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ABSTRACT 

During 1987 ,  the environmental monitoring program was continued at 

the Niagara Falls Storage Site (NFSS), a United States Department of 
Energy (DOE) surplus facility located in Niagara County, New York, 
presently used for the interim storage of radioactive residues and 
contaminated soils and rubble. The monitoring program is being 
conducted by Bechtel National, Inc. 

The monitoring program at the NFSS measures radon gas concentrations 
in air; external gamma radiation levels; and uranium and radium 

concentrations in surface water, groundwater, and sediment. To 

verify that the site is in compliance with the DOE radiation 
protection standard and to assess its potential effect on public 
health, the radiation dose was calculated for the maximally exposed 
individual. Based on the conservative scenario described in the 
report, this individual would receive an annual external exposure 
approximately equivalent to 6 percent of the DOE radiation 
protection standard of 100 mrem/yr. By comparison, the incremental 
dose received from living in a brick house versus a wooden house is 

10 mrem/yr above background. The cumulative dose to the population 
within an 80-km (50-mi) radius of the NFSS that would result from 
radioactive materials present at the site would be indistinguishable 

from the dose that the same population would receive from naturally 
occurring radioactive sources. 

Results of the 1 9 8 7  monitoring show that t h e  NFSS is in compliance 
with the DOE radiation protection standard. 
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1.0 INTRODUCTION 

This report presents the findings of the environmental monitoring 
conducted at the Niagara Falls Storage Site (NFSS) during calendar 
year 1987. Environmental monitoring has been conducted at the NFSS 
since 1981. The NFSS is part of the United States Department of 
Energy (DOE) Surplus Facilities Management Program. 

1.1 LOCATION AND DESCRIPTION 

The NFSS occupies approximately 7 7 . 4  ha (191 acres) located in 
northwestern New York within the Township of Lewiston (Niagara 
County). The site is approximately 6.4 km (4 mi) south of Lake 
Ontario, 16 km (10 mi) north of the City of Niagara Falls, and is in 

a generally rural setting. The NFSS and its regional setting are 
shown in Figure 1-1; Figure 1-2 is an aerial photograph of the 
site. 

The NFSS has been developed as an interim waste storage area for 
radioactive residues from pitchblende processing and 
radium-contaminated sand, soil, and building rubble. Work on the 
interim waste containment facility (IWCF) was completed in late 
1986. The two remaining water treatment ponds were removed during 

The dominant feature of NFSS as presented in Figure 1-3 is the 4-ha 
(10-acre) IWCF. The IWCF is enclosed within a dike and cutoff wall, 
each constructed of compacted clay. The cutoff wall extends a 
minimum of 4 5  cm (18 in.) into an underlying gray clay unit. The 
dike and cutoff wall, in conjunction with the engineered earthen 

drainage cover or cap, enclose the wastes in a clay envelope that 
provides a barrier to migration of radionuclides into both 
groundwater and surface water. More detailed information on the 
design of the IWCF is provided in Reference 1. 
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FIGURE 1-1 LOCATION OF THE NFSS 
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FIGURE 1-2 AERIAL VIEW OF THE NFSS 



FIGURE 1-3 PRESENT CONFIGURATION OF THE NFSS 



During c o n s t r u c t i o n ,  p o l l u t i o n  c o n t r o l  measures inc luded  t h e  use o f  
prudent  eng inee r ing  c o n t r o l s ,  e . g . ,  use of s ed imen ta t ion  b a r r i e r s  i n  
excava t ion  a r e a s  and batch d i s c h a r g e s  of t r e a t e d ,  impounded s u r f a c e  
water  i n  accordance w i t h  N e w  York S t a t e  Department of Environmental  
Conserva t ion  ( N Y S D E C )  requi rements .  

The s i t e  is  g e n e r a l l y  l e v e l ,  b u t  s l o p e s  g e n t l y  t o  t h e  northwest  a t  
e l e v a t i o n s  between 9 6 . 9  and 9 7 . 8  m ( 3 1 8  and 321 f t )  above m . s . 1 .  
T h e  s i t e  d r a i n s  poor ly  because of s o i l  c h a r a c t e r i s t i c s  and t h e  
f l a t n e s s  of t h e  t e r r a i n .  S o i l s  a t  t h e  NFSS a r e  predominant ly  s i l t  
loams u n d e r l a i n  by a c l ayey  g l a c i a l  t i l l  and a l a c u s t r i n e  c l a y .  
Sand-gravel  i n c l u s i o n s  a r e  f r e q u e n t .  Bedrock l i e s  9 . 1  t o  1 5 . 2  m 
( 3 0  t o  5 0  f t )  beneath t h e  s u r f a c e  and c o n s i s t s  of Queenston s h a l e .  

All s u r f a c e  water from t h e  s i t e  d i s c h a r g e s  v ia  t h e  C e n t r a l  Drainage 
D i t c h  and i t s  t r i b u t a r y  d i t c h e s  i n t o  Fourmile Creek, l o c a t e d  
northwest  of t h e  s i t e .  Groundwater i s  p resen t  i n  an a q u i f e r  a t  t h e  
bedrock s u r f a c e  ( t h e  pr imary a q u i f e r  beneath t h e  s i t e ) ,  i n  
sand-gravel  l e n s e s ,  and i n  s a t u r a t e d  c l a y  zones a t  depths  of 1 . 5  t o  
6 . 1  m ( 5  t o  2 0  f t ) .  Groundwater l e v e l  con tour s  i n d i c a t e  a s l o p e  of 
t h e  pr imary a q u i f e r  t o  t h e  north-northwest  of approximate ly  3 m / k m  

(10 f t / m i ) .  The groundwater most l i k e l y  d i s c h a r g e s  i n t o  t h e  
n o r t h e r n  reaches  of t h e  Niagara River c l o s e  t o  Lake On ta r io  (Ref .  2 ) .  

Lake water  and r i v e r  water a r e  t h e  predominant sou rces  of p o t a b l e  
water i n  t h e  a r e a  sur rounding  t h e  NFSS; approximately 9 0  pe rcen t  o f  
t h e  popu la t ion  i n  Niagara and E r i e  Count ies  uses t h e s e  s o u r c e s .  
Water from Lake E r i e  s e r v e s  6 5  pe rcen t  of t h e  popu la t ion ,  and water  
from t h e  upper Niagara River s e r v e s  25 pe rcen t  of t h e  popu la t ion  
(Ref .  3 ) .  Communities no r th  of t h e  Niagara Escarpment, i n c l u d i n g  
Lewiston and P o r t e r  Townships, r e c e i v e  much of t h e i r  water  from 
t h e s e  s o u r c e s .  

Groundwater i s  u s e d  t o  supply  approximate ly  1 0  pe rcen t  of t h e  
popu la t ion  i n  Niagara and E r i e  Count ies .  The  primary uses a r e  f o r  

5 
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sma l l  domest ic  and farm s u p p l i e s  i n  r u r a l  s e c t i o n s .  The  dominant 
sou rce  of t h i s  wa te r ,  t h e  Lockport  dolomite  a q u i f e r ,  i s  absen t  n o r t h  
of t h e  Niagara Escarpment where t h e  NFSS is  l o c a t e d .  Wells i n  t h e  
v i c i n i t y  of t h e  NFSS a r e  g e n e r a l l y  of low y i e l d  and supply  water  of 
poor q u a l i t y .  The upper a q u i f e r s  i n  t h e  g l a c i a l  d e p o s i t s  near t h e  
NFSS a r e  sometimes capab le  of supply ing  adequate  groundwater  f o r  
domest ic  use, a l though t h e s e  sou rces  may be dep le t ed  du r ing  dry  
seasons  ( R e f .  3). 

T h e  c l i m a t e  of t h e  NFSS i s  c l a s s i f i e d  a s  h u m i d  c o n t i n e n t a l ,  w i t h  a 
c o n s i d e r a b l e  moderat ing i n f l u e n c e  from Lake On ta r io .  The normal 
tempera ture  range is  -3.9 t o  24.4OC (25 t o  76OF), w i t h  a mean annual  
tempera ture  of  8.9OC ( 4 8 O F ) .  Mean annual  p r e c i p i t a t i o n  i s  80 cm 
(32 i n . ) .  Snowfall  ave rages  140 cm/yr (56 i n . / y r ) ,  account ing  f o r  
about 1 0  pe rcen t  of t h e  annual  t o t a l  p r e c i p i t a t i o n  ( R e f .  4). 

Wind speeds  and d i r e c t i o n s  recorded i n  t h e  v i c i n i t y  of t h e  NFSS a r e  
given i n  F igure  1-4. The d a t a  show t h a t  t h e  w i n d  o r i g i n a t e s  
predominant ly  from t h e  southwes t .  The average monthly w i n d  speed 
ranges from 15.9 t o  23 km/h  (9.9 t o  14.3 mph) ( R e f .  4). 

The pr imary a r e a s  of popu la t ion  near t h e  NFSS a r e  t h e  t o w n s  of 
Lewiston ( p o p u l a t i o n :  1 6 , 2 0 0 ) ,  Niagara ( p o p u l a t i o n :  9,6501, P o r t e r  
( p o p u l a t i o n :  7,250), and Niagara F a l l s  C i t y  ( p o p u l a t i o n :  71,400) 

(Ref .  3 ) .  Almost t h r e e - f o u r t h s  of t h e  227,000 people  r e s i d i n g  i n  
Niagara County l i v e  i n  urban a r e a s .  Popu la t ion  d e n s i t y  i n  N i a g a r a  

County i n  1980 was about 168 persons/km2 (430 persons/mi ) 

(Ref .  3). Land uses immediately a d j a c e n t  t o  t h e  s i t e  a r e  v a r i e d  and 
a r e  p re sen ted  i n  F igure  1-5. The s i t e  is  bordered by a hazardous 
was te  d i s p o s a l  s i t e ,  a s a n i t a r y  l a n d f i l l ,  and land t h a t  is  c u r r e n t l y  
v a c a n t .  

2 

Land i n  t h e  v i c i n i t y  is  a l s o  u s e d  f o r  t r u c k  fa rms ,  o r c h a r d s ,  and 
r u r a l  s i n g l e - f a m i l y  d w e l l i n g s .  Lewiston-Porter  C e n t r a l  Schools  a r e  
l o c a t e d  3 . 1  km ( 1 . 5  m i )  west of t h e  s i t e  on B l a i r v i l l e / C r e e k  Road. 
T h e  n e a r e s t  permanent r e s idence  is 1.1 k m  (0.7 m i )  southwest of t h e  
s i t e .  

6 
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FIGURE 1-4 ANNUAL WIND ROSE FOR THE NFSS 
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FIGURE 1-5 GENERALIZED LAND USE IN THE VICINITY OF THE NFSS 



1 . 2  S I T E  HISTORY 

T h e  NFSS is  a r e m n a n t  o f  t h e  o r i g i n a l  612-ha ( 1 5 1 1 - a c r e )  s i t e  t h a t  
was u s e d  d u r i n g  World War I1 by t h e  M a n h a t t a n  E n g i n e e r  D i s t r i c t  
( M E D )  p r o j e c t  a n d  was a p o r t i o n  o f  t h e  D e p a r t m e n t  o f  t h e  Army ' s  L a k e  

O n t a r i o  O r d n a n c e  Works (LOOW).  Except f o r  n o n r a d i o a c t i v e  b o r o n - 1 0  
e n r i c h i n g  o p e r a t i o n s  d u r i n g  t h e  p e r i o d s  1 9 5 4  t o  1 9 5 8  a n d  1 9 6 4  t o  
1 9 7 1 ,  t h e  s i t e ' s  major use f rom 1 9 4 4  t o  t h e  p r e s e n t  h a s  b e e n  f o r  t h e  
s t o r a g e  of r a d i o a c t i v e  r e s i d u e s  p r o d u c e d  a s  b y - p r o d u c t s  o f  u r a n i u m  
p r o d u c t i o n  d u r i n g  t h e  MED p r o j e c t  a n d  s u b s e q u e n t  Atomic E n e r g y  
Commiss ion  ( A E C )  p r o j e c t s .  

The  f i r s t  m a t e r i a l s  t o  a r r i v e  a t  t h e  s i t e  were l o w - g r a d e  r e s i d u e s  
and  b y - p r o d u c t s  f rom t h e  L i n d e  A i r  P r o d u c t s  D i v i s i o n  i n  Tonawanda ,  
N e w  Y o r k ,  ( t h e  L-30, L - 5 0 ,  a n d  R - 1 0  r e s i d u e s )  a n d  f rom t h e  M i d d l e s e x  
S a m p l i n g  P l a n t  i n  M i d d l e s e x ,  N e w  J e r s e y ,  ( t h e  F-32 r e s i d u e s ) .  T h e  
L-30 a n d  L - 5 0  r e s i d u e s  w e r e  s t o r e d  i n  B u i l d i n g s  4 1 1 ,  4 1 3 ,  a n d  4 1 4 ,  
w h i l e  t h e  F-32 r e s i d u e s  were s t o r e d  i n  t h e  R e c a r b o n a t i o n  P i t  

d i r e c t l y  west o f  B u i l d i n g  4 1 1 .  The  R - 1 0  r e s i d u e s  a n d  a s s o c i a t e d  
i r o n  cake were s t o r e d  i n  a n  open  a r e a  n o r t h  of B u i l d i n g  4 1 1 .  T h e s e  
r e s i d u e s  w e r e  s u b j e c t  t o  e n v i r o n m e n t a l  processes  t h a t  t r a n s p o r t e d  
c o n t a m i n a n t s  i n t o  t h e  s o i l  and  d r a i n a g e  p a t h w a y s ,  r e s u l t i n g  i n  t h e  
c o n t a m i n a t i o n  of o t h e r  p o r t i o n s  of t h e  s i t e  and  o f  o f f - s i t e  d r a i n a g e  
p a t h w a y s .  The s m a l l  q u a n t i t y  o f  M i d d l e s e x  s a n d s  r e s u l t i n g  f r o m  
d e c o n t a m i n a t i o n  a c t i v i t i e s  a t  t h e  M i d d l e s e x  S a m p l i n g  P l a n t  was 
stored in Building 410. In 1949 pitchblende residues (the K-65 

r e s i d u e s )  r e s u l t i n g  f r o m  u r a n i u m  e x t r a c t i o n  c o n d u c t e d  a t  a S t .  L o u i s  
p l a n t  were t r a n s p o r t e d  t o  t h e  LOOW i n  d r u m s .  Some of t h e s e  w e r e  
s t o r e d  o u t d o o r s  a l o n g  e x i s t i n g  roads a n d  r a i l  l i n e s ;  o t h e r s  w e r e  
s t o r e d  i n  B u i l d i n g  410 .  From 1 9 5 0  t o  1 9 5 2 ,  t h e  K-65 res idues w e r e  
t r a n s f e r r e d  t o '  a r e n o v a t e d  c o n c r e t e  water tower ( B u i l d i n g  4 3 4 ) .  

The  w e i g h t  a n d  volume o f  t h e  r e s i d u e s  a n d  s a n d s  s t o r e d  a t  t h e  NFSS 

a r e  s u m m a r i z e d  i n  T a b l e  1-1. B u i l d i n g s  a n d  o t h e r  f e a t u r e s  o f  t h e  
NFSS b e f o r e  r e c e n t  i n t e r i m  r e m e d i a l  a c t i o n s  a r e  i l l u s t r a t e d  i n  
F i g u r e  1 -6 .  

9 
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TABLE 1-1 

RESIDUES AND MIDDLESEX SANDS STORED AT THE N F S S ~  

R e s i d u e  
Weight  
(tons) 

V o l u m e  
[ m 3  ( y d 3 ) 1  

K-65 

L-30  

L-50 

F-32 

R - 1 0  

Middlesex 
S a n d s  

3 8 9 1  

8227  

1 8 7 8  

138 

8 2 3 5  

2 

3 1 0 1  ( 4 0 8 0 )  

6050  ( 7 9 6 0 )  

1 6 3 4  ( 2 1 5 0 )  

334  ( 4 4 0 )  

7144 ( 9 4 0 0 )  

1 7 4  ( 2 2 9 )  

a B a t t e l l e ,  1 9 8 1  ( R e f .  5 ) .  

10 
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FIGURE 1-6 THE NFSS PRIOR TO INTERIM REMEDIAL ACTIONS 



I n  1979, B a t t e l l e  Columbus L a b o r a t o r i e s  performed a r a d i o l o g i c a l  
su rvey  of t h e  NFSS. T h e  survey  r e p o r t  pub l i shed  by B a t t e l l e  i n  J u n e  
1981 se rved  as  t h e  b a s i s  f o r  i n i t i a l  i n t e r i m  remedial  a c t i o n  
p l ann ing  f o r  t h e  s i t e  ( R e f .  5 ) .  B e c h t e l  N a t i o n a l ,  I n c .  ( B N I )  was 
chosen by DOE as  t h e  P r o j e c t  Management Con t rac to r  (PMC) f o r  t h e  
NFSS p r o j e c t  i n  1981. A s  PMC, B N I  he lped  p l a n  a n d  execute i n t e r i m  
remedia l  a c t i o n  a t  t h e  s i t e .  B N I  a l s o  maintafins s i t e  s e c u r i t y ,  
performs maintenance a s  r e q u i r e d ,  a n d  c a r r i e s  o u t  t h e  envi ronmenta l  
moni tor ing  program. Access t o  t h e  s i t e  is  c o n t r o l l e d  by a 2.1-m- 
( 7 - f t - )  h igh  f e n c e  t h a t  e n c l o s e s  t h e  DOE p r o p e r t y .  

S ince  1980, v a r i o u s  s t e p s  have been t a k e n  a t  t h e  NFSS t o  minimize 
p o t e n t i a l  r a d i o l o g i c a l  r i s k s  and p reven t  mig ra t ion  of r e s i d u e s .  I n  
t h e  f a l l  of 1980, t h e  vent  a t  t h e  t o p  of Bui ld ing  434 ( t h e  former 
water  tower i n  w h i c h  t h e  K-65 r e s i d u e s  were s t o r e d )  was capped t o  
reduce radon emiss ions  t o  t h e  environment .  A:lso du r ing  1980, p i p e s  
p e n e t r a t i n g  t h e  wal l s  of t h e  r e s i d u e  s t o r a g e  b u i l d i n g s  were s e a l e d  
o r  r e s e a l e d  a s  necessa ry  t o  p reven t  r a d i o n u c l i d e  m i g r a t i o n .  

