassium-40 and 
bery l l ium-7)  were found i n  o ther  c a t t l e  t i s -  
sue samples. Strontium-90 i n  bone ash sam- 
p l e s  f rom t h e  Sharp c a t t l e  averaged 0.6 pCi 
per gram of ash. None o f  t he  bone o r  l i v e r  
samples contained concent ra t ions of  p lu ton-  
ium-238 t h a t  exceeded the count ing e r r o r .  
P l  utonium-239 concent ra t ions i n  the bone ash 
ranged from 0.0 t o  4.2 f C i  per gram o f  ash 
w i t h  a median o f  1.9 f C i / g  ash and i n  the  
l l v e r  ash ranged from 6.2 t o  13 f C i  per gram 
o f  ash w i t h  a median o f  9.4 f C i / g  ash. 
Radiochemical analyses o f  t i ssues  from the  
Medl in  c a t t l e  were n o t  completed a t  the  t ime 
o f  t h i s  r e p o r t .  

56 58 60 62 64 66 68 . 70 72 74 76 78 80 82 84 86 87 
Year (1 956 - 1987) 5/88 

Figure 14. Average strontium-90 concent ra t ion i n  animal bone. 



TABLE 5. RADIONUCLIDE CONCENTRATIONS I N  OESERT BIGHORN SHEEP SAMPLES - 1986 

Bf ghorn Sheep Bone Bone Bone Kt dney 
(Col lec ted 90 Sr 238 Pu 239 Pu 

YInter  1985) (pCi/g Ash) ( fCf/g Ash) ( fCf/g Ash) 
K(g/kg)* 

3H(pCf/L) t 

Range 

+ Yet weight 
t Aqueous po r t i on  of Kldney Tlssue * Counting e r r o r  exceeds reported r c t l v l t y ,  e r r o r  term l s  the MDC. 

NS = Mot srnpled 
5 bmr spectrum neg l l g l b l e  



During 1987, w i l d l i f e  t h a t  drank f rom the  
waters d r a i n i n g  from the tunnel, complexes i n  
area 12 o f  the  Nevada Test S i t e  were sampled 
on a - l i m i t e d  basis.  Animals sampled inc luded 
f i v e  deer, two chukar and one horse. 

Ana ly t i ca l  data from the f i v e  deer are  
presented i n  Table 6. A l l  of  t he  deer except 
number 3 were c o l l e c t e d  i n  the v i c i n i t y  o f  
t he  tunne ls  and the f a c t  t h a t  the  t r i t i u m  
l e v e l s  i n  the  fou r  animals ranged from .006 
t o  41 pCi/L (The h ighest  l e v e l  was i n  deer 
number 4)  i n d i c a t e  t h a t  they had used the  
tunnel  waters as a water source. Tissues 
from deer number 3 and i t s  fetus ( c o l l e c t e d  
i n  Echo Peak area o f  Area 19) d i d  no t  con ta in  
detec tab le  l e v e l s  o f  tri ti urn o r  gamna-emf t- 
t e r s  o the r  than n a t u r a l l y  occu r r i ng  potasium- 
40. A wide v a r i e t y  o f  gamna-emitting rad io -  
nuc l i des  were found i n  the  rumen contents of 
deer number 4 ( c o l l e c t e d  wh i l e  d r i n k i n g  a t  
t h e  T-tunnel ponds ) . Detectable l e v e l s  o f  
cesium-137 were a l so  found i n  t h e  t i ssues  of 
deer number 4. 

The con t rac t  l abo ra to ry  had no t  completed 
radiochemical analyses o f  t i ssue from deer 4 
and 5 i n  t ime f o r  t h i s  r e p o r t .  Strontium-90 
values i n  the bone ash o f  t he  f i r s t  t h ree  
animals ranged from 0.5 t o  0.7 pCi per gram. 
None o f  t he  t issues contained concent ra t ions 
of  plutonium-238 t h a t  exceeded t h e  count ing 
e r r o r .  None o f  the  bone ash samples con- 
ta ined plutonium-239 concent ra t ions t h a t  
exceeded the count ing e r ro rs .  Concentrat ions 
of  plutonium-239 i n  s o f t  t i ssues  (see Table 6)  
ranged from 2.8 fCi /g ash i n  deer number 1 
muscle t o  26 f C i / g  ash i n  deer nulnber 3 
muscle. 

The composited i n t e r n a l  organs and muscle 
from t h e  two chukars c o l l e c t e d  a t  t he  T-tun- 
ne l  ponds (see Table 7 )  contained a wide 
v a r i e t y  o f  gamna-emitting rad ionuc l  ides.  
Muscle from a horse i n  Area 17 d i d  no t  con- 
t a i n  detec tab le  concent ra t ions o f  gamma- 
e m i t t i n g  rad ionuc l ides o the r  than potassium- 
40. T r i  ti urn concent ra t ions d i d  n o t  exceed 
the  count ing e r r o r .  Radiochemical analyses 
are  s t i l l  i n  process. 

The t r i t i u m  and cesium-137 l e v e l s  found i n  
t i s s u e s  from w i ld1  i f e  c o l l e c t e d  i n  the  tunne l  
areas i n d i c a t e  t h a t  t he  drainage waters a re  a 
p o t e n t i a l  source o f  exposure t o  the o f f - s i t e  
popu la t ion  which may consume meat from mule 
deer o r  m ig ra to ry  fowl .  The p o t e n t i a l  e x i s t s  
t h a t  deer may d r i n k  from the  drainage water 
as l ong  as t h e  area i s  unfenced. I n  t h e  un- 
l i k e l y  event t h a t  a c e r t a i n  mule deer had 
been c o l l e c t e d  by a hunter r a t h e r  than EPA 
personnel, t h a t  hunter cou ld  have rece ived a 
dose equ iva len t  o f  29 mrem (0.29 mSV) i f  he 

a te  a l l  t h e  meat from t h e  deer. 

EXTERNAL EXPOSURE MONITORING 

Cont r ibu tors  t o  "normal background" rad ia -  
t i o n  exposure inc lude medical and denta l  
rad ia t i on ,  n a t u r a l l y  occur r ing  r a d i o a c t i v i t y  
i n  s o i l  and b u i l d i n g  mater ia ls ,  cosmic rad ia -  
t i o n  and r a d i  o a c t i  ve mater ia l  na tu ra l  l y  oc- 
c u r r i n g  i n  our bodies. Many studies i n d i c a t e  
t h a t  t he  t o t a l  background r a d i a t i o n  exposure 
from a l l  sources i n  the  Uni ted States ranges 
from approximately 150 t o  300 m i l l i r e m  (mrem) 
o r  more per year. 

THERMOLUMINESCENT DOSIMETRY NETWORK 

The pr imary method o f  measuring ex terna l  
r a d i  a t i o n  exposures i s  the  thermol umi nescent 
dosimeter (TLD). P r i o r  t o  1987. a TLD system 
manufactured by Harshaw was used. I n  1987 
t h i s  system was replaced w i t h  a TLD dosimetry 
system developed by Matsushita E lec t ron ics  
(Panasonic). The c u r r e n t  system provides 
much g rea te r  s e n s i t i v i t y  and p rec i s ion  than 
was poss ib le  us ing previous TLD systems o r  
f i  lm. This system has an added advantage o f  
ti ssue-equivalence, which f a c i l i t a t e s  cor-  
r e l a t i o n  o f  measured exposures w i t h  the ab- 
sorbed b i o l o g i c a l  dose equ iva lent  an i nd i  v id -  
ua l  would have r e c e l  ved were he cont inua l  1 y 
present a t  t h e  moni tor ing  locat ions.  

Network Design 

The TLD network i s  designed t o  measure 
environmental r a d i a t i o n  exposures a t  a 1 oca- 
t i o n  r a t h e r  than exposures t o  a s p e c i f i c  i n -  
d i v i d u a l .  This method i s  genera l ly  p re fe r red  
because o f  t h e  mu1 t i p l e  uncon t ro l l ab le  v a r i -  
ables associated w i t h  personnel moni tor ing.  
k a s u r i  ng environmental r a d l  a t i o n  exposures 
i n  f i x e d  l oca t i ons  provides a reproduc ib le  
index which can then be co r re la ted  t o  the  
maximum exposure an i n d i v i d u a l  would have 
rece ived were he c o n t i n u a l l y  present a t  t h a t  
l oca t i on .  In a d d i t i o n  t o  t h e  f i x e d  loca-  
t i ons ,  several  i n d i v i  dual  s r e s i d i n g  w i t h i n  
and ou ts ide  est imated f a l l o u t  zones from past  
nuclear t e s t s  a t  t h e  NTS have been monitored. 
These i n d i v i d u a l s  are  monitored i n  p a r t  t o  
con f i rm  the  v a l i d i t y  o f -  c o r r e l a t i o n s  between 
f i xed -s i  t e  environmental r a d i a t i o n  'measure- 
ments and pro jec ted exposures t o  i nd i v idua ls .  

A network o f  environmental s ta t i ons  and 
monitored personnel has been es tab l  i shed i n  
l o c a t i o n s  e n c i r c l i n g  t h e  NTS. Moni tor ing  
l o c a t i o n s  are  somewhat concentrated i n  areas 
corresponding t o  est imated f a l l o u t  zones 



TABLE 6. RADIONUCLIDE CONCENTRATION IN TISSUES FROH MULE DEER COLLECTED ON THE NEVADA TEST SITE - 1987 

124-Sb 125-Sb 103-Ru 137-Cs 106-Ru H 239 Pu 238 Pu 90 Sr 
TI t rue (pCf/gJ I p C t h )  (pC1191 (pCi/g) (pCl/g) ( I J C ~ ~ L )  fCl/g/ash fCf/g/ash P C ( / ~ / . S ~  

................................... Mule Deer No, 1 Collected 01/21/87 ---------------------------------- 
Thyroid 
Kfdney 
Lf ver 
Lung 
nusc 1 e 
B l  ood 
Ruwn 

Contents 
Bone 

Garrma Spectrum Negl lg lb le 
ND ND NO ND ND N A HA MA 
ND NO ND ND ND MA 4.222.8 ND 
ND NO ND ND NO MA 17t17 
ND 

ND 
NO ND NO ND MA 

MA MA 
2.822.1 NO 

MA MA MA 0.0065tD.DWt MA MA N A 

................................... Mule Deer No, 2 Road K f l l  02/05/87 ---------------------------------- 
Muscle G l m ~  Spectrum Negllgtble 0.0069t0.0005 2627 ND N A  
Bone MA MA MA MA N A MA NO NO 0.5t0.1 

................................... Mule Deer No. 3 Coll&ted 05/21/87 ---------------------------------- 
Thyrofd NO 
Kidney ND 
Lf ver ND 
Lung ND 
Muscle No 
Blood MA 
R w r n  

Contents NO 
Bone MA 

................................... nule Deer No. 4 Collected 07/28/87----------------------------------- 

Thyroid ND NO ND ND ND MA MA 
Kfdncy ND NO ND D.27t0.04 ND HA MA 
MUSCI~  NO NO ND 0.09t0.02 ND MA I A 
L l  vcr ND ND ND D.09tD.02 NO MA I A 
Lung ND NO WD 0.12t0.03 ND MA I A 
R m n  

Contents D.87tD.1 1.5t0.2 0.7t0.4 0.8h0.04 50t0.1 MA 1 A 
Blood MA MA MA MA MA 41.4t0.08 MA 
Bone MA MA MA MA MA MA I A 

.................................. Mule Deer No. 5 Collected 11/02/87 .................................. 
Thyroid Gamma Spectrum Negl fg tb le  
Kfdney NO ND NO NO NO MA MA MA N  A 
Musclr ND NU NO NO NO MA I A 1 A N A 
L I  ver NO ND ND NO NO MA I A I A # A  
Lung NO ND ND ND ND MA I A I A N A 
R m n  

Contents ND NO ND ND ND MA I A I A N A 
Blood MA MA MA MA MA 0.23t0.002 MA HA N A 
Bone N A MA MA MA N A N A I A I A I A 

I(D = Not Detected; HA = Not Analyzed; IA = I n  Analysts 



(F igure  1 5 ) .  This arrangement permits both  TABLE '. RAD1oNUcL*DE coNcENTRAT1oNS IN an est imate of  average background exposures 
TISSUES COLLECTED FROM NTS CHUKARS and prompt de tec t i on  of any increase due t o  

NTS a c t i v i t i e s .  

Radionucl i d e  I n te rna l  Organs Muscle The Panasonic TLD moni tor ing  system u t i -  
1 iZeS two d i s t i n c t  types o f  dosimeters, one 
for  personnel, the  o ther  for  environmental 

Co-60 (pCI /Kg 1 170t50 ( i . e .  s t a t i o n s )  moni tor ing .  
Ru-106 (pCi/Kg) 42,900t940 500*250 
Sb-125 (pCi/Kg) 16,000i240 Moni tor ing  of EMSL and o f f - s i t e  personnel 
Cs-137 (pCi/Kg) 460t 11 140i40 i s  accomplished w i t h  t h e  Panasonic UD-802 

dosimeter. This device conta ins  two elements 
of  Li28407:Cu and two o f  CaS0q:Tm phosphors. 

Figure  15.  Locations monitored w i t h  TLD's. 
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TABLE 8. ANNUAL OFF-SITE PERSONNEL DOSE 1987 TLO RESULTS 

Background Net Background Net 
Resldent Stat ion Exposure* Resident Stat lon Exposure4 

Nurber Location ( r e m )  Number Locatl on (mrem) 

2 Cal iente, NV 7.9 54 Rachel, NV 2.3 
3 B lueJay ,NV 0.0 55 Rachel. NV 0.0 
6 Ind lan Springs, NV 6.4 56 Corn Creek, NV 8.0 
7 Goldf ie ld ,  NV 0.0 57 Overton, NV 8.2 
8 Twln Springs Ranch, NV 0.0 60 Shoshone, CA 0.0 
9 Blue Eagle Ranch, NV 2.5 223 Corn Creek, NV 0.0 

10 Complex 1, NV 0.0 232 Hlko, UV 8.9 
11 Cornplex1,NV 0.0 233 f l y ,  NV 3.3 
13 Koyen's Ranch, NV 3.6 248 Penoyer Farms, NV 0.0 
14 Medl ln 's Ranch, NV 0.0 249 k s t l n ,  NV 0.0 
I S  Hedl in 's  Ranch, NV 0.0 264 Rachel, NV 2.2 
18 Nyala, NV 2.5 280 Alamo, NV 10.0 
19 Goldf ield,  NV 0.0 292 Death Valley Junctlon, CA 11.1 
21 Beatty, MV 3.4 293 Ploehe, NV 0.0 
22 Alamo, NV 3.1 295 Currant, NV 0.0 
25 Corn Creek, NV 0.0 297 La$ VegaS (USDI), NV 0.0 
29 Stone Cabln Ranch, NV 0.0 299 Round Hountaln, NV 0.0 
33 Lathrop Me1 1 s, NV 0.0 300 Koyen's Ranch, NV 0.0 
34 Furnace Creek, CA 17.6 301 Crystal ,  NV 3.0 
36 Pahrump, MY 4.5 302 Gabbs, NV 0.0 
37 Ind ianSpr lngs,NV 6.8 303 Tonopah, NV 0.0 
38 Beatty, NV 9.1 304 Death Valley k n c t t o n ,  CA 0.0 
40 Goldfield, NV 0.0 . 305 Gabbs, NV 6.1 
42 Tonopah, NV 0.0 307 Hlna, NV 0.0 
44 Cedar Ct ty ,  UT 5.1 326 Las Vegas (USDI) , NV 0.0 
45 S t .  George, Ut 4.9 327 Tonopah, NV 0.0 
47 Ely.NV 0.0 329 Austln,NV 0.0 
49 Las Vegas (UNLV). NV 16.7 331 Death va l ley  Junction, CA 0.0 
52 Sa l t  Lake Cl ty ,  UT 8.4 332 Lathrop Wells, NV 0.0 

q o n e  o f  the reported exposures apparently greater than zero represent 8 s t a t l s t l c a l l y  s ig-  
n l  f l can t  Increase above background. 

The four e l e  n t s  are behind 14, 300, 300. 
and 1000 mg l cP  f i l t r a t i o n ,  respect ive ly .  
Three o f  the  f i l t e r s  are p l a s t i c  and one i s  
p l a s t i c  and lead. This f i l t e r  arrangement 
and combination o f  very t h i n  phosphors f a c i l -  
i t a t e s  character izat ion of r ad i a t i on  inc iden t  
t o  the dosimeter by energy and type. I n  
addi t ion,  because Li26407:Cu I s  t i ssue  equiv- 
a lent ,  a proper ly  cal  i b ra ted  UD-802 doslmeter 
makes possible a d i r e c t  co r re l a t i on  between 
an ind iv idua l  's r ad l a t i on  exposure and the 
absorbed dose equl valent. 

a f i xed  s ta t ion.  Therefore, three r ep l  i ca te  
CaSO4:Tm phosphors are used t o  provide excel- 
l e n t  s t a t +  s t i c s  and extended response range. 
L imi ted energy d iscr iminat ion and rad ia t fon  
type character izat ion i s  possible w i t h  t h i s  
dosimeter. Element number 1 does make pos- 
s i b l e  sorne d lscr iminat ion o f  beta o r  low 
energy photon r ad i a t l on  i n  the presence of 
high energy photon (gamma) f i e l d s .  Unlike 
the UO-802 personnel dosimeter, exposures 
measured w i th  the UD-814 are normally not 
converted i n t o  an absorbed dose equivalent. 

Monitor ing of EMSL and o f f - s l t e  s ta t ions RESULTS OF TLD MONITORING . . 

4s accomplished w i t h  the Panasonfc UD-814 
dosimeter. This device contalns one element Of f -S l te  Personnel 
of L i  2BqO7:Cu and three r ep l  i ca te  CaSO4:Tm 
phosphors. One element has a f i l t e r  o f  14 Outing 1987 a t o t a l  o f  58 ind iv idua ls  l l v -  
mglcm2 o f  p l as t i c .  The other three are f i l -  i ng  i n  areas surrounding the Nevada Test S i te  
tered by 1000 mg/cm2 o f  p l a s t i c  and lead. were provided w i t h  personnel TLD dosimeters. 
The UD-814 dosimeter i s  designed p r ima r i l y  t o  As noted, these dosimeters serve both t o  
monitor ambient r ad i a t i on  exposure l eve l s  a t  monitor the absorbed dose equivalent received 



by a spec i f ic  i nd iv idua l  i n  the course o f  
day-to-day a c t i v i t i e s  and t o  confirm t ha t  the 
o f f - s i t e  s t a t i on  (environmental) TLDs are 
prov id ing a va l i d  estimate o f  the r ad i a t i on  
exposure an ind iv idua l  would receive i f  con- 
t i  nua l l  y present a t  the speci f ied s ta t ion  
loca t ion .  

O f f - s i t e  personnel exposures are corrected 
t o  account f o r  known natura l  background rad i -  
a t i on  leve ls  a t  the o f f - s i t e  environmental 
monitor ing s ta t ion  c losest  t o  each i nd i v i d -  
u a l ' s  residence. As shown i n  Table 8 each 
i nd i v i dua l ' s  net annual exposure above back- 
ground i s  calculated. Following p r i o r  con- 
vention, energy and type of r ad i a t i on  i s  no t  
reported. A l l  exposures are i n  e f f ec t  pre- 
sumed t o  be due t o  gama and hence numeri- 
c a l l y  equivalent t o  absorbed dose. 

The mean net dose t o  monitored o f f - s i t e  
personnel f o r  1987 was 3.6 m f l l i r em  (mrem). 
Reported values ranged from zero t o  16.7 
nrem. A l l  reported ne t  exposures were with- 
i n  the range o f  average exposures received 
a t t r i bu tab l e  t o  natura l  background rad ia t ion .  

Off-Site Stat ions 

A t o t a l  o f  132 o f f - s i t e  s ta t ions were mon- 
i t o r e d  dur ing a l l  o r  pa r t  of 1987. The 
environmental r ad i a t i on  l eve l s  a t  these sta- 
t i o n s  was measured using Panasonic UD-814 
dosimeters. The fo l lowing tab le  sumnarires 
the r e s u l t s  obtained from these TLDs. 

The annual reported adjusted dose equiva- 
l e n t  (mrem/year) was calculated by mu1 t i p l y -  
i ng  the average d a i l y  r a t e  for each s t a t i on  
by 365. A review o f  the measurement periods 
shows t ha t  few s ta t ions  were monitored f o r  
exact ly  365 days. When an annual exposure i s  
r a l  cu l  ated from measured d a i l y  ra tes  correc- 
t ed  for  actual  exposure time!, there i s  excel- 
l e n t  co r re la t ion  w i t h  the nominal 365-day 
exposure r a t e  reported i n  Table E.10 o f  
Appendix E. 

Compari son wf t h  D i r ec t  
Exposure Measurements 

Annual doses decreased from 1971 t o  1975 wi th  
a leve l ing  trend since 1975, except for a 
h igh b ias i n  the 1977 resu l t s  a t t r i bu ted  t o  
mechanical readout problems. The trend shown 
by the Network average i s  i nd i ca t i ve  of the 
t rend exhib i ted by ind iv idua l  stat ions, a l -  
though t h i s  average i s  also af fected by the 
n i x  of  s ta t ions a t  d i f f e r e n t  a l t i t udes  (note 
Figure 16). 

