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1.0 INTRODUCTION 

. .1 Background : 

The primary purpose of a  r o u t i n e  environmental monitoring program, accord- 
ing  t.o DOE Manual Chapter 0513(1),  is  t o  determine whether: 

1) f a c i l i t y  ope ra t i ons ,  waste t r ea tmen t ,  and c o n t r o l  systems have 
funct ioned as  designed and planned from the  s tandpoin t  of containment 
of r a d i o a c t i v i t y ,  and 

2)  the app l i cab l e  environmental r a d i a t i o n  and r a d i o a c t i v i t y  s t anda rds  
and e f f l u e n t  c o n t r o l  requirements  have been met. 

Brookhaven Nat ional  Laboratory ' s ('BNL) environmental' monitor ing program 
i s  designed and developed t o  accomplish t he se  two primary o b j e c t i v e s .  While 
t h i s  annual r e p o r t  fol lows the recommendations given i n  ERDA 77-24 "A Guide f o r  
Environmental Radio logica l  Su rve i l l ance  a t  DOE'S I ~ s t a l l a t i o n s "  ( 2) , cons ide rab l e  
l a t i t u d e  'has been exe rc i s ed  i n  t a i l o r i n g  the  scope and methodology t o  meet t h e  
s i t e ' s  s p e c i f i c  environmental monitor ing needs.  I n  add i - t i on ,  t he  Laboratory has  
ex tended i t s  s u r v e i l l a n c e  program t o  inc lude  a n a l y s i s  of the environment f o r  
non rad io log ica l  components such as  heavy meta l s  and organics .  This l a t t e r  pro- 
gram i s  being r e g u l a r l y  updated t o  r e f l e c t  the  growing concern about 
nonrad io logica l  p o l l u t a n t s .  

1.2 S i t e  C h a r a c t e r i s t i c s :  

Brookhaven Nat ional  Laboratory i s  a  m u l t i d i s c i p l i n a r y  s c i e n t i f i c  r e sea rch  ' . 

cen te r  s i t u a t e d  i n  the geographical  cen t e r  of Suffolk County on Long I s l a n d ,  
about 97 km e a s t  of New York City.  I t s  1 o c a t i o n . w i t h  regard  t o  surrounding com- 
muni t ies  is  shown i n  F igure  1. About 1 .3  m i l l i o n  people l i v e  i n  Suf fo lk  
County ( 3 , 4 )  . The p r i n c i p a l  nearby popula t ion  c e n t e r s  a r e  l oca t ed  i n  s h o r e l i n e  
communities. Table l ' g i v e s  the r e s i d e n t  popula t ion  d i s t r i b u t i o n  wi th in  80 km of " 

t h e  BNL s i t e .  Though much of t h e  iand a r e a  w i t h i n  .a 16 km r a d i u s  i s  e i t h e r  fo r -  
e s t ed  or under c u l t i v a t i o n ,  t he re  i s  a  t r a n s i t i o n  towards development of subur- 
ban housing i n  proximity t o  t he  Laboratory. 

The Laboratory s i t e  i s  sliowt~ i n  F igure  2. 1t c o n s i s t s  of some 2130 ha ,  
most of which i s  wooded, except  f o r  a  developed a r e a  of  about 655 ha.  The s i t e  
t e r r a i n  i s  gen t ly  r o l l i n g ,  with e l e v a t i o n s  varying between 36.6 and 13.3 m above 
s e a  l e v e l .  The land l i e s  on t h e  western r i m  of  t h e  shallow Peconic River 
watershed, with the r i v e r  i t s e l f  r i s i n g  i n  marshy a r ea s  i n  the  nor th  and e a s t  
s e c t i o n s  of t h e  s i t e .  

I n  terms of meteorology, the Laboratory can be cha rac t e r i zed  a s  a  wel l -  
v e n t i l a t e d  s i t e .  I n  common with most of t h e  eas . tern seaboard,  i t s  p r e v a i l i n g  , 

ground l e v e l  windi a r e  from the southwest during the summer of the  yea r ,  from 
t h e  northwest  during t h e  w i n t e r ,  and about equa l ly  from these  two d i r e c t i o n s  dur- 
ing  the s p r i n g  and f a l l .  This i s  r e f l e c t e d  i n  the  annual wind d i s t r i b u t i o n  a t  
an e l e v a t i o n  of 108 m, a s  observed by t h e  BNL Meteorology Group, which i s  shown 
i n  F igure  3. 