Because radon l e v e l s  a t  t h e  s i t e ' s  wes tern  boundary were e x c e e d i n g  
DOE limits, t h e  s i t e  fence was r e l o c a t e d  approximately 152.4 m 
( 5 0 0  f t )  t o  t h e  west i n  mid-1981, c r e a t i n g  an e x c l u s i o n  a r e a  t o  
p r o t e c t  t h e  p u b l i c  from exposure t o  t h e  h igher  radon l e v e l s .  Radon 
l e v e l s  a t  t h e  new boundary were we l l  below a p p l i c a b l e  g u i d e l i n e s .  
I n  1981,  remedial  a c t i o n  was performed on a t r i angu la r - shaped  a r e a  
a d j a c e n t  t o  t h e  NFSS, bounded by V i n e  and  0 S t r e e t s  and  C a s t l e  

Garden Road. Approximately 342 m 3  (450  yd ) of contaminated 
m a t e r i a l  were excavated from t h i s  v i c i n i t y  p r o p e r t y  and were 
r e l o c a t e d  t o  t h e  R - 1 0  waste s t o r a g e  a rea .  

3 

To f u r t h e r  reduce  t h e  l e v e l s  of radon emanating from t h e  s i t e ,  
Bu i ld ings  413 and  4 1 4  ( u s e d  f o r  s t o r i n g  t h e  L-50 r e s i d u e s )  were 
upgraded and s e a l e d  i n  1982. Also i n  1982, t o  p reven t  f u r t h e r  
mig ra t ion  o f  r e s i d u e s ,  contaminated s o i l  nea r  t h e  R - 1 0  p i l e  was 
moved o n t o  t h e  p i l e ,  and a d i k e  and c u t o f f  w a l l  were c o n s t r u c t e d  
around t h e  R - 1 0  a r e a .  The  R - 1 0  p i l e  was t h e n  covered w i t h  a n  
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ethylene propylene diene monomer (EPDM) liner, which markedly 
reduced radon emanation from the R-10 area. This action effectively 
reduced radon concentrations at the old site boundary (along Lutts 
Road) to levels that are below DOE guidelines. 

In 1983 and 1984 the EPDM liner was removed, additional contaminated 
soils and rubble from on- and off-site areas were placed on the 
pile, and the pile was covered with the first layer of the interim 
clay cap. In 1984, 93 percent of the K-65 residues were transferred 
from Building 434 to Building 411. 

Construction activities during 1985 included completion of the 

transfer of K-65 residues from Building 434 to the IWCF, demolition 
of Building 434, completion of remedial action on vicinity 
properties near the site, and continuation of installation of the 
cap over the wastes in the IWCF. These activities involved 
excavating approximately 10,640 m3 (14,000 yd ) of contaminated 

3 materials from on- and off-site areas, transferring 1102 m 

3 

(1450 yd’) of building rubble to the IWCF, and discharging 
12,047,691 liters (3,183,000 gal) of treated, impounded water in 
accordance with NYSDEC permit requirements. 

During 1986, the cap over the IWCF was completed and geotechnical 
instrumentation installed in it to monitor the effectiveness of the 

facility. Also in 1986, another 25.8 million liters (6.8 
m i l l i o n  gal) of c o n t a m i n a t e d  wa te r  was t r e a t e d  and r e l e a s e d ,  a n d  

four of the six water treatment ponds were reduced to grade. In 
1987 the impounded water in the remaining two ponds was treated and 
released [an additional 38.8 million liters (10.2 million gal)]. 
These two ponds were reduced to grade, and the NFSS was closed. 

The DOE Record of Decision on the long-term disposition of the NFSS 
was issued in August 1986. For the radioactive wastes, DOE has 
selected long-term, in-place management consistent with the guidance 
provided in the U . S .  Environmental Protection Agency (EPA) 

regulations governing uranium mill tailings. For the radioactive 
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r e s i d u e s ,  i t  is  t h e  DOE i n t e n t  t o  p r o v i d e  f o r  l o n g - t e r m ,  i n - p l a c e  
management  c o n s i s t e n t  w i t h  f u t u r e  a p p l i c a b l e  IZPA g u i d a n c e .  I f  

g u i d a n c e ,  a n o t h e r  o p t i o n  w i l l  be s e l e c t e d  that :  meets EPA g u i d a n c e  
a n d  i s  e n v i r o n m e n t a l l y  accep tab le .  

i f u t u r e  a n a l y s e s  show t h a t  i n - p l a c e  management  c a n n o t  meet E P A  
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2 .0  SUMMARY OF MONITORING RESULTS 

During 1 9 8 7 ,  the environmental monitoring program at the NFSS 

continued. Air, water, and sediments were sampled, and gamma 
radiation levels were monitored to verify compliance with the DOE 
radiation protection standard of 100 mrem/yr (Ref. 6 ) .  The 
potential radiation dose that might be received by the maximally 
exposed individual was calculated to determine whether the site was 
in compliance with the radiation protection standard. 

In 1 9 8 7 ,  a change was initiated in the quarterly monitoring schedule 
for all FUSRAP sites. Whereas monitoring operations were previously 

conducted in December, March, June, and September, sampling is ngw 
conducted in January, April, July, and October. The new schedule 

facilitates timely compliance with quarterly permitting requirements 
and allows sufficient time for more complete analysis activities. 
In order to initiate this change in the monitoring schedule, data 
from the last quarter of 1 9 8 6  were carried over to the first quarter 
of 1 9 8 7 .  Any bias resulting from the use of 1 9 8 6  data is considered 
negligible. 

Annual average radon concentrations (including background) at all 
monitoring locations were within the normal variation associated 
with background measurements for this area (see Subsection 3.1). 
The average background concentration of radon was 
3.0 x 10 
noticeably from 1 9 8 2  to 1 9 8 6  and have remained stable since 1 9 8 6  
(see Subsection 3.6.1) (Refs. 7-11). 

uCi/ml (0.3 pCi/l). Radon concentrations decreased -1 0 

Annual average gamma radiation levels recorded at the NFSS boundary 
ranged from background levels to 24 mR/yr above background 
(Table 3 - 2 ) .  These levels may be compared to naturally occurring 
background radiation levels in the vicinity of the NFSS, which 

averaged 64 mR/yr in 1 9 8 7 .  External radiation levels are discussed 
in Subsection 3.2.  Annual average radiation levels generally have 

decreased sharply since 1 9 8 2  (see Subsection 3 . 6 . 2 )  (Refs. 7 - 1 1 ) .  
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In surface waters (Subsection 3.3.1), annual average concentrations 
of uranium ranged from 5 x 10 uCi/ml to 1.4 x uCi/ml ( 5  
to 14 pCi/l); radium-226 concentrations ranged from 
2 x 10 -lo uCi/ml to 1.8 lo-’ uCi/ml ( 0 . 2  pCi/l to 
1.8 x lo-’ pCi/l) (see Tables 3-3 and 3-4). 
radium-226 concentrations increased sharply in April 1987 when 
sampling of the Central Drainage Ditch coincided with a planned 
discharge of water from the ditch, average concentrations of both 
radionuclides have decreased steadily since 1982 (see 
Subsection 3.6.3) (Refs. 7-11). 

-9 

Although uranium and 

In groundwater (Subsection 3.3.2), the highest annual average 
concentration of uranium in an on-site well was 7.8 x 10 uCi/ml 
(78 pCi/l), measured at on-site location A-42 (Table 3-3). Well 
A-42 is located in a sand lense of unknown extent. For radium-225, 
the maximum annual average concentration was 5 x 10 -lo uCi/ml 

(0.5 pCi/l), measured at on-site location B-48 (Table 3-4). Over 

the 5-year period from 1982-1987, concentrations of uranium and 
radium-226 have remained basically stable (see Subsection 3.6.4) 

(Refs. 7-11). Concentrations of radionuclides in surface water and 
groundwater at the NFSS can be compared with the levels of 
radioactivity in the commonly consumed liquids listed in Appendix D, 
Radiation in the Environment. 

-8 

In stream sediments (Subsection 3.4), the highest annual average 
concentration was 2.0 pCi/g for uranium and 1.3 pCi/g for 

radium-226. These concentrations may be compared with the levels of 
environmental radioactivity in phosphate fertilizers listed in 
Appendix D. 

Releases of radioactive materials to the environment during 1987 
included releases of radon during construction activities and small 
concentrations of uranium and radium-226 in waters released under 
the New York State Pollutant Discharge Elimination System Permit. 
All releases were below applicable guideline values as determined by 

site and vicinity monitoring data f o r  radon, and measured 
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c o n c e n t r a t i o n s  of uranium and radium-226 i n  waters  d i scharged  from 
o n - s i t e  r e t e n t i o n  ponds.  

C a l c u l a t i o n s  were made of r a d i o l o g i c a l  doses  r ece ived  by t h e  
maximally exposed i n d i v i d u a l  (Subsec t ion  3 . 5 . 1 ) .  T h i s  i n d i v i d u a l  i s  
one who i s  assumed t o  be ad jacen t  t o  t h e  s i t e  and who would, when 
a l l  p o t e n t i a l  r o u t e s  of exposure a r e  c o n s i d e r e d ,  r e c e i v e  t h e  
g r e a t e s t  dose .  Exposure t o  e x t e r n a l  gamma r a d i a t i o n  was t h e  
exposure pathway q u a n t i f i e d .  

T h e  exposure t o  t h e  maximally exposed i n d i v i d u a l  from e x t e r n a l  gamma 
r a d i a t i o n  was 6 mR/yr above background. S i n c e  1 mR is  approximate ly  
e q u i v a l e n t  t o  1 mrem, t h i s  exposure i s  approximately e q u i v a l e n t  t o  
6 pe rcen t  of t h e  DOE r a d i a t i o n  p r o t e c t i o n  s t a n d a r d .  The cumula t ive  
dose t o  t h e  popu la t ion  w i t h i n  an 8 0 - k m  ( 5 0 - m i )  r a d i u s  of t h e  NFSS 
t h a t  would r e s u l t  from r a d i o a c t i v e  m a t e r i a l s  p re sen t  a t  t h e  s i t e  
would be i n d i s t i n g u i s h a b l e  from t h e  dose t h a t  t h e  same popu la t ion  
would r e c e i v e  from n a t u r a l l y  o c c u r r i n g  r a d i o a c t i v e  s o u r c e s .  

R e s u l t s  of t h e  1 9 8 7  moni tor ing  show t h a t  t h e  NFSS is  i n  compliance 
w i t h  t h e  DOE r a d i a t i o n  p r o t e c t i o n  s t a n d a r d .  

1 7  



3.0 DATA COLLECTION, ANALYSIS, AND EVALUATION 

I 

This section provides the results of 1987 environmental monitoring 
at the NFSS (Ref. 12). A description is also given of the sampling, 
monitoring, and analytical procedures used. Calculations were made 
to determine the estimated maximum possible radiation dose based on 
environmental conditions, measurements recorded, and evaluation of 
potential exposure pathways. 

Data are presented in summary tables by sample category. Summaries 
of data include minimum and maximum values recorded, number of data 
points collected, and average value. The average value for a given 
sampling location is the average of individual results for that 
location. Individual sources of error (e.g., analytical error or 
sampling error) were not estimated. The "less than" notation (I) is 
used-to denote sample analysis results that are below the limit of 
sensitivity of the analytical method, based on a statistical 
analysis of parameters. In computing the averages, where no more 
than one value is less than the limit of sensitivity of the 
analytical method, that value is considered as being equal to the 
limit of sensitivity and the "average" value is reported without the 
"less than" notation. 

During 1987, the routine environmental monitoring program for NFSS 
included radon gas monitoring, external gamma radiation 
measurements, surface water and sediment sampling, and groundwater 
sampling of monitoring wells off-site and within the site boundary 
(which is a fenced and posted area). 

In 1987, a change was initiated in the schedule f o r  quarterly 
monitoring of all FUSRAP sites, such that sampling is conducted at 

each site in January, April, July, and October. Previously, 
quarterly sampling was conducted in March, June, September, and 
December. This change was implemented to allow sufficient time for 
more complete analysis activities. In order to implement this 

change in the monitoring schedule, data from the last quarter of 
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1 9 8 6  were c a r r i e d  o v e r  t o  t h e  f i r s t  q u a r t e r  of 1 9 8 7  f o r  purposes  o f  
e n v i r o n m e n t a l  m o n i t o r i n g .  Any b i a s  r e s u l t i n g  f r o m  t h e  use o f  1986  
d a t a  i s  c o n s i d e r e d  n e g l i g i b l e .  

1 T r e n d  t a b l e s  a r e  p r o v i d e d  f o r  r a d o n ,  e x t e r n a l  gamma r a d i a t i o n  
, l e v e l s ,  s u r f a c e  water ,  and  g r o u n d w a t e r .  T h e s e  t a b l e s  l i s t  a n n u a l  
~ a v e r a g e s  f o r  each m o n i t o r i n g  l o c a t i o n  f o r  1 9 8 2  t h r o u g h  1987  t o  a l low 

f o r  c o m p a r i s o n s  of d a t a  and  i d e n t i f i c a t i o n  o f  t r e n d s  i n  m o n i t o r i n g  
r e s u l t s  ( see  S u b s e c t i o n  3 . 6 ) .  

3 . 1  RADON MONITORING 

T h i r t y - f i v e  r a d o n  d e t e c t o r s  a r e  m a i n t a i n e d  o n - s i t e  a n d  a t  s i t e  
b o u n d a r y  l o c a t i o n s ,  w i t h  t h r e e  o f  t h e  d e t e c t o r s  ( 3 1 ,  32 ,  a n d  3 3 )  
d e s i g n a t e d  a s  q u a l i t y  c o n t r o l s .  One d e t e c t o r  ( 3 0 )  i s  m a i n t a i n e d  
some d i s t a n c e  o f f - s i t e  t o  measure t h e  n a t u r a l  b a c k g r o u n d  l e v e l .  
Detec tors  a r e  placed a l o n g  t h e  s i t e  b o u n d a r y  a t  i n t e r v a l s  d e s i g n e d  
t o  e n s u r e  a d e q u a t e  d e t e c t i o n  c a p a b i l i t y  u n d e r  most a tmosphe r i c  
c o n d i t i o n s .  D e t e c t o r s  a r e  more c l o s e l y  spaced a l o n g  t h e  p e r i m e t e r  
of t h e  IWCF, where  t h e  p o t e n t i a l  f o r  r e l e a s e  o f  c o n t a m i n a n t s  i s  
g r e a t e r .  I n  A p r i l  of 1 9 8 7 ,  m o n i t o r i n g  s t a t i o n s  1 3 ,  1 4 ,  1 5 ,  and  2 9  
were moved a p p r o x i m a t e l y  220 m ( 2 0 0  y d )  e a s t w a r d  t o  make them more  
access ib l e  a n d  t h e r e b y  f a c i l i t a t e  r o u t i n e  e x c h a n g e  o f  d e t e c t o r s .  
T h e  l o c a t i o n s  o f  t h e  r a d o n  m o n i t o r s  a r e  shown i n  F i g u r e  3-1. 

T h e  r a d o n  m o n i t o r s  a r e  T e r r a d e x  Type-F T r a c k - E t c h  d e t e c t o r s .  
Detec tors  a r e  o b t a i n e d  from t h e  T e r r a d e x  C o r p o r a t i o n ,  placed a t  t h e  
s a m p l i n g  l o c a t i o n s ,  co l l ec t ed  a n d  e x c h a n g e d  m o n t h l y  by  s i t e  
p e r s o n n e l ,  and  t h e n  r e t u r n e d  t o  T e r r a d e x  f o r  a n a l y s i s .  

Tab le  3-1 r e p o r t s  t h e  r a d o n  c o n c e n t r a t i o n s  ( i n c l u d i n g  b a c k g r o u n d )  
m e a s u r e d  i n  t h e  a i r  a t  s i t e  b o u n d a r y  m o n i t o r i n g  l o c a t i o n s  and  t h e  
b a c k g r o u n d  l o c a t i o n .  Annua l  a v e r a g e  c o n c e n t r a t i o n s  a t  t h e  s i t e  
b o u n d a r y  r a n g e d  f r o m  1 . 0  x 1 0  -lo t o  8 . 0  x 1 0  -lo uCi /ml  (0.10 t o  
0 . 8 0  p C i / l ) .  The a n n u a l  a v e r a g e  of b a c k g r o u n d  measurements was 
3 . 0  x 1 0  
c o n c e n t r a t i o n s  m e a s u r e d  f rom 1982-1987,  see S u b s e c t i o n  3 . 6 . 1 .  

u C i / m l  ( 0 . 3  p C i / l ) .  For a c o m p a r i s o n  of r a d o n  -1 0 
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FIGURE 3-1 RADON AND EXTERNAL GAMMA RADIATION MONITORING LOCATIONS 
AT THE NFSS 



TABLE 3-1 
CONCENTRATIONS OF RADON-222 

MEASURED BY TERRADEX MONITORS AT THE NFSS BOUNDARY, 1987 

Sampling Number of Concentration (10-9 uCi/ml)c 
Locat iona Samp lesb Minimum Maximum Average 

1 
3 
4 
5 
6 
7 

11 
12 
13 
14 
15 
20 
28 
29 
32f 
34 
35 
36 
309 

4 
4 
4 
4 
4 
4 
4 
4 
3e 
3e 
3e 
4 
4 
4 
4 
4 
4 
4 
4 

O.Od 
0 . o d  
0.1 
0.1 
0.1 
0.1 

0.1 

0.1 
0.2 
0.1 
0.2 
0.1 
0.2 
0.1 
0.1 
0.1 
0.2 

O.Od 

0.od 

0.5 
1.0 
0.6 
0.3 
0.4 
0.5 
0.2 
0.4 
0.2 
0.8 
0.2 
0.2 
0.3 
0.6 
0.3 
1.8 
0.3 
0.3 
0.4 

0.2 
0.3 
0.4 
0.2 
0.2 
0.3 
0.2 
0.3 
0.1 
0.4 
0.2 
0.2 
0.2 
0.3 
0.3 
0.8 
0.2 
0.2 
0.3 

asampling locations are shown in Figure 3-1. Only site boundary 

bl x 10-9 uCi/ml is equivalent to 1 pci/l. 

locations are reported. 

=Background has not been subtracted. 

dMeasurement was less than or equal to t h e  limit of sensitivity 
of the detector and was reported as a zero value by the 
labor at ory . 

eDetector was inaccessible for the first quarter because of the 

fLocation 32 is a quality control for Location 12. 

high water level in this area. 