Because of the great range i n  the re -  
su l t s ,  41 t o  166 mrem, an average f o r  the 
whole area monitored may be inappropriate for 
est imat ing fndf v idual exposure. This would 
be p a r t i c u l a r l y  t r ue  if the exposure o f  a 
pa r t f  cu l a t  resf  dent were desired. Since 
environmental r ad i a t i on  exposure can vary 
markedly w i th  both a l t i t u d e  and the natura l  

TABLE 9. DOSIMETRY NETWORK SUMMARY FOR THE 
YEARS 1971 - 1987 

Environmental  Rad ia t ion  Dose Rate (mremly ) ............................................. 
Year Maximum Minimum Average 

When calculated TLD exposures are compared 
w i t h  r e s u l t s  obtained from the  Pressurized 
Ion iza t ion  Chamber network a 21% di f ference 
i s  found. This d i f fe rence  i s  a t t r i bu ted  p r i -  
ma r i l y  t o  the  energy response of the two 
systems. PIC'S have greater s e n s i t l v l  t y  t o  
lower energy gama rad ia t ion;  therefore, 
PIC'S normal 1 y record higher apparent ex- 
posure ra tes  than do TLD's. 

Table 9 shows t ha t  the average annual dose 
r a t e  fo r  the Dosimetry Network i s  consistent 
w i th  the  Network average established i n  1975. 

5 0 ! ,  , , , ' , ,  ' 
75 76 77 78 79 80 81 82 83 84 85 86 87 

Calendar Year 19.- 

Figure 16. Average annual 
TLD exposure as a function of s ta t ion a l t i tude.  



r a d i o a c t i v i t y  i n  the s o i l ,  and s ince the  
a l t i t u d e  o f  the TLD s t a t i o n  l o c a t i o n  i s  r e l a -  
t i v e l y  easy t o  obta in ,  the  measured dose 
r a t e s  f o r  1975 t o  1987 were p l o t t e d  as a 
f unc t i on  o f  a l t i t u d e .  As most o f  Nevada l i e s  
between 2,000 and 6,000 f e e t  above mean sea 
l e v e l ,  t h i s  range was s p l i t  i n t o  two sec t ions  
f o r  p l o t t i n g  purposes. The r e s u l t s ,  shown i n  
F igure  16, i n d i c a t e  t h a t  the  average exposure 
a t  a l t i t u d e s  between 4,000 and 6,000 f e e t  i s  
about 17 mremlyr (0.17 mSvIyr1 h igher  than 
t h a t  a t  a l t i t u d e s  between 2,000 and 4,000 
fee t ,  a l thouah bo th  curves f o l l o w  t h e  same 
t rend  as the -ove ra l l  averages l i s t e d  i n  Table 
7. Thus, if an i n d i v i d u a l  does n o t  l i v e  near 
a monitored l oca t i on ,  an es t imate  o f  exposure 
cou ld  be based on t h e  a l t i t u d e  o f  h i s  r e s i -  
dence r a t h e r  than on the  average f o r  t he  
whole area monitored. 

PRESSURIZED ION CHAMBER (PIC) NETWORK 

Complex I, Furnace Creek, Lathrop Wells, Mam- 
moth Lake, Medl in 's  Ranch, Nyala, Pioche, 
Stone Cabin Ranch, Tikaboo Val l ey ,  Twin 
Springs, and Uhaldes' Ranch. The output  o f  
each PIC i s  d isp layed on both  a paper tape 
and a d i g i t a l  readout, so the  s t a t i o n  manager 
can observe the  response. The data i s  a l so  
s tored on casset te  tapes, which are read i n t o  
a computer a t  EMSL-LV each week. The com- 
pu te r  ou tput  cons i s t s  of tab les  conta in ing  
hour ly,  d a i l y ,  and weekly summaries of the  
maximum, minimum, average, and standard devi-  
a t i o n  o f  the  gamma exposure r a t e .  

The data f o r  1987 are d isp layed i n  Table 
10 as the  average ~ R l h r  and annual mrem from 
each s t a t i o n .  'When these data are  compared 
t o  t he  TLD r e s u l t s  f o r  the  same 23 s ta t i ons ,  
i t  i s  found t h a t  t h e  PIC exposure i s  about 
21% higher than t h e  TLD exposure. Thfs i s  
a t t r i b u t e d  p r i m a r i l y  t o  the  di f ferences i n  
energy response o f  the  two systems. PIC's 

These gamna-ray ratemeters are  l oca ted  a t  have greater  s e n s i t i v i t y  t o  lower energy 

t h e  15 Community Moni to r fng  S ta t i ons  i d e n t i -  gamma r a d i a t i o n ;  t he re fo re ,  PIC's normal1 y 

f i e d  on F igure  2 p l u s  s t a t i o n s  a t  Ca l ien te  record  higher apparent exposure r a t e s  than do 
TLD's. 

TABLE 10. PRESSURIZED ION CHAMBER READINGS - 1987 

No. o f  Exposure Rate, pR/H* 
Hour 1 y ...................................... 

S t a t i o n  Locat ion  Values Max Mi n Avg t 1 Sd mrem/Yr 

Alamo, NV 
Austin, NV 
Beatty,  NV 
Cal ien te ,  NV 
Cedar C i t y ,  UT 
Complex 1, NV 
Ely,  NV 
Furnace Creek, CA 
Go ld f i e l d ,  NV 
Ind ian  Springs, NV 
Las Vegas, NV (UNLV) 
Lathrop Wells. NV 
Mamnoth Lake, CA 
Hedl ins  Ranch, NV 
Nyala, NV 
Overton, NV 
Pahrump, NV 
Pioche, NV 
Rachel, NV 
S a l t  Lake C i t y ,  UT 
Shoshone, CA 
St. George, UT 
Stone Cabin Ranch, NV 
Tonopah, NV 
Twin Sprgs Ranch, NV 
Uhaldes Ranch, NV 

*The MAX and MIN values are obtained f rom the instantaneous readings.  



INTERNAL DOSIMETRY Methods 

I n t e r n a l  exposure was monitored i n  230 
i n d i v i d u a l s  from the  o f f - s i t e  areas around 
the Nevada Test S i te ,  t he  EMSL-LV Laboratory. 
EG&G f a c i l i t i e s  throughout the U.S. and mem- 
bers o f  the  general p u b l i c  concerned about 
poss ib le  r a d i a t i o n  exposure. No s i g n i f i c a n t  
gamma r a d i a t i o n  was detected i n  whole body 
counts although t r a c e  smounts o f  f i s s i o n  pro- 
ducts, a t t r i b u t a b l e  t o  the Chernobyl-4 acc i -  
dent i n  t he  U.S.S.R., were found i n  i n d i v i d -  
ua ls  r e t u r n i n g  from extended stays i n  Europe. 
No 1 ow energy gamma-emi t t i n g  r a d i  onucl i des  
w i t h  energies rang ing from 10 t o  300 KeV were 
detected i n  lung counts. Nearly a l l  bioassy 
determinat ions f o r  t r i t i u m  showed concentra- 
t i o n s  i n  t h e  range o f  background l e v e l s  meas- 
ured i n  water, and r e f l e c t e d  on l y  natura l  
exposure. 

I n t e r n a l  Exposure Moni tor ing  

I n t e r n a l  exposure i s  caused by ingested o r  
i nha led  rad ionuc l ides t h a t  remain i n  the  body 
e i t h e r  temporar i l y  o r  f o r  longer t imes be- 
cause o f  storage i n  t i ssues .  A t  EMSL-LV two 
methods are  used t o  de tec t  such body-burdens: 
whole-body count ing and u r i n a l y s i s .  

The whole-body count ing f a c i l  i t y  has been 
maintained a t  EMSL-LV since 1966 and i s  
equipped t o  determine t h e  i d e n t i t y  and quan- 
ti t y  o f  gamna-emi t t i n g  rad ionuc l  i des  which 
may have been inha led o r  ingested. Routine 
examination cons i s t s  o f  a 2000 second count 
i n  each o f  two sh ie lded examination vau l ts ,  
i n  one v a u l t  a s i n g l e  i n t r i n s i c  coax ia l  de- 
t e c t o r  pos i t ioned over an ad j us tab le  c h a i r  
a l lows de tec t i on  o f  gamma r a d i a t i o n  w i t h  en- 
e rg ies  ranging from 60 KeV t o  2.5 MeV i n  
the  whole body. The o ther  v a u l t  conta ins  an 
ad jus tab le  c h a i r  w i t h  two detec tors  mounted 
above the  chest  area, two i n t r i n s i c  p lanar 

. de tec to rs  were used u n t i l  t he  l a t t e r  p a r t  o f  
t h e  year when they were replaced by two 
i n t r i n s i c  semi-planar detec tors .  

Network Design 

Th is  a c t i v i t y  cons i s t s  o f  two por t ions ,  
an O f f -S i te  Human Surve i l  lance Program and a 
Radio log ica l  Safety Program. The design f o r  
t he  Off-Site Human Surve i l lance Program i s  t o  
measure rad ionuc l i de  body-burdens i n  a repre-  
sen ta t i ve  number o f  f am i l i es  who r e s i d e  I n  
areas t h a t  were subjected t o  f a l l o u t  du r ing  
t h e  e a r l y  years o f  nuc lear  weapons t e s t s  and 
t o  a c t  as a b i o l o g i c a l  moni tor ing  system fo r  
present nuclear t e s t i n g  a c t i v i t i e s .  A few 
f a m i l i e s  who res ide  i n  areas no t  a f fec ted  by 
such f a l l o u t  were a1 so selected f o r  compara- 
t i v e  study. 

The Off-Si te Human Surve i l lance Program 
was i n i t i a t e d  i n  December 1970 t o  determine 
l e v e l s  o f  rad ioac t i ve  nucl ides i n  some o f  the 
f a m i l i e s  r e s i d i n g  i n  communities and ranches 
surrounding the NTS. Biannual count ing i s  
performed i n  the spr ing and f a l l .  This pro- 
gram s ta r ted  w i t h  34 f a m i l i e s  (142 i n d i v i d -  
ua ls ) .  I n  1986, 16 of these f a m i l i e s  (37 
i n d i v i d u a l s )  were s t i l l  a c t i v e  i n  the program 
together  w i t h  7 fam i l i es  added i n  recent 
years. When the  Community Moni tor ing  S ta t i on  
Network was s t a r t e d  i n  1982, t he  f a m i l i e s  o f  
the  s t a t i o n  managers were added t o  the  pro- 
gram. These fam i l i es  are counted i n  t h e  
w in te r  and summer o f  each year.  The geo- 
graphical  l o c a t i o n s  o f  the  f a m i l i e s  which 
p a r t i c i p a t e d  i n  1987 are shown i n  Figure 17. 

These persons t r a v e l  t o  t h e  EMSL-LV where 
a whole-body count of each person i s  made t o  
determine t h e  body burden o f  gamma-emitting 
rad ionuc l  ides.  A u r i ne  sample i s  c o l l e c t e d  
f o r  t r i t i u m  ana lys is .  Resul ts o f  t he  whole- 
body count are a v a i l a b l e  before  the f a m i l i e s  
leave the  f a c i l i t y  and are discussed w i t h  the  
subjects.  A t  18-month i n t e r v a l s  a phys ica l  
exam, hea l th  h i s t o r y  and the fo l l ow ing  are 
performed: a u r i n a l y s i s ,  complete b lood 
count, serology, chest  x-ray (3-year i n t e r -  
va l  s ) ,  s i g h t  screening, audiogram, v i t a l  
capaci ty,  EKG (over 40 years o l d ) ,  and thy-  
r o i d  panel. The i n d i v i d u a l  i s  then examined 
by a physic ian.  The r e s u l t s  o f  the  examina- 
t i o n  can then be requested f o r  use by t h e i r  
f am i l y  phys ic ian.  

As repor ted i n  previous years, medical 
examination o f  t he  o f f - s i t e  f a m i l i e s  revealed 
a genera l ly  heal t h y  populat ion.  I n  regard t o  
t h e  b lood examinations and t h y r o i d  p r o f i l e s .  
no abnormal r e s u l t s  were observed which could 
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.  

Analysis f o r  i n t e r n a l l y  deposi ted radionu- 
c l  i des  i s  a1 so performed f o r  EPA, t h e  DOE 
con t rac to r  employees, and f o r  o ther  workers' 
who may be occupat ional  1 y exposed as wel l  as 

' f o r  concerned members of t h e  general pub1 i c .  
Resul ts o f  counts on i n d i v i d u a l s  from Las 
Vegas and o the r  c i t i e s  are used f o r  compari- 
son. 

The Q u a l i t y  Control  Program u t i l i z e s  d a i l y  
equipment checks and i n t e r n a l  c a l i b r a t i o n s  
w i t h  NBS t raceab le  rad ionuc l ides.  Cal ibra- 
t i o n  phantoms are  exchanged between t h i s  
f ac i  1 i t y  and o ther  whole-body count ing f a c i  1 - 
i t i e s  across the  na t i on  f o r  intercomparison 
studies.  As p a r t  o f  t h i s  program, an Engl ish 
vo lunteer  sub jec t  who had rece ived i ntraven- 
ous i n j e c t i o n s  o f  rad ionuc l ides,  was counted 



a t  t h i s  f a c i l i t y .  He makes v i s i t s  t o  a  l i m -  
i t e d  number o f  whole-body count ing  f a c i l i t i e s  
f o r  i n t e r c a l i b r a t i o n  o f  low energy gamma 
e m i t t i n g  rad ionuc l i des  each year.  

Resul ts 

Dur ing 1987, a  t o t a l  o f  246 germanium, and 
500 planar/semi-planar spectra were obtained 
f rom 230 i n d i v i d u a l s ,  o f  whom 81 were par-  
t i c i p a n t s  on the  O f f -S i t e  Human Surve i l l ance  
Program. Also, 1665 spect ra  f o r  c a l i b r a t i o n s  
and background were generated. Cesium-137 i s  

gene ra l l y  the  on l y  f i s s i o n  product  detected. 
As a  r e s u l t  o f  worldwide f a l l o u t  f o l l  owing 
the  Chernobyl accident ,  t r a c e  amounts o f  
cesium-137, c e s i  um-134, and cobal t -60  were 
detected i n  a  1  i m i t e d  number o f  i nd i v i dua l s ,  
main1 y  those con t rac to r  personnel flown i n  
from C a l i f o r n i a  o r  people s ta t ioned i n  
Europe. Several ranchers a c t i v e l y  invo lved 
i n  farming a l so  showed a  t r a c e  of these 
rad ionuc l ides .  I n  general ,  t he  spectra were 
rep resen ta t i ve  o f  normal background f o r  
people and showed on1 y  na tu ra l  1  y  occur r ing  
potassium-40. No t ransuran ic  nuc l  ides  were 

Figure 17. Location of families in t he  Off-Site Human Surveillance Program. 
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detected i n  any lung count ing data.  The 
sub jec t  from AERE, Harwell , England had a  
body burden of  radium-226 from an acc identa l  
i n t a k e  i n  1939, in t ravenous ly  administered 
barium-133 and strontium-85, p lus  cesium-134 
and -137 rece ived from t r a v e l  i n  Yugoslavia 
p r i o r  t o  coming t o  the U.S. Our r e s u l t s  
showed good c o r r e l a t i o n  w i t h  the r e s u l t s  from 
o the r  whole-body count ing f a c i l i t i e s  and we 
were ab le  t o  de tec t  rad ionuc l i de  concentra- 
t i o n  i n  some areas o f  the  body w i t h  b e t t e r  
s e n s i t i v i t y  than the o ther  f a c i l i t i e s .  The 
sub jec t  gave us the oppor tun i t y  t o  i n v e s t i -  
gate l e v e l s  i n  bones o f  the  s k u l l ,  w r i s t s ,  
ankles, and p e l v i s  as we l l  as i n  the  s o f t  
t i s s u e  o f  t he  l i v e r  and lungs.  The radionu- 
c l i d e s  were found t o  have been deposi ted 
assymet r i ca l l y  i n  bone. It i s  no t  c l e a r  why 
t h i s  occurred b u t  i t  i s  poss ib le  t h a t  because 
o f  h i s  age, he i s  i n  h i s  e i g h t i e s ,  the  b lood 
f l o w  might have been less  i n  some areas. 
Ul t rasound s tud ies  were no t  ab le  t o  e x p l a i n  
these anomalies. I f  the p a t t e r n  o f  deposi- 
t i o n  i s  n o t  unique then t h e  p o s i t i o n i n g  o f  
de tec to rs  i s  very c r i t i c a l  and the  a b i l i t y  t o  
p o s i t i o n  detec tors  reproduc i  b l y  a t  var ious 
a l t i t u d e s  i s  e s s e n t i a l .  The present s ta te -  
o f - t he -a r t  de tec to rs  and analyzer systems 
a l l o w  r e 1  i a b l e  measurements and r e s u l t s  a t  
which we cou ld  on l y  con jec ture  a  few years 
ago. 

Whole-body and l u n g  counts were performed 
on sub jec ts  from t h e  Southern C a l i f o r n i a  
Edi son Nuclear Power P lan t  a t  San Onofre. 
The new semi -p i  anar de tec to rs  were i n s t a l  l e d  
f o r  these counts and c a l i b r a t e d  w i t h  t i s s u e  
equ iva len t  1  ung c a l i b r a t i o n  sets  impregnated 
w i t h  var ious uranium enrichments. These lung  
sets  were obtained from Lawrence L i  vermore 
Nat iona l  Laboratory and were used i n  our 
t i s s u e  equ iva len t  l ung  phantom. The use o f  
these detec tors ,  i n  t h i s  ins tance tes ted  
t h e i r  use i n  the Off-Si te Human Surve i l -  
1  ance Program. 

Bioassay r e s u l t s  fo r  the  O f f - S i t e  Human 
Surve i l l ance  Program showed t h a t  t h e  concen- 
t r a t i o n  o f  t r i t i u m  i n  u r i n e  samples from t h e  
o f f - s i t e  res iden ts  va r ied  f rom 0 t o  1840 
pCi/L ( 0  t o  68 BqIL) w i t h  an average value o f  
184 pCi/L (6.8 BqIL). Near ly a l l  t h e  concen- 
t r a t i o n s  measured were i n  t h e  range o f  back- 
ground l e v e l s  measured i n  water and r e f l e c t  
o n l y  n a t u r a l  exposure. The source f o r  t h e  
h i g h  va lue ( a  Las Vegas, Nevada r e s i d e n t )  i s  
unknown b u t  i s  n o t  a t t r i b u t e d  t o  NTS a c t i v i -  
t i e s .  The t r i t i u m  concent ra t ions i n  u r i n e  
samples f rom EPA employees had a  range o f  0  
t o  1190 pCi/L (0-44 BqIL). The h ighes t  tr it- 
ium concent ra t ion  was found i n  u r i n e  from an 
employee a t  t he  San Onofre Nuclear Power 
P l a n t  b u t  i t  was below the  maximum permis- 
s i b l e  body burden. 



SECTION 6 

PUBLIC INFORMATION AND COMMUNITY ASSISTANCE PROGRAMS 

I n  a d d i t i o n  t o  i t s  many moni tor ing  and data ana lys is  a c t i v i t i e s ,  t he  NRD provides a comprehen- 
s i v e  program designed t o  prov ide i n fo rma t ion  and assistance t o  i n d i v i d u a l  c i t i z e n s ,  organiza- 
t i o n s ,  and l o c a l  government agencies i n  communities i n  the environs o f  t he  NTS. During 1987, 
a c t i v i t i e s  included: p a r t i c i p a t i o n  i n  p u b l i c  hearings; "town h a l l "  meetings; a h igh school 
r a d i a t i o n  science program; c la ims inves t i ga t i ons ;  updat ing o f  emergency response; continued sup- 
p o r t  o f  Community Moni tor ing  Sta t ions;  and a v a r i e t y  o f  tours,  l ec tu res ,  and presentat ions.  

Pub1 i c  Hearings 

A Congressional Oversight  Hearing on the  
Heal th  E f f e c t s  o f  Underground Nuclear Test ing  
was he ld  by the  House Subcommittee on Energy 
and Environment i n  S a l t  Lake C i t y ,  Utah on 
September 25, 1987. Testimony was g iven by 
two NRD s t a f f  members. They descr ibed t h e  
c r i t e r i a  t h a t  must be met p r i o r  t o  t e s t i n g  a 
nuclear device as w e l l  as the  ex tens ive  mon- 
i t o r i n g ,  surve i l lance,  and a n a l y t i c a l  a c t i v -  
i t i e s  c a r r i e d  o u t  by t h e  EMSL-LV t o  ensure 
t h a t  re leases o f  r a d i o a c t i v i t y  from the  NTS 
w i l l  be detected and reported.  

Town Ha l l  Meetings 

The "town h a l l "  meetings, which have been 
conducted s ince 1982, were cont inued i n  1987. 
These meetings prov ide an oppor tun i t y  f o r  
attendees t o  meet d i r e c t l y  w i t h  EPA and DOE 
personnel, ask questions, and express t h e i r  
concerns concerning nuclear t e s t i n g .  Dur ing 
a t y p i c a l  meeting, t he  procedures used and 
t h e  safeguards taken dur ing any t e s t  a re  
described, t h e  moni tor ing  and surve i  1 lance 
networks are  explained, and the  proposed High 
Level Waste Reposi tory a t  Yucca Mountain d i s -  
cussed. Dur ing 1987, meetings were he ld  i n  
t h e  10 communities l i s t e d  below. Attendance 
va r ied  from 8 t o  100 w i t h  an average o f  30 
p a r t i c i p a n t s  per meeting. 

Town H a l l  Meetings 

Br idgeport ,  C a l i f o r n i a  
Hawthorne, Nevada 
Leeds, Utah 
M i n e r s v i l  l e ,  Utah 
Round Mountain, Nevada 
Aus t i  n , Nevada 
Go ld f i e ld ,  Nevada 
Logandal e, Nevada 
I v i n s ,  Utah 
B l  oomi ngton, Utah 

March 18 
March 19 
A p r i l  22 
A p r i l  23 
May 14 
J u l y  13 
Ju l y  16 
September 16 
November 18 
November 19 

Animal I n v e s t i g a t i o n s  

One o f  t he  p u b l i c  serv ice  func t i ons  o f  t he  
EMSL-LV i s  t o  i n v e s t i g a t e  c la ims o f  i n  j u r y  

a1 leged ly  due t o  r a d i a t i o n  o r i g i n a t i n g  from 
NTS a c t i v i t i e s .  A ve te r i na r ian ,  qua1 i f i e d  by 
educat ion and experience i n  the  f i e l d  o f  ra -  
d iob io logy,  i nves t i ga tes  problems w i t h  domes- 
t i c  animals and w i l d l i f e  t o  determine whether 
o r  not  r a d i a t i o n  exposure may be involved. 