Figure  1. :*p of t h e  General  Long I s l a n d  Area Shoving t h e  
' Loca Elon of Brookhaven Na t iona l  Labcra tory  



TABLE 1 

1979 BNL Environmental Monitoring Resident Population (19791a 
Distribution Within 80 km Radius of BNL 

0- 16- 32- 48- 6 4- 
Sector 16 km 32 km 46 km 64 km 80 km Total Remarks 

:lo mi) (20 mi) (30 mi) (40 mi) (50 mi) 

S SW 
S W 
WSW 
W 
WNW 

Beyond 32 km - Atlantic Ocean 
Beyond 48 km - Atlantic Ocean 
Beyond 80 km - Part 05 New York City 
Beyond 80 km - New York City 
Between 32 km & 48 km - Long Island 
Sound and beyond 48 km - Connecticut and 
New York States. 
Same as WNW 
Between 16 km and 32 km - Long Island 
Sound, beyond 20 km - Connecticut. 
Same as NNW 
Same as NNW 
Between 32 km and 48 km - Long Island 
Sound, beyond - Connecticut 
North Fork of Long Island 
South Fork on Long Island and Atlantic 
Ocean. 
Long Island and Beyond 32 km - Atlantic 
Ocean. 
Beyond 18 km - Atlantic Ocean 
Same as SE 
Beyond 32 km - Atlantic Ocean 

I NW 

W 
NNW 

I N 
NNE 
NE 

ENE 
E 

ESE 

SE 
SSE 
S 
Total 

a 
Population data estimated from information supplied by Ms. Peggy Wagner, Research Analyst, Long Island Regional 
Planning Board [3,4] . 
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STATION: BROOKHAVEN NATIONAL LABORATORY 
HEIGHT: 355 Ft. 
PERIOD: January-December, 1960-73 

N 

S 

Figure 3.  Annhal Wind Rose. Tlkc W h d  Rose also 
Represents the Period 1973-1979 



Studies of the  hydrology and geology (5-7) of Long Is land i n  the  v i c i n i t y  
of the Laboratory ind ica te  tha t  the uppermost Pleistocene deposi ts ,  which a r e  l a  
c a l l y  between 31-61 m th ick ,  a r e  genera l ly  sandy and highly permeable. Water 
penet ra tes  them read i ly  and there is  l i t t l e  d i r e c t  run-off i n t o  surface  streams 
except during periods of intense p rec ip i t a t ion .  The average annual precipi ta-  
t ion  i s  122 cm and the annual t o t a l  f o r  1.979 was 142.5 cm. About ha l f  of i t  is 
10s t t o  the  atmosphere through evapotranspi ra t ion  and t h e  o the r  h a l f  percola tes  
t o  recharge ground water. As indica ted  i n  Figure 4 ( 7 ) ,  the ground water i n  the 
v i c i n i t y  of t h e  Laboratory moves predominantly i n  a hor izon ta l  d i r e c t i o n  t o  the  
Great South Bay. This i s  modified toward a more e a s t e r l y  d i r e c t i o n  i n  the 
Peconic River watershed port ions of the  s i t e .  The est imated r a t e  of movement a t  
the ground water surface  is  about 16.2 cm d'l ( 7 ) .  

A wide v a r i e t y  of- s c i e n t i f i c  programs a re  conducted a t  Brookhaven, 
including research and development i n  t h e  following areas :  

1) the fundamental s t r u c t u r e  and proper t ies  of mat ter ,  

2)  the  i n t e r a c t i o n s  of r a d i a t i o n ,  p a r t i c l e s  and atoms with o the r  atoms 
and molecules, 

3) the  physical ,  chemical and b i o l o g i c a l  e f f e c t s  of r ad ia t ion ,  and of 
other energy-related environmental po l lu tan t s ,  

4)  the  production of s p e c i a l  radionuclides and t h e i r  medical 
app l i c a t i o n s  , 

5) energy and nuclear-related technology, 

6 )  energy sources, transmission and use including t h e i r  environmental 
e f f e c t s .  