QBackground sampling location, located at 610 Seneca St., 
Lewiston, NY. 
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Because of t h e  n a t u r e  of t h e  radon s o u r c e  ( i . e . ,  l a r g e  s u r f a c e  a r e a s  
emanat ing radon a t  r a t e s  t h a t  vary w i d e l y  w i t h  changes i n  
c l i m a t i c / a t m o s p h e r i c  c o n d i t i o n s ) ,  a c c u r a t e  de t e rmina t ion  of t h e  
annual  radon r e l e a s e  r a t e  i s  not f e a s i b l e .  Based on measured radon 
c o n c e n t r a t i o n s  a t  t h e  s i t e  boundary and i n  t h e  env i rons ,  t h e  o n - s i t e  
radon source  makes a minimal c o n t r i b u t i o n  t o  n a t u r a l  radon 
c o n c e n t r a t i o n s  i n  t h e  a r e a .  

3 . 2  EXTERNAL GAMMA R A D I A T I O N  LEVELS 

Externa l  gamma r a d i a t i o n  l e v e l s  were measured a t  3 3  moni tor ing  
l o c a t i o n s ;  1 7  of t h e s e  a r e  on t h e  s i t e  boundary and 3 a r e  on t h e  
per imeter  of t h e  former l o c a t i o n  of t h e  tower t h a t  was used t o  s t o r e  
K-65 r e s i d u e s .  One of t h e  moni tor ing  l o c a t i o n s  i s  o f f - s i t e  t o  
measure t h e  background r a d i a t i o n  l e v e l .  I n  Apr i l  of 1 9 8 7 ,  
moni tor ing  s t a t i o n s  13,  1 4 ,  1 5 ,  and 29  were moved approximate ly  
2 2 0  m ( 2 0 0  y d )  eastward t o  make them more a c c e s s i b l e  f o r  t h e  purpose 
of q u a r t e r l y  exchange of d e t e c t o r s .  All l o c a t i o n s  correspond t o  t h e  
radon (Te r radex)  d e t e c t o r  l o c a t i o n s  shown i n  F igu re  3-1. T h e  

l o c a t i o n s  of t h e  d e t e c t o r s  a r e  s e l e c t e d  s o  a s  t o  ensu re  adequate  
measurement of  r a d i a t i o n  l e v e l s .  

T h e  e x t e r n a l  gamma r a d i a t i o n  l e v e l s  a r e  measured us ing  l i t h i u m  

f l u o r i d e  ( L i F )  thermoluminescent  dos ime te r s  ( T L D s ) ,  exchanged 
q u a r t e r l y .  I n  a d d i t i o n ,  an improved e x t e r n a l  gamma r a d i a t i o n  
moni tor ing  system was in t roduced  a t  t h e  NFSS i n  Apr i l  1 9 8 7  i n  

c o n j u n c t i o n  w i t h  t h e  c u r r e n t  type  of s y s t e m .  T h i s  s y s t e m  u t i l i z e s  
t i s s u e - e q u i v a l e n t  TLDs ,  w h i c h  permit  d i r e c t  e v a l u a t i o n  of t h e  
accumulated dose of gamma r a d i a t i o n  t o  t h e  deep t i s sue  of t h e  body 
( a t  a depth of 1 cm). I n  a d d i t i o n  t o  provid ing  va lues  t h a t  a r e  more 
r e a l i s t i c  i n  terms of p o t e n t i a l  t i s s u e  dose t h a n  does t h e  p r e v i o u s l y  
used sys t em,  t h e  t i s s u e - e q u i v a l e n t  TLD system is more s e n s i t i v e  i n  
d e t e c t i n g  e x t e r n a l  gamma r a d i a t i o n .  I n  both t y p e s  of sys tems,  each 
monitor  c o n t a i n s  f i v e  TLD c h i p s ,  t h e  responses  of w h i c h  a r e  

2 2  



averaged .  Ana lys i s  is performed by Thermo A n a l y t i c a l / E b e r l i n e  
~ ( T M A / E ) .  E f f e c t i v e  A p r i l  15 ,  1988, t h e  t i s s u e - e q u i v a l e n t  TLD system , 

w i l l  be u s e d  e x c l u s i v e l y .  Environmental r e p o r t s  f o r  1988 and 
subsequent  y e a r s  w i l l  p r e s e n t  d a t a  gene ra t ed  by t h e  new sys tem.  

Monitor ing r e s u l t s  f o r  t h e  1 7  s i t e  boundary l o c a t i o n s ,  t h e  
background l o c a t i o n ,  and t h e  q u a l i t y  c o n t r o l  l o c a t i o n  a r e  p r e s e n t e d  
i n  T a b l e  3-2. The  annual  average  background r a d i a t i o n  l e v e l  f o r  t h e  
NFSS a r e a  ( 6 4  m R )  h a s  been s u b t r a c t e d  from t h e  measured l e v e l s  i n  
Table  3-2 t o  p rov ide  an e s t i m a t e  of t h e  e f f e c t  of t h e  s i t e  on 
measured e x t e r n a l  gamma r a d i a t i o n  l e v e l s  a t  t h e  s i t e  boundary. The  

h i g h e s t  l e v e l s  were measured a t  two l o c a t i o n s  a d j a c e n t  t o  a s a n i t a r y  
l a n d f i l l  t o  w h i c h  a c c e s s  i s  c o n t r o l l e d  by t h e  owner. A t  t he se  
l o c a t i o n s ,  t h e  maximum a n n u a l  average  l e v e l  was 2 4  mR/yr above t h e  
ave rage  background l e v e l  of 6 4  mR/yr. Based on a v e r y  c o n s e r v a t i v e  
40-h /week occupancy f a c t o r ,  t h e  maximum exposure t o  workers i n  t h i s  
a r e a  of t h e  l a n d f i l l  would be 6 mR/yr. 

For comparisons of e x t e r n a l  gamma r a d i a t i o n  leve ls  measured from 
1982 through 1987, see Subsec t ion  3 .6 .2 .  

3 .3  WATER SAMPLING 

During 1987, sampling was performed t o  de te rmine  t h e  c o n c e n t r a t i o n s  
of uranium and radium i n  s u r f a c e  water  and groundwater a t  o n - s i t e  
a n d  o f f - s i t e  l o c a t i o n s .  O n - s i t e  sampling l o c a t i o n s  a r e  shown  i n  
F igu re  3 - 2 ,  a n d  o f f - s i t e  l o c a t i o n s  a r e  shown i n  F igu re  3-3. R e s u l t s  
of uranium a n a l y s e s  f o r  a l l  sampling l o c a t i o n s  a r e  p re sen ted  i n  
Tab le  3-3, and radium-226 r e s u l t s  a r e  p re sen ted  i n  Table  3-4. 

3 .3 .1  S u r f a c e  Water 

S u r f a c e  water  samples were c o l l e c t e d  q u a r t e r l y  from t h e  C e n t r a l  
Drainage Di tch  a t  Loca t ions  1 0 ,  11, 1 2 ,  and 20. Loca t ions  1 2  and 20 
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TABLE 3-2 
EXTERNAL GAMMA RADIATION LEVELS FOR THE NFSS, 1987 

Sampling Number of Radiation Level (mR/yr) b- 
Locat iona Measurements Minimum Maximum Average 

Site Boundary 

1 
3 
4 
5 
6 
7 
11 
12 
13 
14 
15 
20 
28 
29 
32e 
34 
35 
36 

Bac kqr oundf 

4 
3c 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 51 

22 
17 
24 
21 

6 
18 

8 
11 
5 
20 
14 
34 
23 

8 
19 
22 
11 

Od 

81 

11 
11 
13 
16 
3 
11 
2 
6 

7 
6 
24 
14 

5 
8 
14 
16 

Od 

Od 

64 

aSite boundary locations only. Sampling locations are 
shown in Figure 3-1. 

bMeasured background has been subtracted from 
measurements taken at site boundary locations. 
Measurements are obtained in mR/quarter, normalized 
to 1 year, and expressed in the table as mR/yr. 

CDetector missing in second quarter. 

dMeasurement was less than or equal to the measured 
background value. 

eLocation 32 is a quality control station f o r  
Location 12. 

fLocated at 610 Seneca St., Lewiston, NY. 
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TABLE 3-3 
CONCENTRATIONS OF URANIUM IN NFSS WATER SAMPLES, 1987 

Sampling Number of Concentration (10-9 uCi/ml)b, C 
Lo ca t i ona Samples Minimum Maximum Average 

Surface Water 

On-Site 
10 
11 

Off-Site 
12 
20 

Groundwater 

On-Site 
BH- 5 
BH-48 
BH-61 
A-42 
A-50 
BH- 4 9 
BH- 5 1 
BH- 6 3 
A-52 
BH-64 
BH-70 
BH-71 

Off -S it e 
17 
19 

4 
4 

4 
3e 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

If 
If 

<3 
6 

<3 
<3 

<3 
<3 
<3 
73 
4 

<3 
< 3  
<3 
19 
3 

<3 
<3 

<3 
<3 

10d 
36d 

5 
12d 

<3 
5 

<3 
93 
5 

<3 
9 
4 
17 
14 
17 
4 

<3 
<3 

6 
14 

5 
6 

< 3  
4 

<3 
78 
4 

< 3  
6 
3 

18 
10 

7 
3 

<3 
<3 

aSamplin locations are shown in Figures 3-2 and 3-3. 
bl x 10-8 uCi/ml is equivalent to 1 pci/l. 
CWhere no more than one value is less than the limit of 
sensitivity of the analytical method, values are considered equal 
to the limit of sensitivity, and the average value is reported 
without the notation "less than." 

of the Central Drainage Ditch coincided with a planned discharge 
of water from the ditch. 

dConcentrations were atypically high in April, when sampling 

eLocation was dry in the first quarter. 
fSampling of domestic water supply wells was terminated after 
first quarter results were obtained, since concentrations of 
uranium and radium in these wells have not exceeded 
3.0 x uCi/ml (3.0 pCi/l) and 3.0 x uCi/ml 
(0.3 pCi/l), respectively, since 1983. 
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TABLE 3-4 

CONCENTRATIONS OF RADIUM-226 IN NFSS WATER SAMPLES, 1987 

Sampling Number of Concentration (10-9 uci/ml)b,c 
Lo ca t io na Samp 1 e s Minimum Maximum Average 

Surface Water 

On-Site 
10 
11 

Off-Site 
1 2  
20 

Groundwater 

On-Site 
BH-5 
BH-48 
BH- 6 1 
A-42 
A - 5 0  
BH- 4 9 
BH- 5 1 
BH- 6 3 
A - 5 2  
BH-64 
BH-70 
BH-71 

Off-Site 
17 
19 

4 
4 

4 
3e 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

0.1 
0.2 

<0.1 
0.2 

0.3 
0.4 
0.3 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 

0.2 
0.3 

0.3 
6.2d 

0.5 
0.5 

0.5 
0.6 
0.4 
0.3 
0.4 
0.3 
0.4 
0.4 
0.2 
0.4 
0.4 
0.5 

0.4 
0.3 

0.2 
1.8 

0.3 
0.3 

0.4 
0.5 
0.3 
0.2 
0.3 
0.2 
0.3 
0.3 
0.2 
0.2 
0.3 
0.3 

0.3 
0.3 

aSamplin locations are shown in Figures 3-2 and 3-3. 
bl x 10-8 uCi/ml is equivalent to 1 pci/l. 
CWhere no more than one value is less than the limit of 
sensitivity of the analytical method, values are considered 
equal to the limit of sensitivity, and the average value 
is reported without the notation "less than.n 

dConcentrations were atypically high in April, when sampling 
of the Central Drainage Ditch coincided with a planned discharge 
of water from the ditch. 
eLocation was dry in the first quarter. 
fSampling of domestic water supply wells was terminated after 
first quarter results were obtained, since concentrations of 
uranium and radium in these wells have not exceeded 
3.0 x uCi/ml (3.0 pCi/l) and 3.0 x uCi/ml 
( 0 . 3  pCi/l), respectively, since 1983. 

28 



a r e  1 . 6  a n d  3 . 2  k m  (1 m i  a n d  2 m i )  d o w n s t r e a m ,  r e s p e c t i v e l y ,  from 
I 

I t h e  n o r t h e r n  b o u n d a r y  of t h e  NFSS. 

S u r f a c e  water c o l l e c t i o n  l o c a t i o n s  were se lec ted  on t h e  b a s i s  of 
c o n t a m i n a n t  m i g r a t i o n  p o t e n t i a l  a n d  d i s c h a r g e  rou te s  f r o m  t h e  s i t e .  
B e c a u s e  s u r f a c e  water r u n o f f  from t h e  s i t e  d i s c h a r g e s  v i a  t h e  

C e n t r a l  D r a i n a g e  D i t c h ,  a l l  s a m p l i n g  l o c a t i o n s  h a v e  b e e n  p l aced  
a l o n g  t h e  d i t c h .  

~ 

Nominal  l - l i t e r  ( 0 . 2 6 - g a l )  g rab  samples w e r e  c o l l e c t e d  t o  f i l l  a 
4 - l i t e r  ( l - g a l )  c o n t a i n e r .  Samples were a n a l y z e d  b y  ( T M A / E ) .  T h e  
c o n c e n t r a t i o n  of t o t a l  u r a n i u m  was d e t e r m i n e d  by  a f l u o r o m e t r i c  
m e t h o d .  Radium-226 c o n c e n t r a t i o n s  i n  w a t e r  were d e t e r m i n e d  by r a d o n  
e m a n a t i o n .  T h i s  method c o n s i s t s  o f  p r e c i p i t a t i n g  r a d i u m  a s  t h e  
s u l f a t e  and  t r a n s f e r r i n g  t h e  t r e a t e d  s u l f a t e  t o  a r a d o n  b u b b l e r ,  
w h e r e i n  r adon-222  i s  a l lowed  t o  come t o  e q u i l i b r i u m  w i t h  i t s  
rad ium-226  p a r e n t .  The r adon-222  g a s  is  t h e n  w i t h d r a w n  i n t o  a 
s c i n t i l l a t i o n  c e l l  and  c o u n t e d  u s i n g  t h e  g r o s s  a l p h a  t e c h n i q u e .  T h e  

q u a n t i t y  o f  r a d o n - 2 2 2  de tec ted  i n  t h i s  manner  is d i r e c t l y  
p r o p o r t i o n a l  t o  t h e  q u a n t i t y  o f  rad ium-226 o r i g i n a l l y  p r e s e n t  i n  t h e  
sample. 

R e s u l t s  o f  t h e  a n a l y s i s  o f  s u r f a c e  water f o r  u r a n i u m  c o n t e n t  a r e  
g i v e n  i n  Tab le  3-3;  rad ium-226 r e s u l t s  a r e  g i v e n  i n  T a b l e  3-4. 
Annua l  a v e r a g e  u r a n i u m  c o n c e n t r a t i o n s  i n  o n - s i t e  S u r f a c e  Water 
r a n g e d  f r o m  6 x lo-’  t o  1 . 4  x l o - *  u C i / m l  ( 6  t o  1 4  p C i / l ) ;  i n  
o f f - s i t e  s u r f a c e  w a t e r ,  c o n c e n t r a t i o n s  r a n g e d  f r o m  5 t o  
6 x lo-’  u C i / m l  ( 5  t o  6 p C i / l ) .  T h e  h i g h e s t  a n n u a l  a v e r a g e  
c o n c e n t r a t i o n  o f  r ad ium-226  i n  s u r f a c e  water was 1 . 8  x lo - ’  u C i / m l  
( 1 . 8  p C i / l ) .  C o n c e n t r a t i o n s  o f  u r a n i u m  and  rad ium-226 were 
a t y p c i a l l y  h i g h  i n  A p r i l  o f  1 9 8 7 ,  when s a m p l i n g  of t h e  C e n t r a l  
D r a i n a g e  D i t c h  c o i n c i d e d  w i t h  a p l a n n e d  d i s c h a r g e  of water f r o m  t h e  
d i t c h .  R a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  s u r f a c e  water a t  t h e  NFSS may 
be compared w i t h  t h e  l e v e l s  of r a d i o a c t i v i t y  i n  t h e  commonly 
consumed l i q u i d s  l i s t e d  i n  Append ix  D .  
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T h e  s a m p l i n g  o f  water s u p p l i e d  by a l o c a l  m u n i c i p a l  water s y s t e m  was 
s u s p e n d e d  i n  1 9 8 6 .  T h i s  s y s t e m  d r a w s  w a t e r  from t h e  u p p e r  N i a g a r a  
R i v e r  a p p r o x i m a t e l y  1 6  k m  ( 1 0  m i )  s o u t h  of  t h e  NFSS. S a m p l i n g  was 
s u s p e n d e d  because t h e  d r a w  p o i n t  o f  t h e  s y s t e m  was u p s t r e a m  of t h e  

NFSS a n d  b e c a u s e  d a t a  from p r e v i o u s  y e a r s  i n d i c a t e d  no s i g n i f i c a n t  
u r a n i u m  or  rad ium-226 c o n c e n t r a t i o n s  a b o v e  b a c k g r o u n d  l e v e l s  i n  
t hese  waters .  

F o r  c o m p a r i s o n s  o f  r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  su r f ace  water 
m e a s u r e d  a t  t h e  s i t e  f r o m  1 9 8 2  t h r o u g h  1 9 8 7 ,  see S u b s e c t i o n  3 . 6 . 3 .  

3 . 3 . 2  G r o u n d w a t e r  

D u r i n g  1 9 8 7 ,  g r o u n d w a t e r  samples were c o l l e c t e d  q u a r t e r l y  from 48  
o n - s i t e  we l l s  and  p e r i o d i c a l l y  f r o m  two o f f - s i t e  wel l s .  S a m p l i n g  
l o c a t i o n s  were se lec ted  based o n  t h e  i n v e n t o r y  of r a d i o a c t i v e  
m a t e r i a l s  i n  v a r i o u s  a r e a s  of t h e  s i t e  and  a v a i l a b l e  g e o h y d r o l o g i c a l  
d a t a .  The m a j o r i t y  of sample w e l l s  a r e  l o c a t e d  n e a r  t h e  IWCF. 
O t h e r  wel l s  a r e  l o c a t e d  b o t h  u p g r a d i e n t  and  d o w n g r a d i e n t  t o  p r o v i d e  
b a c k g r o u n d  d a t a  and  t o  m o n i t o r  a n y  m i g r a t i o n  of c o n t a m i n a n t s  
o f f - s i t e .  I n  l a t e  1 9 8 6 ,  36 we l l s  w e r e  i n s t a l l e d  a l o n g  t h e  p e r i m e t e r  
of t h e  IWCF t o  m o n i t o r  i t s  p e r f o r m a n c e .  T h e s e  we l l s  w e r e  a d d e d  t o  
t h e  e n v i r o n m e n t a l  m o n i t o r i n g  p r o g r a m  i n  A p r i l  1 9 8 7 .  T h e i r  l o c a t i o n s  
a r e  shown i n  F i g u r e  3-4.  