Several animal i n v e s t i g a t i o n s  were con- 
ducted dur ing 1987, by the NRD veter inar ian,  
i n  response t o  requests from c i t i z e n s .  These 
inc luded eva luat ions o f :  a s k i n  cond i t ion ,  
symptomatic o f  a mange m i te  i n f e s t a t i o n ,  ob- 
served on a number o f  dogs a t  a breeding 
kennel ; a growth on the eye1 i d  o f  a year1 i n g  
b u l l  ; and a nec ro t i c  mass, t e n t a t i v e l y  d iag- 
nosed as a melanoma o r  squamous c e l l  ca rc in -  
oma, on a horse. I n  each case, the  owners 
were advised t o  take  t h e i r  animals t o  a prac- 
t i c i n g  v e t e r i n a r i a n  f o r  conf i rmatory  diagno- 
s i s  o r  add i t i ona l  treatment. None o f  the  
cond i t i ons  observed was re1 ated t o  nuclear 
r a d i a t i o n .  

NTS Tours 

To complement the " town-hal l "  meetings and 
t o  f a m i l i a r i z e  Nevada c i t i z e n s  w i t h  bo th  the 
DOE t e s t i n g  program a t  t he  NTS and the  Envi- 
ronmental Moni tor ing  Program conducted by the 
EPA, tou rs  are arranged f o r  business and 
community leaders from towns i n  the environs 
o f  t he  NTS, as w e l l  as f o r  government employ- 
ees and t h e  news media. Between January and 
October 1987, t h e  f o l l  owing tou rs  were spon- 
sored by the EPA: 

C i t i zens  o f  Beat ty  
Nat ional  Park Service 
EPA Newcomers 
EPA Newcomers 
E l  y Residents 
Alamo, Rachel, 

and Las Vegas 
G o l d f i e l d  Residents 
Utah News Media 
EPA Employees 

and Family Members 

January 14 
January 29 
February.12-13 
February 25-26 
May 19-20 

May 27-28 
August 31-September 1 
September 17-18 

October 29 



High School Science 
Program 

The High School Radiation Science Program 
was conceived by the NRD s t a f f  i n  1986, t o  
provide a service t o  schools i n  communities 
i n  the environs o f  the NTS. The aim o f  t h i s  
program being t o  supplement the high school 
program w i th  an a c t i v i t y  invo lv ing  the i n t e r -  
ac t ion  between students, teachers and NRD 
personnel. Following the reactor  accident a t  
Chernobyl, USSR i n  Ap r i l  1986, the need f o r  

. such a program became obvious as indicated by 
recur r ing  ind icat ions o f  misunderstanding o f  
i on i z i ng  r ad i a t i on  by both the media and the 
publ ic .  I n  response, the  NRD s t a f f  put to -  
gether a program designed t o  he1 p students 
be t t e r  understand r ad i a t i on  and r a d i o a c t i v i t y  
and t o  provide them w i t h  some o f  the basic 
knowledge required t o  make sound decisions 
concerning the  many soc ie ta l  issues a r i s i ng  
from the use and disposal o f  rad ioact ive 
mater ials.  

Beginning i n  October 1986, and cont inuing 
through 1987, an NRD s t a f f  member began 
teaching r ad i a t i on  concepts t o  students i n  
h igh school chemistry, biology, physics, and 
general science classes. The i ns t r uc to r  
spends 4 o r  5 days i n  each school. During 
t h i s  time he presents lecture-demonstrations 
and conducts several 1 aboratory exercises, 
designed t o  introduce students t o  background 
rad i a t i on  measurement techniques. During 
1987, the program was presented i n  the 
school s 1 i s t ed  be1 ow: 

Beatty High School, 
Beatty, NV January 20-23 

Tonopah High School, 
Tonopah, NV February 20-23 

Death Valley High School, 
Shoshone, CA Ap r i l  20-24 

Indian Springs High School, 
Indian Springs, NV November 2-6 

White Pine High School, 
Ely, NV December 7-11 

Other A c t i v i t i e s  

Personnel from the EMSL-LV addressed other 
groups dur ing 1987, as l i s t e d  below: 

March 11 A t a l k  about r ad i a t i on  was given 
t o  students a t  the Twin Springs 
Ranch Elementary School. 

March 19 A lecture, concerning the Nu- 
c lea r  Waste Problem and the  
Nuclear Waste Po l i cy  Act, was 
presented t o  an American Govern- 
ment c lass a t  Bonanza High 
School . 

September 1 Deer migrat ion study s l ides were 
shown a t  the Soi l  Conservation 
Of f i ce  i n  Caliente, NV. 

December 9 A s l i de  presentation descr ibing 
the deer migrat ion Studies was 
presented a t  the meeting of the 
Cal ien te  Sportsmen's Club. 

Emergency Response 

As a r e s u l t  of continued population growth 
i n  the o f f - s i te  communities, there i s  an i n -  
creasing need for assistance from and coordi-  
nat ion w i th  both s ta te  and loca l  agencies i n  
order t o  implement the protect ive actions 
t ha t  may be needed i f  an underground nuclear 
t e s t  acc ident ly  released rad ioact ive contam- 
inants  i n t o  the environment. Therefore, dur- 
i n g  1987, there has been a continuing dia- 
logue between the EMSL-LV staf f  and the 
State o f  Nevada's D iv i s ion  o f  Emergency Man- 
agement as wel l  as w i th  the loca l  and county 
o f f  i cia1 s responsible for emergency planning. 
As a r esu l t ,  the rad io log ica l  appendicies t o  
the  emergency response plans o f  Clark, Es- 
meralda, Lincoln, Nye and White Pine counties 
i n  Nevada and Inyo County, Ca l i fo rn ia  were 
updated i n t o  the DOE Master Plan for emer- 
gency response. 

I n  a cont inuing e f f o r t  t o  provide and i rn-  
prove personal dosimetry t o  c i t i zens  1 i v i n g  
i n  communities i n  the  environs of the Nevada 
Test Si te,  plans were developed t o  replace 
ex i s t i ng  f i l m  badges w i th  thermol orni nescent 
dosimeters. The necessary TLDs were ordered 
and are cu r ren t l y  being ca l ib ra ted  p r i o r  t o  
t h e i r  d i s t r i b u t i o n  t o  communities i n  Ca l i fo r -  
n ia ,  Nevada, and Utah. The dosimeters w i l l  
be issued by county o r  s ta te  personnel i n  the 
un l i ke l y  event o f  a s ign i f i can t  release o f  
rad ioac t i ve  mater ia ls  from the  NTS. 

COMMUNITY MONITORING STATIONS 

I n  1981 DOE and EPA establ ished a network 
of IS C m u n i t y  Monitoring, Stat ions i n  the 
o f f - s i t e  areas i n  order t o  increase publ ic  
awareness about r ad i a t i on  monitoring ac t i v -  
i t i e s .  The DOE, through an interagency 
agreement w i t h  EPA, sponsors the program and 
contracts w i th  Desert Research I n s t i t u t e  
(DRI) t o  manage the stat ions, and the Univer- 
s i t y  o f  Utah t o  t r a i n  s t a t i on  managers. Each 
s t a t l on  i s  operated by a loca l  resident,  i n  
most cases a science teacher, who i s  t ra ined 
i n  rad io log ica l  su rve i l  lance methods by the 
Univers i ty  o f  Utah. These s ta t ions  continued 
t o  be maintained by NRD personnel dur ing 
1987. Samples were co l lec ted  and analyzed a t  
t he  EMSL-LV. DRI provides data i nterpreta- 
t i o n  t o  the communities involved and pays the 
s t a t i on  operators f o r  t h e i r  services. 



Each s t a t i o n  conta ins  one o f  the  samplers 
fo r  the  ASN, NGTSN and Dosimetry networks 
discussed e a r l i e r ,  p lus  a pressur ized i o n  
chamber (PIC) and recorder fo r  immediate 
readout o f  ex terna l  gamma exposure, and a 
record ing barograph. A l l  of t he  equipment i s  
mounted on a stand a t  a prominent l o c a t i o n  i n  
each community so the  res iden ts  are  aware o f  
the  su rve i l l ance  and, if interes ted,  can have 
ready access t o  the  data.  The data  from 
these s t a t i o n s  a re  inc luded i n  the tab les  i n  
Appendix E w i t h  the o the r  data from t h e  ap- 
p r o p r i a t e  networks. Table 10 conta ins  a sum- 
mary o f  t h e  PIC data.  

Experimental te lemet ry  equipment was i n -  
s t a l l e d  a t  th ree moni tor ing  s t a t i o n s  dur ing 
1987 i n  an at tempt t o  exped i te  environmental 
measurement data a c q u i s i t i o n  and improve en- 
vironmental moni tor ing  a c t i v i t i e s .  With t h i s  
e l e c t r o n i c  equipment gamma exposure measure- 
ments, acquired by  the  pressur ized i o n  cham- 
bers, can be t ransmi t ted  v i a  s a t e l l i t e  d i r e c -  
t l y  t o  the  EMSL-LV and t o  t h e  NTS. Since 
t e s t s  w i t h  the experimental equipment proved 
successful ,  p lans c a l l  f o r  t h e  i n s t a l l a t i o n  
o f  s a t e l l  i t e  te lemet ry  equipment a t  a l l  o f  
t h e  Community Moni tor ing  S ta t i ons  p l u s  9 
o the r  l oca t i ons  i n  Nevada and Utah by  mid- 
1988. 



SECTION 7 

DOSE ASSESSMENT 

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

The est imate of dose equ iva lent  due t o  NTS a c t i v i t i e s  i s  based on the  t o t a l  re lease o f  rad io -  
a c t i v i t y  from the s i t e  as l i s t e d  i n  Table 1. Since no s i g n i f i c a n t  r a d i o a c t i v i t y  o f  recent  NTS 
o r i g i n  was detec tab le  o f f  s i t e  by t h e  var ious moni to r ing  networks, no s i g n i f i c a n t  exposure t o  the 
popu la t ion  l i v i n g  around the  NTS would be expected. To conf i rm t h i s  expectation, a c a l c u l a t i o n  
of estimated dose was performed us ing EPA's AIRDOS/RADRISK program. The i n d i v i d u a l s  exposed were 
considered t o  be a l l  o f  those l i v i n g  w i t h i n  a rad ius  o f  80 km o f  CP-1 on the  NTS, a t o t a l  o f  7710 
i n d i v i d u a l s .  The i n d i v i d u a l  w i t h  t he  maximum exposure from a i rborne NTS r a d i o a c t i v i t y  would have 
been l i v i n g  a t  Med l i n ' s  Ranch which i s  NNE from the  NTS. That maximum exposure was 0.2 prem ( 2  x 
10-3 pSv). The popu la t ion  exposure w i t h i n  80 km would have been 5.9 x 10'~ person-rem (5.9 x 
10'6 person-Sv) . 

Dur ing calendar year 1987 the re  were four  
sources f o r  poss ib le  r a d i a t i o n  exposure t o  
the  popu la t ion  o f  Nevada, a l l  o f  which pro-  
duced n e g l i g i b l e  exposures. The fou r  sources 
were : 

' Normal re leases o f  r a d i o a c t i v i t y  from 
t h e  NTS, i n c l u d i n g  t h a t  from d r i l l b a c k  
and purging a c t i v i t i e s ;  

' Rad ioac t i v i t y  i n  migra tory  animals t h a t  
was accumulated dur ing  residence on the  
NTS ; 

' World-wide d i s t r i b u t i o n s  such as s t ron-  
tium-90 i n  m i l k ,  krypton-85 i n  a i r ,  
e t c .  ; and 

' Background r a d i a t i o n  due t o  na tu ra l  
sources such as cosmic rad ia t i on ,  natu-  
r a l  r a d i o a c t i v i t y  i n  so i  1 , and b e r y l  - 
l ium-7 i n  a i r .  

The est imated dose equ iva lent  exposures 
from these sources t o  people l i v i n g  near t he  
NTS are ca l cu la ted  separate1 y i n  t he  fo l low-  
i n g  subsections. 

Estimated Dose from 
Worldwide F a l l o u t  

From t h e  moni to r ing  networks described i n  
previous sec t ions  o f  t h i s  repo r t ,  t h e  fo l low-  
i n g  concentrat ions o f  r a d i o a c t i v i t y  were 
found : 

T r i t i u m  (.62 p ~ i / m 3  o f  a i r  123 m ~ ~ / m ~ l )  
Krypton-85 (25.5 pCi m3 of a i r  5 C0.9 Ba/m I )  
strontium-9'6 ( 1.8 ' p ~ i / ~  i n  m i l k  

C67 mBq/Ll) 
Xenon-133 ( 1  p ~ i / m 3  o f  a i r  137 mBq/m3]) 
Cesium-137 (30 pCi/kg beef muscle 

C1.l Bq lkg l )  

Plutonium-239 (110 fC i /kg  beef l i v e r ,  
C4.1 fBqIkg1) 

The dose i s  estimated from these f i nd ings  
by using t h e  assumptions and dose conversion 
fac to rs  as fo l lows:  

Adu l t  breathin.g r a t e  i s  8400 m31yr, 
M i l k  i n take  (10-yr o l d )  i s  160 L/yr ,  
L i v e r  consumption i s  0.5 lblweek = 
11.8 k g l y r ,  
Meat consumption 248 g/day, when l i v e r  
consumption i s  subtracted t h i s  i s  78.7 
kg/yr. 

The dose conversion fac to rs  are based on 
the  ALI d i v i ded  by 5000 t o  convert  t o  bec- 
querels/mrem, then converted t o  mrem/pCi: 

Hydrogen-3 (6.2 x 10'~ mrem/pCi ) 
Strontium-90 (1.8 x 10'~ mremIpCi 
Cesi um-137 (4.5 x 10'5 mrern/pCi ) 
Plutonium-239 (9  x 10'~ mrem/pCi 1 
Krypton-85 (1.5 x loe3 mrem/yr Per pci/m3) 
Xenon-133 (6.2 x mrem/yr per ~ ~ i / m 3 )  

As an example ca l cu la t i on ,  the  fo l l ow ing  i s  
t h e  r e s u l t  f o r  t r i t i u m :  

0.62 ~ ~ i / m 3  x 8400 r n 3 / ~ r  x 6.2 x 
10'8 mrem1pCi x 103 prem/mrem = 0.32 prem 

Also: 

Stronium-90 (1.8 x 160 x 1.8 x x 
10'3 = 52 prem) 
Cesium-137 (30 x 78.7 x 4.5 x 10'5 x 
l o e 3  = 106 vrem) 
Plutonium-239 (110 fC i /kg  x 11.8 kg x 
10'3 pCi / fC i  x 9 x 10'3 = 1.2 prem) 

These sum t o  an annual dose equ iva lent  o f  
0.16 mrem. 

Estimated Dose from 
R a d i o a c t i v i t y  i n  NTS Deer 



The highest  measured concentrat ions o f  
rad ionuc l  ides  i n  mule deer t i ssues  occurred 
i n  deer co l l ec ted  on the NTS. These were: 

Tissue 

L i v e r  
(pCi/kg) 1 x 10' 90 0.05 

Muscle 
(pCi/kg) 1 l o 7  90 0.113 

Based on past  data, i n  the u n l i k e l y  event 

t h a t  one such deer was co l l ec ted  by a hunter 
i n  o f f - s i t e  areas. With 3 pounds o f  l i v e r  
and 100 pounds o f  meat and the  rad ionuc l i de  
concent ra t ions l i s t e d  above, t he  dose equiva- 
l e n t s  cou ld  be: 

L i v e r :  1.36 kg ( ~ 1 x 1 0 7  x 6.2~10'81+[90 x 
4.5x10'51+[0.5 x 9 ~ 1 0 ' ~ l )  = 0.85 mrem and f o r  
muscle. a s i m i l a r  c a l c u l a t i o n  y i e l d s  28.4 
mrem. Thus, approximately 29 mrem would be 
de l i ve red  t o  one i n d i v i d u a l  consuming the 
s ta ted quan t i t y  o f  meat and assuming no 
r a d i o a c t i v i t y  was l o s t  i n  food preparat ion .  

Dose f rom Background 
Radiat ion 

I n  a d d i t i o n  t o  ex te rna l  r a d i a t i o n  expusure 
due t o  cosmic rays  and t h a t  due t o  t h e  gamma 
r a d i a t i o n  from n a t u r a l l y  occur r ing  radionu- 
c l  i des  i n  s o i l  (po tass i  um-40, uranium and 
thor ium daughters, e tc .  ) , the re  i s  a c o n t r i -  
b u t i o n  f rom bery l l ium-7 t h a t  i s  formed i n  the  
atmosphere by cosmic r a y  i n t e r a c t i o n s  w i t h  
oxygen and n i t rogen.  The annual average Be-7 
concent ra t ion  measured by our a i r  surve i  1 - 
lance network was 0.07 p ~ i / m 3 .  With a dose 
conversion f a c t o r  f o r  i n h a l a t i o n  o f  2.6 x 
10'~ mrem/pCi . . t h i s  equates t o  0.15 urem, a 
negl i g i b l  e quan t i t y  when compared w i t h  the 
P I C  measurements t h a t  vary f rom 56 t o  172 
mrem, depending on l oca t i on .  

For an i n d i v i d u a l  w i t h  the  h ighest  expo- 
sure t o  NTS e f f l u e n t ,  t h a t  i s  someone l i v i n g  
a t  the  Medl i n ' s  Ranch, t he  NTS exposure, p lus  
t h a t  due t o  worl d-wide fa1 l o u t  p lus  back- 
ground would add t o :  2 x 10'3 mrem + 0.16 
mrem + 140 mrem = 140.2 mrem (1.4 rnSv). Both 
t h e  NTS and worldwide d i s t r i b u t i o n s  c o n t r i -  
bu te  a n e g l i g i b l e  amount o f  exposure compared 
t o  background. I f  t h a t  same i n d i v i d u a l  used 
t h e  NTS deer meat w i thou t  shar ing i t  w i t h  
someone else,  t he  exposure would increase t o  
140.16 + 29 = 169 mrem (1.69 mSv) . 
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APPENDIX A 

SITE DATA 

SITE DESCRIPTION 

A summary o f  t h e  uses of t h e  NTS and i t s  immediate env i rons  i s  i nc luded  
i n  Sect ion  3 o f  t h i s  r e p o r t .  More d e t a i l e d  da ta  and d e s c r i p t i v e  maps are 
conta ined i n  t h i s  Appendix. 

Locat ion  

The NTS i s  l o c a t e d  i n  Nye County, Nevada, w i t h  i t s  southeast  corner  about 
90 km nor thwest  o f  Las Vegas (F igu re  1 i n  main r e p o r t ) .  It has an area o f  
about 3,500 square km and v a r i e s  from 40 t o  56 km i n  w i d t h  (east-west)  and f rom 
64 t o  88 km i n  l e n g t h  (no r th -sou th ) .  Th is  area c o n s i s t s  o f  l a r g e  bas ins  o r  
f l a t s  about 900 t o  1,200 m above mean sea l e v e l  (MSL) 'surrounded by mountain 
ranges r i s i n g  1,800 t o  2,300 m above MSL. 

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

C l  imate 

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

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

According t o  Q u i r i  ng (Qu68), 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 l e v a t i o n s  t o  around 25 cm on t h e  h ighe r  e leva-  
t i o n s .  Dur ing  t h e  w i n t e r  months, t h e  p la teaus may be snow-covered f o r  a  
p e r i o d  o f  severa l  days o r  weeks. Snow i s  uncommon on t h e  f l a t s .  Temperatures 
vary cons ide rab l y  w i t h  e l e v a t i o n ,  slope, and 1  oca l  a i r  c u r r e n t s  . The average 
d a i l y  h i g h  ( l ow)  temperatures a t  t h e  lower  a l t i t u d e s  a re  around 50°F (25°F) i n  



TABLE A.1.  CHARACTERISTICS OF CLIMATIC TYPES I N  NEVADA 
( f rom Houghton e t  a l .  1975) 

Annual 
Mean Temperature P r e c i p i t a t i o n  

" C cm Percent 
( O F )  ( inches) Dominant o f 

Climate Type Winter Summer Total*  Snowfall Vegetation Area 

A1 p ine -18" t o  -9" 4" t o  10" 38 t o  114 Medium Alpine - - 
tundra ( 0 ° t 0 1 5 " )  ( 4 O 0 t o 5 0 ' )  ( 1 5 t o 4 5 )  t o  meadows 

heavy 

Humi d -12" t o  -1" 1 0 " t o 2 1 "  6 4 t o 1 1 4  Heavy P i  ne-f i r 1 
con t inen ta l  (. lo0 t o  30") (50" t o  70") (25 t o  45) f o res t  

Subhumid -12" t o  -1" 10" t o  21" 30 t o  64 Moder- Pine o r  15 
con t inen ta l  (10" t o  30") (50" t o  70") (12 t o  25) a te  scrub 

wood1 and 

M id - la t i t ude  -7" t o  4" 18" t o  27' 15 t o  38 L i gh t  Sagebrush, 57 
steppe (20" t o  40") (65" t o  80") ( 6 t o  15) t o  grass, 

moderate scrub 

M id - la t i t ude  -7" t o  4" 18" t o  27" 8 t o  20 L i gh t  Grease- 2 0 
deser t  (20" t o  40") (65" t o  80") ( 3 t o  8) wood, 

shadscal e 

Low-lat i tude -4" t o  10" 27" t o  32" 5 t o  25 Negl ig- Creosote 7 
deser t  (40" t o  50" (80" t o  90") ( 2 t o  10) i b l e  bush 

*L imi ts  of  annual p r e c i p i t a t i o n  over lap because o f  va r ia t ions  i n  temperature 
which a f f e c t  the  water balance. 