Among the major s c i e n t i f i c  f a c i l i t i e s  operated a t  the Laboratory t o  ca r ry  
out t h e  above programs are :  

1 )  the High Flux Beam Reactor (HFBR) which i s  fueled with enriched urani- 
um, moderated and cooled by heavy water ,  and which operates a t  a rou- 
t i n e  power l e v e l  of 40 MW(th). Recently, modificat ions t o  the p r i -  
mary water cooling system have been made t o  allow the  power Level t o  
be ra ised  to  60 MW( th )  i n  the innnediate fu ture ,  

7) the Medical Research Reactor (MBE~), an i n t e g r a l  pa r t  s f  the Medical 
Research Center (MRC), is  fueled with enriched uranium, moderated and 
cooled by n a t u r a l  water ,  and i s  operated i n t e r m i t t e n t l y  a t  power lev- 
els up t o  3 MW(th), 

3)  Ll~e AlLeruaLiug GradieuL Syi lc l~ruL~u~l  (AGS), a yruLu11 accelera tur  
which opera tes  a t  energies up t o  33 GeV, 



Figure 4 .  Schematic Ground-Water Flow Lines, 
Central Upton Area 



4) the 200 MeV Proton Linac, which serves as an in jec tor  fo r  the AGS, 
a l s o  supplies continuous currents of protons fo r  radionuclide produc- 
t ion  by spa l la t ion  reactions i n  the Brookhaven Linac Isotopes Produc- 
t ion  Fac i l i t y  (BLIP) and i n  the Chemistry Linac I r r ad i a t i on  Fac i l i t y  
(CLIF), 

5 )  the Tandem Van de Graaff, Ver t ical  Accelerator and Chemistry Van de 
Graaff, which a r e  used i n  medium energy physics invest igat ions ,  as 
well as f o r  specia l  nuclide production. 

6 )  To f a c i l i t a t e  advanced s tudies  i n  high energy physics, a new f ac i l -  
i t y ,  "ISABELLE," which w i l l  be a colliding-beam machine with two pro- 
ton beams of 400 GeV each and whose co l l i s i on  w i l l  make avai lable  
e n e r g i ~ ~  np to  800 GPV, i s  prnpnsed for  cmpl.etion hy 1983 (8).  

Additional programs involving i r rad ia t ions  and/or the use of 
radionuclides fo r  s c i e n t i f i c  invest igat ions  are  carr ied on a t  other Laboratory 
f a c i l i t i e s  including the Medical Research Center, the Biology Department 
( including a high a c t i v i t y  gama i r r ad i a t i on  source), the Chemistry Department, 
and the Department of Energy and Environment (DEE). A t  the Hot Laboratory spe- 
c i a l  purpose radionuclides are  developed and processed fo r  on- and of f - s i t e  use 
under the j o in t  auspices of the DEE and the Medical Department. This f a c i l i t y  
a l s o  contains a radioactive waste treatment center,  which includes an evaporator 
fo r  volume reduction of l iqu id  wastes. 

Most of the airborne radioactive e f f luen ts  a t  Brookhaven or ig ina te  from 
the HFBR, BLIP and the research Van de Graaff, with l e s se r  contributions from 
the Chemistry and Medical Research Centers. The f i r s t  two a l so  produce s i gn i f i -  
cant f rac t ions  of the Laboratory's l i qu id  radioactive wastes, with addi t ional  
s ign i f ican t  contributions or iginat ing from the Medical Research Center, the Hot 
Laboratory complex, as well as from decontamination and laundry operations. 