I n  a d d i t i o n ,  t o  p r o v i d e  i n f o r m a t i o n  a s  t o  t h e  chemical  s u b s t a n c e s  
p r e s e n t  i n  t h e  g r o u n d w a t e r ,  p r o g r a m s  were i n i t i a t e d  t o  m o n i t o r  
b a s e l i n e  c h e m i c a l  c o n s t i t u e n t s  a n d  t o  d e t e r m i n e  t h e  i d e n t i t i e s  a n d  
c o n c e n t r a t i o n s  of v a r i o u s  i n d i c a t o r  parameters and  h e a v y  metals .  A 
more d e t a i l e d  d i s c u s s i o n  of t h e  c h e m i c a l  m o n i t o r i n g  program is 
c o n t a i n e d  i n  S u b s e c t i o n  4 . 2 .  

Wells BH-5, BH-48, BH-51, BH-64, a n d  BH-70 m o n i t o r  t h e  lower 
a q u i f e r .  W e l l  BH-71 monitors  t h e  b e d r o c k  a q u i f e r .  Wells A - 4 2 ,  
A-50, a n d  A-52 m o n i t o r  t h e  u p p e r  a q u i f e r  a r o u n d  t h e  IWCF ( b u t  a r e  
n o t  among t h e  36 new w e l l s ) .  Well A-42 is d r i l l e d  i n t o  a s a n d  l e n s e  
of  unknown e x t e n t .  Well BH-48 i s  a n  u p g r a d i e n t  ( b a c k g r o u n d )  
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monitoring location, and Well BH-61 is a downgradient monitoring 
location. 

Groundwater samples were collected after the wells had been bailed 
dry or three casing volumes had been removed. Nominal l-liter 
(0.26-gal) grab samples were collected using a bailer to fill a 

4-liter (l-gal) container. Samples were analyzed by TMA/E for total 
uranium and dissolved radium-226 using the methods applied to 
surface water analyses. 

Analysis results for uranium concentrations in groundwater are 
listed in Table 3-3; radium results are given in Table 3-4. 
Table 3 - 5  shows analysis results for uranium in the monitoring wel ls  
along the perimeter of the waste containment area; Table 3-6 shows 
the corresponding results for radium-226. Annual average 
concentrations of uranium in groundwater from on-site wells ranged 
from less than 3 x lo-’ to 7.8 x 
78 pCi/l). The uranium concentration measured at the off-site wells 
was below the limit of detection. Annual average concentrations of 
radium-226 in groundwater from on-site and off-site wells ranged 
from 2 x 10 -lo to 5 x 10 -lo uCi/ml (0.2 to 0.5 pCi/l). 
averages for total uranium in water in the wells monitoring the 
waste containment area ranged from less than 3.0 x lo-’ to 
3.6 x uCi/ml ( 3 to 36 pCi/l). Radium-226 annual average 
values ranged from 1.0 x 10 -lo to 5 . 0  x 10 -lo u C i / m l  

(0.1 to 0.5 pCi/l). 

uCi/ml (less than 3 to 

Annual 

These values may be compared with the levels of radioactivity in the 
commonly consumed liquids listed in Appendix D. 

For a comparison of radionuclide concentrations measured in 
groundwater at the NFSS from 1982 through 1987, see Subsection 3.6.4. 

3.4 SEDIMENT SAMPLING 

During 1987, sediment samples consisting of composites weighing 
approximately 500 g (1.1 lb) were collected on-site and off-site at 
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TABLE 3-5 

CONCENTRATIONS OF URANIUM IN NFSS CONTAINMENT 
MONITORING WELLS, 1987 

Sampling Number of Concentration (10-9 uCi/ml) 
Locat ion Samplesa Minimum Maximum Average 

1A 
1B 
2A 
2B 
3A 
3B 
4A 
4B 
5A 
5B 
6A 
6B 
7A 
7B 
8A 
8B 
9A 
9B 
1 0 A  
10B 
1 1 A  
11B 
1 2 A  
12B 
13A 
13B 
14A 
14B 
1 5 A  
15B 
16A 
16B 
17A 
17B 
18A 
18B 

3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

2 b  

3 
3 
3 
3 
3 
5 
3 
5 
3 
10 
3 
11 
3 
7 
3 
9 

10 
3 
3 
3 

25 
3 

13 
3 

11 
3 
4 
3 
3 
3 
3 
4 
3 
3 
4 
3 

5 
5 
4 
7 
3 

13 
3 
7 
3 

12 
3 

20 
3 

11 
3 

23 
19 
3 
10 
4 

53 
3 

16 
3 

16 
3 
6 
4 
9 
3 
4 
9 
4 
9 

22 
3 

4 
4 
3 
5 
3 

10 
3 
6 
3 

11 
3 

15 
3 
8 
3 

17 
14 
3 
5 
3 

36 
3 

15 
3 

14 
3 
5 
4 
6 
3 
3 
6 
3 
7 

14 
3 

“Since these wells were incorporated into the monitoring 
program in April 1987, no data were obtained for the first 
quarter. 

bWell dry in the second quarter. 
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TABLE 3-6 

CONCENTRATIONS OF RADIUM-226 IN NFSS CONTAINMENT 
MONITORING WELLS, 1987 

Sampling Number of Concentration (10-9 uCi/ml) 
Locat ion Samplesa Minimum Maximum Average 

1A 
1B 
2A 
2B 
3A 
3B 
4A 
4B 
5A 
5B 
6A 
6B 
7A 
7B 
8A 
8B 
9A 
9B 
10A 
10B 
11A 
11B 
12A 
12B 
13A 
13B 
14A 
14B 
15A 
15B 
16A 
16B 
17A 
17B 
18A 
18B 

3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

2b 

0.1 
0.2 
0.1 
0.1 

<0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.1 
0.1 
0.3 
0.3 

0.9 
0.3 
0.4 
0.4 
0.1 
0.2 
0.4 
0.3 
0.4 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.5 
0.4 
0.3 
0.2 
0.2 
0.2 
0.3 
0.2 
0.4 
0.8 
0.3 
0.2 
0.3 
0.3 
0.3 
0.2 
0.2 
0.4 
0.4 

0.4 
0.2 
0.2 
0.2 
0.1 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.3 
0.3 
0.2 
0.1 
0.2 
0.2 
0.2 
0.2 
0.2 
0.5 
0.2 
0.2 
0.3 
0.2 
0.2 
0.2 
0.2 
0 - 4  
0.3 

aSince these wells were incorporated into the monitoring 
program in April 1987, no data were obtained for the first 
quarter . 
h e 1 1  dry in the second quarter. 
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1 

s u r f a c e  water sampling Locat ions  11, 1 2 ,  and 2 0  ( s e e  F igu res  3-2 and 
3 -3 ) .  The r a t i o n a l e  f o r  s e l e c t i n g  sampling l o c a t i o n s  i s  a s  s t a t e d  
i n  S e c t i o n  3 .3 .1 .  

TMA/E ana lyzed  t h e  samples f o r  uranium and radium-226. The uranium 
c o n c e n t r a t i o n  was ob ta ined  by summing t h e  r e s u l t s  from i s o t o p i c  
uranium a n a l y s e s .  I s o t o p i c  uranium was determined by a lpha  
spec t romet ry ,  where t h e  uranium has been leached and o r g a n i c a l l y  
e x t r a c t e d  and e l e c t r o p l a t e d  on a metal  s u b s t r a t e .  Radium-226 
c o n c e n t r a t i o n s  were determined by radon emanation. 

T h e  a n a l y s i s  r e s u l t s  (based  on dry  we igh t )  f o r  uranium and radium 
a r e  p re sen ted  i n  Table  3-7. The average o n - s i t e  and o f f - s i t e  
c o n c e n t r a t i o n s  a r e  approximately t h e  same and probably r e f l e c t  
background c o n c e n t r a t i o n s .  These c o n c e n t r a t i o n s  may be compared 
w i t h  t h e  l e v e l s  of r a d i o a c t i v i t y  i n  phosphate  f e r t i l i z e r s  l i s t e d  i n  
Appendix D .  

3 . 5  R A D I A T I O N  DOSE 

To a s s e s s  t h e  h e a l t h  e f f e c t s  of t h e  r a d i o a c t i v e  m a t e r i a l s  s t o r e d  a t  
t h e  NFSS, r a d i o l o g i c a l  exposure pathways were e v a l u a t e d  t o  c a l c u l a t e  
t h e  dose t o  t h e  maximally exposed i n d i v i d u a l .  T h i s  i n d i v i d u a l  is  
one who is  assumed t o  be a d j a c e n t  t o  t h e  s i t e  and who would, when 
a l l  p o t e n t i a l  r o u t e s  of exposure a r e  cons ide red ,  r e c e i v e  t h e  l a r g e s t  
dose.  An a p p r a i s a l  of p o t e n t i a l  pathways (exposure  t o  e x t e r n a l  
gamma r a d i a t i o n ,  i n g e s t i o n  of water ,  and i n h a l a t i o n  of radon)  
sugges ted  t h a t  exposure t o  e x t e r n a l  gamma r a d i a t i o n  was t h e  
p r i n c i p a l  exposure mode. 

T h e  dose from i n g e s t i n g  gr,oundwater o r  s u r f a c e  water  from s o u r c e s  on 
t h e  NFSS p r o p e r t y  was not  c a l c u l a t e d  because it  was cons ide red  
u n r e a l i s t i c  t o  assume t h a t  i n g e s t i o n  of t h i s  water  would occur .  The 
NFSS i s  fenced and locked ,  and s e c u r i t y  i s  well main ta ined .  For 
t h i s  reason ,  a member of t h e  p u b l i c  could consume water  on t h e  s i t e  
on ly  by t r e s p a s s i n g  on t h e  p r o p e r t y  eve ry  day t o  ga in  a c c e s s  t o  t h e  
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TABLE 3-7 

URANIUM AND RADIUM-226 CONCENTRATIONS 
IN NFSS SEDIMENT SAMPLES, 1987 

Sampling Number of Concentration Ipci/a (dry11 
Locat iona Samples Minimum Maximum Average 

Uranium 

On-Site 

10 
11 

Off-Site 

12 
20 

Radium-226 

On-Site 

10 
11 

Off-Site 

12 
20 

2b 
4 

4 
3c 

2b 
4 

4 
3c 

1.6 
1.5 

0.9 
1.2 

1.9 
2.4 

1.6 
1.9 

- 
2.0 

1.3 
1.5 

0.8 0.9 0.8 
0.6 2.9 1.3 

0.3 0.7 0.5 
0.6 1.1 0.8 

asampling locations are shown in Figures 3-2 and 3 - 3 .  

bNo sample was collected in the first quarter. The Central 

CThere was no sediment at this location during the third 

Drainage Ditch was dry during the third quarter. 

quarter . 
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w a t e r .  To consume g r o u n d w a t e r  f rom a well a t  t h e  NFSS, t h e  member 
o f  t h e  p u b l i c  w o u l d  a l s o  h a v e  t o  be e q u i p p e d  w i t h  a means  of 
r emov ing  t h e  well cap a n d  would  need  a power sou rce ,  a pump, a n d  a 
hose .  

Radon c o n c e n t r a t i o n s  m e a s u r e d  a t  t h e  b o u n d a r y  o f  t h e  NFSS were 
w i t h i n  t h e  n o r m a l  v a r i a t i o n  a s s o c i a t e d  w i t h  b a c k g r o u n d  m e a s u r e m e n t s  
f o r  t h i s  a r e a .  C o n s e q u e n t l y ,  t h i s  p a t h w a y  would  n o t  c o n t r i b u t e  
a d d i t i o n a l  dose  t o  t h e  m a x i m a l l y  exposed i n d i v i d u a l .  

3 . 5 . 1  Dose t o  M a x i m a l l y  Exposed  I n d i v i d u a l  

To i d e n t i f y  t h e  i n d i v i d u a l  i n  t h e  v i c i n i t y  of t h e  NFSS who wou ld  
r e c e i v e  t h e  h i g h e s t  dose  f r o m  o n - s i t e  l o w - l e v e l  r a d i o a c t i v e  
m a t e r i a l s ,  t h e  exposure  f r o m  e x t e r n a l  gamma r a d i a t i o n  was c a l c u l a t e d  
a t  v a r i o u s  m o n i t o r i n g  l o c a t i o n s  t h a t  c o u l d  be access ib le  by t h e  
p u b l i c .  T h e s e  exposures  were  t h e n  r e v i e w e d  w i t h  r e g a r d  t o  l a n d  u s e  
a n d  o c c u p a n c y  f a c t o r s  f o r  a r e a s  a d j a c e n t  t o  t h e  m o n i t o r i n g  p o i n t s .  
From t h e s e  c a l c u l a t i o n s ,  it was d e t e r m i n e d  t h a t  t h e  h i g h e s t  exposure  
w o u l d  be r e c e i v e d  by a n  i n d i v i d u a l  d i r e c t l y  e a s t  of t h e  s i t e .  

The h i g h e s t  m e a s u r e d  r a d i a t i o n  l e v e l  a b o v e  b a c k g r o u n d ,  2 4  mR/yr, was 
r e c o r d e d  a t  TLD L o c a t i o n  20 .  A s  shown i n  F i g u r e  1-5, t h e  a r e a  
a d j a c e n t  t o  TLD L o c a t i o n  2 0  i s  u s e d  a s  a s a n i t a r y  l a n d f i l l .  
Exposure  t o  people  i n  t h i s  a r e a  is  t h e r e f o r e  c o n s e r v a t i v e l y  based on 
a 40-h work w e e k ,  a l t h o u g h  i t  i s  h i g h l y  u n l i k e l y  t h a t  a w o r k e r  would 
s p e n d  a n  e n t i r e  40-h w o r k  w e e k  n e a r  t h i s  s a m p l i n g  l o c a t i o n .  
A p p l y i n g  a 40-h/week o c c u p a n c y  f a c t o r ,  t h e  exposure  t o  l a n d f i l l  
w o r k e r s  w o u l d  be a maximum of 6 mR/yr a b o v e  b a c k g r o u n d .  S i n c e  1 mR 

i s  a p p r o x i m a t e l y  e q u i v a l e n t  t o  1 mrem, t h i s  exposure i s  
a p p r o x i m a t e l y  e q u i v a l e n t  t o  6 p e r c e n t  of t h e  DOE r a d i a t i o n  
p r o t e c t i o n  s t a n d a r d .  By cornpari tson,  t h e  i n c r e m e n t a l  d o s e  r e c e i v e d  
f r o m  l i v i n g  i n  a b r i c k  house  i s  1 0  mrem/yr g r e a t e r  t h a n  t h e  dose 
r e c e i v e d  by  a p e r s o n  l i v i n g  i n  a wooden h o u s e  ( see  Append ix  D). 
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3 . 5 . 2  Dose t o  t h e  Popula t ion  i n  t h e  V i c i n i t y  of t h e  NFSS 

T h e  dose t o  t h e  popu la t ion  r e p r e s e n t s  t h e  concep tua l  cumula t ive  
r a d i a t i o n  dose t o  a l l  r e s i d e n t s  w i t h i n  a 8 0 - k m  (50-mi) r a d i u s  of a 
g iven  s i t e .  T h i s  c a l c u l a t e d  dose i n c l u d e s  c o n t r i b u t i o n s  from a l l  
p o t e n t i a l  pathways.  For t h e  NFSS, t h e s e  pathways a r e :  d i r e c t  
exposure t o  gamma r a d i a t i o n ,  i n h a l a t i o n  of radon g a s ,  and i n g e s t i o n  
of water  c o n t a i n i n g  r a d i o a c t i v i t y .  

T h e  c o n t r i b u t i o n  t o  t h e  popu la t ion  dose made by gamma r a d i a t i o n  from 
o n - s i t e  r a d i o a c t i v e  m a t e r i a l s  i s  too  small  t o  be measured s ince 
gamma r a d i a t i o n  l e v e l s  dec rease  r a p i d l y  a s  d i s t a n c e  from t h e  sou rce  
of contaminat ion  i n c r e a s e s .  For example, i f  t h e  gamma exposure r a t e  
a t  a d i s t a n c e  of 0 . 9  m ( 3  f t )  from a sma l l - a rea  r a d i o a c t i v e  source  
were 1 0 0  mR/yr, t h e  exposure r a t e  a t  a d i s t a n c e  of 6.4 m ( 2 1  f t )  
from t h e  source  would be i n d i s t i n g u i s h a b l e  from n a t u r a l l y  o c c u r r i n g  
background r a d i a t i o n .  

S i m i l a r l y ,  radon gas  i s  known t o  d i s s i p a t e  r a p i d l y  a s  d i s t a n c e  from 
t h e  radon source  i n c r e a s e s  (Ref .  1 0 ) .  The re fo re ,  radon exposure 
does not c o n t r i b u t e  s i g n i f i c a n t l y  t o  popu la t ion  dose .  

On t h e  b a s i s  of r a d i o n u c l i d e  c o n c e n t r a t i o n s  measured i n  water  
l e a v i n g  t h e  s i t e ,  i t  a l s o  appears  t h a t  t h e r e  is no p r e d i c t a b l e  
pathway by w h i c h  i n g e s t i o n  of water could r e s u l t  i n  a s i g n i f i c a n t  
dose t o  t h e  popu la t ion .  A s  water m i g r a t e s  f a r t h e r  from t h e  sou rce ,  
r a d i o n u c l i d e  c o n c e n t r a t i o n s  a r e  f u r t h e r  reduced, t he reby  lowering 
p o t e n t i a l  doses  t o  even less  s i g n i f i c a n t  l eve l s .  