January and 95°F (55°F) i n  July,  w i t h  extremes of  120°F and -15°F. Correspond- 
i n g  temperatures on the  plateaus are 35°F (25°F) i n  January and 80°F (65°F) i n  
Ju ly  w i t h  extremes o f  115°F and -30°F. 

The wind d i r ec t i on ,  as measured on a 30 m tower a t  an observation s t a t i on  
about 9 km NNW o f  Yucca Lake, i s  predominantly no r t he r l y  except dur ing the 
months o f  May through August when winds from the south-southwest predominate 
(Qu68). Because o f  the  preva lent  mounta in lva l ley  winds i n  the basins, south t o  
southwest winds predominate dur ing  day1 i g h t  hours o f  most months. During the 
w in te r  months souther ly  winds have on l y  a s l i g h t  edge over no r t he r l y  winds for  
a few hours dur ing  the warmest p a r t  of the day. These wind pat terns  may be 
q u i t e  d i f f e r e n t  a t  o ther  l oca t i ons  on t h e  NTS because o f  l o c a l  t e r r a i n  e f f e c t s  
and d i f fe rences  i n  e levat ion.  



Geology and Hydro1 ogy 

Two major hyd ro log i c  systems shown i n  F igure  A. 1 e x i s t  on t h e  NTS (ERDA77) . 
Ground water i n  t h e  nor thwestern p a r t  o f  t h e  NTS o r  i n  the  Pahute Mesa area 
f l ows  a t  a  r a t e  o f  2  m t o  180 m per year  t o  t h e  south and southwest toward t h e  
Ash Meadows Discharge Area i n  t h e  Amargosa Desert.  Ground water t o  t h e  eas t  o f  
t h e  NTS moves from n o r t h  t o  south a t  a  r a t e  o f  n o t  l e s s  than 2  m nor  g rea ter  
than 220 m per  year .  Carbon-14 analyses of t h i s  eas tern  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 he  
extreme southern p a r t  o f  t he  NTS, the  eas tern  ground water f l o w  s h i f t s  south- 
westward toward t h e  Ash Meadows Discharge Area. 

Land Use o f  NTS Environs 

F igure  A.2 i s  a  map of t h e  off-NTS area showing a  wide v a r i e t y  o f  land 
uses, such as farming, min ing,  g raz ing ,  camping, f i sh ing ,  and hun t i ng  w i t h i n  a  
300-km r a d i u s  o f  t h e  NTS. For example, west of t h e  NTS, e l e v a t i o n s  range from 
85 m below MSL i n  Death Va l l ey  t o  4,420 m above MSL i n  t h e  S i e r r a  Nevada Range. 
Pa r t s  o f  two major a g r i c u l t u r a l  v a l l e y s  ( t h e  Owens and San Joaquin) a r e  inc luded.  
The areas south o f  t h e  NTS a r e  more uni form s ince t h e  Mojave Desert ecosystem 
( m i d - l a t i t u d e  dese r t )  comprises most o f  t h i s  p o r t i o n  o f  Nevada, C a l i f o r n i a ,  and 
Arizona. The areas eas t  of  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  va l l eys ,  such as t h e  V i r g i n  R iver  Va l l ey  and Moapa Va l ley ,  
suppor t ing  i r r i g a t i o n  f o r  smal l  -sca le  b u t  i n t e n s i v e  farming o f  a  v a r i e t y  o f  
crops.  Grazing i s  a l s o  common i n  t h i s  area, p a r t i c u l a r l y  t o  t he  nor theas t .  
The area n o r t h  o f  t h e  NTS i s  a l s o  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  g raz 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  of t h e  S ta te  w i t h i n  300 km 
o f  t h e  NTS Cont ro l  P o i n t - 1  (CP-I) .  Many of  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. 

Many r e c r e a t i o n a l  areas, i n  a l l  d i r e c t i o n s  around t h e  NTS (F igu re  A.2) 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  nor thwest ,  no r th ,  and no r theas t  o f  t h e  NTS a re  
u t i l  i z e d  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 through January. 

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

F i g u r e  A . 3  shows t h e  c u r r e n t  popul-at ion o f  coun t i es  surrounding t h e  NTS 
based on 1980 census f i g u r e s .  Exc lud ing  C lark  County, t h e  major popu la t i on  
cen te r  (approx imate ly  536,000 i n  1984), . the popu la t i on  d e n s i t y  w i t h i n  a  150 km 
r a d i u s  o f  t h e  NTS i s  about 0.5 persons per square k i l ome te r .  For comparison, 
t h e  48 cont iguous s t a t e s  (1980 census) had a  popu la t i on  d e n s i t y  o f  approximate ly  
29 persons pe r  square k i l o m e t e r .  The es t imated average popu la t i on  d e n s i t y  f o r  
Nevada i n  1980 was 2.8 persons per  square k i l ome te r .  

The o f f - s i t e  area w i t h i n  80 km o f  t h e  NTS ( t h e  area i n  which the  dose 
commitment must be determined f o r  t h e  purpose o f  t h i s  r e p o r t )  i s  predominant ly  
r u r a l  . Several smal l  communities a r e  1  ocated i n  t h e  area, the  1  a rges t  be ing  i n  
t h e  Pahrump Va l l ey .  Th i s  growing r u r a l  community, w i t h  an es t imated popu la t i on  
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F igure  A . 1 .  Ground-water f l o w  systems around t h e  Nevada Test  S i t e .  
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F igu re  A.2 .  General l a n d  use w i t h i n  300 km o f  t h e  Nevada Test  S i t e .  
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F igu re  A.3. Popu la t ion  o f  Arizona, C a l i f o r n i a ,  Nevada, and Utah Counties 
near t h e  Nevada Test  S i t e  (1980). 



o f  about 5,500, i s  l oca ted  about 72 km. south o f  t he  NTS C P - 1 .  The Amargosa 
Farm Area, which has a  popu la t i on  of about 1,200, i s  l oca ted  about 50 km south- 
west 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  Beat ty ,  which has a 
popu la t i on  of about 1,000 and i s  l oca ted  approximate ly  65 km t o  the  west o f  
CP-1 .  A r e p o r t  by Smith and Coogan was publ ished i n  1984 which summarizes the 
popu la t i on  d i s t r i b u t i o n  w i t h i n  se lec ted  r u r a l  areas ou t  t o  200 k i l ome te rs  from 
t h e  Cont ro l  P o i n t  on t h e  NTS. 

The Mo jave Desert  of C a l i f o r n i a ,  which inc ludes  Death Val l e y  Nat ional  
Monument, l i e s  along the  southwestern border  o f  Nevada. The Nat ional  Park 
Serv ice (NPS80) est imated t h a t  t h e  popu la t i on  w i t h i n  the  Monument boundaries 
ranges f rom a  minimum o f  200 permanent r e s i d e n t s  d u r i n g  the  summer months t o  as 
many as 5,000 t o u r i s t s  and campers on any p a r t i c u l a r  day du r ing  t h e  major ho l -  
i day  per iods  i n  t he  w i n t e r  months, and as many as 30,000 du r 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 
(about 40 square m i l e s )  i n  t h e  Mojave Desert i s  Barstow, l o c a t e d  265 km south- 
southwest o f  t h e  NTS, w i t h  a  1983 popu la t i on  o f  about 36,000. The nex t  l a r g e s t  
populated area i s  t h e  Ridgecrest-China Lake area, which has a  c u r r e n t  popula- 
t i o n  of about 25,000 and i s  l o c a t e d  about 190 km southwest o f  t he  NTS. The 
Owens Val ley,  where numerous smal l  towns are  located,  l i e s  about 50 km west o f  
Death Va l ley .  The l a r g e s t  town i n  Owens Va l ley  i s  Bishop, l oca ted  225 km 
west-north-west o f  t h e  NTS, w i t h  a  popu la t i on  o f  about 5,300 i n c l u d i n g  cont igu-  
ous popul a ted  areas. 

The extreme southwestern r e g i o n  o f  Utah i s  more developed than t h e  ad j a -  
cent  p a r t  o f  Nevada. The l a r g e s t  community i s  S t .  George, l oca ted  220 km east  
o f  t h e  NTS, w i t h  a  popu la t i on  o f  11,300. The nex t  l a r g e s t  town, Cedar C i t y ,  
w i t h  a  popu la t i on  o f  10,900, i s  l o c a t e d  280 km eas t  no r theas t  o f  t h e  NTS. 

The extreme nor thwestern r e g i o n  o f  Ar izona i s  most ly  range l and  except 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 ,  several  small com- 
m u n i t i e s  l i e  a long t h e  Colorado R ive r .  The l a r g e s t  town i n  the  area i s  King- 
man, l o c a t e d  280 km southeast  o f  t h e  NTS, w i t h  a  popu la t i on  o f  about 9,300. 
F igures  A.4 through A . 7  show t h e  domestic animal popu la t i ons  i n  t h e  count ies  
near t h e  NTS. 
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F igu re  A.4. D i s t r i b u t i o n  o f  f a m i l y  m i l k  cows and goats, by county (1987) .  
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Figure A . 5 .  D i s t r i b u t i o n  o f  d a i r y  cows, by county (1987). 
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Figure  A.6. D i s t r i b u t i o n  of beef  c a t t l e ,  by county (1987). 
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F i g u r e  A . 7 .  D i s t r i b u t i o n  o f  sheep, b y  county  1987. 
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APPENDIX B 

SAMPLE ANALYSIS PROCEDURES 

ANALYTICAL PROCEDURES 

The procedures f o r  a n a l y z i n g  samples c o l l e c t e d  f o r  o f f s i t e  s u r v e i l l a n c e  are 
desc r i bed  by  Johns e t  a1 . i n  "Radiochemical  A n a l y t i c a l  Procedures f o r  Analyses 
o f  Env i ronmenta l  Samples" (EMSL-LV-0539-17, 1979) and a r e  summarized i n  Table 
B.1. 

TABLE B.1. SUMMARY OF ANALYTICAL PROCEDURES 

Counting Approximate 
Type o f  Ana ly t i ca l  Per iod Ana ly t i ca l  Sample Detect ion 
Ana lys is  Equipment (min) Procedures Size L im i t *  

I G  Ge(Li)  I G  o r  Ge(Li 1 
Gamma de tec to r  c a l  i - 
Spec bra ted a t  0.5 
t rometry** keV/channel 

(0.04 t o  2  
MeV range) 
i n d i v i d u a l  
de tec to r  
e f f i c i e n c e i s  
rang ing from 
15% t o  35%. 

Gross b e t a  Low-level end 
on a i r  window, gas 
f i l t e r s  f l o w  propor- 

t i o n a l  counter 
w i t h  a  12.7 cm 
diameter win- 
dow (80 I J ~ /  
cm2) 

A i r  charcoal 
ca r t r i dges  
and i n d i v i d u a l  
a i r  f i l t e r s ,  
30 min; a i r  
f i l t e r  com- 
pos i tes ,  1200 
min. 100 min 
f o r  m i l k ,  
water, sus- 
pended so l  ids .  

Radi onucl i d e  
concent ra t ion  
q u a n t i f i e d  
from gamma 
spect ra l  da ta  
by on-1 i ne 
computer pro-  
gram. Radio- 
nuc l ides i n  
a i r  f i l t e r  
composite 
samples are 
i d e n t i f i e d  
only.  

120-370 m3 
f o r  a i r  
f i l t e r s ;  
and char- 
coal  car -  
t r i dges ;  
3-1/2 
l i t e r s  f o r  
m i l k  and 
water. 

For r o u t i n e  m i l k  
and water gen- 
e r a l l y ,  5  pCi/L 
f o r  most common 
fa1 l o u t  r a d i o -  
nuc l ides i n  a  
simple spectrum. 
F i l t e r s  f o r  LTHMP 
suspended so l i ds ,  
6 pCi/L. A i r  
f i l t e r s  and char- 
coal  ca r t r i dges ,  
0.04 p ~ i / m 3 .  

Samples are  120-370 m3 0.5 pCi/sampl'e. 
counted a f t e r  
decay of  
na tu ra l  1  y- 
occur ing 
rad ionuc l  ides  
and, i f  
necessary, 
ex t rapo la ted 
t o  midpo in t  
o f  c o l l e c t i o n  
i n  accordance 
w i t h  t - -1 -2  
decay o r  an 
exper imenta l ly -  
d e r i  ved 
decay. 

(cont inued) 



TABLE 0.1. (Continued) 

Countlng Approximate 
Type o f  Analy t ica l  Period Analy t ica l  Sample Detection 
Analysis Equipment (min) Procedures Size L imi t *  

H-3 
Enrichment 
4 Long-Term 
Hydro- 
l o g i c a l  
Samples ) 

Low-background 50 
thin-wlndow, 
gas-flow 
propor t ional  
counter. 

Automatic 200 
1 i qu i d  
s c i n t i l l a t i o n  
counter w i th  
output  p r i n t e r .  

Automatic 200 
s c i n t i l l a t i o n  
counter w i t h  
output p r i n t e r .  

A1 pha spectro- 1000-1400 
meter wi t h  
450 mn, 300-vm 
deplet ion depth, 
depth, s i l i c o n  
surface b a r r l e r  
detectors 
operated i n  
vacuum chambers. 

Automatic 200 
l i q u i d  s c i n t l l -  
l a t i o n  counter 
w i t h  output 
p r i n t e r .  

Chemical sep- 
arat ion by 
ion  exchange. 
Separated 
sample counted 
successively; 
a c t i v i t y  
ca lcu la ted by 
simul taneous 
so lu t ion  o f  
equatlons. 

Sample 
prepared by 
d i s t i l l a t t o n .  

Sample con- 
centrated 
by 
e l e c t r o l y s i s  
followed by 
d i s t i l l a t i o n .  

Water sample 
or  acid- 
digested 
f i l t e r  o r  
t i  ssue 
samples 
separated by 
ion  exchange. 
e lec t ro -  
p la ted on 
s ta in less . 
s tee1 
planchet. 

Separation by 
by gas 
chromatography; 
dissolved I n  
to1 uene 
"cock ta i l "  
f o r  counting. 

1.0 l i t e r  
for m i l k  
or water. 
0.1-1 kg 
fo r  
t issue.  

4 m l  
f o r  
water. 

250 ml 
for  
water. 

1.0 l i t e r  
fo r  water; 
0.1-1 kg 
f o r  
t issue; 
5,000- 
10,000 m3 
f o r  a i r .  

0.4-1.0 
1.0 .3 
for 
a i r .  

Pu-238 = 0.08 pCi/L 
Pu-239 = 0.04 pCi/L 
f o r  water. For 
For t i ssue  
samples. 
0.04 pCl per 
t o t a l  sample f o r  
a1 1 isotopes; 
5-10 a ~ i / m 3  
f o r  p l  u ton i  um 
on a i r  
f i l t e r s .  

*The de tec t ion  l i m i t  i s  def ined as 3.29 sigma where sigma equals the counting e r r o r  o f  the 
sample and Type I er ro r  = Type 11 e r ro r  = 5 percent. (3. P. Corley, D. H. Denham, 
R. E. Jaquish. D. E. Michels, A. R. Olsen. D. A. Waite. A Guide f o r  Environmental Radiological 
Surveillance a t  U.S. Dept. o f  Energy I ns ta l l a t l ons ,  Ju ly  1981, Of f i ce  o f  Operatlonal Safety 
Report DOEIEP-0023, U .S. DOE, Washington, D. C. 1 

**Gamna Spectrometry using e l  ther  an i n t r i n s i c  germanium (IG), o r  1 i thium-drl f t ed  germanium diode 
(Ge(L1)) detector .  



A P P E N D I X  C 

QUALITY ASSURANCE PROCEDURES 

PRECISION OF ANALYSIS 

The d u p l i c a t e  sampling program was i n i t i a t e d  fo r  t he  purpose o f  r o u t i n e l y  
assessing t h e  e r r o r s  due t o  sampling, ana lys i s ,  and count ing  o f  samples ob ta ined 
from t h e  s u r v e i l l a n c e  networks mainta ined by  the  EMSL-LV. 

The program c o n s i s t s  o f  the  a n a l y s i s  o f  d u p l i c a t e  o r  r e p l i c a t e  samples 
from the  ASN, the  NGTSNy the  LTHMP, and t h e  Dosimetry Network. As the  r a d i o -  
a c t i v i t y  concent ra t ion  i n  samples c o l l e c t e d  from t h e  LTHMP and the  MSN are 
be1 ow d e t e c t i o n  1  eve1 s  , most dupl i c a t e  samples f o r  these networks are  prepared 
from spiked so lu t i ons .  The NGTSN samples a re  g e n e r a l l y  s p l i t  f o r  ana lys i s .  

A t  l e a s t  30 d u p l i c a t e  samples from each network a re  normal ly  c o l l e c t e d  and 
analyzed over the  r e p o r t  pe r iod .  Since t h r e e  TLD cards c o n s i s t i n g  o f  two TLD 
ch ips  each are used a t  each s t a t i o n  of t h e  Dosimetry Network, no a d d i t i o n a l  
samples were necessary. ' Table C - 1  summarizes the  sampling i n f o r m a t i o n  f o r  each 
s u r v e i l l a n c e  network. 

To es t imate  the  p r e c i s i o n  o f  a  methodology, the  standard d e v i a t i o n  o f  
r e p l i c a t e  r e s u l t s  i s  needed. Thus, f o r  example, t he  variance, s2, o f  each s e t  
o f  r e p l i c a t e  TLD r e s u l t s  (n=6) was es t imated from the  r e s u l t s  by t h e  standard 
expression,  

Eq. 1 

where k  = number o f  se ts  o f  r e p l i c a t e s .  

Since du 1  i c a t e  samples were c o l l e c t e d  f o r  a l l  o the r  sample types, t he  9 var iances,  s  , f o r  these types were c a l c u l a t e d  f rom s2 = ( 0 . 8 8 6 ~ ) ? ,  where R i s  
the  abso lu te  d i f f e r e n c e  between t h e  d u p l 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  c a l c u l a t e  than t h e  standard expression. The standard devia-  
t i o n  i s  ob ta ined by  t a k i n g  t h e  square r o o t .  

*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. 



TABLE C.1. SAMPLES AND ANALYSES FOR DUPLICATE SAMPLING PROGRAM - 1987 

Sets o f  
Number o f  Sampl es Dupl i ca te  

Survei  11 ance Sampl i ng Co l l  ec ted  Samples Number Samp 1  e  
Network Locat ions Th is  Year Co l l ec ted  Per Set Analys is  

ASN 

NGTSN 

113 8,627 28 8 2  Gross beta, 
Y Spectrometry 

19 810 (NG) 145 2  Kr-85, H-3, 
816 (H3) 97 H20, HTO 

Dosimetry 150 7  26 726 4-6 E f f e c t i v e  dose 
from gamma 

MSN ' 

LTHMP 199 799 139 2  H- 3 

The p r i n c i p l e  t h a t  t he  var iances of  random samples c o l l e c t e d  from a  normal 
p o p u l a t i o n  f o l l o w  a  chi -square d i s t r i b u t i o n  ( x 2 )  was then used t o  es t imate  t h e  
expected popu la t i on  standard d e v i a t i o n  f o r  each type o f  sample a n a l y s i s .  The 
express ion  used i s  as fo l lows:*  

Eq. 2 

where ni-1 = t h e  degrees o f  freedom f o r  n  samples c o l l e c t e d  f o r  t he  i t h  
rep1 i c a t e  sampl e  

2  
S i  = t h e  expected var iance o f  t h e  i t h  r e p l i c a t e  sample 

s  = t h e  b e s t  es t ima te  o f  sample standard d e v i a t i o n  de r i ved  from t h e  
var iance es t imates  o f  a l l ,  r e p l i c a t e  samples ( t h e  expected value 
o f  s2 i s  ~ 2 ) .  

For  expressing t h e  p r e c i s i o n  o f  measurement i n  common u n i t s ,  t h e  c o e f f i -  
c i e n t  o f  v a r i a t i o n  (s /Z)  was c a l c u l a t e d  f o r  each sample type.  These a re  
d i s p l a y e d  i n  Table C.2 f o r  those analyses f o r  which t h e r e  were adequate data.  

*Freund, J. E. Mathematical S t a t i s t i c s .  P r e n t i c e  H a l l ,  Englewood, New Jersey, 
1962, pp 189-235. 

C- 2 



TABLE C.2. SAMPLING AND ANALYTICAL PRECISION - 1.957 

Survei 11 ance 
Network Anal y s i  s  

Sets o f  
Rep1 i ca t e  C o e f f i c i e n t  

Sampl es of  V a r i a t i o n  
Eva1 uated ( X )  

ASN 

N GTSN 

Be-7 
Gross B 

Dosimetry TL D 

MSN 

L THMP H- 3  
H-3' 

*Est imate o f  p r e c i s i o n  was c a l c u l a t e d  f rom the  e r r o r s  i n  t h e  H-3 convent iona l  
a n a l y s i s  and t h e  measurement o f  atmospheric mo is tu re  (H30). 

To es t imate  t h e  p r e c i s i o n  o f  count ing,  approximate ly  10 percent  o f  a l l  
samples a re  counted a  second t ime.  These a r e  unknown t o  t h e  a n a l y s t .  Since 
a l l  such r e p l i c a t e  count ing  gave r e s u l t s  w i t h i n  t h e  count ing  e r r o r ,  t h e  p r e c i -  
s i o n  da ta  i n  Table C . 2  rep resen ts  e r r o r s  p r i n c i p a l l y  i n  ana lys i s .  