2 .0  SUMMARY 

The environmental levels  of rad ioac t iv i ty  and other pol lutants  found i n  
the v i c i n i t y  of Brookhaven National Laboratory (BNL) during 1979 are  summarized 
i n  t h i s  repor t .  A s  an a id  i n  the in te rpre ta t ion  of the data ,  the  amounts of ra- 
d ioac t iv i ty  and other pol lutants  released i n  airborne and l iquid  e f f luen ts  from 
Laboratory f a c i l i t i e s  t o  the environment a re  a l so  indicated. The environmental 
data includes external  radia t ion leve l s ;  radioactive a i r  pa r t i cu la tes ;  t r i t ium 
and iodine concentrations; the amounts and concentrations of rad ioac t iv i ty  i n  
and the water qua l i ty  of the stream in to  which l iquid e f f luen ts  are  released; 
the  concentrations of rad ioac t iv i ty  i n  sediments and b io t a  from the stream; the 
conccntrationo of rad ioac t iv i ty  i n  and the water qua l i ty  of ground watcra under- 
lying the Laboratory; and concentrations of rad ioac t iv i ty  i n  milk samples 
obtained i n  the v i c i n i t y  of the Laboratory. 



The e x t e r n a l  r a d i a t i o n  dose f o r  1979 a t  t he  nor th  boundary of the  Labora- 
to ry  a t t r i b u t a b l e  t o  an ecology f o r e s t  i r r a d i a t i o n  source was 1.43 mRem a" 
(1.43 x Sv a - l )  o r  0.4% of the  a p p l i c a b l e  Radia t ion  P r o t e c t i o n  Standard." 

A t  the  boundary of the  Laboratory,  about 1.0 km northwest of t he  A l t e rna t -  
ing Gradient  Synchrotron (AGs), the  c a l c u l a t e d  dose due t o  skyshine ( s c a t t e r e d  
r a d i a t i o n )  was about 0.88 mRem a-l  (0.88 x Sv a - I ) ,  o r  0.16% of t he  Stan- 
dard. This was t oo  small  t o  be measured. Due t o  t h e i r  l i m i t e d  range,  the  e x t e r -  
na l  r a d i a t i o n  from the  AGS and those from the  gamma f o r e s t  source d id  not  pro- 
duce a  measurable a d d i t i v e  e f f e c t  a t  o f f - s i t e  l o c a t i o n s .  

Other than t r i t i u m ,  t he re  was no i n d i c a t i o n  of BNL r a d i o a c t i v e  e f f l u e n t s  
i n  environmental a i r  and p r e c i p i t a t i o n  samples. The l a r g e s t  concen t r a t i on  of 
t r i t i u m  i n  a i r  a t  the  s i t e  boundary, 7  pCi m-3 (0.7 x  pCi m l - l  o r  0.26 x 
10-5 Bq ml-l)  was (0.01% of the  Radiat ion Concentrat ion Guide (RCG). The 
l a r g e s t  average concent ra t ion  of t r i t i u m  i n  p r e c i p i t a t i o n  was a t  o r  below the  
Minimum Detec t ion  Limit (MDL) which was 160 pCi 1-I (1.6 x  pCi rn1-l o r  5.9 
x  10-3 Bq ml-1). The MDL rep re sen t s  about 0.01% of the RCG f o r  d r ink ing  water .  

A t  t he  Cen t r a l  Steam P l a n t ,  t he  most r ecen t  measurement of t he  s t a c k  emis- 
s ion  of a i r  p a r t i c u l a t e s  i nd i ca t ed  t h a t  t he  average r a t e  was 0.078 lb/106 Btu. 
A c a l t u l a t i o n  based on meteoro logica l  parameters i n d i c a t e s  t h a t  a t  the  s i t e  
boundary, t h e i r  concen t r a t i on  was 0.35 pg m-3, 0.48% of the  yea r ly  average ambi- 
e n t  A i r  Qua l i t y  Standard (12 ) .  A t  t he  s i t e  boundary t he  c a l c u l a t e d  concentra-  
t i ons  of SO2, NOx, Lead (Pb) and Cadmium (Cd) emi t ted  from the  p l a n t  were 1.1 x 

6 x 5 x and 7.6 x 10-l2 ppm, r e s p e c t i v e l y ,  which were 4 .7 ,  1 .6 ,  
0.3 and < 0.01% of t h e i r  r e spec t ive  ambient a i r  q u a l i t y  s tandards .  