Since t h e  c o n t r i b u t i o n s  t o  popu la t ion  dose v i a  a l l  t h r e e  p o t e n t i a l  
exposure pathways a r e  i n c o n s e q u e n t i a l ,  c a l c u l a t i o n  of dose t o  t h e  
popu la t ion  i s  not warran ted .  The  cumula t ive  dose  t o  t h e  popu la t ion  
w i t h i n  an 80-km ( 5 0 - m i )  r a d i u s  of t h e  NFSS t h a t  would r e s u l t  from 
r a d i o a c t i v e  m a t e r i a l s  p r e s e n t  a t  t h e  s i t e  would be i n d i s t i n g u i s h a b l e  
from t h e  dose t h a t  t h e  same popu la t ion  would r e c e i v e  from n a t u r a l l y  
o c c u r r i n g  r a d i o a c t i v e  s o u r c e s .  
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3.6 TRENDS 

The environmental monitoring program at the NFSS has been 
established to allow an annual assessment of the environmental 
conditions at the site, provide a historical record for year-to-year 
comparisons, and permit detection of trends. In the following 
subsections, 1987 annual averages for each monitoring location for 

radon, external gamma radiation, and radionuclide concentrations in 
surface water and groundwater are compared with results for 
1982-1986 for the corresponding locations. 

In some cases, sampling locations monitored in prior years no longer 
exist (due to adjustments to the monitoring program or changes 
resulting from remedial action). Data from such locations would not 
be valid for comparisons o r  trends and therefore are not reported in 
the trend tables. Comparisons and trends are based on current 

monitoring locations; when there are gaps or anomalies in the data 
reported for these locations in past years, these are footnoted and 
explained in the tables. As the environmental monitoring program 
continues at the NFSS and more data are collected, comparisons and 
analyses of trends will become more valid. 

3.6.1 Radon 

As Table 3-8 shows, radon concentrations at the NFSS site boundary 
have decreased noticeably since 1982. The fluctuations in levels at 
some monitoring locations can be attributed to remedial action at 
the NFSS. Statistical analysis of radon data f o r  the period 1982-87 
indicates that significant decreases in radon concentrations at the 

NFSS began in late 1984 and continued into mid-1986. This period 
coincides with the period during which construction of the IWCF was 
begun and completed. Radon concentrations at the NFSS stabilized in 
late 1986 and have remained close to the background level for the 
area. Radon concentrations measured in 1987 do not differ 
significantly from 1986 l eve ls .  
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TABLE 3-8 
ANNUAL AVERAGE CONCENTRATIONS OF RADON-222 MEASURED BY 

TERRADEX MONITORS AT THE NFSS BOUNDARY, 1982-1987a 

Sampling Concentration (10-9 uCi/ml)c,d 
1987 1986 Locat ionb 1982 1983 1984 1985 

Site Boundary 
1 
3 
4 
5 
6 
7 
11 
12 
13 
14 
15 
20 
28 
29 
32 
34 
35 
36 

Backqround 
30 

1.2 
0.6 
0.7 
0.6 
0.7 
1.0 
0.9 
0.8 
0.9 
0.7 
0.8 
0.7 
0.7 

1.0 
0.4 

-e 

-f 
-f 

0.8 
0.5 
0.6 
0.4 
0.5 
0.5 
0.5 
0.6 
0.4 
0.4 
0.5 
0.5 
0.4 
0.6 
0.4 
0.5 

-f 
-f 

0.9 
0.7 
0.6 
0.5 
0.5 
0.4 
0.3 
0.4 
0.7 
0.5 
0.5 
0.5 
0.5 
0.4 
1.0 
0.5 

-f 
-f 

1.0 

0.4 
0.5 
0.4 
0.2 
0.4 
0.6 
0.4 
0.4 
0.5 
0.3 
0.3 
0.5 
0.4 
0.6 
0.4 
0.5 
0.3 
0.4 

0.4 

0.3 
0.3 
0.3 
0.3 
0.2 
0.2 
0.4 
0.2 
0.4 
0.8 
0.3 
0.2 
0.3 
0.4 
0.3 
0.3 
0.2 
0.3 

0.3 

0.2 
0.3 
0.4 
0.2 
0.2 
0.3 
0.2 
0.3 
0.1 
0.4 
0.2 
0.2 
0.2 
0.3 
0.3 
0.8 
0.2 
0.2 

0.3 

aData sources for previous years are the annual site environmental 

bSampling locations are shown in Figure 3-1. 

C1 x 10-9 uCi/ml is equivalent to 1 pci/l. 

dBackground has not been subtracted. 

reports for those years (Refs. 7-11). 

eSampling Location 29 was moved to its present location in the 
fourth quarter of 1982. As such, 1982 data are not directly 
comparable to data for other years. 

in January 1985. 

program in January 1983. 

period. Annual average background, therefore, was invalid. 

fSampling Locations 35 and 36 were added to the monitoring program 

gBackground monitoring location was added to the monitoring 

hBackground detector was improperly exposed during one sampling 
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3 . 6 . 2  E x t e r n a l  Gamma R a d i a t i o n  L e v e l s  

A s  shown i n  T a b l e  3-9,  w h i l e  t h e r e  h a s  b e e n  some f l i  Z t u a t i o n  i n  
e x t e r n a l  gamma r a d i a t i o n  l e v e l s  ( e s p e c i a l l y  d u r i n g  t h e  y e a r s  1 9 8 3  t o  
1 9 8 5  when r e m e d i a l  a c t i v i t i e s  were i n  f u l l  p r o g r e s s ) ,  1 9 8 6  l e v e l s  i n  
most cases were much lower t h a n  l e v e l s  m e a s u r e d  i n  1 9 8 2 .  T h i s  
o v e r a l l  downward t r e n d  c a n  be a t t r i b u t e d  t o  t h e  e f f e c t s  o f  r e m e d i a l  
a c t i o n  a t  t h e  NFSS. E x t e r n a l  gamma r a d i a t i o n  l e v e l s  i n  1 9 8 7  were i n  
s l i g h t l y  l o w e r  t h a n  t h o s e  m e a s u r e d  i n  1 9 8 6 ,  b u t  t h e  d i f f e r e n c e  i s  
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  E x t e r n a l  gamma r a d i a t i o n  l e v e l s  h a v e  
s t a b i l i z e d  a t  t h e  NFSS a t  l e v e l s  t h a t  a r e  so c lose  t o  b a c k g r o u n d  f o r  
t h e  a r ea  a s  t o  be s t a t i s t i c a l l y  i n s i g n i f i c a n t .  

3 . 6 . 3  S u r f a c e  Water 

As shown i n  T a b l e s  3-10 a n d  3-11, t h e  c o n c e n t r a t i o n s  of u r a n i u m  a n d  
r a d i u m - 2 2 6  i n  s u r f a c e  water h a v e  decreased s i n c e  1 9 8 2 .  T h i s  

d e c r e a s e  c a n  be a t t r i b u t e d  t o  r e m e d i a l  a c t i o n  c o n d u c t e d  a t  t h e  s i t e ,  
a l t h o u g h  c o n s t r u c t i o n  a c t i v i t i e s  d u r i n g  r e m e d i a l  a c t i o n  c o n t r i b u t e d  
t o  a s h a r p  i n c r e a s e  i n  u r a n i u m  c o n c e n t r a t i o n  a t  L o c a t i o n  1 0  from 
1 9 8 2  t o  1 9 8 3 .  A c o m p a r i s o n  of 1 9 8 6  d a t a  w i t h  1 9 8 2  d a t a  shows t h e  
e x t e n t  t o  w h i c h  r e m e d i a l  a c t i o n  h a s  b e e n  s u c c e s s f u l  i n  r e d u c i n g  
r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  s u r f a c e  water a t  t h e  NFSS.  

Uran ium a n d  r ad ium-226  l e v e l s  were b i a s e d  h i g h  i n  A p r i l  1 9 8 7  a t  t h e  
o n - s i t e  s t a t i o n s  when s a m p l i n g  of t h e  C e n t r a l  D r a i n a g e  D i t c h  
c o i n c i d e d  w i t h  a p l a n n e d  d i s c h a r g e  of water from t h e  d i t c h  ( see  
S e c t i o n  4 . 1 . 3 ) .  S i g n i f i c a n t  decreases were m e a s u r e d  a t  o f f - s i t e  
l o c a t i o n s  from 1 9 8 2  t h r o u g h  1 9 8 6 .  L e v e l s  of bo th  r a d i o n u c l i d e s  
r e m a i n e d  low i n  1 9 8 7 .  

3 . 6 . 4  G r o u n d w a t e r  

As shown i n  T a b l e s  3-10 a n d  3-11, t h e r e  h a v e  b e e n  no  n o t i c e a b l e  
t r e n d s  i n  t h e  c o n c e n t r a t i o n s  of u r a n i u m  o r  r ad ium-226  i n  g r o u n d w a t e r  
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TABLE 3-9 
ANNUAL AVERAGE EXTERNAL GAMMA RADIATION LEVELS 

AT THE NFSS, 1982-1987a 

Samp 1 ing 
Locat ionb 

Radiation Level (mR/yrIC 
198Z4 1983 1984 1985 1986 1987 

Site Boundary 
1 
3 
4 
5 
6 
7 

11 
12 
13 
14 
15 
20 
28 
29 
32 
34 
35 
36 

Backsround 
30 

22 
156 
261 
90 
26 
43 
-e 
-e 
-e 
8 

22 
173 

5 
13 
85 

-e 

-9 
-9 

-h 

19 
127 

86 
15 
17 
12 
12 
14 
8 

121 
8 

12 
17 
78 

192 i 

Of 

-9 
-9 

-9 

34 
119 
167 
84 
35 
31 
17 
24 
42 
13 
8 

127 
26 
31 
16 
79 
-9 
-9 

-9 

18 
24 
48 
24 
21 
20 
12 
11 
14 
6 
3 

65 
14 
14 
10 
16 
16 
6 

91 

16 
4 

14 
14 
8 
8 
4 
2 

3 
6 

26 
14 

6 
6 

15 
5 

Of 

Of 

69 

11 
11 
13 
16 
3 

11 
2 
6 

7 
6 

24 
14 
0 
5 
8 

14 
16 

Of 

64 

aData sources for previous years data are the annual site 

bSite boundary locations only. 

environmental reports for those years (Refs. 7-11). 

Sampling locations are shown 
i n  F i g u r e  3-1. 

CMeasured background has been subtracted from readings taken 
at site boundary locations. Measurements are obtained in 
mR/quarter, normalized to 1 year, and expressed as mR/yr. 

established in the fourth quarter of 1982. Therefore, 1982 data 
represent only one quarter's measurements. 

dCurrent external gamma radiation sampling locations were 

eDetectors were missing from sampling location. 

fMeasurement was equal to or less than measured background value. 

gSampling Locations 35 and 36 were added to the monitoring 

hBackground location was established in 1985. 

program in January 1985. 
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TABLE 3-10 
ANNUAL AVERAGE CONCENTRATIONS OF URANIUM 

IN NFSS WATER SAMPLES, 1982-1987a 

Sampling Concentration (10-9 uci/ml)c 
Locat ionb 1982 1983 1984 1985 1986 1987 

Surface Water 

On-Site 
10 
11 

Off-Site 
12 
20 

Groundwater 

On-Site 
BH- 5 
BH- 4 8 
BH-61 
A-42 
A-50 
BH- 4 9 
BH- 5 1 
BH- 6 3 
A - 5 2  
BH-64 
BH-70 
BH-71 

O f f - S i t e  
17 
19 

656 
30 

23 
22 

5e 
5e 

<3e 
5 6e 
8e 

<3e  
9e 
9e 
8e 

18e 
5e 
3e 

<3 
<3 

19 15 8 
3 19 5 

8 9 4 
10 4 5 

3 
6 
4 

55 
5 
3 
7 
3 

73 
13 
7 
4 

3 
5 
3 
62 
3 
3 

11 
3 

22 
15 
4 
3 

<3 
5 

< 3  
71 
4 

<3 
7 

<3 
17 
13 
3 

<3 

<3 <3 < 3  
-f  < 3  < 3  

6 
14 

5 
6 

<3 
4 

< 3  
78 
4 

< 3  
6 

<3 
18 
10 
7 

< 3  

<39 
<3Q 

aData sources for prior years are the annual site 

bSampling locations are shown in Figures 3-2 and 

environmental reports for those years (Refs. 7-11). 

3-3. Sampling locations that have existed in 
previous years but that no longer exist due to 
adjustments in the monitoring program or changes 
caused by remedial action are not reported in trend 
tables. Data from these locations would not be 
valid for comparisons or trends. 

C1 x 10-9 uCi/ml is equivalent to 1 pci/l. 
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TABLE 3-10 
(Continued) 

dOn-site groundwater wells monitored in 1982 were 
replaced in mid-1983 with wells currently being 
monitored (see footnote b). 

eNew on-site groundwater wells were installed in 
mid-1983. Data reported represent two quarters' 
measurements. 

fSampling performed annually: sample was lost during 
shipment to the laboratory. 

gSampling of domestic water supply wells was 
terminated after first quarter results were 
obtained, since concentrations of uranium and radium 
in these wells have not exceeded 3.0 x uCi/ml 
(3.0 pCi/l) and 3.0 x uCi/ml (0.3 pCi/l), 
respectively, since 1983. 

4 4  



TABLE 3-11 
ANNUAL AVERAGE CONCENTRATIONS OF RADIUM-226 

IN NFSS WATER SAMPLES, 1982-1987a 

Pase 1 of 2 

Sampling Concentration (10-9 uCi/ml)c 
Lo ca t i onb 1982 1983 1984 1985 1986 1987 

Surface Water 

On-Site 
10 0.6 
11 1.5 

Off -Site 
12 0.8 
20 0.6 

Groundwater 

On-Site 
BH- 5 
BH-48 
BH- 6 1 
A-42 
A-50 
BH- 4 9 
BH- 5 1 
BH- 6 3 
A-52 
BH-64 
BH-70 
BH-71 

Off-Site 
17 0.3 
19 0.4 

0.4 
1.2 

0.8 
0.6 

0.1e 
0.2e 
0.1e 
0.2e 
0.3e 
0.2e 
0.3e 
0.3e 

-f 
0.2e 
0.6e 
0.4e 

0.1 
0.1 

0.2 0.4 0.2 0.2 
0.1 0.7 0.3 1.8 

0.4 0.2 0.3 0.3 
0.3 0.4 0.4 0.3 

0.2 
0.4 
0 . 2  
0.4 
0.4 
0.2 
0.3 
0 . 4  
0.1 
0.1 
0.2 
0.2 

0.5 
0.6 
0.5 
0.5 
0.7 
0.4 
0.5 
0.4 
0.2 
0.3 
0.6 
0.4 

0.5 
0.5 
0.3 
0.6 
0.5 
0.2 
0.3 
0.5 
0.3 
0.4 
0.5 
0.4 

0.4 
0.5 
0.3 
0.2 
0.3 
0.2 
0.3 
0.3 
0.2 
0.2 
0.3 
0.4 

0.3 0 . 2  0.3 0.3h 
-g 0.1 0.3 0.3h 

aData sources for prior years are the annual site 
environmental reports for those years (Refs. 7-11). 

bSampling locations are shown in Figures 3-2 and 
3 - 3 .  Sampling locations that have existed in 
previous years but that no longer exist due to 
adjustments in the monitoring program or changes 
caused by remedial action are not reported in trend 
tables. Data from these locations would not be 
valid for comparisons or trends. 
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TABLE 3-11 
(Continued) 

Page 2 of 2 

C1 x 10-9 uCi/ml is equivalent to 1 pci/l. 

don-site groundwater wells monitored in 1982 were 
replaced in mid-1983 with wells currently being 
monitored (see footnote b). 

eNew on-site CJKOUndWateK wells were installed in 
mid-1983. Data reported represent two quarters' 
measurements. 

fWell casing was damaged and no samples could be 
obtained. 

gsampling performed annually; sample was lost 
during shipment to laboratory. 

hSampling of domestic water supply wells was 
terminated after first quarter results were 
obtained, since concentrations of uranium and radium 
in these wells have not exceeded 3.0 x uCi/ml 
(3.0 pCi/l) and 3.0 x uCi/ml (0.3 pCi/l), 
respectively, since 1983. 
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a t  t h e  NFSS. S i n c e  t h e  c u r r e n t  m o n i t o r i n g  wel l s  were i n s t a l l e d  i n  
1 9 8 3 ,  mos t  l o c a t i o n s  h a v e  r e p o r t e d  c o n c e n t r a t i o n s  t h a t  h a v e  r e m a i n e d  
b a s i c a l l y  s t a b l e .  

Uranium l e v e l s  i n  A-42 e x h i b i t e d  a s l i g h t  r i s i n g  t r e n d  t h r o u g h  t h e  
t h i r d  q u a r t e r  of 1 9 8 6  a n d  s t a b i l i z e d  a t  7 3  p C i / l  u n t i l  t h e  t h i r d  

q u a r t e r  of 1 9 8 7 ,  when a c o n c e n t r a t i o n  of 9 3  p C i / l  was m e a s u r e d .  I n  
t h e  f o u r t h  q u a r t e r  of 1 9 8 7 ,  t h e  c o n c e n t r a t i o n  of u r a n i u m  i n  Well 
A-42 was a g a i n  7 3  p C i / l .  

T h e  u r a n i u m  c o n c e n t r a t i o n  i n  Well A-42 is  c o n s i s t e n t l y  a b o v e  t h a t  
m e a s u r e d  i n  t h e  o t h e r  wel ls .  T h i s  well  was i n s t a l l e d  d u r i n g  t h e  
e a r l y  d a y s  of r e m e d i a l  a c t i o n  on t h e  s i t e ;  a r e v i e w  o f  h i s t o r i c a l  
r e c o r d s  i n d i c a t e s  t h a t  i t  was d r i l l e d  i n  a n  a r e a  t h a t  had  b e e n  
r a d i o a c t i v e l y  c o n t a m i n a t e d .  A n  i n v e s t i g a t i o n  i s  u n d e r  way i n  a n  
e f f o r t  t o  d e t e r m i n e  why d a t a  f o r  Well A-42 a r e  a t y p i c a l .  