ACCURACY OF A N A L Y S I S  

Data from t h e  a n a l y s i s  o f  i ntercompar i  son samples are  s t a t i s t i c a l  1  y  anal - 
yzed and compared t o  known values and values ob ta ined from o t h e r  p a r t i c i p a t i n g  
l a b o r a t o r i e s .  A summary o f  t h e  s t a t i s t i c a l  a n a l y s i s  i s  g iven i n  TabTe C.3, 
which compares t h e  mean o f  t h r e e  rep1 i c a t e  analyses w i t h  t h e  -known value.  The 
normal ized d e v i a t i o n  i s  a  measure o f  t h e  accuracy o f  t h e  ana lys i s  when compared 
t o  t h e  known concent ra t ion .  The de te rm ina t i on  o f  t h i s  parameter i s  exp la ined 
i n  d e t a i l  sepa ra te l y  (Ja81). I f  t h e  va lue  o f  t h i s  parameter ( i n  m u l t i p l e s  o f  
s tandard normal dev ia te ,  u n i t l e s s )  l i e s  between c o n t r o l  1  i m i t s  o f  -3 and +3, 
t h e  p r e c i s i o n  o r  accuracy o f  t h e  a n a l y s i s  i s  w i t h i n  normal s t a t i s t i c a l  v a r i a -  
t i o n .  However, i f  t h e  parameters exceed these l i m i t s ,  one must suspect t h a t  
t h e r e  i s  some cause o the r  than normal s t a t i s t i c a l  v a r i a t i o n s  t h a t  c o n t r i b u t e d  
t o  t h e  d i f f e r e n c e  between t h e  measured values and t h e  known value.  As shown by  
t h i s  t a b l e ,  a l l  o f  t h e  analyses were w i t h i n  t h e  c o n t r o l  l i m i t .  



TABLE C.3. EPA QUALITY ASSURANCE INTERCOMPARISON RESULTS - 1987 

Mean o f  
Rep1 i c a t e  Normal i zed 

Analyses Known Value Dev ia t i on  f rom 
Ana lys i s  Month (pCi /L )  (pCi /L )  Known Concentrat ion 

A1 pha 

Nov 

Apr 
Aug 
Oc t 
Nov 

Beta 

Chromi um-51 

Cobal t - 6 0  

Jun 
Oc t 

Feb 
A P ~  
Jun 
Oc t 

Feb 
Apr 
Jun 
Oc t 

Cesi um-137 Feb 
Apr 
Jun 
Aug 
Oc t 

T r i t i u m  Feb 
Apr 
Jun 
Oc t 

Iodine-131 Feb 
A P ~  
Jun 
Aug 
Dec 

Potassium Jun 5 . 3  
( con t i nued)  



TABLE C.3. Continued 

Mean o f  
Rep1 i c a t e  Normal i zed 

Analyses Known Value D e v i a t i o n  from 
Ana lys i s  Month (pC i /L )  (pC i /L )  Known Concentrat ion 

P l  utonium-239 Apr 
Oc t 

Radi um-226 A P ~  
Oc t 

Radi um-228 Apr 
Oc t 

Rutheni um-106 Feb 
Jun 
Oc t 

S t r o n t i  um-89 Jan 
A P ~  
Jun 
Aug 
Oc t 

Stront ium-90 Jan 
A P ~  
May 

Uran i  urn A P ~  5.5 5 .O 
Aug 12.4 13.0 
Oc t 3.4 3.0 

Zi nc-65 Fe b 93.9 91.0 
Jun 10.9 1.0.0 
Oc t 47.2 46.0 



TABLE C.4. QUALITY ASSURANCE RESULTS FROM DOE PROGRAM - 1-9e7 

Anal y s i  s 
EMSL-LV EM L Ra t io  

Month Resu l ts  Resu l ts  EPA/EML 

-- 
Be-7 

i n  a i r  Sept @.873E+03 0.896E+03 P. 97  

Zr-95 
i n  a i r  

Sb-125 
i n  a i r  

Sept 0.2 16E+03 0.188E+03 1.15 

CS-137 
i n  a i r  Sept 0.280E+03 0.290E+03 0.97 

Ce-144 
i n  a i r  

Pu-239 
i n  a i r  

K-40 
i n  s o i l  

CS-137 
i n  s o i l  

Pu- 239 
i n  s o i l  

Sept @.180E+00 0.211E+00 0.85 

Sept 0.240E-01 0.29OE-01 1.17 

CS-137 
i n  t i s s u e  Sept 0.290E+0(1 0. 190~+0n 1.53 

K-40 
i n  v e g e t a t i o n  Se p t  @.169E+03 0.163E+03 1.04 

CS-137 
i n  v e g e t a t i o n  Se p t  0.172E+01 @.182E+01 0.95 

H-3' 
i n  water  

Mn-54 
i n  water  

Co-60 
i n  water  

Sept 0.184E+02 0.191E+02 0.96 

Sept 0.233E+01 0.228E+01 1.02 

Sept 0.230E+01 0.227E+03 1.01 
( con t i nued)  



TABLE C . 4 .  Continued 

Ana lys i s  
EMSL-LV EML Rat io  

Month Resul ts  Resul ts  EPA/EML 

Sr-90 
i n  water 

CS-137 
i n  water 

Pu-239 
i n  water 

Sept 0.261E+00 0.252E+00 1.04 

Sep t 0.223E+01 0.228E+O 1 0.98 

Se p t 0.150E+OO 0.266E+00 0.56" 

Sep t 0.140E+00 0.142E+00 0.99 

*Grand average f o r  a1 1 1 a b o r a t o r i e s  was 0.185. Therefore, t h e  EMSL-LV r e s u l t  
when compared t o  a l l  o t h e r  l a b o r a t o r i e s  i s  0.15/0.185 = 0.81. 

The a n a l y t i c a l  methods were f u r t h e r  checked on by Laboratory p a r t i c i p a t i o n  
i n  t h e  semiannual Department o f  Energy Q u a l i t y  Assessment Program conducted b y  
t h e  Environmental Measurements Laboratory,  New York, N.Y. The r e s u l t s  f rom 
these t e s t s  (Table C.4) i n d i c a t e  t h a t  t h i s  Labora to ry ' s  r e s u l t s  were o f  accept- 
ab le  q u a l i t y .  

To measure t h e  performance o f  t h e  c o n t r a c t o r  l a b o r a t o r y  f o r  a n a l y s i s  o f  
animal t i s s u e s ,  a known amount of a c t i v i t y  was added t o  several  samples. The 
r e p o r t e d  a c t i v i t y  i s  compared t o  the  known amount i n  Table C.5. The average 
b i a s  f o r  plutonium-239 was -24.5 percent .  The b i a s  f o r  s t ront ium-90 was a 
-44 pe rcen t  f o r  one sample and i nde te rm ina te  f o r  t he  o t h e r  ( a c t i v i t y  repo r ted  
was l e s s  than n a t u r a l l y  p resen t ) .  The average p r e c i s i o n  determined from two 
s e t s  o f  d u p l i c a t e  samples was 150 pe rcen t  f o r  plutonium-239 and 17 percent  f o r  
s t r o n t i  um-90. 



TABLE C.5. QUALITY ASSURANCE RESULTS FOR THE BIOENVIRONMENTAL PROGRAM - 1987 

Sampl e Type 
and % Bias+ 

Shipment A c t i v i t y  Added A c t i v i t y  Reported o r  
Number Nucl i de pCi /g Bone Ash pC i1gBoneAsh  p r e c i s i o n *  

Spi ked Sampl e s 

Bone Ash 

Ash C 
74 

Ash D 
74 

0'. 066 - 24 
J .8 Indeterminate 

Ash E 
7 4 

Ash F 
74 

Dupl i c a t e  Samples 

Bov- 1 

Bov-1 Dup 239Pu 
90Sr 

Bov-2 Dup 239Pu 
90Sr 

+ B ias  (B) = Recovery -1; where recovery  i s  X1 - 
u 

and x l  = n e t  a c t i v i t y  repo r ted  
u = a c t i v i t y  added 

1 
t P r e c i s i o n  (Cv) = 2 1 I X -  where x, = f i r s t  va lue 

\ X 1 + X 2 /  1.128 x; = second va lue  

**Counting e r r o r  exceeds r e p o r t e d  a c t i v i t y  



APPENDIX D 

RADIATION PROTECTION STANDARDS FOR EXTERNAL AND INTERNAL EXPOSURE 

DOE EQUIVALENT COMMITMENT 

For stochast ic ef fects i n  members of the pub l ic ,  the fo l low ing  l i m i t s  are 
used : 

E f f ec t i ve  Dose Equivalent* 

mremlyr mSv/yr 

Occasional annual exposures** 

Prolonged per iod of exposure 

* Inc l  udes both e f f e c t i v e  dose equivalent  from external  r a d i a t i o n  and 
committed e f f e c t i v e  dose equivalent  from ingested and inhaled 
radionucl ides.  

**Occasional exposure impl ies  exposure over a few years w i th  the proviso 
t h a t  over a 1 i fetime the average exposure does no t  exceed 100 mrem 
( 1 mSv) per year (ICRP-39). 

CONCENTRATION GUIDES 

ICRP-30 l i s t s  Derived A i r  Concentrations (DAC) and Annual L im i t s  o f  In take 
(ALI ) .  The ALI i s  the secondary l i m i t  and can be used w i t h  assumed breathing 
r a t e s  and ingested volumes t o  ca l cu la te  concentrat ion guides. The concentrat ion 
guides (CG's) i n  Table D-1 were der ived i n t h i s  manner and y i e l d  the committed 
e f f e c t i v e  dose equivalent  (50 year) o f  100 mremlyr f o r  members o f  the pub l ic .  

EPA D R I N K I N G  WATER GUIDE 

I n  40 CFR 141 the  EPA se t  a l lowable concentrat ions f o r  continuous con- 
t r o l l e d  releases o f  rad ionuc l ides t o  d r i n k i n g  water sources. Any s ing le  or  
combination o f  beta and gamma emi t te rs  should no t  lead t o  exposures exceeding 
4 mrem/yr. For t r i t i u m  t h i s  i s  20,000 pCi/L (740 BqIL) and f o r  strontium-90 
i s  8 pCi IL  (0.3 BqIL). 
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TABLE D.1. Continued 

Sampl i ng Sampl e Count MDC as 
Nucl i d e  Frequency Locat ions  Size T i  me Concentrat ion Guide* MDC % CG 

Noble Gas T r i t i u m  i n  A i r  - m3 Minutes ~ ~ / m ~  nci lm3 m ~ ~ l r n 3  

H-3 l l w k  17 5 200 7000 190 148 2E-3 

Kr-85 l l w k  17 0.4 200 1E5 3000 148 2E-4 

Xe- 133 l l w k  17 0.4 200 . 2E4 480 148 7E-4 

Xe- 135 l l w k  17 0.4 200 2E3 6 0 148 7E-3 

Water Survei 11 ance Network (LTHMP) L i t e r s  Minutes BqIL pCi /L  BqIL 

0 H-3 I l/mo a1 1 1 200 7E2 2E4 12 1.7 
W 

H-3 (En r i ch )  l lmo  a1 1 0.1 200 7E2 2E4 0.37 5E-2 

Sr -89 1 s t  t ime a l l  1 

Sr-90 1 s t  t ime a l l  1 

Cs-137 l imo a1 1 1 

Ra-226 1 s t  t ime  a l l  

U-234 1 s t  t ime a l l  

U-235 1 s t  t ime a l l  

U-238 1 s t  t ime a l l  

Pu-238 1 s t  t ime a l l  1000 10 400 0.003 0.03 
(cont inued)  
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APPENDIX E 

DATA SUMMARY FOR THE M O N I T O R I N G  NETWORKS 

TABLE E.1. SUMMARY OF ANALYTICAL RESULTS FOR A I R  SURVEILLANCE NETWORK 
CONTINUOUSLY OPERATING STATIONS - 1987 

SAMPLING LOCATION 

RADIOACTIVITY CONC. 
NO. D A Y S  ( p ~ i / m 3 )  
DETECTED R A D I O -  ....................... 
/SAMPLED NUCLIDE MAX M I N  AVG* 

DEATH VALLEY JCT CA 

FURNACE CREEK CA 

SHOSHONE CA 

ALAMO NV 

AUSTIN NV 

BEATTY NV 

STONE C A B I N  RANCH NV 

ELY NV 

GOLDFIELD NV 

GROOM LAKE NV 

H I K O  NV 

I N D I A N  SPRINGS NV 

LAS VEGAS NV 

LATHROP WELLS NV 

NYALA NV 

- 

0.31 0.025 

0.22 0.092 

0.17 0.041 

0.19 0.070 

0.41 0.026 

0.23 0.040 

0.29 0.012 

0.28 0.030 

0.31 0.023 

0.11 0.027 

0.29 0.030 

0.32 0.035 

0.18 0.067 

0.14 0.057 

0.60 0.028 

( CONTI NUED 1 



TABLE  E. 1 .' CONTINUED 

SAMPLING LOCATION 

R A D I O A C T I V I T Y  CONC. 
NO.  D A Y S  ( p ~ i  /m3 
DETECTED RADIO-  ....................... 
ISAMPLED NUCL IDE  MAX M I N  AVG* 

OVERTON NV 

PAHRUMP NV 

P IOCHE NV 

SCOTTY ' S J C T  NV 

SUNNYSIDE NV 

RACHEL NV - ROBINSON T R A I L E R  P 

TONOPAH NV 

TTR NV 

F A L L I N I ' S  ( T W I N  SPGS) RANCH NV 

CEDAR C I T Y  U T  

DELTA  U T  

M ILFORD U T  

S T  GEORGE U T  

S A L T  LAKE C I T Y  U T  

* AVERAGE MEANS T I M E  WEIGHTED AVERAGE OVER SAMPLING T I M E .  

THE FOLLOWING STAT IONS HAD N E G L I G I B L E  GAMMA-SPECTRA: 
CURRANT NV - BLUE EAGLE RANCH 



TABLE E.2. SUMMARY OF ANALYTICAL RESULTS FOR AIR SURVEILLANCE NETWORK 
STANDBY STATIONS OPERATED 1 OR 2 WEEKS PER QUARTER - 1987 

SAMPLING LOCATION 

RADIOACTIVIJY CONC. 
NO. DAYS (pCi/m ) 
DETECTED RADIO- ....................... 
ISAMPLED NUCLIDE MAX M I  N AVG* 

KINGMAN AZ 2.0126.2 7BE 0 ..8 1 0 .81  0.062 

WINSLOW AZ 2.0128.0 7BE 0.49 0.49 0.035 

YUMA AZ 2.1137.6 7 BE 0.32 0.32 0.017 

LITTLE ROCK AR 2.2/28.2 7BE 0.39 0.39 0.030 

BAKER CA 3.0129.0 7BE 1.5 1.5 0.15 

BISHOP CA 4.0124.1 7BE 0.46 0.46 0.077 

RIDGECREST CA 2.1133.6 7BE 0.41 0 .41  0.025 

DENVER CO 3.0128.1 7B E 0.34 0.34 0.036 

GRAND JUNCTION CO 2.1130.2 7BE 0.38 0.38 0.027 

IOWA CITY I A  3.0134.7 7BE 0.67 0.67 0.057 

MONROE LA 2.0127.9 7BE 0.68 0.68 0.049 

ST JOSEPH MO 8.8135.3 7BE 0.29 0.29 0.071 

KALISPELL MT 3.0128.1 7BE 0.63 0.63 0.066 

ADAVEN ( CANFI EL0 ' S RANCH) NV 1.8137.1 

CRYSTAL NV 1.1123.3 

CALIENTE NV 24.41135.7 

CURRIE NV 3.0128.6 

LOVELOCK NV 2.0126.7 

LUND NV 3.1126.3 

W INNEMUCCA NV 3.1130.2 

ALBUQUERQUE KM 2.0128.6 0.57 0.040 
(CONTINUED) 



TABLE  E.2.  CONTINUED 

SAMPLING LOCATION 

R A D I O A C T I V I T Y  CONC . 
NO. DAYS ( p C i  /m3 ) 
DETECTED RAD I 0- ....................... 
ISAMPLED NUCL IDE  MAX M I N  AV G* 

CARLSBAD NM 

MUSKOGEE OK 

MIDLAND TX 

BRYCE CANYON U T  

PAROWAN U T  

WENDOVER U T  

*AVG MEANS TIME-WEIGHTED AVERAGE OVER SAMPLING T IME .  

THE FOLLOWING STAT IONS HAD N E G L I G I B L E  GAMMA-SPECTRA: 

GLOBE AZ 
TUCSON A Z  
ALTURAS CA 
C H I C 0  CA 
I N D I O  CA 
LONE P I N E  CA 
NEEDLES CA 
SANTA ROSA CA 
CORTEZ CO 
MOUNTAIN HOME I D  
NAMPA I D  
POCATELLO I D  
FORT DODGE I A  
DODGE C I T Y  K S  
M I N N E A P O L I S  MN 
CLAYTON MO 
J O P L I N  MO 
GREAT F A L L S  M T  

M I L E S  C I T Y  MT 
BISMARK ND 
FARGO ND 
W I L L I S T O N  ND 
NORTH P L A T T E  NE 
SHIPROCK NM 
AMARGOSA FARM AREA NV 
B A T T L E  MOUNTAIN NV 
BLUE J A Y  NV 
CLARK S T A T I O N  NV 
CURRANT NV - ANGLE WORM RANCH 
DUCKWATER NV 
E L K 0  NV 
EUREKA NV 
FALLON NV 
GEYSER RANCH NV 
MESQUITE NV 
RENO NV 

ROUND MOUNTAIN NV 
WARM SPRINGS NV 
WELLS NY 
MEDFORD OR 
BURNS OR 
R A P I D  C I T Y  SD 
AMARILLO TX 
A U S T I N  TX 
TYLER TX 
ENTERPRISE U T  
GARRISON U T  
LOGAN U T  
VERNAL U T  
SEATTLE WA 
SPOKANE WA 
ROCK SPRINGS WY 
WORLAND WY 



TABLE E.3. 1987 SUMMARY OF GROSS BETA ANALYSES FOR A I R  SURVEILLANCE NETWORK 

SAMPLING LOCATION 

NO. 
DAYS 

SAMPLED 

RADIOACTIVITY CONC. 
( p ~ i  /m3) ....................... 

MAX M I N  A V G  

SHOSHONE CA 347.6 0.030 0.00052 0.0090 

LAS VEGAS NV 361.5 0.026 0.00023 0.0090 

DELTA UT 355.2 0.030 0.00024 0.0097 

MILFORD UT 336.9 0.053 0.00030 0.010 

ST GEORGE UT 365.9 0.037 0.00020 0.0091 



TABLE  E.4.  SUMMARY OF PLUTONIUM CONCENTRATIONS A T  SELECTED A I R  
SURVEILLANCE NETWORK STAT IONS - 1 9 8 7  

R A D I O A C T I V I T Y  CONC. 
NO. ( a c i / r n 3 ) *  PERCENT 

SAMPLING DAYS RADIO- ....................... CONC. 
LOCATION SAMPLED NUCLIDE MAX M I N  AVG GUIDE  

BISHOPIRIDGECREST,  CA 5 7 . 7  2 3 8 P U  12 -8 .5  0 . 3 6  ~ 0 . 0 1  
5 7 . 7  2 3 9 P U  7 . 2  - 5 . 3  2 . 4  0.01 

DENVERICORTEZ, CO 5 7 . 2  
5 7 . 2  

NAMPAIMOUNTAIN HOME, I D  5 7 . 5  
5 7 . 5  

CLAYTONIJOPL IN ,  MO 3 7 . 2  
3 7 . 2  

GREAT F A L L S I M I L E S  C I T Y ,  6 0 . 2  
M T 60.2 

L A S  VEGAS, NV 

LATHROP WELLS, NV 360.9 
360.9 

RACHEL, NV - ROBINSON 
T R A I L E R  P 

B I SMARCKI FARGO, ND 

BURNSIMEDFORD, OR 
OR 

A U S T I N I A M A R I L L O ,  TX 

LOGANIVERNAL , U T  -11 (0.01 
-4.8 (0.01 

(CONTINUED) 



TABLE E.4. CONTINUED 

RADIOACTIVITY CONC. 
NO. (ac i /m3)*  PERCENT 

SAMPLING DAYS RADIO- ....................... CONC. 
LOCATION SAMPLED NUCLIDE MAX MIN AVG GUIDE 

SALT LAKE CITY, UT 338.1 238PU 16 -7.6 -0.023 (0 .01 
338.1 239PU 3.5 -4.6 -0.70 (0.01 

SEATTLEISPOKANE, WA 56.0 238PU 11 -7.6. -0.39 (0.01 
56.0 239PU 4.3 -1.7 2.3 0 .01 

WORLANDIROCK SPRINGS, WY 55.7 238PU 4.9 -5.6 -0.40 (0.01 
55.7 239PU 6.9 -4.0 0.60 (0.01 

*ALL RESULTS LESS THAN MDC. DEPENDING UPON GEOMETRY OF ANALYSIS AND COUNTING 
TIMES, MDC'S VARIED FROM -0.09 t o  48 ac i lm3.  



TABLE E.5.  SlJMMARY OF ANALYTICAL RESULTS FOR THE NOBLE GAS AND 
TRITIUM SURVEILLANCE NETWORK - 1987 

NUMBER RADIOACTIVI Y CONC. 
SAMPLES ( p ~ i / m  3 I* ----------------------- PERCENT 

SAMPLING POSITIVE1 CONC. 
LOCATION NEGATIVE RADIONUCL I D E  MAX M I N  AVG GUIDE' 

MAMMOTH LAKES 2212 85KR 29 2 2 2 6 0.03 
CALIF. 24/0 133XE 8.3 -6.2 1.5 <O .01 

SHOSHONE, 501 2 85KR 3 1 19 26 0.03 
CALIF. 501 2 133XE 7.1 -7.8 0.77 <0.01 

491 0 3H I N  ATM. M.* 0.65 -0.37 0.095 - 
4910 3H AS HTO I N  A I R  6.7 -5.3 0.63 (0.01 

ALAMO , 
NEV. 