Of t he  sewage e f f l u e n t  r e l ea sed  onto  t he  sand f i l t e r  beds of the  Labora- 
to ry  sewage t reatment  p l a n t  78% flowed d i r e c t l y  i n t o  the  Peconic River .  The bal--  
ance was assumed t o  have pe rco l a t ed  i n t o  the  ground water  underlying the  beds.  
The gross  b e t a  concent ra t ion  of the output  from them was 28.5 pCi 1-I (2.85 x 
10-8 pCi ml-1 o r  1.06 x 10-3 Bq ml-1) , o r  < 1% of the  RCG. The t r i t i u m  concen- 
t r a t i o n  was 11.9 nCi 1-I (11.9 x pCi m l - l  o r  4 .4  x  10-I Bq ml- l ) ,  o r  0.6% 
of the  RCG. The same concen t r a t i on  was assumed f o r  the  i n f i l t r a t i o n  i n t o  ground- 
water .  

Downstream about 3.5% of the  combined flow from the  sand f i l t e r  beds and 
from upstream of  t he  Peconic River a l s o  pe rco l a t ed  i n t o  the groundwater. This 
occurred between the  sewage t rea tment  p l a n t  o u t f a l l  and t h e ' l a b o r a t o r y  perime- 
t e r ,  mostly during the l a t t e r  h a l f  of the  year .  A s  e s t a b l i s h e d  a t  a  midway 
s t ream sampling l o c a t i o n ,  t he  g ros s  b e t a  concen t r a t i on  was 11.7 pCi 1-I (1.17 x 

pCi m l - l  o r  4.3 x  Bq ml- l ) ,  or <1% of the RCG, and the t r i t i u m  concen- 
t r a t i o n  was 4.9 nCi 1-I (4.9 x  pCi m l - ' 1 ,  o r  0.1% of  t he  RCG. A t  the  s i t e  
boundary, the gross  b e t a  concen t r a t i on  was 15.4 pCi 1-1 (1.54 x 10-8 pCi m l - 1  o r  

*The a p p l i c a b l e  Radiat ion P r o t e c t i o n  Standards and Radia t ion  Concentrat ion 
Guides f o r  persons i n  uncont ro l led  a r ea s  a r e  shown with the  r e l evan t  t abu la t ed  
d a t a .  



0.53 x  Bq ml- '1 ,  o r  0.5% of t he  RCG, and the  t r i t i u m  concen t r a t i on  was 5.4 
nCi 1-I (5 .4  x  pCi m l - l  o r  2  x 10-I Bq ml- l ) ,  o r  0.17% of  t he  RCG. 

Except f o r  35 d a i l y  pH l e v e l s  which were "out of l i m i t , "  a l l  r e p o r t a b l e  
non- rad io logica l  parameters of the  Laboratory sewage e f f l u e n t  were w i th in  t he  
l i m i t s  s e t  f o r t h  i n  t h e  Labora tory ' s  permi t ,  i s sued  by EPA under t he  Nat iona l  
P o l l u t i o n  Discharge El imina t ion  System. The average water q u a l i t y  of the  sewage 
t rea tment  p l a n t  e f f l u e n t  a t  . t h e  po in t  of  d i scharge  was a t ,  o r  w i th in  water qual- 
i t y  s tandards  f o r  the  r ece iv ing  body of water .  