E n v i r o n m e n t a l  m o n i t o r i n g  f o r  v a r i o u s  chemical  p a r a m e t e r s  was 
i n i t i a t e d  i n  1 9 8 7 .  A d i s c u s s i o n  of  a n a l y s i s  r e s u l t s  i s  c o n t a i n e d  i n  
S u b s e c t i o n  4 . 2  of  t h i s  r e p o r t .  
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4 . 0  RELATED A C T I V I T I E S  AND SPECIAL STUDIES 

4 . 1  RELATED A C T I V I T I E S  

I n  1 9 8 7 ,  a c h a n g e  was i n i t i a t e d  i n  t h e  s c h e d u l e  f o r  q u a r t e r l y  
m o n i t o r i n g  o f  a l l  FUSRAP s i tes ,  s u c h  t h a t  s a m p l i n g  is c o n d u c t e d  a t  
each s i t e  i n  J a n u a r y ,  A p r i l ,  J u l y ,  a n d  October .  P r e v i o u s l y ,  
q u a r t e r l y  s a m p l i n g  was c o n d u c t e d  i n  March, J u n e ,  September,  a n d  
December .  T h i s  c h a n g e  was i m p l e m e n t e d  t o  a l low s u f f i c i e n t  time f o r  
more complete a n a l y s i s  a c t i v i t i e s .  I n  o r d e r  t o  i m p l e m e n t  t h i s  
c h a n g e  i n  t h e  m o n i t o r i n g  s c h e d u l e ,  d a t a  f r o m  t h e  l a s t  q u a r t e r  o f  
1 9 8 6  were c a r r i e d  o v e r  t o  t h e  f i r s t  q u a r t e r  o f  1 9 8 7  f o r  purposes  of 
e n v i r o n m e n t a l  m o n i t o r i n g .  Any b i a s  r e s u l t i n g  f r o m  t h e  use of 1 9 8 6  
d a t a  i s  c o n s i d e r e d  n e g l i g i b l e .  

I n  a d d i t i o n ,  a n  i m p r o v e d  e x t e r n a l  gamma r a d i a t i o n  m o n i t o r i n g  s y s t e m  
was i n t r o d u c e d  a t  t h e  NFSS i n  A p r i l  1 9 8 7  i n  c o n j u n c t i o n  w i t h  t h e  
c u r r e n t l y  u s e d  t y p e  o f  s y s t e m .  T h i s  s y s t e m  u t i l i z e s  
t i s s u e - e q u i v a l e n t  T L D s ,  w h i c h  permit  a d i r e c t  e v a l u a t i o n  of t h e  
a c c u m u l a t e d  dose of  gamma r a d i a t i o n  t o  t h e  d e e p  t i s s u e  of t h e  body 
( a t  a d e p t h  o f  1 c m ) .  B e s i d e s  p r o v i d i n g  v a l u e s  t h a t  a r e  more 
r e a l i s t i c  i n  ter-ms of p o t e n t i a l  t i s sue  d o s e  t h a n  does t h e  o t h e r  t y p e  
of  TLD, t h e  t i s s u e - e q u i v a l e n t  TLD i s  more s e n s i t i v e  i n  d e t e c t i n g  
e x t e r n a l  gamma r a d i a t i o n .  E f f e c t i v e  A p r i l  1 5 ,  1 9 8 8 ,  
t i s s u e - e q u i v a l e n t  T L D s  w i l l  be u s e d  e x c l u s i v e l y .  Data c o l l e c t e d  
f r o m  t h e s e  new TLDs  w i l l  be p r e s e n t e d  i n  t h e  e n v i r o n m e n t a l  r e p o r t s  
f o r  1 9 8 8  a n d  s u b s e q u e n t  y e a r s .  

4 . 1 . 1  Water D i s c h a r g e s  

S u r f a c e  water d i s c h a r g e s  f r o m  t h e  NFSS a re  r e g u l a t e d  by t h e  NYSDEC, 
u n d e r  t h e  N e w  York S t a t e  P o l l u t a n t  D i s c h a r g e  E l i m i n a t i o n  S y s t e m  
(SPDES) .  P e r m i t  No. NY-0110469 was i s s u e d  o n  May 1, 1 9 8 3 ,  a n d  i s  i n  
e f f e c t  f o r  5 y e a r s .  
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D u r i n g  1 9 8 7 ,  t h e  1 0 . 2  m i l l i o n  g a l  ( 3 8 . 8  m i l l i o n  l i t e r s )  o f  water i n  
t h e  r e m a i n i n g  two water t r e a t m e n t  p o n d s  was t r e a t e d  a n d  r e l e a s e d .  
The p o n d s  were s u b s e q u e n t l y  r e d u c e d  t o  g r a d e  and  reseeded. Bo th  
p r i o r  t o  and  d u r i n g  r e l e a s e ,  t h e  water was s a m p l e d  f o r  t h e  
a p p l i c a b l e  parameters p r e s e n t e d  i n  T a b l e  4 - 1 .  Each d i s c h a r g e  
reques t  was r e v i e w e d  and  a p p r o v e d  by  t h e  NYSDEC.  A l l  water r e l eased  
complied w i t h  t h e  d i s c h a r g e  l i m i t s  f o r  u r a n i u m  and  rad ium a n d  w i t h  
SPDES permit l i m i t s .  

4.1.2 Cap P e r f o r m a n c e  M o n i t o r i n g  

D u r i n g  t h e  l a s t  q u a r t e r  o f  i 9 8 6 ,  1 3  v i b r a t i n g  wire  p r e s s u r e  
t r a n s d u c e r s  (VWPTs) were i n s t a l l e d  i n s i d e  t h e  waste c o n t a i n m e n t  
f a c i l i t y  t o  m o n i t o r  i t s  e f f e c t i v e n e s s .  P r e s s u r e  c h a n g e s  measured by 
t h e s e  i n s t r u m e n t s  occur a s  a r e s u l t  of c h a n g e s  i n  t h e  h e i g h t  of 
s a t u r a t i o n  w i t h i n  t h e  wastes.  For example, a p r e s s u r e  i n c r e a s e  
o c c u r r i n g  r a p i d l y  w i t h i n  t h e  f i r s t  y e a r  a f t e r  c o m p l e t i o n  of  t h e  
f a c i l i t y  m i g h t  be i n d i c a t i v e  o f  a newly  d e v e l o p i n g  permeable 
c o n d i t i o n  n e a r b y ,  whereas a slow i n c r e a s e  i n  p r e s s u r e  a t  o n e  or  more  
s t a t i o n s  w i t h  a s t e a d y  d e c r e a s e  i n  p r e s s u r e  a t  o t h e r s  w i l l  i n d i c a t e  
e q u a l i z a t i o n  o f  t h e  water c o n t a i n e d  w i t h i n  t h e  f a c i l i t y  when i t  was 
c l o s e d .  The  f o r m e r  s i t u a t i o n  w o u l d  i n d i c a t e  t h a t  a n  i n s p e c t i o n  of 
t h e  i n t e g r i t y  o f  t h e  f a c i l i t y  was r e q u i r e d ;  t h e  i n s p e c t i o n  would  be  
c o n d u c t e d  a s  p a r t  of  m a i n t e n a n c e  and  s u r v e i l l a n c e  a c t i v i t i e s  t h a t  
w i l l  c o n t i n u e  a t  t h e  NFSS f o r  a t  l e a s t  5 y e a r s .  T h r e e  p n e u m a t i c  
p r e s s u r e  t r a n s d u c e r s  w e r e  a l s o  i n s t a l l e d  t o  p r o v i d e  a means  of 
c h e c k i n g  t h e  o p e r a t i o n  o f  t h e  VWPTs. F u r t h e r  d e t a i l  r e g a r d i n g  t h e  
p e r f o r m a n c e  m o n i t o r i n g  program is  p r o v i d e d  i n  R e f e r e n c e  13 .  

I n  l a t e  1 9 8 6 ,  a n  a d d i t i o n a l  36 g r o u n d w a t e r  m o n i t o r i n g  wel ls  were 
i n s t a l l e d  a r o u n d  t h e  IWCF t o  m o n i t o r  i t s  p e r f o r m a n c e  ( F i g u r e  3 - 4 ) .  
T h e s e  wells were s a m p l e d  as p a r t  of t h e  1 9 8 7  e n v i r o n m e n t a l  
m o n i t o r i n g  program. A n a l y s i s  r e s u l t s  f o r  u r a n i u m  and  r a d i u m  a r e  
p r e s e n t e d  i n  T a b l e s  3-5 a n d  3-6.  R e s u l t s  o f  a n a l y s e s  f o r  chemical  
parameters a r e  p r e s e n t e d  b e l o w .  
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TABLE 4-1  
1 9 8 7  SPDES PERMIT PARAMETERS FOR THE NFSSa 

P a r a m e t e r  U n i t  
. P e r m i t  L i m i t s  

BATD Water Q u a l i t y  

A r s e n i c  
Bar i um 
C e r i u m  
Chromium 
C o b a l t  
C o p p e r  
C y a n i d e  
F 1 uo r i de  
I r o n  
Lan thanum 
L e a d  
L i t h i u m  
Manganese  
Mer c u r  y 
N i c k e l  
Se l e n  i um 
S t r o n t i u m  
T h a l l  i u m  
Vanad ium 
Z i n c  
Z i r c o n i u m  
T o t a l  S u s p e n d e d  

S o l i d s  
S e t t l e a b l e  S o l i d s  

Gross A l p h a d  
PH 

( a s  u r a n i u m )  
( a s  r a d i u m - 2 2 6 )  

uCi /ml  
uCi /ml  

0 . 3 3  
0 .42  
0 . 1 0  
0 . 1 5  
0 . 1 0  
0 . 1 0  

4 . 2  
0 . 4 2  
0 . 1 0  
0 . 1 0  
0 . 4 2  
0 . 1 0  

0 . 1 0  
4 . 0 0  
0 . 4 2  

0 . 4  
0 . 2 2  
0 .10  

- 

- 

- 

5 0  
0 . 3 0  
6 . 0 - 9 . 0  

0 . 0 5  - 
- 

0 . 0 0 5  
0 . 0 0 5  

0 . 1 0  
1 . 5  
0 . 3  

0 . 0 3  

- 

- 

- 
0 .0004  
0 . 0 3  

- 
0 . 0 2  - 

6 x lo-’ 
3 x 1 0 - 8  

aMaximum d i s c h a r g e  r a t e :  1 , 0 9 0 , 0 8 0  l i t e r s / d a y  

bBest a v a i l a b l e  t e c h n o l o g y .  

( 2 8 8 , 0 0 0  g a l / d a y ) .  

C u n i t l e s s .  

d D i s c h a r g e  l i m i t .  
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4 . 2  SPECIAL STUDIES 

4 . 2 . 1  Groundwater Chemical Investigation and Monitoring 

In April 1987, the 3 6  monitoring wells installed around the IWCF to 
monitor its performance were incorporated into the environmental 

monitoring program. As part of the monitoring program, samples from 
these wells are analyzed for chemical constituents. The chemical 

monitoring program includes baseline monitoring for the chemical 
substances listed in Subsection 4 . 2 . 1  below; routine monitoring of 
the 3 6  new wells for heavy metals; and routine monitoring of all 
wells for "indicator" parameters [total organic carbon (TOC), total 

organic halogens (TOX), pH, and specific conductivity]. 

The results obtained in 1987 are summarized in the following 
subsections and tables. Based on the data currently available, it 
is not possible to draw conclusions o r  establish trends concerning 
chemical constituents in groundwater at the NFSS, except as to the 
presence or absence of individual chemical species. 

4 .2 .2  Baseline Appendix IX Monitoring 

In July 1987, 1 6  wells at the NFSS were selected for baseline 
chemical monitoring pilrsuant to 40 CFR 2 6 1 ,  Appendix IX. Baseline 
quarterly monitoring began the same month and will be complete in 
July 1988. This program includes analysis for 5 4  volatile organic 
compounds ( V O A ) ;  6 5  semi-volatile compounds that are on the 
hazardous substances list; 6 4  semi-volatile compounds that are not 

on the hazardous substances list; basic, neutral, and acid 
extractable compounds; 2 6  pesticides and PCBs from the EPA Contract 
Laboratory Program list; 1 2  organophosphate pesticides, 4 
herbicides; 2 4  toxic o r  potentially toxic metals; and sulfides, 
fluorides, and cyanides. 
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The concentrations of most of these compounds were below the limit 
of detectability of the respective analytical method. Tables 4-2 
through 4 - 5  list the parameters for which analysis was conducted, 
but which were not detected. 

Analysis results for indicator parameters and "Appendix IX" chemical 

constituents that were found to be present in detectable quantities 
are listed in Table 4-6. These findings cannot be interpreted until 
the baseline monitoring program is completed in July 1988. 

4.2.3 Metals in Groundwater 

In April 1987, the 36 IWCF monitoring wells installed in 1986 were 
incorporated into the groundwater monitoring program at the NFSS. 
As part of this program, quarterly analysis for dissolved metals in 
groundwater was initiated. Metal ions are normal constituents of 
groundwater; however, the presence of very high concentrations of 
toxic heavy metals associated with the materials stored in the IWCF, 
such as lead, nickel, vanadium, chromium, cobalt, or barium, would 
indicate an impact resulting from site activities. The well system 
is designed to provide sufficient wells to cover both upgradient and 
downgradient conditions. 

Concentrations of ICP metals for the period of April 1987 to October 
1987 are given in Table 4-7. Chemical contaminants not present in 
detectable concentrations are not listed in the table. Table 4-7 
also lists analysis results for indicator parameters. 

Well A-42 (which is located on the IWCF perimeter but is not one of 

the 36 nnewn wells) is drilled into a sand lense of unknown exent. 
This well also exhibits metal ion concentrations within the ranges 
found in other on-site wells. Specific conductance values are 
moderate in comparison with those found in other on-site wells, and 
are generally similar to those for nearby Wells 2A and 2B, which do 
not exhibit high uranium values. 
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TABLE 4-2 
APPENDIX IX VOLATILE SUBSTANCES 

NOT DETECTED AT THE NFSS, 1987 

Chloromethane 
B r  omomet ha ne 
Vinyl Chloride 
Chlo roet ha ne 
Carbon Disulfide 
1,l-Dichloroethene 
1,l-Dichloroethane 
Trans-l,2-Dichloroethene 
Chloroform 
I, 2-Dichloroethane 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,2-Dichloropropane 
Trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
Bis-1,3-Dichloropropene 
2-Chloroethylvinylether 
Bromoform 
4-Methyl-2-Pentanone 
2-Hexanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Total Xylenes 

Dichlorodifluoromethane 
Iodomethane 
Methacrylonitrile 
Dibromomethane 
Isobutanol 
1,2-Dibromoethane 
1,1,1,2-Tetrachloroethane 
1,2,3-Trichloropropane 
1,2-Dibromo-3-Chloropropane 
Allyl Alcohol 
2-Chloro-1,3-Butadiene 
3-Chloropropene 
Trans-1,4-Dichloro-2-Butene 
Ethyl Cyanide 
Ethylene Oxide 
3-Chloropropionitrile 
2-Propyn-1-01 
Tr ichlor omet hanet hiol 
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TABLE 4-3 

APPENDIX I X  EXTRACTABLES 

NOT DETECTED AT THE NFSS, 1987 

Page 1 of 2 

Acetophenone 
2-Acetylaminofluorene 
4-Aminobiphenyl 
Aniline 
Aramite 
Benzenethiol 
Benz id ine 
P-Benzoqu inone 
2-Sec-Butyl-4,6-Dinitrophenol 
Heta-Cresol 
Chlorobenzilate 
Diallate 
2,6-Dichlorophenol 
Dimethoate 
P-(Dimethyl-amin0)azobenzene 
7-12 - Dimethylbenz(a1anthracene 
3',3'-Dimethylbenzidine 
3,3'-Dimethoxybenzidine 
Dibenzo(a,e)Pyrene 
Dibenz(a,h)Pyrene 
Dibenz(a,i)Pyrene 
Alpha, Alpha-Dimethylphenethylamine 
1.4-Dioxane 
Meta-Dinitrobenzene 
1,2-Diphenyl hydrazine 
Disulfoton 
Ethyl Hethacrylate 
Ethyl Methanesulfonate 
Isosafrole 
Malononitrile 
Wethapyri lene 
3-Methylcholanthrene 
4,4'-Methylenebis (2-Chloroaniline) 
Methyl Methacrylate 
Hethyl Methanesulfonate 
Isodrin 
Hexachlorophene 
Hexachloropropene 
Hexachlorodibenzo-p-Dioxins 

Tetrachlorodibenzo-p-Dioxins 
Pheno 1 
Bis(2-Chloroethy1)Ether 
2 Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Benzyl Alcohol 

2,3,7,8-TCDD 

Tetrachlorodibenzof urans 
Pentachlorodibenzo-P-Dioxins 
Pentachlorodibenzofurans 
1,4-Naphthoquinone 
1-Naphthalenamine 
1-Napthylamine 
2-Naphthylamine 
4-Nitroquinoline-1-oxide 
N-Nitrosodi-n-Butylamine 
N-Nitrosodiethylamine 
N-Nitrosodimethylamine 
N-Nitrosomethylethylamine 
N-Nitrosomorpholine 
N-NitrosopiperidinepP-(Dimethylamino 
Pronamide 
Pyridine 
Resorcinol 
Safrole 
1,2,4,5-Tetrachlorobenzene 
2,3,4,6-Tetrachlorophenol 
Tris(2,3-Dibromopropyl) Phosphate 
N-Nitrosopyrrolidine 
5-Ni tro-o-Tolu idine 
Pentachlorobenzene 
Pentachloroethane 
Pentachloronitrobenzene 
Phenacetin 
P-Phenylenediamine 
2-Picoline 
Thionazin 
Phorate 
Famphur 
0-Toluidine 
O,O,O-Triethyl Phosphorothioate 
Sym-Trinitrobenzene 
Di benz o f u r an 
2.4-Dinitrotoluene 
2,6-Dinitrotoluene 
Diethyl Phthalate 
4-Chlorophenyl-phenylether 
Fluorene 
4-Ni troan i 1 ine 
4-6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
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TABLE 4-3 
(continued) 

1,2-Dichlorobenzene 
2-Hethylphenol 
Bis(2-Chlorisopropy1)Ether 
4 Hethylphenol 
N-Nitroso-Di-n-Propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic Acid 
Bis(2-Ch1orethoxy)Hcthane 
2 Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
Dimethyl Phthalate 
3-Nitroaniline 
2,4-Dinitrophenol 
2,4-Dichlorophenol 
Naphthalene 
Hexachlororbutadiene 

Phenanthrene 
Anthracene 
Di-n-Butyl Phthalate 
F luoranthene 
Pyrene 
Butyl Benzyl Phthalate 
3,3*-Dichlorobenzidine 
Benzo(a)Anthracene 
Chrysene 
Di-n-Octyl Phthalate 
Benzo(b)Fluoranthene 
Benzo(k)Fluoranthene 
Benzo(a1Pyrene 
Indeno(l,2,3-cd)Pyrene 
Dibenz(a,h)Anthracene 
Benzo(g,h,i)Perylene 
2-Ni t roani 1 ine 
Acenaphthylene 
Acenaph thene 
4-Nitrophenol 
1,2,4-Trichlorobenzene 
4 Chloraniline 
4-Chloro-3-methylphenol 
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TABLE 4-4 
APPENDIX I X  PESTICIDES1 PCBSI 