85KR 
133XE 

3H I N  ATM. M.* 
3H AS HTO IN A I R  

AUSTIN, 
NEV. 

85KR 
133XE 

3H I N  ATM. M.* 
3H AS HTO I N  A I R  

BEATTY, 
NEV. 

85KR 
133XE 

3H I N  ATM. M.* 
3H AS HTO I N  A I R  

CALI ENTE , 
NEV. 

3H I N  ATM. M.* 
3H AS HTO I N  A I R  

ELY, 
NEV. 

85KR 
133XE 

3H I N  ATM. M.* 
3H AS HTO I N  A I R  

GOLDFIELD, 421 10 85KR 29 2 1 
NEV. 471 5 133XE 26 - 16 

461 3 3H I N  ATM. M.* 0.65 -0.87 
4613 3H AS HTO I N  A I R  3.9 -3.4 

INDIAN SPRINGS, 42111 ~ S K R  34 20 
NEV . 44/ 9 133XE 2 7 -7 .O 

4910 3H I N  ATM. M.* 0.64 -0.33 
4910 3HASHTO I N  A I R  8.4 -2.3 

( CONTINUED) 



TABLE  E . 5 .  CONTINUED 

NUMBER 
SAMPLES 

SAMPLING P O S I T I V E 1  
LOCATION NEGATIVE  RADIONUCL IDE  

RAD I OACTI  V I TY CONC . 
( p c i / m 3 ) * -  ----------------------- PERCENT 

CONC. 
MAX MIN AVG GUIDE+ 

L A S  VEGAS, 4 7 1 5  
NEV. 4814 

4 9 1 0  
4910 

8 5 K R  
1 3 3 X E  

3 H  I N  ATM. M.* 
3 H  AS HTO I N  A I R  

LATHROP WELLS, 4616 
N EV. 4418 

4 7 1 2  
4 7 1 2  

8 5 K R  
1 3 3 X E  

3 H  I N  ATM. M.* 
3 H  AS HTO I N  A I R  

OVERTON, 4 7 1 5  
NEV. 4814 

4 7 1 2  
4 7 1 2  

8 5 K R  
1 3 3 X E  

3 H  I N  A m .  M.* 
3 H  AS HTO I N  A I R  

PAHRUMP , 5 0 1  1 
NEV. 491 2 

4910 
4910 

8 5 K R  
1 3 3 X E  

3 H  I N  ATM. M.* 
3 H  AS HTO I N  A I R  

P I OCHE, 910 
NEV. 910 

481 1 
4.81 1 

8 5 K R  
1 3 3 X E  

3 H  I N  ATM. M.* 
3 H  AS HTO I N  A I R  

RACHEL, 441 7 
NEV. . 4 7 1 4  

4613 
4 6 1 3  

8 5 K R  
1 3 3 X E  

3 H  I N  ATM. M.* 
3 H  AS HTO I N  A I R  

TONOPAH, 4516 
NEV. 4318 

481 1 
481 1 

8 5 K R  
1 3 3 X E  

3 H  I N  ATM. M.* 
3 H  AS HTO I N  A I R  

CEDAR C I T Y ,  42/10 
UTAH 4418 

481 1 
481 1 

8 5 K R  
1 3 3 X E  

3 H  I N  ATM. M.* 
3 H  AS HTO I N  A I R  

( CONTINUED) 



T A B L E  E . 5 .  CONTINUED 

NUMBER a ? A D I O A C T I V I T Y  CONC. 
SAMPLES ( p ~ i / r n 3 ) *  PERCENT 

S A M P L I N G  P O S I T I V E 1  ....................... CONC. 
L O C A T I O N  N E G A T I V E  R A D I O N U C L I D E  MAX M I N  AVG G U I D E t  

- -- 

S T  GEORGE, 41/ 10 8 5 K R  3 1 2 0 2 5  0.02 
U T A H  42/9 1 3 3 X E  13 -11 0 . 4 1  < 0 . 0 1  

4 1/8 3 H  I N  ATM. M.* 0.69 - 0 . 3 5  0.078 - 
4118 3 H A S H T O I N A I R  6 . 1  -3.1 0.60 < 0 . 0 1  

S A L T  L A K E  C I T Y ,  4319 3 H  I N  ATM. M,* 0 . 6 5  - 0 . 8 7  0.12 - 
U T A H  4319 3 H  A S  HTO I N  A I R  4.8 -8.9 0 . 7 0  < 0 . 0 1  

* CONCENTRATIONS O F  T R I T I U M  I N  ATMOSPHERIC M O I S T U R E  (ATM.  M. )  ARE EXPRESSED A S  
p C i  P E R  M L  O F  WATER COLLECTED.  

+ CONCENTRATION G U I D E S  USED ARE FOR EXPOSURE T O  A S U I T A B L E  SAMPLE OF T H E  
P O P U L A T I O N  I N  AN UNCONTROLLED AREA. 



T A B L E  E .6 .  LTHMP T R I T I U M  R E S U L T S  FOR T H E  MONTHLY N T S  NETWORK FOR 1 9 8 7  

S A M P L I N G  
L O C A T I O N  

T R I T I U M  CONCENTRATION 
( p C i / L )  PERCENT 

NO. - - - - - - - - - - - - - - - - - - -me- - - -  CONC. 
SAMPLES MAX M I  N AVG G U I D E  

WELL 1 ARMY 

WELL 2 

WELL 3 

WELL 4 

WELL 4 C P - 1  

WELL 5C 

WELL 8 

WELL 20 

WELL A 

WELL B T E S T  

WELL C 

WELL 5-13 

WELL U 1 9 C  

WELL U E 7 N S  

WELL U E l 8 R  



TABLE  E.7. T R I T I U M  RESULTS FOR THE LONG-TERM HYDROLOGICAL MONITORING 
PROGRAM - 1 9 8 7  

COLLECTION CONC. + 2 SIGMA P C T  OF 
DATE  T R I T I U M  CONC. 
1987 ( p C i / L )  GU IDE  SAMPLING LOCAT ION 

NEVADA T E S T  S I T E  NETWORK 

SHOSHONE, CA 
SHOSHONE SPRING 

ADAVEN, NV 
ADAVEN SPRING 

ALAMO, NV 
WELL 4 C I T Y  

ASH MEADOWS, NV 
CRYSTAL POOL 

F A 1  RBANKS SPRINGS 

WELL 1 7 s - 5 0 E - 1 4 C A C  -4.2 + 8.6* 
86 + ZOO* 

WELL 1 8 s - 5 1 E - 7 D B  

BEATTY, NV 
S P E C I E  SPRINGS 

T O L I C H A  PEAK 

U SECOLOGY 01/06 

WELL 1 1 s - 4 8 - 1 D D  COFFERS 021 18 
07/09 

WELL 12s -47E-7DBD C I T Y  031 12 
081 12 

WELL ROAD D S P I C E R S  -1 .7  + 8.3* <0.01 
-89 + ZOO* < 0 . 0 1  

( CONTINUED 1 



TABLE E.7. CONTINUED 

COLLECTION CONC. 2 2 SIGMA PCT OF 
DATE T R I T I U M  CONC . 
1987 ( p C i / L )  GU IDE  SAMPLING LOCATION 

BEATTY,  NV 
YOUNGHANS RCH 

BOULDER C I T Y  NV 
LAKE MEAD I N T A K E  

CLARK STAT ION NV 
WELL 6 TTR 

H I K O  NV 
CRYSTAL SPRINGS 

I N D I A N  SPRINGS NV 
WELL 1 SEWER COMPANY 

WELL 2 U S  A I R  FORCE 

L A S  VEGAS, NV 
WELL 28 WATER D I S T R I C T  

LATHROP WELLS, NV 
C I T Y  15s -50E-18CDC 

NYALA,  NV 
SHARP ' S RANCH 

O A S I S  VALLEY, NV 
GOSS SPRINGS 

PAHRUMP, NV 
WELL 3 CALVADA 

RACHEL, NV 
H E I Z E R '  S COMPLEX 061 16 31 + 8 0.2 (1) 

( CONTINUED) 



T A B L E  E .7 .  CONTINUED 

C O L L E C T I O N  C O N C . 5 2  S I G M A  P C T O F  
D A T E  T R I T I U M  CONC. 
1 9 8 7  ( p C i / L )  G U I D E  S A M P L I N G  L O C A T I O N  

RACHEL, NV 
WELLS 7 AND 8 PENOYER 

WELL 13 PENOYER 

WELL PENOYER C U L I N A R Y  

T E M P I U T E ,  NV 
U N I O N  C A R B I D E  WELL 

TONOPAH, NV 
C I T Y  WELL 

WARM SPRINGS,  NV 
T W I N  S P R I N G S  RANCH 

NTS,  NV 
WELL 5 B  

WELL C - 1  

WELL D T E S T  

WELL U E l C  

WELL U E 1 5 D  

WELL U E 1 6 D  

( C O N T I N U E D )  



TABLE E.7 .  CONTINUED 

COLLECTION CONC. t 2 SIGMA PCT O F  
DATE T R I T I U M  CONC. 
1 9 8 7  ( p C i / L )  GUIDE SAMPLING LOCATION 

BACKGROUND SAMPLES - AMCHITKA, AK 

AMCHITKA AK 
CLEVENGER LAKE 

CONSTANTINE SPRING 

DUCK COVE CREEK 

JONES LAKE 

R A I N  SAMPLE 

S I T E  D HYDRO EXPLORE HOLE 

WELL ARMY 1 

WELL ARMY. 2 

WELL ARMY 4 

PROJECT C A N N I K I N  - AMCHITKA, AK 

AMCHITKA AK 
C A N N I K I N  L A K E  ( NORTH .END) 

C A N N I K I N  LAKE (SOUTH END) 

DECON POND 

DECON SUMP 

DK-45  LAKE 

I C E  BOX LAKE 

P I T  SOUTH OF C A N N I K I N  GZ 

WELL HTH-3 

WHITE  A L I C E  CREEK 0 . 2  
( CONTINUED) 



Pacific Ocean 

Scale In M ~ l e s  

0 5 10 
Scale In K~lometers 

@surface Ground Zero 
Base Camp Area 

0 Sampling Locations & 

- - cM.chh*-hc 
Bering Sea 

- -- - -- - 

Figure E-1. Amchitka Island and background sampling locations for the LTHMP. 



@surface Ground Zero 

Sampling Locations 

Figure  E-2. LTHMP sampl ing l o c a t i o n s  f o r  P r o j e c t  Cannikin.  

E-17 



T A B L E  E . 7 .  CONTINUED 

S A M P L I N G  L O C A T I O N  

COLLECTION CONC. + 2 S IGMA P C T  OF 
D A T E  T R I T I U M  CONC. 
1 9 8 7  ( p C i / L )  G U I D E  

PROJECT LONGSHOT - AMCHITKA, AK 

A M C H I T K A  AK 
LONG SHOT POND 1 

LONG SHOT POND 2 08/28 2 8  2 8 0.1 

LONG SHOT POND 3 08/28 41 5 8 0.2 

MUD P I T  N O . l  08/28 2 5 0  2 9 1 

MUD P I T  N0.2  08/ 2 8  310 2 9 2 

MUD P I T  N 0 . 3  08/28 4 7 0  2 10 2 

REED POND 0 8 / 2 8  28 2 8 0.1 

STREAM E A S T  O F  LONGSHOT 0 8 / 2 8  2 3 0  2 9 1 

WELL E P A - 1  081 2 8  6 7  2 10 0 . 3  

WELL GZ NO. 1 

WELL GZ NO. 2 

WELL WL-2 

PROJECT MILROW - AMCHITKA.  AK 

AMCHITKA K 
CLEVENGER CREEK 

HEART L A K E  

WELL W-2 

WELL W-3 

WELL W-4 

WELL W-6 

WELL W-7 

( CONTINUED ) 
E- 18 



@surface Ground Zero ". \Clevenger Creek \& 
Sampling Locations 

\ ; e  

Figure E-3. LTHMP sampling locations for Projects Milrow and Long Shot. 
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TABLE E.7. CONTINUED 

SAMPLING LOCATION 

COLLECTION CONC. + 2 SIGMA PCT OF 
DATE TRITIUM CONC. 
1987 (pCi /L)  GUIDE 

PROJECT MILROW - AMCHITKA, AK (CONT) 

AMCHITKA K 
WELL W-8 

WELL W-10 08/27 33 * 9 

WELL W-11 08/27 100 * 9 

WELL W- 13 08/27 53 + 8 

WELL W-14 08/27 18 + 8 

WELL W-15 08/27 18 2 8 

\ . ~  WELLS W-5, W-9, W-12 AND 
W-16, to W-19 NOT SAMPLED 

PROJECT R I O  BLANCO - COLORADO 

R I O  BLANCO CO 
B-1 EQUITY CAMP 

BRENNAN WINDMILL 07/26 11 i 8* 0.05 

CER N O . l  BLACK SULPHUR 

CER N0.4 BLACK SULPHUR 

FAWN CREEK 1 07/26 70 i 18 0.4 

FAWN CREEK 3 071.26 56 k 7 0.3 

FAWN CREEK 6800FT UPSTR 07/26 62 i 8 0.3 

FAWN CREEK 500FT UPSTRE 07/26 6 1  i 7 0.3 

FAWN CREEK 500FT DOWNST 07/26 1 2 0 k 8  ' 0.6 

FAWN CREEK 8400FT DOWNS 07/26 56 i 8 0.3 

WELL JOHNSON ARTESIAN 07/26 3.6 2 8.3* 0.2 

(CONTINUED) 
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r 500' Upstream 

Fawn Cr 6800' Fawn Cr No 3 

RIO Blanco County - - - - - - - -  -- 
Garf~eld County 

0 
Scale In M~tes --------- 

Colorado RIO Blanco County 
0 

Scale In K~tometers 
8 

@ Surface Ground Zero 0 Water Well 

Anestan Well A Spring Locat~on Maps 

0 W~ndmtll Stream 

Figure E-4. LTHMP sampling l o c a t i o n s  f o r  P r o j e c t  Rio Blanco. 
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T A B L E  E .7 .  CONTINUED 

COLLECTION CONC. 2 2 SIGMA P C T  O F  
DATE T R I T I U M  CONC. 

SAMPLING LOCATION 1 9 8 7  ( p C i / L )  GU IDE  

PROJECT R I O  BLANCO - COLORADO (CONT)  

R I O  BLANCO CO 
WELL RB-D-01 

WELL RB-D-03 

WELL RB-S-03 

PROJECT RUL ISON - COLORADO 

GRAND VALLEY,  CO 
BATTLEMENT CREEK 

C I T Y  SPRINGS 

ALBERT GARDNER RANCH 

SPRING 300 YRDS NW OF  G 

WELL CER T E S T  

RULISON,  CO 
L E E  HAYWARD RANCH 

POTTER RANCH 

ROBERT SEARCY RANCH 

F E L I X  SEFCOVIC RANCH 

PROJECT D R I B B L E  - M I S S I S S I P P I  

B A X T E R V I L L E ,  MS 
H A L F  MOON CREEK 

H A L F  MOON CREEK OVERFLOW 

LOWER L I T T L E  CREEK 

POND WEST OF  GZ 

39 + 8 0 . 2  
48 + 8 0.2 

46 + 8 0.2 
3 6  + 8 0.2 

5 3  + 8 0 . 3  

34 + 8 0 . 2  
41 + 8 0 . 2  

( CONTINUED) 



G. Schwab Potter Rifle 
Rn. 

~ ~ e f c o v i c  Rn. 
.--4 

-. Hayward Rn. 
I 1 ' Battlement Creek ** .' 8h;;;t we11 Gardner 

Rn* Spring 

I 

F igu re  E-5. LTHMP sampl ing l o c a t i o n s  f o r  P r o j e c t  Ru l i son .  
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@ Surface Ground Zero County 
Water Sampling Locations ~ocation Maps 5/88 
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Well Ascot 2. 

Scale in Miles 

0 0 I 
N 
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Scale in Kilometers 

@ Surface Ground Zero 

Water Sampling Locations 

Figure E-6. LTHMP sampling l oca t i ons  f o r  P ro j ec t  Dr ibb le  - 
towns and residences. 



T A B L E  E . 7 .  CONTINUED 

S A M P L I N G  L O C A T I O N  

C O L L E C T I O N  CONC. 2 2 S I G M A  P C T  O F  
D A T E  T R I T I U M  CONC. 
1 9 8 7  ( p C i / L )  G U I D E  

B A X T E R V I L L E ,  MS 
REECO P I T  D R A I N A G E  A 

REECO P I T  D R A I N A G E - B  0 5 / 0 6  ' 7 8 0 0  + 2 6 0  40 

REECO P I T  D R A I N A G E - C  0 5 / 0 6  5 5 0  k 10 3 

S A L T  DOME H U N T I N G  C L U B  0 5 / 0 7  44 + 8 0.2 ( 6 )  

S A L T  DOME T I M B E R  CO. 

ANDERSON, B .  R. 

ANDERSON, H. 

ANDERSON, R. L. 

C H A M B L I S S ,  B.  

D A N I E L S ,  W. J R .  

K E L L Y ,  G. 

K I N G ,  RHONDA 

L E E ,  P .  T. 

M I L L S ,  A.  C. 

M I L L S ,  R. 

READY, R. 

S A U C I E R ,  T. S.  

WELL ASCOT 2 

WELL C I T Y  

WELL E - 7  

0.2 

0.04 

0.1 ( 7 )  

0.2 

(0.01 

0.2 

0.4 

0.2 

0.2 

0.2 

0.06 

( C O N T I  NU ED)  



. 

HMH-8  
HMH-7. Lamar 

I I 
Scale in Feet County 

0 100 200 300 

N 
0 50 100 Mississippi 

Scale in Meters 

@ Surface Ground Zero 
a Water Sampling Locations u 

Location Maps 5/88 

F igu re  E-7. LTHMP sampling l o c a t i o n s  f o r  P r o j e c t  D r i b b l e  - near GZ. 
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T A B L E  E . 7 .  CONTINUED 

SAMPLING LOCATION 

COLLECTION CONC. + 2 SIGMA PCT OF 
DATE T R I T I U M  CONC. 
1 9 8 7  ( p C i / L )  GU IDE  

PROJECT D R I B B L E  - M I S S I S S I P P I  (CONT)  

BAXTERVILLE ,  MS 
WELL HM-1 0 5 / 0 7  - 0 . 6 3  2 9 .1 "  (0.01 

0 5 / 0 7  - 1 .6  2 l o *  cO.01 

WELL HM-2A 

WELL HM-2B 

WELL HM-3 

WELL HM-L 

WELL HM-L2 

WELL HM-S 

WELL HMH-1 0 5 / 0 6  23000 2 360 100 

WELL HMH-2 

WELL HMH-3 

WELL HMH-4 

WELL HMH-5 

WELL HMH-6 

WELL HMH-7 

WELL HMH-8 

WELL HMH-9 

WELL HMH-10 



Scale in Feet 

Scale in Meters 

$ Surface Ground Zero 

Well HT-2C 

Figure  E-8. LTHMP sampling l o c a t i o n s  f o r  P r o j e c t  D r i b b l e  - near S a l t  Dome. 
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T A B L E  E . 7 .  CONTINUED 

SAMPLING L O C A T I O N  

COLLECTION CONC. + 2 SIGMA P C T  OF 
D A T E  T R I T I U M  CONC. 
1 9 8 7  ( p C i / L )  G U I D E  

PROJECT D R I B B L E  - M I S S I S S I P P I  (CONT)  

B A X T E R V I L L E ,  MS 
WELL HMH-11 

WELL HT-2C 0 5 / 0 8  2 7  2 8 0.1 

WELL H T - 4  0 5 / 0 7  22 2 8 0.1 

WELL H T - 5  

COLUMBIA,  MS 
WELL 6 4 8  C I T Y  

LUMBERTON MS 
WELL 2 C I T Y  

P U R V I S  MS 
C I T Y  SUPPLY 

PROJECT F A U L T L E S S  - NEVADA 

B L U E  J A Y  NV 
HOT CREEK RANCH S P R I N G  

M A 1  NTENANCE S T A T 1  ON 

WELL B I A S  

' WELL H T H - 1  

WELL HTH-2  

(CONTINUED)  



Nevada , 
County 

\j Location Maps 

-. I"' -\*- 
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I '\ 0 
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I 
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(Blue Jay Springs) 
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Figure E-9. LTHMP sampling locat ions f o r  Project  Fault less.  
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T A B L E  E . 7 .  CONTINUED 

S A M P L I N G  L O C A T I O N  

C O L L E C T I O N  CONC. + 2 S I G M A  P C T  OF 
D A T E  T R I T I U M  CONC. 
1 9 8 7  ( p C i / L )  G U I D E  

P R O J E C T  SHOAL - NEVADA 

FRENCHMAN S T A T I O N  NV 
H U N T ' S  S T A T I O N  

S M I T H /  JAMES SP RGS 

S P R I N G  W I N D M I L L  

WELL FLOWING 

WELL H S - 1  

P R O J E C T  GASBUGGY - NEW M E X I C O  

GOBERNADOR NM 
ARNOLD RANCH 

B I X L E R  RANCH 

B U B B L I N G  S P R I N G S  

C A V E  S P R I N G S  

CEDAR S P R I N G S  

L A  J A R A  CREEK 

W E L L  EPNG 10-36 

WELL J I C A R I L L A  1 

.WELL 28.3.33.233 ( S O )  

POND 30.3.32 ( N O )  

W I N D M I L L  2 

( C O N T I N U E D )  
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F igu re  E-11. LTHMP sampling l o c a t i o n s  f o r  P r o j e c t  Gasbuggy. 
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Figure E-12. LTHMP sampling locations for Project Gnome. 
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TABLE  E.7. CONTINUED 

SAMPLING LOCATION 

COLLECTION CONC. + 2 SIGMA PCT OF 
DATE T R I T I U M  CONC. 
1987 ( p C i / L )  GU IDE  

PROJECT GNOME - NEW MEXICO 

CARLSBAD, NM 
WELL 7 C I T Y  

LOVING, NM 
WELL 2 C I T Y  

MALAGA, NM 
WELL 1 PECOS PUMPING S T  

WELL LRL -7  

WELL PHS 6 

WELL PHS 8 

WELL PHS 9 

WELL PHS 10 

WELL USGS 1 

WELL USGS 4 

WELL USGS 8 

* CONCENTRATION I S  L E S S  THAN THE MIN IMUM DETECTABLE CONCENTRATION (MDC).  