Bimonthly sampling of t he  Peconic River water  downstream of  t he  sewage 
t rea tment  p l a n t  o u t f a l l  has i nd i ca t ed  a  decrease of concent ra t ions  of  
r a d i o a c t i v i t y .  A t  a  l o c a t i o n  4.8 km downstream, the  average gross  b e t a  concen- 
t r a t i o n  as e s t a b l i s h e d  by bimonthly "grab" sampling was 8  pCi 1-1 ( 8  x  10-9 pCi 
m l " . l  o r  3 x 1 ~ ' ' ' ' ~  Bq ml'"l) ,  o r  (3.202 of the  KCG and the  t r i t i u m  concen t r a t i on  
l ~ c s  than 0.57 pCi 1-I (K0.57 x pCi ml - '  o r  c2.1 B q  ml - '1 ,  o r  0.01% 
of t he  RCG. About 24 km downstream, a t  t he  r i v e r ' s  mouth, the  flow was about 19 
times t h a t  a t  the  Laboratory I s  s i t e  boundary (USGS-1979 d a t a ) ,  the  average con- 
c e n t r a t i o n  of g ros s  b e t a  a c t i v i t y  being 6.7 pCi 1-I (6.7 x pCi ml - '  o r  2.5 
x  10-I Bq ml-l)  and t h a t  of t r i t i u m  being 0.8 nCi 1-I (8 x 107 pCi ml-I o r  2.8 
x lo-* Bq ml- l ) .  Thus, i t  was apparen t  t h a t  t he  t o t a l  g ross  b e t a  a c t i v i t y  i n  
the r i v e r  a t  t h a t  l o c a t i o n  exceeded t h a t  a t  the Labora tory ' s  s i t e  boundary. 
This d i f f e r e n c e  i s  a t t r i b u t e d  t o  t he  f a c t  t h a t  t he  t o t a l  flow a t  the  r i v e r ' s  
mouth i s  increased  due t o  t r i b u t a r y  add i t i ons  which i n  t u r n  have added f a l l o u t  
r ad ionuc l ides  t h a t  were p re sen t  i n  the  drainage a r e a  of t he  t r i b u t a r i e s .  

Seasonal sampling of  Peconic River bottom sediments ,  s t ream vege t a t i on  
and of miscel laneous a q u a t i c  fauna was conducted. The d a t a  i nd i ca t ed  t h a t  con- 
c e n t r a t i o n  of  S1cr, 6 0 ~ o  and 6 5 ~ ~ ,  which a r e  unique t o  the  Labora tory ' s  
e f f l u e n t s ,  as  w e l l  as  2 2 ~ a ,  1 3 7 ~ s  and 1 4 4 ~ e ,  which may a l s o  r ep re sen t  f a l l o u t  
c o n t r i b u t i o n s ,  were below the Minimum Detec t ion  Limi ts  (MDL) of  t he  system used 
and as  such were no t  r epo r t ed .  The d a t a  on f i s h  ob ta ined  from the  r i v e r  a t  the  
s i t e  boundary suggested the presence of  small  amounts of r a d i o a c t i v i t y  
a t t r i b u t a b l e  t o  t he  Labora tory ' s  p a s t  r e l e a s e s .  The concen t r a t i on  of 13'cs 
ranged from 1036 t o  1113 pCi kg-1 (4  x lo1 t o  37 Bq This  concen t r a t i on  
was 0.03 t o  0.02% of the  RCG, based on an assumed i n g e s t i o n  of 50 g  d- l .  

About 19 m i l l i o n  l i t e r s  of water per  day obta ined  from on-s i te  supply 
wel l s  were used f o r  "once through" cool ing and r e tu rned  t o  groundwater i n  on- 
s i t e  recharge bas in s .  The concen t r a t i on  of g ross  b e t a  a c t i v i t y  i n  them was 
about f i v e  t o  , t en  times g r e a t e r  than t h a t  of t he  supply w e l l s ,  and was l e s s  than 
0.1% of the RCG. The t r i t i u m  concen t r a t i ons  were l e s s  than the MDL, which i s  
about 0.1Z of t he  RCC. 