AND H E R B I C I D E S  NOT DETECTED 

AT THE NFSS, 1987  

PESTICIDES 

Alpha-BHC 

Del ta -BHC 
G a m m a  -BHC 
H e p t a c h l o r  
A l d r i n  
H e p t a c h l o r  E p o x i d e  
E n d o s u l f a n  I 
D i e l d r i n  
4 I 4’-DDE 
E n d r i n  
4,4I-DDD 
E n d o s u l f a n  S u l f a t e  
4 I 4l-DDT 
M e t h o x y c h l o r  
E n d r i n  Ketone 
C h l o r o d a n e  
T o x a p h e n e  
P h o r a t e  
D i m e  t h o a t  e 
Delnar  
D i a z i n o n  
M e t h y l  P a r a t h i o n  
M a l a t h i o n  
E t h y l  P a r a t h i o n  
DEF 
E t h i o n  
Demetron 
A z  i n p  h o  s -Me t h y 1 

Beta-BHC 

PCBS 

PCB-1013 
PCB-12 2 1  
PCB-12 4 2 
PCB-1232 
PCB-12 5 4 
PCB-12 6 0 

H E R B I C I D E S  

2,4-D 
2 , 4 , 5 - T P  
2 , 4 1 5 - T  
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TABLE 4-5 
METALS NOT DETECTED 
AT THE NFSS, 1987 

APPENDIX IX METALS 

Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Cobalt 
Mercury 

Pot as si um 

Osmium 
Lead 
Ant imony 

Se 1 eni um 
Thallium 
Vanadium 

ICP METALS 

Arsenic 
Barium 
Beryllium 
Cadmium 
Cobalt 
Potassium 

Ant imony 

Thallium 
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TABLE 4-6 
INDICATOR PARAMETERS AND CONCENTRATIONS OF APPENDIX IX CliEMICAL CONTAMINANTS IN GROUNDWATER AT THE NFSS, 1987 

Paqe 1 o f  4 

Parameter (Unit) 
Range o f  Concentrations by Sanpling Location (Honitorinq Well Nlpnber)asb,c 

1A 18 5A 5Bd 7A 76 

pH (unitless) 

Total Organic Carbon (mg/l) 

Total Organic Halide (ug/l) 

Speci f i c Conductance (umhos/an) 

Silver (ug/l) 

Aluminum (ug/l) 

Calcim (ug/l x 1000) 
Chraniun (ug/l) 

Copper (ug/l) 

Iron (ug/ l )  
m Potassiun (ug/l) 
vc 

Magnesium (ug/l x 1000) 
Manganese (ug/l) 
Sodium (ug/l x 1000) 

Nickel (ug/l) 

Tin (ug/l) 

Zinc ( u g / ~ )  

Fluoride (ug/l) 

Acetone (ug/l) 

Bis(2 ethylhexyl) phthalate (ug/l) 

Di phenyl ami ne ( ug/l) 

Methylene Chloride (ug/l) 

Acetoni tr i 1 e ( ug/l ) 
24utanone (ug/l) 

PC8-1248 (Ug/l) 

1.4-1 1 .O 

1.8-65.9 

25-32 

570- 1220 

NO 

NO 

72.1-93.8 

37.6 

29.6- I39 

NO 

NO 

15.2-81.7 

280-446 

56-51.3 

4.9- 155 

NO 

106 

0.26 

230 

10 

NO 

5 

ND 

NO 

NO 

7.5-8.3 

1.6-9.2 

12-56 

1130-1720 

13 

NO 

73.6-1 1 1 

38.4 

NO 

NO 

18100 

53.2-1 4.5 

29-9-37 9 

1 1  1-127 

41.1-154 

NO 

21-7-94 , 

0.42-0-52 

14-24 

IO 

NO 

NO 

26 

NO 

NO 

7.6-8.2 

I .  140.8 

10-78 

575-1340 

11.8 

NO 

42.4-43.1 

41.0 

ND 

NO 

8670 

77.1 

97-266 

93 

77.3 

NO 

NO 

0.4 1-0.44 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

8.0 

5.8-9.4 

10-35 

1350-1570 

20.7 

NO 

102-1 08 

73.4 

41.7 

NO 

13500 

80.3- 135 

125-259 

50.9-91.8 

49.3-1 19 

NO 

NO 

0.32 

19-50 

20 

NO 

NO 

NO 

NO 

NO 

7.5-7.7 

1.4-3.0 

10-57 

1000-2000 

21.9 

NO 

108-1 12 

75 

NO 

NO 

13600 

115-127 

15-234 

125-126 

106 

NO 

NO 

0.31 -0.38 

NO 

52 

NO 

NO 

NO 

NO 

NO 

7.3-1.7 

1.6-2.4 

10-3 7 

1550-1 830 

21.5 

209 

106-1 16 

82.2 

53.4-77.6 

163 

NO 

151 -156 

54- 184 

63.0-64.6 

114-134 

160 

34-5-82 

0.37-0.41 

ND 

NO 

NO 

NO 

NO 

NO 

NO 



TABLE 4-6 

(Continued) 

Paqe 2 o f  4 

Range o f  Concentrations by Sanpl ins Location (Monitoring Well Number)atbsc 
Parameter (Unit) 12A 128 13A 138 14A 148 

pH (unitless) 

Total Organic Carbon (mg/l)  

Total Organic Halide (ug/l) 

Spec i f i c Conductance (umhos/an) 
Silver (ug/l) 

Aluminum (ug/l) 

Calcium (ug/l x 1000) 

Chromium (ug/l) 

Copper (ug/l) 

Iron (ug/l) 

Potassium (ug/l) 

Magnesium (ug/l x 1000) 

Manganese (ug/ll 

Sodium (ug/l x 1000) 
Nickel (ug/l) 

Tin (ug/l) 

Zinc (ug/l) 

Fluoride (ug/l) 

Acetone (ug/l) 

Bi s (2 ethyl hexyl Iphthal ate (ug/l) 

Diphenylamine (ug/l) 

Methylene Chloride (ug/l) 

Acetonitrile (ug/l) 

2-Butanone (ug/l) 

w .  
W 

PCB-I248 (Ug/l) 

7 -2-7.6 

2.0-2.4 

10-34 

1430- 1730 

27.2 

203 

133-147 

91.6 

40-73.3 

150 

NO 

133-148 

45.6-207 

48.9 

22 1 

105 

33.6 

0.37 

72 

22 

ND 

5 

NO 

IO 

NO 

7.3-7.4 

1.3-2.9 

2.8-10 

1030- I690 

39-258 

NO 

I 1  1-137 

10-66.2 

NO 

ND 

1 I500 

89.7-92.4 

NO 

-02 19- IO4 

107-1 17 

NO 

NO 

0 I 4 2 -0.4 4 

41 

62 

NO 

5 

NO 

15 

NO 

7.1-7.2 

3.5-5.4 

10-40 

1850-2200 

NO 

3 I3 

157- 158 

91.0 

32.2 

146 

NO 

182-183 

149-746 

.023-58 

62.2-213 

NO 

62.3 

0.41 

ND 

NO 

NO 

NO 

NO 

NO 

ND 

7.8-9 4 

2.0-3.0 

10-3 1 

1050-1880 

15.2 

256 

126-139 

66.7 

NO 

ND 

1 1  100 

109-1 19 

63.7-84.9 

95-1 IO 

84.7 

NO 

28.8 

0.38 

NO 

ND 

NO 

NO 

ND 

NO 

3 

7.1-8.0 

3.4-4.6 

10-40 

1250- 1420 

14.5 

NO 

92.0-96.7 

NO 

54.8 

ND 

NO 

100- 107 

27 1-669 

5.8-160 

84.2-148 

104 

21.5-93 

0.33-0.38 

73 

NO 

IO 

NO 

NO 

ND 

NO 

7 -4-7.9 

1.2-2.4 

10-29 

900- 19 IO 

16.5 

NO 

116-1 17 

43.3 

NO 

NO 

10900 

72.6-76.7 

48-288 

152 

53.1 

NO 

66.7 

0.42-0.44 

NO 

0.15 

18 

NO 

ND 

NO 

NO 



IMDLC q-0 

(Con t i nued) 
Page 3 of 4 

Parameter (Unit) 
Range of Concentrations by S m p l  ins Location (Monitoring We1 1 Number)a,b*c 

A42 BH5 BH48 8H6 1 BH63 BHlO FBe TBf 

pli (unitless) 

Total Organic Carbon (mg/l) 

Total Organic Halide (ug/l) 

Specific Conductance (umhos/a) 

Silver ( u g / l )  

Aluminum (ug/l) 

Calcium (ug/l x 1000) 
Chranium (ug/l) 

Copper (ug/ 1 ) 

Iron (ug/l) 

a Potassium (ug/l) 
0 

Magnesium (ug/l x 1000) 

Manganese (ug/l) 

Sodium (ug/l x 1000) 
Nickel (ug/l) 

Tin (ug/l) 

Zinc (ug/l) 

Fluoride (ug/l) 

Acetone (ug/l) 

8 i s (2 ethyl hexyl )phtha 1 ate (ug/ 1 ) 

Diphenylamine (ug/ ) 

Methylene Chloride (ug/l) 

Acetonitrile (ug/l 

2--Butanone (ug/l) 

PCB-1248 (ug/l) 

7.0-7.3 

2.0-77.8 

ID-3 1 

1140-1330 

11.4 

NO 

148-15 1 

44.5 

ND 

192 

80 

57.0-58.9 

330-606 

32.2 

41.2 

ND 

80 

0.13-0.14 

240 

ND 

ND 

5 

ND 

NO 

ND 

10.8-1 1 .o 
4.1-6.3 

10-97 

1230-1420 

ND 

ND 

102-109 

19.5 

ND 

NO 

15600 

5 

ND 

107-130 

ND 

ND 

32.2 

0.32-0.36 

63 

13 

NO 

5 

NO 

15 

3.1 

7.6-9.9 

1.1-9.2 

10-280 

3850-5700 

31.1 

288 

5 18-544 

102 

30.6 

ND 

28800 

103-104 

674-783 

533-568 

59.9 

ND 

58.1 

0.47-0.48 

43 

ND 

NO 

ND 

ND 

ND 

ND 

7 -8-8.3 

2.7-24.2 

10-54 

2 100-2570 

12.4 

ND 

106-152 

47.1 

ND 

ND 
1 1400 

7 7.1 - IO6 

21.3-76.8 

200-202 

47.1 

ND 

52 

0.25-0.28 

ND 

17 

ND 

ND 

NO 

ND 

0.43 

7.2-7 .8 

2.4-14.7 

IO-100 

2400-2570 

16.7 

NO 

189- 198 

58.1 

ND 

ND 

1 I700 

67.2-75.3 

148- I83 

242-244 

41.1 

ND 

33 

0.28-0.30 

ND 

I5 

31 

5 

ND 

NO 

ND 

7.1-7.3 

1.8-4.9 

10-57 

2360-3 130 

28.3 

256 

254-3 15 

99.7 

ND 

536 

9000 

156- 160 

282-355 

133-151 

79.4 

NO 

29.5 

0.27 -0.28 

ND 

10-15 

ND 

5 

ND 

ND 

ND 

7 .o 
NO 

ND 

NO 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

NO 

ND 

0.14 

1 1  

1 1  

NO 

5 

ND 

ND 

ND 

7 .O 

ND 

ND 

ND 

ND 

NO 

ND 

ND 

ND 

ND 

ND 

ND 

NO 

ND 

ND 

NO 

ND 

ND 

12 

ND 

ND 

ND 

ND 

ND 

ND 



ln"LL 7-" 

(Cont i nued) 

Page 4 o f  4 

aThese wells monitored "Appendix I X "  parameters for the t h i r d  and fourth quarters. 

bDoes not include parameters f o r  which concentrations were below the l i m i t  o f  sens i t i v i t y  o f  the analyt ica 

CND - No detectable concentration. Where only one value i s  l is ted,  concentration ranged fran MD t o  the va 

58 i s  an extremely poor producer. 

eFB - F ie ld  blank used t o  determine contamination resul t ing fran sample col lect ion.  

fTB - T r ip  blank used t o  determine contamination during shipment. 

method used. 

ue i n  the table. 



TABLE 4-7 

INDICATOR PARAMETERS AND CONCENTRATIONS OF I C P  CHEMICAL CONTAMINANTS I N  GROUNDWATER AT THE NFSS, 1987’ 

Page 1 o f  5 

Parameter (Unit) 2A 28 3A 38 4A 48 
Range of  Concentrations by Sapling Location (Monitoring Well Number)b 

pH (unitless) 

Total Organic Carbon (mg/l) 

Total Organic Hal ide (ug/l) 
Specific Conductance (umhos/an) 

Silver (ug/l) 

Aluminum (ug/l) 

Boron (ug/l) 

Calcium (ug/l x 1000) 

Chromium (ug/l) 

Copper ( ug/ 1 ) 

Iron (ug/l) 

Mercury (ug/l) 

Potassium (ug/l x 1OOO) 

Magnesium (ug/l x 1000) 

Manganese (ug/l) 

Molybdenum (ug/l) 

Sodium (ug/l x 1000) 

Nickel (ug/l) 

Lead (ug/l ) 

Selenium (ug/l) 

Vanad i urn (ug/l ) 
Zinc (ug/l) 

Q\ 

7.4-7.8 

1.4-1.9 

10-89 

1700-1930 

ND 

479 

825 

127- 130 

ND 

28.1 

157 

NO 

8.74 

69.3-69.9 

104- 132 

ND 

150-198 

NO 

ND 

NO 

NO 

MD 

7.1-7.2 

1.2-2.3 

10-21 

1500-1650 

NO 

236 

133 

143-148 

ND 

30.2 

NO 

NO 

ND 

90.2- 103 

122- 144 

NO 

62.8-69 

NO 

ND 

ND 
NO 

ND 

7.5-7.6 

1.3-5.2 

10-49 

1740-1760 

NO 

205 

202 

34.5-77.1 

ND 

ND 
NO 

0.39 

6.91-18.7 

46.8-1 14 

1 17-262 

107 

67-1 1 1  

69.5-220 

ND 

NO 

NO 

NO 

7.5-8.5 

2.3-3.7 

10-15 

2130-2470 

ND 
248 

166 

110-1 12 

NO 

29.7 

127 

NO 

ND 

190- 196 

66-415 

117 

95.7- 150 

255 

ND 

ND 

ND 

ND 

7.2-8.8 

1.2-3.4 

10-43 

830- 1260 

14.6 

NO 

359 

70-98.7 

ND 

ND 
255 

NO 

ND 

40.8-98 

21-135 

ND 

43.5-1 16 

NO 

ND 

ND 
ND 

NO 

7 -2-7.5 

1.5-3.9 

1069 

1350-1550 

ND 

82 1 

131 

70.9-93.8 

NO 

ND 

384 

ND 

5.68 

47.5-90.4 

37-103 

ND 

58-97 

43.8 

ND 

23 

ND 

NO 



TABLE 4-7 

(Cont i nued) 
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Parameter (Unit) 6A 68 8A 8B 9A 9B 
Range o f  Concentrations by Sampling Location (Monitoring Well Number)b 

pH (un i t less)  

Total Organic Carbon (mg/l) 

Total Organic Hal ide (ug/l) 

Specif ic Conductance (Llmhos/an) 

Si lver  (ug/l)  

Aluminum (ug/l)  

Boron (ug/l) 

Calcium (ug/l x 1000) 

Chranium (ug/l ) 

Copper ( ug/ 1 ) 
m 
w Iron ( u g / l )  

Mercury (ug/l)  

Potassium (ug/ 

Hagnesium (ug/ 

x 1000) 

x 1000) 

Manganese (ug/l)  

Holybdenum (ug/l)  

Sodium (ug/l x 1000) 

Nickel (ug/l)  

Lead (ug/l ) 

Selenium (ug/l)  

Vanadium (ug/ 1 ) 

Zinc (ug/l)  

7.4-9.0 

1.6-3.9 

10-42 

300-1300 

ND 

ND 

292 

86.7-97 

NO 

NO 

NO 

ND 

13.6 

50.7 

229-236 

ND 

52.1-84 

67.1-88.4 

ND 

8.2 

ND 

ND 

7.2 

2.0-3.1 

10-57 

2 130-23 70 

ND 

252 

180 

136-139 

NO 

ND 

ND 

ND 

5.34 

207-218 

181-384 

ND 

68 - 4-8 1 

102- 18 1 

ND 

ND 

50.7 

66 

7.5-10 

1.7-2.7 

19-80 

630-2280 

ND 

23 1 

848 

139-157 

ND 

ND 

NO 

ND 

14.4 

80.5-84.2 

78.6-137 

ND 

166-200 

ND 

ND 

NO 

NO 

ND 

7.2-7.5 

2.5-3.5 

23-64 

1770-2000 

ND 

208-270 

125 

142-147 

10 

30.9 

I530 

ND 

ND 

155-163 

109-202 

ND 

56.843 

4 1 -6-2 13 

ND 

ND 

NO 

34.1 

7.1-7.3 

1.8-3.0 

23-50 

2 100-2450 

ND 

2 17 -290 

244 

170-176 

ND 

58.3-59.2 

382 

ND 

ND 

204-212 

28 1-4 17 

102 

57.2 

82.9-564 

ND 

ND 

54.4 

112 

8.0-10.0 

1.7-3.7 

12-40 

950- 1850 

ND 

256 

385 

122- 134 

ND 

ND 
123 

ND 

12 

28.3-48.8 

20.1 

ND 

109-1 17 

ND 

ND 

ND 

ND 

27.6 



TABLE 4-7 

(Cont i nued) 
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Parameter (Unit) 
Range o f  Concentrations by Sampling Location (Monitoring Well Number)b 

1 OA 1 OB 11A 118 15A 158 

pH (unitless) 

Total Organic Carbon (mg/l) 

Total Organic Halide (ug/l) 

Speci f i c Conductance (umhos/an) 

Silver (ug/l) 

Aluminum (ug/l) 
Boron (ug/l) 

Calcium (ug/l x 1000) 

Chromium (ug/l) 

Copper (ug/l) 
Iron (ug/ l )  

Mercury (ug/l ) 

Potassium (ug/l x 1000) 

Magnesium (ug/l x 1000) 

Manganese (ug/ 1 1 
Molybdenum (ug/l) 

Sodium (ug/l x 1000) 

Nickel (ug/l) 

Lead (ug/l) 

Selenium (ug/l) 

Vanad i um ( ug/ 1 ) 

Zinc (ug/l) 

b b  

7.2-7.6 

1.8-3.5 

10-30 

1070- 1250 

NO 

202 

142 

75.8- 103 

NO 

NO 

ND 

NO 

11.5 

96.5 

106- 1 09 

NO 

42.7 -6 7.4 

162 

NO 

NO 

NO 

NO 

7.4-9.6 

1.4-5.4 

10-37 

1000-1250 

NO 

23 7 
266 

16.9-97.8 

NO 

103 

NO 

ND 

5.21 

32.2-92.6 

124-239 

NO 

31.8-78 

NO 

NO 

NO 

NO 

227 

7 -3-1.5 

1.3-2.6 

10-33 

1400.-1670 

NO 

203-216 

NO 

88.9- 129 

NO 

51.7 

ND 

NO 

13.1 

97.4-128 

142-449 

126 

73.8 

433 

NO 

NO 

NO 

44 

7 -2-7.5 

2.8-6.6 

10-28 

1350-1640 

14.1 

265 

732 

13 -3-95- 5 

NO 

50.1 

ND 

NO 

NO 

103-130 

120-286 

NO 

36.8-94 

NO 

NO 

NO 

NO 

121 

7 -3-7.4 

2.7-4.5 

10-50 

1320-1620 

NO 

250 

NO 

88.5-89.7 

NO 

80.7-1 15 

ND 

ND 

NO 

118-124 

273-695 

173 

64.9-79 

68.7-4 12 

NO 

NO 

NO 

22.0 

7.4-9.5 

1.4-4.9 

10-26 

265 -20 70 

NO 

264 

551 

97 -3- 153 

14 

NO 
NO 

0.29 

10.1 

50.8-78.3 

165-221 

100 

128-147 

125 

NO 

NO 

NO 

NO 
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TABLE 4-7 

(Cont i nued) 

Page 4 o f  5 

Parameter (Unit) 
Range o f  Concentrations by Sanpling Location (Monitoring kkll Number)b 

16A 168 17A 178 1 EA 188 

pH (unitless) 

Total Organic Carbon (mg/l) 

Total Organic Hal ide (ug/l) 

Specific Conductance (umhos/an) 

Silver (ug/l) 

Aluminum (ug/l) 

Boron (ug/l) 

Calcium (ug/l x 1OOO) 

Chranium (ug/l) 

cn Copper (ug/l) 
VI 

Iron (ug/l) 

Hercury (ug/l ) 

Potassium (ug/l x 10oO) 

Magnesium (ug/l x 1000) 

Manganese (ug/l ) 

Molybdenum (ug/l) 

Sodium (ug/l x 10o0) 

Nickel (ug/l) 

Lead (ug/l ) 

Selenium (ug/l) . 