FOOTNOTES 

A N A L Y S I S  RESULT 2SIGMA U N I T S  
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FOOTNOTES ( CONT) 

ANALYSIS  RESULT 2SIGMA U N I T S  

( CONTINUED) 
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ANALY Sl S 

FOOTNOTES ( CONT) 

R E S U L T  2 S I G M A  U N I T S  



TABLE  E.8.  SUMMARY OF ANALYT ICAL  RESULTS FOR THE 
M I L K  SURVEILLANCE NETWORK - 1 9 8 7  

R A D I O A C T I V I T Y  CONC. 
( p C i / L )  

NO. OF RADIO-  ........................ 
SAMPLES NUCL IDE  MAX M I N  AVG 

SAMPLING 
LOCATION 

H INKLEY,  CA, 
B I L L  NELSON D A I R Y  

RIDGECREST, CA, 
CEDARSAGE FARM 

AUST IN ,  NV, 
YOUNG ' S RANCH 

CURRANT, NV, 
BLUE EAGLE RANCH 

CURRANT, NV, 
MANZONIE RANCH 

DYER, NV, 
OZEL LEMON 

GOLDFIELD,  NV, 
FRAYNE RANCH 

L A S  VEGAS, NV, 
H E I N  HETT INGA DRY ( L D S )  

LATHROP WELLS, NV, 
JOHN DEER RANCH 

LOGANDALE, NV, 
KNUDSEN D A I R Y  

LUND, NV, 
MCKENZSE D A I R Y  

- 180 14 
1.7 2 .O 
0.0051 0.20 

(CONTINUED 



T A B L E  E .8. CONTINUED 

R A D I O A C T I V I T Y  CONC. 
( p C i / L )  

NO. O F  R A D I O -  ....................... 
SAMPLES N l J C L I D E  MAX M I  N AVG 

SAMPL I NG 
L O C A T I O N  

M C G I L L ,  NV,  
L A R S E N  RANCH 

MESQUITE,  NV, 
SPEDA BROTHERS D A I R Y  

MOAPA, NV,  
ROCKVIEW D A I R I E S ,  I N C  

NYALA,  NVy 
S H A R P ' S  RANCH 

C A L  I E N T E ,  NV , 
J U N E  COX RANCH 

ROUND MT, NV, 
B E R G ' S  RANCH 

SHOSHONE, NV, 
HARBECKE RANCH 

RACHEL, NV, 
PENOYER FARM 

CEDAR C I T Y ,  U T ,  
B R E N T  JONES D A I R Y  

S T  GEORGE, UT,  
CANNON FARMS 



T A B L E  E . 9 .  A N A L Y T I C A L  RESULTS FOR THE STANDBY M I L K  S U R V E I L L A N C E  
NETWORK - 1 9 8 7  

C O L L E C T I O N  CONC. + 2 S IGMA 
DATE 3 H  8 9 S R  9 0 S R  

S A M P L I N G  L O C A T I O N  1 9 8 7  ( p C i  / L  ) ( p C i  /L ) ( p C i / L )  

TAYLOR AZ 
S U N R I S E  D A I R Y  

GAMMA SPECTROMETRY AND RADIOCHEMICAL ANALYSES 

TUCSON AZ-SHAMROCK FOODS- 08/10 7 8  + 2 7 0 "  -1.3 + 6.6* 0 . 7 4  + 2 . 1 *  

L I T T L E  ROCK AR 
BORDENS 

R U S S E L L V I L L E  AR 08/03 64 + 280* N A 
ARKANSAS TECH U N I V  

B A K E R S F I E L D  CA 08/ 10 180 + 2 7 0 *  N A 
C A R N A T I O N  D A I R Y  

WEED CA 08/ 10 160 +- 2 6 0 *  0 . 5 6  + 4.4* 0 . 2 5  + 1.4* 
MEDO-BEL CREAMERY 

WILLOWS CA-GLENN M I L K  PRO 08/24 190 +- 280* N A N A 

GRAND J C T  CO 0 7 / 2 3  190 2 2 7 0 *  N A 
COLORADO WEST D A I R I E S  

CANON C I T Y  CO-JUNIPER V A L  08/07 4 3 0  2 230 N A N A 

BURLINGTON I A  0 7 / 2 2  30 2 260* N A N A 
M I S S  V A L L E Y  M I L K  PRO 

DAVENPORT I A  08/ 11 
S W I S S  VALLEY FARMS CO 

ATWOOD KS-ATWOOD-CHEESE C 08/10 2 5 0  2 2 7 0 *  N A N A 

AURORA MO 0 7 / 2 0  170 2 270* N A 
M I D - A M E R I C A  D A I R Y  I N C  

C H I L L I C O T H E  MO 0 7 / 2 1  390 2 240 N A 
M I D - A M E R I C A  DAIRYMEN 



T A B L E  E .9 .  CONTINUED 

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

SAMPLING LOCATION 1 9 8 7  ( p C i / L )  ( p C i / L )  ( p C i / L )  

GAMMA SPECTROMETRY AND RADIOCHEMICAL ANALYSES 

NORFOLK NE  0 7 1  29 210 2 2 7 F  N A 
G I L L E T T E  D A I R Y  

FALLON NV 081 10 N A 0.088 .+ 3 . 9 *  0 . 5 1  + 1 .3*  
CREAMLAND D A I R Y  

E N I D  OK 081 10 180 + 2 7 W  -1.9 + 6 .O* 1 . 6  + 1.8* 
AMP I GOLDSPOT D I V I S I O N  

MCALESTER OK 081 11 2 2 0  2 2 6 0 *  N A N A 
OK STATE P E N I T E N T I A R Y  

C O R V A L L I S  OR 0 7 1  2 7  340 + 2 7 0 *  N A 
SUNNY BROOK D A I R Y  

PROVO U T  081 04 98 + 2 6 6 t  -1.6 + 4.8* 0 . 9 7  + 1 . 5 *  
BYU D A I R Y  PRODUCTS L A B  

SEATTLE WA 081 0 6  210 2 2 8 0 *  N A 
CONSOLIDATED D A I R Y  PROD 

COLLECTION COLLECTION 
DATE  DATE 

SAMPLING LOCAT ION 1 9 8 7  SAMPLING LOCATION 1 9 8 7  ............................................................................... 
POTASSIUM-40 WAS THE ONLY GAMMA EMITTER DETECTED 

AT  THE FOLLOWING LOCAT IONS 

P I M A  AZ 
P I M A  D A I R Y  

08110 B A T E S V I L L E  AR 
H I L L S  VALLEY FOODS 

TEMPE AZ 081 10 F A Y E T T E V I L L E  AR 
U N I T E D  DAIRYMEN O F  A Z  U N I V E R S I T Y  O F  ARK 

081 03 

( CONTINUED) 



TABLE E .9 .  CONTINUED 

COLLECTION COLLECTION 
DATE DATE 

SAMPLING LOCATION 1 9 8 7  SAMPLING LOCATION 1 9 8 7  

POTASSIUM-40 WAS THE ONLY GAMMA EMITTER DETECTED 

AT THE FOLLOWING LOCATIONS 

YUMA AZ-COMBS DAIRY 08/11 LAKE M I L L S  I A  0 7 / 2 8  
LAKE M I L L S  COOP CRMY 

FERNBRIDGE CA 081 11 
HUMBOLDT CREAMERY LEMARS I A  0 7 / 2 7  

WELLS DAIRY 
MANTECA CA-EAST STAR D A I R Y  08/10 

FOSSTON MN 0 8 / 2 6  
MODEST0 CA 08/10 LAND 0 '  LAKES I N C  

FOSTER FARMS DAIRY 
N I C O L L E T  MN 0 8 / 2 6  

OXNARD CA 08/12 DOUG SCHULTZ FARM 
CHASE BROS DAIRY 

ROCHESTER MN 0 8 / 2 6  
REDDING CA 08/10 ASSC M I L K  PRODUCERS 

MCCOLL' S D A I R Y  PROD 
JACKSON MO 0 7 / 2 2  

SAN L U I S  OBISPO CA 08/10 MID-AMERICA DAIRYMEN I N  
CAL STATE POLY 

JEFFERSON C I T Y  MO 0 7 / 2 0  
SEBASTOPOL CA 08/10 CENTRAL DAIRY CO 

WM M I L L E R  DAIRY 
BOZEMAN MT 0 7 / 2 7  

SMITH R I V E R  CA 08/ 10 DARIGOLD FARMS 
COUNTRY M A I D  D A I R Y  

GREAT F A L L S  MT 0 7 / 2 9  
SOLEDAD CA-CORRECTION TRA 08/10 MEADOW GOLD D A I R Y  

TRACY CA 08/12 MISSOULA MT 0 7 / 2 1  
DEUEL VOC I N S T  BEATRICE D A I R Y  PRODUCTS 

COLORADO SPGS CO , 0 7 / 2 9  GD ISLAND NE 0 8 / 0 5  
SINTON D A I R Y  CO MID-AMER DAIRYMN-J IM SA 

FT C O L L I N S  CO 07/22 NO PLATTE NE 071 3 1 
POUDRE VALLEY D A I R Y  MID-AMER DAIRYMEN-R A N 

KIMBALLTON I A  0 7 / 2 7  OMAHA NE 0 9 / 0 2  
AMP1 RECEIV ING STA ROBERTS DAIRY-MARSHALL 

(CONTINUED) 



TABLE E.9. CONTINUED 

COLLECTION COLLECTION 
DATE DATE 

SAMPLING LOCATION 1 9 8 7  SAMPLING LOCATION 1 9 8 7  

POTASSIUM-40 WAS THE ONLY GAMMA EMITTER DETECTED 

AT THE FOLLOWING LOCATIONS 

SUPERIOR NE 08/ 11 MYRTLE POINT OR 
MID-AMER DAIRYMN-D F R I T  SAFEWAY STORES I N C  

LAS VEGAS NV 08 /  10 PORTLAND OR 
ANDERSON DAIRY DARIGOLD FARMS 

RENO NV 
MODEL DAIRY 

YERINGTON NV 
VALLEY DAIRY 

CLAREMORE OK 
SWAN BROS DAIRY 

STILLWATER OK 
OSU DAIRY 

EUGENE OR 
ECHO SPRINGS DAIRY 

GRANTS PASS OR 
VALLEY OF ROGUE DAIRY 

KIAMATH FALLS OR-KLAMATH 

MEDFORD OR 
D A I  RYGOLD FARMS 

MILTON-FREEWATER OR 
PARENTS DAIRY 

08/10 REDMOND OR 
EBERHARD'S CREAMERY I N C  

08/ 12 TILLAMOOK OR 
TILLAMOOK CO CRMY 

08/03 RAPID C I T Y  SD-GILLETTE DA 

BEAVER UTAH-WESTERN DAIRY 
08/03 

RICHFIELD UT 
IDEAL DAIRY 

0 7 / 2 7  
MOSES LAKE WA 

SAFEWAY STORES I N C  
0 7 / 2 7  

SPOKANE WA 
CONSOLIDATED DAIRY 

07/27 
CHEYENNE WY 

0 7 / 2 9  DAIRY GOLD FOODS 

RIVERTON WY-CREME O'WEBER 
0 7 / 2 7  

-- 

* CONCENTRATION I S  LESS THAN THE MINIMUM DETECTABLE CONCENTRATION (MDC) . 



TABLE E .10 .  SUMMARY OF R A D I A T I O N  DOSE EQUIVALENTS FROM TLD DATA - 1 9 8 7  

STAT ION 
LOCATION 

DOSE ANNUAL 
EQUIVALENT RATE DOSE 

MEASUREMENT PERIOD ( rn rem/D)  
----------3------- 

EQUIVALENT 
-c-------------- ---------- 

I S S U E  COLLECT MAX. M I N .  AVG. ( rnrern/Y)  
- 

ALAMO, NV 11/06/86 1 0 / 3 0 / 8 7  0.30 0 . 2 4  0 . 2 7  9 8  

AMERICAN BORATE, NV 

ATLANTA MINE ,  NV 

A U S T I N ,  NV 

BAKER, CA 

BARSTOW, CA 

B A T T L E  MOUNTAIN, NV 

BEATTY , NV 

BISHOP,  CA 

BLUE EAGLE RANCH, NV 

BLUE JAY, NV 

BOULDER, U T  

BRYCE CANYON, U T  

CACTUS SPRINGS, NV 

CAL IENTE ,  NV 

CARP, NV 

CEDAR C I T Y ,  U T  

CHERRY CREEK, NV 

CLARK STATION,  NV 

COALDALE, NV 

COLORADO C I T Y ,  AZ 

0 . 3 5  126 

0 . 2 1  7 8  

0.19 7 1 

0.18 6 4 

0.29 1 0 7  

0.26 9 5 

0.20 7 3 

0.29 1 0 6  

0.29 106 

0 . 2 7  9 9  

0.20 7 5 
(CONTINUED) 



TABLE E.lO. CONTINUED 

STATION 
LOCATION 

DOSE ANNUAL 
EQUIVALENT RATE DOSE 

MEASUREMENT PERIOD (mrem/D) ------------------ EQUIVALENT ---------------- ---------- 
ISSUE COLLECT MAX. M I N .  AVG. (mrem/Y) 

COMPLEX 1, N V  12/03/86 10128187 0.33 0.26 0.30 108 

CORN CREEK, N V  11/03/86 11/02/87 0.17 0.08 0.13 48 

CORTEZ RDIHWY 278,NV 12/03/86 12/15/87 0.33 0.25 0.30 110 

COYOTE SUMMIT, NV 12/28/86 10/28/87 0.37 0.32 0.35 128 

CRESCENT VALLEY, NV 

CRYSTAL, NV 

CURRANT,NV 

CURRIE,  NV 

DEATH VALLEY JCT, CA 

DELTA, UT 

DIABLO MAINT STAY N V  

DUCHESNE, UT 

DUCKWATER, NV 

ELGIN, NV 

ELKO, NV 

ELY, NV 

ENTERPRISE, UT 

EUREKA, NV 

FALLON, NV 

FERRON, UT 

FLYING DIAMND CP, NV 12/04/86 10/30/87 0.23 0.15 0.20 7 2 
(CONTINUED) 



TABLE E.lO. CONTINUED 

STAT I ON 
LOCATION 

DOSE ANNUAL 
EQUIVALENT RATE DOSE 

MEASUREMENT PERIOD (mrem/D) ------------------ ---------------- EQUIVALENT ---------- 
ISSUE COLLECT MAX. M I N .  AVG. (mrem/Y 

- 

FURNACE CREEK, CA 11106186 01107188 0.26 0.03 0.16 58 

GABBS, NV 12104186 02/09/88 0.24 0.15 0.19 6 9 

GARRISON, UT 12101186 12/08/87 0.22 0.13 0.19 7 0 

GEYSER RANCH, NV 12101186 12/07/87 0.32 0.22 0.28 104 

GOLDFIELD, NV 01112187 02108188 0.30 0.16 0.23 8 4 

GRANTSVILLE, UT 01108187 01106188 0.22 0.12 0.18 6 7 

GREEN RIVER, UT 

GROOM LAKE-NTS, NV 

GUNNISON, UT 

HANCOCK SUMMIT,NV 

HIKO, NV 

HOT CK RNCH, NV 

IBAPAH, UT 

INDEPENDENCE, CA 

INDIAN SPRINGS, NV 

JACOB'S LAKE, AZ 

KANAB, UT 

KIRKEBY RANCH, NV 12/01/86 12/07/87 0.24 0.13 0.20 73 

KOYEN'S RANCH, NV 12128186 10128187 0.28 0.24 0.26 96 

LAS VEGAS (UNLV) , NV 12/31/86 01104188 0.16 0.10 0.13 49 

LAS VEGAS (USDI), NV 12/31/86 01/04/88 0.22 0.16 0.18 67 
(CONTINUED) 



T A B L E  E .  10. C o n t i n u e d  

S T A T I O N  
L O C A T I O N  

DOSE ANNUAL 
E Q U I V A L E N T  RATE DOSE 

MEASUREMENT P E R I O D  ( m r e m / D )  E Q U I V A L E N T  

I S S U E  COLLECT MAX.  M I N .  AVG. ( m r e m / Y  ) 

L A S  v E G A S ( A I R P R T ) ,  NV 1 2 / 3 1 / 8 6  01/04/88 0.18 0 . 1 4  0 . 1 6  5 8 

LATHROP WELLS, NV 11/03/86 0 1 / 0 5 / 8 8  0 . 3 5  0.11 0 . 2 4  88 

L A V A D A ' S  MARKET,  NV 

L I D A ,  NV 

LOA,  U T  

LOGAN, U T  

LONE P I N E ,  'CA 

LOVELOCK, NV 

LUND, NV 

LUND, U T  

MAMMOTH L A K E S ,  CA 

MANHATTAN, NV 

M E S Q U I T E ,  NV 

M I L F O R D ,  U T  

M I N A ,  NV 

MOAPA, NV 

M O N T I  CELLO,  UT 

M T N  MEADOWS RNCH, NV 

NASH RANCH, N V  

N E P H I ,  U T  

NYALA,  NV 

( C O N T I N U E D )  



TABLE E.10. CONTINUED 

STAT1 ON 
LOCATION 

DOSE ANNUAL 
EQUIVALENT RATE DOSE 

MEASUREMENT PERIOD (mrem/D) ------------------ EQUIVALENT ---------------- ---------- 
ISSUE COLLECT MAX.  M I N .  AVG.  (mrem/Y) 

OLANCHA, CA 12/01/86 11/04/87 0.30 0.21 0.26 9 7 

OVERTON, NV 11/04/86 10127187 0.20 0.14 0.18 64 

PAGE, AZ 12/28/86 10/28/87 0.18 0.15 0.17 60 

PAHRUMP, NV 11/06/86 11/03/87 0.19 0.14 0.16 58 

PAROWAN, UT 12/02/86 12/07/87 0.24 0.15 0.20 7 1 

PENOYER FARMS, N V  12/28/86 10/28/87 0.35 0.31 0.33 121 

PINE CREEK RANCH, N V  12/03/86 10128187 0.37 0.30 0.33 122 

PIOCHE, NV 

PRICE, UT 

PROVOy UT 

QUEEN CITY SMT, N V  

RACHEL, NV 

REED RANCH, N V  

RENO, NV 

RIDGECREST, CA 

ROSE RANCH, NV 

ROUND MT, NV 

RUBY VALLEY, NV 

S DESERT COR CTR, NV 

SALT LAKE CITY, UT 

SCHURZ, NV 0.26 9 7 
(CONTINUED) 



TABLE E . l o .  CONTINUED 

STATION 
LOCATION 

DOSE ANNUAL 
EQUIVALENT RATE DOSE 

MEASUREMENT PERIOD (mrem/D) EQUIVALENT ------------------ ---------------- ---------- 
ISSUE COLLECT M A X .  M I N .  AVG.  (mrem/Y ) 

SCOTTY'S JCT, NV 

SHERI'S RANCH, N V  

SHOSHONE, CA 

SILVER PEAK, NV 

SPRINGDALE, NV 

ST. GEORGE, UT 

STEWARD RANCH, NV 

STONE CABIN RNCH, NV 

SUNNYSIDE, N V  

TEMPIUTE, N V  

TIKABOO VALLEY, N V  

TONOPAH TEST RNG, N V  

TONOPAH, NV 01/15/87 02/09/88 0.36 0.24 0.30 110 

TROUT CREEK, UT 12/01/86 12/08/87 0.25 0.17 0.22 8 1 

TWIN SPRGS RNCH, NV 01/14/87 01/05/88 0.35 0.24 0.31 113 

UHALDE'S RNCH, NV 12/03/86 10/28/87 0.34 0.27 0.31 114 

USECOLOGY, N V  11/07/86 01/06/88 0.43 0.17 0.30 108 

VALLEY CREST, CA 11/06/86 01/07/88 0.20 0.00 0.11 4 1 

VERNAL, UT 01/06/87 01/07/88 0.22 0.12 0.18 6 6 

VERNON, UT 01/08/87 01/06/88 0.24 0.14 0.20 7 2 

WARM SPRINGS, N V  01/14/87 01/04/88 1.11 0.34 0.80 29 1 
( CONTINUED) 



TABLE E.lO. CONTINUED 

DOSE ANNUAL 
EQUIVALENT RATE DOSE 

MEASUREMENT PERIOD (rnrem/D) ------------------ EQUIVALENT 
STATION ---------------- ---------- 
LOCATION ISSUE COLLECT MAX. MIN. AVG.  (mrem/Y) 

WELLS, NV 12/02/86 12/16/87 0.26 0.18 0.24 8 6 

WENDOVER, UT 12/01/86 12/16/87 0.22 0.15 0.20 7 3 

WILLOW SPRGS LDGE,UT 01/08/87 01/06/88 0.20 0.09 0.16 5 9 

WINNEMUCCA, N V  12/03/86 12/15/87 0.26 0.18 0.24 87 

YOUNG'S RANCH, NV 01/15/87 02/03/88 0.33 0.18 0.28 101 



ADDENDUM 

NONRADIOLOGICAL SUPPLEMENT TO THE NTS ENVIRONMENTAL MONITORING REPORT 

Prepared by 

Indust  r i  a1 Hygiene 
Reynol ds El ec t  r i  ca l  and Engi neer i  ng Co. , Inc. 