Groundwater s u r v e i l l a n c e  was conducted i n  a  network of some 87 sampling 
wel l s  i n s t a l l e d  ad j acen t  t o  and downstream from i d e n t i f i e d  a r ea s  where t h e r e  i s  
a  p o t e n t i a l  f o r  the  p e r c o l a t i o n  t o  and migra t ion  of r a d i o a c t i v i t y  and o the r  con- 
taminants  i n  groundwater.  Immediately ad j acen t  t o  t he  sand f i l t e r  beds and t o  
t he  Peconic River  on-s i te  and a t  the  s i t e  boundary, g ross  b e t a ,  t r i t i u m  and 
concen t r a t i ons  have been decreas ing ,  when compared t o  those observed during pre- 



vious yea r s .  This r e f l e c t s  t h e  decrease  i n  t he  concen t r a t i ons  due t o  decay and 
d i l u t i o n .  They were not more than a  few percent  of the EPA Drinking Water Stan- 
dards .  The l a r g e s t  avera  e  g ros s  a lpha  concen t r a t i on ,  6  pCi 1-I (6  x  pCi f m l - l  or 2.1 x  10-4 Bq m l -  ) was 40% of the  EPA Drinking Water Standard f o r  
u n i d e n t i f i e d  mixtures  conta in ing  a lpha  a c t i v i t y  o t h e r  than 2 2 6 ~ a .  It was no t  d i -  
r e c t l y  r e l a t a b l e  t o  any known Laboratory e f f l u e n t  r e l e a s e s .  The l a r g e s t  avera  e  
g ros s  b e t a  concen t r a t i on  was 20 pCi 1-1 2  x  pCi m l - l  o r  0.7 x Bq ml-f).  
The l a r g e s t  avera  e  t r i t i u m  concen t r a t i on ,  3.1 nCi 1-I (3.1 x  pCi m l - l  o r  
1.2 x  10-I Bq rnl-') was 21% of t he  EPA Drinking Water Standard. 

Concentrat ions of g ross  a lpha ,  g ros s  b e t a  and 9 0 ~ r  r a d i o a c t i v i t y  were 
found t o  be s l i g h t l y  h ighe r  i n  a  sampling we l l  about 0.35 km e a s t  of t he  s i t e  
boundary, than i n  wel l s  a t  the boundary i t s e l f .  The gross  a lpha  concen t r a t i on ,  
3.3 pCi 1-I (3.3 x  pCi m l - l  o r  12.3 x Bq ml-l) was 22% of t he  EPA 
Drinking Water Standard. However, t h i s  was not d i r e c t l y  r e l a t a b l e  t o  any known 
Laboratory e f f l u e n t .  The g ros s  b e t a  concen t r a t i on  was 15.2 pCi 1-I (15.2 x 
pCi ml- '  or  5.7 x  Bq ml - ' 1 ,  and the 9 0 ~ r  concen t r a t i on  was 2  pCi 1-I (2 x  
10-9 pCi m l - l  or 0.8 x  10-4 Bq ml- l ) .  The l a t t e r  was 25% of t he  EPA Drinking 
Water Standard. 

Except f o r  pH l e v e l s  s l i g h t l y  lower than the  Water Qua l i t y  Standard,  bu t  
wi th in  the l o c a l  n a t u r a l  v a r i a t i o n ,  most o the r  i n d i c e s  of water q u a l i t y  i n  t he se  
s u r v e i l l a n c e  we l l s  were w i th in  t he  s tandards .  I n  a  few on - s i t e  wel l s  immedi- 
a t e l y  ad jacent  t o  the sand f i l t e r  beds and t o  the  Peconic River on - s i t e ,  Fe and 
Zn were found up t o  t e n  times t h e i r  r e s p e c t i v e  water  q u a l i t y  s t anda rds .  These 
l e v e l s  exceeded those found i n  r ecen t  Laboratory l i q u i d  e f f l u e n t s ,  and may be an 
a r t i f a c t  produced by t h e  sampling wel l  cas ing  r a t h e r  than being p re sen t  i n  
groundwater i t s e l f .  

On-si te ,  ad j acen t  t o  t he  So l id  Waste Management a r e a ,  t h e  l a n d f i l l ,  t h e  
former open dump, and the decontamination f a c i l i t y  storm sewer sump, above ambi- 
e n t  background concen t r a t i ons  of g ros s  b e t a  a c t i v i t y ,  9 0 ~ r ,  and t r i t i u m  were 
found i n  a  number of nearby groundwater s u r v e i l l a n c e  we l l s .  Much of  the  g ros s  
b e t a  a c t i v i t y  appeared t o  be r e l a t e d  t o  gOsr .  