Vanadium (ug/l) 

Zinc (ug/l) 

7.4-9.0 

2.2-4.4 

10-57 

1400 -2620 

ND 

320 

732 

143-144 

ND 

25.6 

ND 

0.29 

7.99 

192-195 

71 -4-88.8 

10 1 

135-188 

ND 

ND 

ND 

ND 

61.4 

1 3-9.4 

1.5-2.2 

10-44 

1200- 1340 

ND 

234 

ND 

98.4-107 

ND 

ND 

ND 

ND 

ND 

86.3-88.8 

189-467 

ND 

37.9 

125-139 

ND 

ND 

ND 

56.3 

7.2-8.8 

1.5-3.0 

10-37 

850-2440 

ND 

279 

555 

123- 144 

ND 

NO 

ND 

ND 

16.5 

119-136 

183- 189 

ND 

130- 157 

ND 

ND 

ND 

ND 

ND 

1.3-7.4 

2.0-1 7 .5 

10-23 

1500- 1650 

ND 

246 

109 

90.6-95 

ND 

ND 

2280 

ND 

ND 

124- 126 

213-565 

183 

58-8-70 

139-463 

ND 

ND 

ND 

15.2 

7.3 

3.5-7.0 

10-34 

2200-3 160 

ND 

352 

116 

140-164 

ND 

41.4 

97 1 

ND 

5.2 

254-3 16 

4 13-583 

149 

I31 - 164 
49.3-450 

ND 

ND 

52.2 

33.4-887 

7.5-8.6 

1.4-3.2 

10-56 

1160-2150 

ND 

302 

50 1 

103-121 

ND 

ND 

ND 

ND 

12.1 

121-141 

206-320 

ND 

123- 140 

ND 

ND 

ND 

ND 

21.2 



TABLE 4-7 

(Cont i nued) 
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Parameter (Unit) 
Range o f  Concentrations by Sampling Location (Honitoring Well 

A50C A52C BH4gC BH5 1 BH64C BH7 lC 

pH (uni t less)  7.4-9.1 6.9-7.0 10.0-1 1 .o 7.4-7.9 7.2-1.3 7.4-7.5 

1.5-2.1 Total Organic Carbon (mg/l) 1.6-3.2 2.2-3.3 . 2.9-5.9 1.2-1.9 1.2-1.1 

Total Organic Halide (ug/l) 10-22 10-25 10-25 10-16 10-16 10-22 

1720- 1760 2260-2400 Speci f i c Conductance (umhos/cm) 1920-2060 1390-1600 12 70- 1870 3040-3220 

"Does not include parameters for which the concentrations were below the l i m i t  o f  sens i t i v i t y  o f  the analyt ical method used. 

bND - No detectable concentration. Idhere only one value is l i s ted,  the concentration ranged from ND t o  the value i n  the table. 

CThese wells were analyzed only for indicator parameters. 
QI 



4.2.4 Indicator Parameters in Groundwater 

Analysis for "indicator" parameters is conducted to determine 

groundwater quality and to identify the need for additional, more 
detailed and specific analyses. Indicator parameters for the NFSS 

are TOC, TOX, pH, and specific conductance. Results of 1987 

monitoring for these parameters are shown in Tables 4-6 and 4-7. 
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APPENDIX A 
QUALITY ASSURANCE 

A comprehensive quality assurance program was maintained to ensure 
that the data collected were representative of actual concentrations 
in the environment. First, environmental data were obtained to 

prevent reliance on only a few results, which might not be 
representative of the existing range of concentrations. Second, 
current monitoring data were compared with historical data for each 
environmental medium to ensure that deviations from previous 
conditions were identified and evaluated. Third, samples at all 
locations were collected using published procedures to ensure 
consistency in sample collection. Fourth, each analytical 
laboratory verified the quality of the data by conducting a 
continuing program of analytical quality control, participating in 
interlaboratory cross-checks, performing replicate analyses, and 

splitting samples with other recognized laboratories. Fifth, 
chain-of-custody procedures were implemented to maintain the 

traceability of samples and corresponding analytical results. This 

program ensures that the monitoring data can be used to evaluate 
accurately the environmental effects of site operations. 

The majority of the routine radioanalyses for the FUSRAP 
Environmental Monitoring Program were performed under subcontract by 
Thermo Analytical/Eberline, Albuquerque, New Mexico. This 
laboratory maintained an internal quality assurance program that 
involved routine calibration of counting instruments, source and 

background counts, routine yield determinations of radiochemical 
procedures, and replicate analyses to check precision. The accuracy 
of radionuclide determination was ensured through the use of 
standards traceable to the National Bureau of Standards, when 
available. The laboratory also participated in the Environmental 
Protection Agency's (EPA) Laboratory Intercomparison Studies 
Program. In this program, samples of different environmental media 
(water, milk, air filters, soil, foodstuffs, and tissue ash) 

A-1 



containing one or more radionuclides in known amounts were prepared 
and distributed to the participating laboratories. After the 
samples were analyzed, the results were forwarded to EPA for 

comparison with known values and with the results from other 
laboratories. This program enabled the laboratory to regularly 

evaluate the accuracy of its analyses and take corrective action if 
needed. 

Interlaboratory comparison of the TLD results was provided by 
participation in the International Environmental Dosimeter Project 
sponsored jointly by the Department of Energy, the Nuclear 
Regulatory Commission, and the EPA. 

Assurance of the quality of dose calculations was provided in 

several ways. First, comparisons were made against past calculated 
doses and significant differences, if any, were verified. Second, 

all computed doses were double-checked by the originator and by an 
independent third party who also checked all input data and 
assumptions used in the calculation. 

A- 2 
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A P P E N D I X  B 

ENVIRONMENTAL S T A N D A R D S  

The DOE long-term r a d i a t i o n  p r o t e c t i o n  s t anda rd  of 1 0 0  mrem/yr 
inc ludes  exposure from a l l  pathways except  medical t r e a t m e n t s  
(Ref .  6 ) .  Eva lua t ion  of exposure pathways and r e s u l t i n g  dose 
c a l c u l a t i o n s  a r e  based on assumptions s u c h  a s  occupancy f a c t o r s  i n  
determining t h e  dose from e x t e r n a l  gamma r a d i a t i o n ;  s u b t r a c t i o n  of 
background concen t r a t ions  of r ad ionuc l ides  i n  a i r ,  water ,  and s o i l  
be fo re  c a l c u l a t i n g  dose;  c l o s e r  review of water u s e ,  u s i n g  t h e  da t a  
t h a t  most c l o s e l y  r e p r e s e n t s  a c t u a l  exposure c o n d i t i o n s  r a t h e r  t han  
maximum v a l u e s  a s  a p p l i c a b l e ;  and us ing  average consumption r a t e s  of 
food and water per i nd iv idua l  r a t h e r  than maximums. Use of s u c h  
assumptions w i l l  r e s u l t  i n  c a l c u l a t e d  doses  t h a t  more accurat .e ly  
r e f l e c t  t h e  exposure p o t e n t i a l  from s i t e  a c t i v i t i e s .  
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TABLE B - 1  

CONVERSION FACTORS 

1 year 

1 liter 

1 mR 

1 mrem 

100 mrem/yr 

1 uCi 

1 pCi 

1 pCi/l 

1 pCi/l 

1 uCi/ml 

10-6 

10-7 

10-8 

10-9 

10-10 

7 x 10-10 

8760 hours 

1000 ml 

1 mrem 

1000 uR 

11.4 uR/h (assuming 8760 
hours of exposure per year) 

1,000,000 pci 

0.000001 uCi 

10-9 uCi/ml 

0.000000001 uci/ml 

1,000,000,000 pCi/l 

0.000001 

0.0000001 

0.00000001 

0.000000001 

0.0000000001 

0.0000000007 
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APPENDIX C 

ABBREVIATIONS 

cm 
cm/sec 
ft 

4 
gal 
h 
ha 

in. 
km 

km/h 
l b  

lil 
3 m 

mrem 

mR/y I: 
mrem/yr 
m.s.1. 
uCi/ml 
uR/h 
pCi 

pCi/g 
pCi/l 

Yd3 
Yr 

centimeter 
centimeters per second 
foot 
gram 
gallon 
hour 
hectare 
inch 
ki lome t er 

kilometers per hour 
pound 
meter 
cubic meters 
mi 11 igram 
milligrams per liter 
mile 
milliliter 
miles per hour 
mi llir oent gen 
millirem 
milliroentgens per year 
millirem per year 
mean sea level 
microcuries per milliliter 
microroentgens per hour 
picocur ie 
picocuries per gram 

picocuries per liter 

cubic yards 
year 
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APPENDIX D 

RADIATION IN THE ENVIRONMENT 



Radiation is a natural part of our environment. When our planet was formed, radiation was present- 
and radiation surrounds it still. Natural radiation showers down from the distant reaches of the cosmos 
and continuously radiates from the rocks, soil, and water on the Earth itself. 

During the last century, mankind 
has discovered radiation, how to use 
it, and how to control it. As a result, 
some manmade radiation has been 
added to the natural amounts present 
in our environment. 

Many materials-both natural 
and manmade-that we come in con- 
tact with in our everyday lives are 
radioactive. These materials are com- 
posed of atoms that are unstable. The 
unstable atoms release particles or 
waves as they change into more 
stable forms. These particles and 
waves are collectively referred to as 
radiation, and a quantity of the 
unstable atoms is referred to as 

Sourco Natmal &-my ol Scmcos. lo#) radioactivity. 
WIUUI coupld R.aumRcrWm .ndU.uunmC 

Types of Ionizing Radiation 
Radiation that has enough energy to disturb the electrical balance in the atoms of substances 

it passes through is called ionizing radiation. There are three basic forms of ionizing radiation. 
Alpha Beta Gamma 

Alpha particles are the 
largest and slowest moving 
type of radiation. They are easi- 
ly stopped by a sheet of paper 
or the skin. Alpha particles can 
only move through the air a few 
inches before being stopped by 
air molecules. However, alpha 
radiation is dangerous to sensi- 
tive tissue inside the body. 

Beta particles are much 
smaller and faster moving than 
alpha particles. Beta particles 
pass through paper and can 
travel in the air for about 10 
feet. However, they may be 
stopped by thin shielding such 
as a sheet of aluminum foil. 

Gamma radiation is a type 
of electromagnetic wave that 
travels at the speed of light. It 
takes a thick wall of steel, lead, 
or concrete to stop gamma 
rays. X rays and cosmic rays 
are similar to gamma radiation. 
X rays are produced by man- 
made devices; cosmic rays 
reach Earth from outer space. 



Units of Measure 
Radiation can be measured in a variety of ways. Typically, units of measure show either the total amount of radioactivity 

present in a substance, or the level of radiation being given off. 
The radioactivity of a substance is measured in terms of the number of transformations (changes into more stable 

forms) per unit of time. The curie is the standard unit for this measurement and is based on the amount of radioactivity 
contained in 1 gram of radium. Numerically, 1 curie is 37 billion transformations per second. The amounts of radioactivity 
that people normally work with are in the millicurie (onethousandth of a curie) or microcurie (one-millionth of a curie) range 
Ouantities of radioactivity in the environment are in the picocurie, or pCi (onetrillionth of a curie) range. 

Levels of radiation are measured in various units. The level of gamma radiation in the air is measured by the roentgen. 
This is a relatively large unit, so measurements are often calculated in milliroentgens. Radiation absorbed by humans is 
measured in either rad or mm. The rem is the most descriptive because it measures the ability of the specific type of radia- 
tion to do damage to biological tissue. Again, typical measurements will often be in the millirem, or mrem (one-thousandth 
of a rem) range. On the average, people receive about 180 mrem of radiation a year. Most of this radiation is from natural 
radiation and medical exposure. 

RADIATION IN THE ENVIRONMENT 

Cosmlc Radlatlon 
Cosmic radiation is high-.nergy gamma radia- 
ti00 that originates in outer m a  and finen 
through our atmoaphera. 

Sea Level. . . . . . . . . . . . . . . .  .26 mrmtyoar 
l.door* (P .ah.ddnaullOOM k awmmn) 
Atlanta. C3A (1.050 feet). . . . .  .37 mnmlyear 

Minneapolis. MN (615 fm). . .34 mren-dyear 
blI Lake C q .  UT (4.400 feet). 70 mrmtyoar 
Spokane. WA (1.890 feet). . . .  .45 mrenVyear 

Terrertrlal Radlrtlon 
Terrestrial sources are naturally radioactive 
dments in the soil and water such M thorium. 
radium. uranium. and carbon. 

Unit4 States (average). . . .  .26 mrmtyoar 
Denver. Cobrado . . . . . .  .90 mrem/year 
Nile Delta. E m 1  . . . . . . .  ,350 mrem/year 
Paris. France . . . . . .  ,354 mrmtyoar 
C0r-t of Keraie. India . . . .  ,400 mremlyoar 
McAipe. Brazil . . . . . .  .2.558 mremlyaar 
POCOI de CaMss. Brazil. . .7.000 mremtyoar 

Bulldlngr 
Bnred on occupancy 75 p c m t  of the H m .  

Wood House.. . . . . . . . . . . .  .35 mmnly..r 
Brick House. . . . . . . . . . . . . .  .4S mrmVymar 
Cowrue House . . . . . . . . .  45 mrm/yw 

Denver, CO (5.300 feet). . . . .  .79 mrmtyonr 

stm Howe.. . . . . . . . . . . .  .50 mnm/y.u 

The numbers given here 
are approximate or 

represent an average 
since samples vary. 

Foods 
Food contributes M a v o r e  of 20 mmtntyoar. 
mostly from carbon-14. hydrogen-3. 

.r . . . . . . . . . . . . . . . . . . . .  ..3W pCi/lWer 
DomesIk Tap Water. . . . . . . . . .  .20 pCUIiter 
Milk.. . . . . . . . . . . . . . . . . . . .  .1.400 pC#itar 
Wad Oil.. . . . . . . . . . . . . . .  .4,ggO pCVnter 
Whbkey. . . . . . . . . . . . . . . . . .  , 1 2 0 0  pCVHtsr 

Bndl Nuts ..................... 14 pcug 
Fbur. ....................... .0.14 pCUg 
Pomut# and P r w l  B u n r .  . . . .  .0.12 pCUg 
T r  .......................... 0.40 pcvg 

go(08SiUln-40. ndiUm-228.8nd thorium--. 

Medlcal Treatment 
The exporum from medical diagnosis vary 
*ndr)y .ecording lo the required procedure the 
oqmpnrm( and film wed for I rays and the skill 
of the operator 

Chsa X Ray 20 mrem 
Dental X Ray. Whole Mouth 900 mrem 

lntcnutlonal Nuclear Weapons Test 
Fallout 
Average for a U S atiren 1 mremlyear 

Consumer Goods 
Cigarmes (2 packdday) 8.OOO mremlyear 

Cobr Tolowston 1 mremlyear 
Gu Lantern Mantle 3 mremlhour 

HlormVr 4 mremlyear 
.~JI TrweUl.500 miles 1 mrem 

Natumi OM Stove 6-9 mremlyear 

Phorph.ta Fetiilirers 4 mremlyear 
Pat.hin Denturea 1.500 mremlyear 
(uranium sr)h) 
~ n e a c e n t  clock 9 mremlyear 
(dum=)  
smoke wector 0 2 mremlyear 
(.nwrlc)Um241) 

(Pobntum-210) 

(thOnUm-232) 

e=w 
(e=) 

Speclflc Bulldlngs 
U.S. capbl  Buiknng.. . . .  ...as mmnly.u 
B.cn of satw of Liberly.. . .325 mnmlywr 
Grand C m m ~  Station. . . . . .  .!KS mmrr)y.v 
Rw vltku, . . . . . . . . . . . . . . .  mo IIw(IJy..I 

R.don 
R.da, bvoh in buildingsvuy. d.p.ndlng on 
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