Ca 1 enda r Year 1987 

INTRODUCTION 

Nonradiological  envi  ronmental compl iance i s  p r i m a r i l y  t he  responsi b i  1 i t y  
o f  the  Indust  r i a l  Hygiene Section o f  t h e  Envi ronmental Sciences Department, 
REECo. Among State  and Federal regu la t ions o f  concern are  t he  Clean Water Act; 
Safe Dr ink ing  Water Act (SDWA) ; Clean A i r  Act; Resource Conservation and 
Recovery Act (RCRA) ; Comprehensive Envi ronmental Response, Compensation and . 

L i a b i  1 i t y  Act (CERCLA) ; Toxic Substances Control Act (TSCA) ; and The Sol i d  
Waste Disposal Act. Many of t he  a c t i v i t i e s  regulated by these laws requ i re  
a permit  o r  n o t i f i c a t i o n  t o  operate. The permits o r  n o t i f i c a t i o n  t o  operate 
are processed by t h e  I n d u s t r i a l  Hygiene Section. 

Col l e c t i n g  and analyzing envi ronmental samples i s  another very important 
Indust  r i  a1 Hygiene Sect ion envi ronmental function. Many d i f f e r e n t  types o f  
samples were co l l ec ted  dur ing  CY87, w i t h  most o f  them being analyzed by t he  
I n d u s t r i a l  Hygiene Laboratory. However, some hazardous waste and d r i nk i ng  
water samples must be sent o f f  s i t e  f o r  analysis, because they must be per- 
formed by an EPA o r  S ta te  approved laboratory.  Several new labora to ry  i n s t r u -  
ments purchased t h i s  l a s t  year should a l low t h e  I n d u s t r i a l  Hygiene Environ- 
mental Laboratory t o  perform a l l  requ i red environmental analyses by t h e  end 
o f  FY88. It i s  an t i c i pa ted  t h a t  EPA Contract Laboratory Equivalency and State 
c e r t i f i c a t i o n  o f  t h e  I n d u s t r i  a1 Hygiene Envi ronmental Laboratory w i  11 be 
achieved w i t h i n  a two year-per iod (1990). 

This r epo r t  provides CY87 in fo rmat ion  on t h e  s ta tus  o f  environmental 
permits, envi ronmental sampling performed, and t he  r e s u l t s  o f  State and 
Federal i nspect i ons . 
SUMMARY 

Dur ing 1987 t h e  NTS was inspected by t h e  State  and Federal au tho r i t i e s  
f o r  compliance w i t h  t h e  Clean A i r  Act and RCRA. No v i o l a t i o n s  were issued by 

* t h e  Sta te  as a r e s u l t  o f  t h e i r  a i r  p o l l u t i o n  inspect ion,  bu t  f o u r  de f i c ienc ies  
were noted dur ing  t h e  EPA RCRA inspection. 



Fourteen sewage lagoon permi t appl i c a t i o n s  were submit ted t o  t h e  Sta te ,  
a long w i t h  i n fo rma t ion  on 41 e x i s t i n g  s e p t i c  tank and l e a c h f i e l d  systems. 
S i x  new a i r  p o l l u t i o n  permi ts  were obtained, t o  b r i n g  REECo's t o t a l  t o  25. 
The s i x  d r i n k i n g  water systems were pe rm i t t ed  f o r  another year ,  and a cu r ren t  
P a r t  A a p p l i c a t i o n  f o r  mixed waste d isposa l  was amended. 

Sampling was done t o  support t h e  RCRA, CERCLA and TSCA programs, and 
annual C Y  r e p o r t s  were submit ted t o  t h e  S ta te  f o r  A i r  P o l l u t i o n  Permi ts ,  
Hazardous Waste Generation, and p o l y c h l o r i n a t e d  b iphenyl  (PCB) a c t i v i t y .  

CLEAN WATER ACT . 

Sewage Lagoons 

Permi t  App l i ca t i ons  were prepared and submit ted t o  t h e  S ta te  o f  Nevada 
f o r  t h e  f o l l o w i n g  fou r teen  sewage lagoon systems: 

Area 2 
Area 6, CP Compound 
Area 6, Yucca Lake 
Area 6, DAF 
Area 6, CP-72 
Area 11, Technical Support F a c i l i t y  
Area 12, Sewage P l a n t  
Area 12, F l e e t  Operat ions 
Area 23, Gate 100 
Area 23, Mercury . 
Area 25, Cent ra l  Support 
Area 25, Engine Test  Stand 
Area 25, Test  C e l l  C 
Area 25, Reactor Con t ro l  P o i n t  

Water samples were c o l l e c t e d  f rom t h e  Area 11 and Area 12 F l e e t  Operat ions 
systems and analyzed f o r  lead, s i l v e r  and pH ( t h e  hazardous waste t h r e s h o l d  
f o r  l e a d  and s i l v e r  i s  5 mg/L o r  g rea te r ;  t h e  pH i s  hazardous i f  l e s s  than 
2 o r  g r e a t e r  than 12.5). The pH f o r  bo th  samples was 7.5. Concentrat ions 
( i n  mg/L) f o r  l ead  and s i l v e r  were 2.7 and 2.0 r e s p e c t i v e l y  a t  Area 11, and 
0.02 and 0.01 f o r  Area 12. 

Sep t i c  Tank's and Leach f i e lds  

I n f o r m a t i o n  was prov ided t o  t h e  S t a t e  on 41 e x i s t i n g  s e p t i c  tanks and 
1 e a c h f i e l d  systems. The S t a t e  w i l l  now adv ise  through DOE/NV which, i f  any, 
systems w i l l  r e q u i r e  pe rm i t  a p p l i c a t i o n s .  An a p p l i c a t i o n  f o r  a permi t  must 
be made f o r  a l l  new systems t o  be cons t ruc ted ;  however, most e x i s t i n g  systems 
w i l l  be pe rm i t t ed  by "grandfa ther  a c t i o n "  w i thou t  a s p e c i f i c  a p p l i c a t i o n  f o r  
pe rm i t .  No a p p l i c a t i o n s  f o r  new s e p t i c  tank systems were submitted. 

Permi t  S ta tus  

No pe rm i t s  were issued by t h e  S t a t e  f o r  e i t h e r  t h e  sewage lagoons f o r ' t h e  
s e p t i c  tank systems, and t h e r e  a r e  no p r e v i o u s l y  pe rm i t t ed  systems. 

Add -2 



DRINKING WATER 

D r i n k i n g  Water Systems Overview 

There a re  c u r r e n t l y  s i x  d r i n k i n g  water systems, which u t i l i z e  eleven 
we l ls .  The Areas 2, 12, and 23 systems are  community systems; w h i l e  Area 2 ,  3, 
6, and 25 a r e  non-comnuni t y  systems. Community systems sypply res i d e n t i  a1 
populat ions,  whi 1 e non-community systems supply non- res ident i  a1 workpl ace 
areas. These systems are a l l  c h l o r i n a t e d  by automatic equipment. New o r  
repa i red  water 1 ines are  superch lo r ina ted  before being pu t  i n t o  se rv i ce  i n  
accordance w i t h  American Water Works Assoc ia t i on  Standards and t h e  Uni form 
Plumbing Code. Each system i s  t e s t e d  monthly f o r  pHy res idua l  ch lo r i ne ,  and 
b a c t e r i a  con ten t  by I n d u s t r i  a1 Hygiene Sec t ion  personnel ; and dai  l y  c h l o r i n e  
l e v e l  s a re  logged by S i t e  Maintenance personnel ( S i t e  Maintenance operates 
t h e  water  systems). A water  sample f o r  chemical ana l ys i s  i s  c o l l e c t e d  from 
each w e l l  by t h e  Nevada S t a t e  Hea l th  D i v i s i o n  a t  approx imate ly  three-year  
i n t e r v a l s .  These chemical analyses were l a s t  performed August 1984, and are  
scheduled again f o r  !larch 1988. 

Permit  S ta tus  

Each o f  t h e  s i x  systems has a pe rm i t  from t h e  S t a t e  o f  Nevada which i s  
renewed annual ly.  There were no new permi ts  i ssued t h i s  year ,  and no amend- 
ments were made t o  any of t h e  e x i s t i n g  permi ts .  

Sampl e Resu l t s  and Standards Comparison 

A l l  systems a re  sampled monthly f o r  pH, c h l o r i n e  res idua l ,  and bac te r i a .  
I n  a1 1 cases t h e  sample r e s u l t s  were w i t h i n  t h e  l i m i t s  p resc r i bed  by t h e  SDWA 
and S t  a t e  o f  Nevada regul  a t  ions. 

r e s i d u a l  c h l o r i n e  - a t  l e a s t  0.02 ppm 
pH - between 6.5 and 8.5 

c o l  i f o r m  b a c t e r i a  - c2.2 co lonies/100 mL o f  sample 

The t a b l e  below g ives t h e  r e s u l t s  o f  t h e  August 1984 ana l ys i s  o f  t h e  
community systems we l l s ,  and compares t h e  r e s u l t s  t o  t h e  SQWA standards where 
one e x i s t s .  

LAST CHEMICAL ANALYSIS OF COMMUNITY SYSTEMS, AUGUST 1984 

Area 23 System ...................... 
Chemical Ana lys is  Maximum Level Army Areas 

P e r f  ormed A1 1 owed We1 1 58 5C 2, 8, 12 

Calcium - - 45.4 7.4 0.7 7.8 
rlagnesi um - - 21.4 2 -2 0.2 1.2 

(cont inued)  



LAST CHEMICAL ANALYSIS OF COMMUNITY SYSTEMS, AUGUST 1984 Continued 

Area 23 System ...................... 
Chemi ca l  Analysi s Maxi mum Level Army Areas 

Performed A1 1 owed We1 1 5B 5C 2, 8, 12 

pH 
A1 k a l  i n i  ty  
Su l f a te  
Chlor ide 
N i t  r a t e  
F l  u o r i  de 
I r o n  
Manganese 
Tota l  D i  ssol  ved 

Sol i d s  
Arseni c 
Lead 
Sel en i  um 
Barium 
Z inc 
Copper 
Mercury 
Ch romi um 
Cadmi um 
S i  1 ver 
T u r b i d i t y  

31 o r  

500 u n i t s  
-05 mg/L 
-05 mg/L 
- 0 1  mg/L 
1 mg/L 
5 mg/L 
1 mg/L 
.002 mg/L 
.05 mg/L 
-01  mg/L 
-05 mg/L - - 
15 u n i t s  

These sample r e s u l t s  show t h a t  no ana ly te  exceeded t h e .  SDWA maximum 
al lowed l e v e l s  when t h e  community systems were l a s t  sampled by t h e  State 
Inspector. 

Non-community systems need on ly  t o  meet t he  n i t r a t e  l e v e l s  o f  no more 
than 10 mg/L. A1 1 o f  t h e  NTS systems were below t h a t  l e v e l  when l a s t  tes ted  
i n  1984. 

Qua1 i t y  Assurance 

The monthly samples are  co l l ec ted  i n  containers suppl ied by the State  and 
are de l i ve red  t o  a Sta te  approved labora to ry  f o r  analysis.  Both t h e  Col l e c -  
t i  on and t r anspo r ta t i on  o f  t he  sampl es are performed by a r e g i  s t  r a t i o n  e l  i g i  b l  e 
Sani t a r i  an. Nevada does not  c u r r e n t l y  have a reg i  s tered Sani t a r i  an program, 
bu t  i s  i n  t h e  process o f  es tab l i sh i ng  one. REECo Sani tar ians w i l l  become State 
Registered when t h e  program i s  i n  place. 

The three-year chemi ca l  sampl es were co l  1 ected by a S ta te  Envi ronmental 



Heal th  S p e c i a l i s t  and taken t o  a S t a t e  approved l abo ra to ry .  These l a b o r a t o r i e s  
have approved QA programs as p a r t  o f  t h e i r  S ta te  c e r t i f i c a t i o n .  

I f  any of t h e  ana ly tes  a re  found t o  be ou ts ide  t h e  acceptable range, 
prompt remedial  a c t i o n  i s  taken t o  c o r r e c t  t h e  problem. These remedial ac t i ons  
and t h e i r  r e s u l t s  a re  then repo r ted  back t o  t h e  State.  

A I R  POLLUTION 

Permi t  S ta tus  

Dur ing  CY87 two ope ra t i ng  permi ts  ahd four  r e g i s t r a t i o n  c e r t i f i c a t e s  were 
obta ined from t h e  S ta te  of Nevada. Three of t h e  r e g i s t r a t i o n  c e r t i f i c a t e s  
were f o r  c a f e t e r i a  b o i l e r s  added t o  Area 12 ( 1 )  and Area 23 ( 2 ) .  One opera t -  
i n g  permi t  was a renewal o f  a  one-year open burn ing  permi t  f o r  f i r e  t r a i n i n g  
exerc ises,  and t h e  o t h e r  was f o r  t h e  Area 1 Aggregate P lan t ,  which was moved 
from Area 5. The fou r th  r e g i s t r a t i o n  c e r t i f i c a t i o n  was fo r  a NTS s i t e -w ide  
sur face d is tu rbance permi t .  The surface d is tu rbance pe rm i t  r equ i res  an annual 
r e p o r t  of a l l  d is turbances of f i v e  acres o r  g rea ter .  N o t i f i c a t i o n  p r i o r  t o  
s t a r t i n g  t h e  d is tu rbance i s  n o t  requ i red .  The f o l l o w i n g  l i s t  g ives  a l l  a i r  
p o l l u t i o n  permi ts  which were a c t i v e  a t  t h e  end o f  CY87 f o r  which REECo had 
r e s p o n s i b i l i t y  f o r  compliance w i t h  t h e  pe rm i t  r e s t r i c t i o n s .  

Permi t  Number Faci  1  i t y  o r  Operat ion Exp. Date 

Area 3 Por tec  Aggregate Hopper 
Area 1 Shaker P l a n t  
Area 1 Rotary Dryer 
Area 23, Bldg. 753 B o i l e r  
Area 12 Concrete Batch P lan t  
Area 2 Por tab le  Stemming 
Area 2 Po r tab le  Stemming System 
Por tab l  e  Bo i  1  e r  
Area 6 Decon B o i l e r  
Area 1 Concrete Batch P l a n t  
Area 1 Shaker Sur face 
Area 6 Diesel  Tanks 
Mercury Gasol ine Tank 
Mercury D iese l  Tank 
Area 3 P o r t a b l e  Stemming System 
Area 6 Gasol ine Tank 
Area 1 Por tab le  Crusher 
Area 1 Aggregate P l a n t  
Open Burn ing f o r  T r a i n i n g  Exerc ises 
Area 6 DAF Surface D is tu rbanc  
Area 14 Sur face  Disturbance 
NTS Surface D i  sturbance 
Mercury C a f e t e r i a  Bo i  1  e r  
t lercury C a f e t e r i a  Boi  1  e r  
Area 12 C a f e t e r i a  B o i l e r  



A r e p o r t  was sent t o  t h e  S t a t e  of Nevada on A p r i l  15, 1987 which gave t h e  
CY86 ope ra t i ng  hours and cub ic  yards  produced under those permi ts  which have 
t h a t  r e p o r t i n g  requirement (pe rm i t s  number 919, 922, 923, 928, 1082, 1217, and 
1287). None of t h e  ope ra t i ng  r e s t r i c t i o n s  were exceeded. The CY87 r e p o r t  w i l l  
be sent  i n  1988, and w i l l  again i n d i c a t e  t h a t  no r e s t r i c t i o n s  were exceeded. 

I nspec t i on  Resu l ts  

The S t a t e  o f  Nevada conducted an i n s p e c t i o n  o f  t h e  NTS f a c i l i t i e s  on 
January 14 and 15, 1987. No v i o l a t i o n s  were observed, and no No t i ce  o f  
V i o l a t i o n  was issued as a  r e s u l t  of t h e i r  i nspec t i on .  However, t h e  i ssue  o f  
no t  u s i n g  water t o  c o n t r o l  t h e  dust  f rom downhole stemming m a t e r i a l  was r a i s e d  
rega rd ing  t h e  Shaker P l a n t  and Area 3 P o r t a b l e  Stemming F a c i l i t y .  The quest ion  
w i l l  be reso lved by t h e  S t a t e  d u r i n g  t h e i r  nex t  i n s p e c t i o n  i n  CY88. 

RCRA ACTIVITIES 

Permi t  S ta tus  and I n s p e c t i o n  

REECo has been assigned €PA Generator I d e n t i f i c a t i o n  Number NV3830090001, 
and i s  respons ib le  f o r  t h e  o f f s i t e  d isposa l  of a l l  hazardous waste generated a t  
t h e  NTS. One o f f - s i t e  shipment o f  hazardous waste was made on June 16, 1987; 
t h e  r e q u i r e d  Hazardous Waste Generator Annual Report was sent  t o  t h e  S t a t e  o f  
Nevada on February 27, 1987. 

On February 11, t h e  EPA conducted a  RCRA compliance i n s p e c t i o n  o f  t h e  NTS 
and found f o u r  d e f i c i e n c i e s :  

1. Hazardous waste be ing  t e m p o r a r i l y  s to red  g r e a t e r  than 30 days. 

2. I n s u f f i c i e n t  separa t ion  between incompat ib le  m a t e r i a l s  i n  storage. 

3 .  Storage waste needs p r o t e c t i o n  f rom t h e  sun. 

4. The Closure  Plan f o r  Area 23 Hazardous Waste Disposal  S i t e  had n o t  
been compl e t  ed . 

I t e m  1 was c o r r e c t e d  by o b t a i n i n g  a  cont inuous use c o n t r a c t  w i t h  a  d i s -  
posal  f i r m  t o  ensure prompt o f f - s i t e  shipment. A proper f a c i l i t y  f o r  temporary 
s to rage  w h i l e  a w a i t i n g  o f f - s i t e  shipment i s  scheduled f o r  c o n s t r u c t i o n  i n  1988 
t o  c o r r e c t  i tems 2  and 3. The C losure  91an i n  i t e m  4 i s  scheduled f o r  submit-  
t a l  t o  t h e  S t a t e  o f  Nevada i n  January 1988. 

Tunnel Pond Sampling 

On August 7  water  samples were c o l l e c t e d  from t h e  e f f l u e n t  l i n e s  a t  
E, G ,  P, N, and T t u n n e l s  and f rom two h o l d i n g  ponds a t  bo th  N  and T  tunnels.  
Samples were a1 so c o l l e c t e d  f rom t h e  bot tom o f  t h e  h o l d i n g  ponds which conta ined 
b o t h  s o i l  and sediment. The samples were analyzed by an o f f  s i t e  l a b o r a t o r y  
f o r  meta ls ,  v o l a t i l e  o rgan ics ,  and semi - v o l a t i  l e  organics.  



No v o l a t i l e  o r  semi -vo la t i l e  organic pr imary p o l l u t a n t s  were found t h a t  
a re  detec tab le  by t h e  EPA approved methods. The metal content  of t h e  l i q u i d  
and s o i l  was normal ; the re  were no metals near t h e  hazardous . th resho ld  l e v e l .  
The r e s u l t s  i n d i c a t e  t h a t  t he re  were no hazardous chemicals i n  t h e  tunnel 
e f f l uen ts  o r  i n  the  tunnel  ponds a t  t he  t ime t h e  samples were taken. 

Mixed Waste Disposal Permi t  Appl i c a t i o n  

Dur ing 1987 t h e  P a r t  A a p p l i c a t i o n  fo r  mixed waste d isposal  a t  t he  NTS 
was amended t o  i nc lude :  (1) s o l i d  waste d isposal  a t  t h e  Area 3 Radioact ive 
Waste Management S i t e ,  (2 )  l i q u i d  d isposal  i n  t h e  Area 6 Decon F a c i l i t y  
Evaporat ive Pond and, (3 )  t he  Area 23 B u i l d i n g  650 l e a c h f i e l d .  

I n t e r i m  Status was granted by t h e  Sta te  o f  Nevada f o r  mixed waste d i s -  
posal on September 17, 1987. No mixed waste was disposed o f  du r ing  the  
remainder o f  t h e  year .  

CERCLA ACTIVITIES 

The o n l y  environmental sampling t h a t  was undertaken t o  comply w i t h  CERCLA 
r e g u l a t i o n s  were s o i l  and swipe samples c o l l e c t e d  a t  Sugar Bunker i n  Area 25. 
The samples were analyzed by t h e  I n d u s t r i a l  Hygiene Environmental Laboratory 
f o r  b e r y l l i u m  contaminat ion.  Swipe samples were taken i n s i d e  t h e  bunker and on 
the  e x t e r i o r  w a l l s .  The s o i l  samples were c o l l e c t e d  ou ts ide  around t h e  bunker. 
A l l  t he  r e s u l t s  were below the  detec tab le  l i m i t s  o f  0.2 ppm f o r  t h e  s o i l  
samples and . O 1  g  f o r  t h e  swipes. 

TSCA ACTIVITIES 

REECo has a  PCB I d e n t i f i c a t i o n  Number, NVG-PCB-006, issued by t h e  State o f  
Nevada, and i s  respons ib le  f o r  t h e  o f f - s i t e  d isposal  o f  PCB o i l s  and PCB t rans -  
formers a t  t h e  NTS. On June 24 an annual r e p o r t  f o r  CY86 was submitted t o  the  
State, as r e q u i r e d  by Sta te  Regulat ions. There was no Sta te  o r  Federal inspec- 
t i o n  o f  t h e  NTS f o r  TSCA Compliance d u r i n g  1987. 

Dur ing 1987, 141 o i l  samples were c o l l e c t e d  a t  t h e  NTS and analyzed by 
t h e  I n d u s t r i a l  Hygiene Environmental Laboratory f o r  PCB concent ra t ion .  These 
o i l  samples were c o l l e c t e d  from t ransformers o r  b a r r e l s  o f  o i l  awa i t i ng  d i s -  
posal . An a d d i t i o n a l  56 standard samples were run  f o r  qua1 i t y  assurance. 
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