A t  the Waste Management a r e a ,  the l a r g e s t  9 0 ~ r  concen t r a t i on ,  107 pCi 
1-I (10.7 x  10-lo pCi m l - l  o r  4 .0  x  10-3 Bq ml - l ) ,  o r  13 times t h e  EPA Drinking 
Water Standard,  was found i n  a  wel l  175 m south of the  a rea .  This  l e v e l  re-  
f l e c t s  t he  e f f e c t s  of a  known inadve r t en t  i n j e c t i o n  i n t o  groundwater which oc- 
curred i n  1960. 

A t  the  l a n d f i l l ,  a  r o s s  a 1  ha concen t r a t i on  of 42.5 pCi 1-I (4.25 x  
pCi m l - l  or 1.8 x  loeB Bq ml-P), o r  300% of the  EPA Drinking Water Standard 
, a  gross  b e t a  concen t r a t i on  of 119 pCi 1-I (1.19 x  pCi m l - l  o r  4.4 x  
Bq ml- l ) ,  or 6% of the RCG, and a  t r i t i u m  concen t r a t i on  of 427 x  pCi 

ml- '  (1.5 x  lo1  Bq ml- '  1, o r  21 times t he  EPA Drinking Water Standard,  were t h e  
l a r g e s t  found. They were found i n  we l l s  between the l a n d f i l l  and l o c a t i o n s  80 
m south of t he  per imeter  of t h e  working a r e a .  

A t  the  decontamination f a c i l i t y  storm sewer sump, a  concen t r a t i on  of 
57.1 pCi 1-I (5.71 x  pCi m l - l  o r  20.7 x  Bq ml- l ) ,  o r  650 times t he  EPA 



Drinking Water Standard,  was found i n  a  s u r v e i l l a n c e  we l l  about 50 m sou theas t  
of the  sewer o u t f a l l  i n t o  the sump. 

With t h e  except ion  of t h e  presence of  Fe and Zn i n  wel l s  ad j acen t  t o  t he  
l a n d f i l l  a r e a ,  a l l  on-s i te  water q u a l i t y  and p u r i t y  parameters were w i th in  t he  
, e s t ab l i shed  s t anda rds .  Immediately ad j acen t  t o  t he  l a n d f i l l ,  t he  concen t r a t i on  
of  Fe was 49 ppm, o r  86 times the  s tandard ,  and t h a t  of Zn was 2.7 ppm, o r  4 .3  
times t he  s t anda rd .  

I n  a l l  c a se s ,  the on-s i te  l e v e l s  of r a d i o a c t i v i t y  or  of o the r  agents  
which were found i n  above ambient background i n  ground water  appeared t o  be 
confined to  w i th in  a  hundred meters  of t h e i r  o r i g i n .  They would r e q u i r e  decades 
of t r a v e l  be fo re  reaching the  s i t e  boundary. Concentrat ions of r a d i o a c t i v i t y ,  
and water q u a l i t y  parameters ,  i n  ground water from per imeter  s u r v e i l l a n c e  w e l l s  
( o t h e r  than those  ad j acen t  t o  t h e  Peconic River)  were a t  o r  near  background and 
only a  few percent  of the  EPA Drinking Water Standards ( 1 8 ) .  

A study conducted i n  1979, with t he  c o l l a b o r a t i o n  of the  Suf fo lk  County 
Department of Heal th  Serv ices  (SCDHS), on the d i s t r i b u t i o n  of 9 0 ~ r  i n  s u r v e i l -  
lance wel l s  throughout t h e  county wel l s  i nd i ca t ed  t h a t  they were r e l a t e d  t o  
depth of water t a b l e .  The l a r g e s t  concen t r a t i ons ,  i n  four  of 43 samples, ranged 
from 1.1 t o  2.75 pCi 1-l. There was no apparen t  c o r r e l a t i o n  between the  pres-  
ence of 9 0 ~ r  i n  these  we l l s  and t h e i r  roximity t o  the  Laborator  . I n  t he  
remaining wel l s  t h e  concen t r a t i ons  of B o S ~  were below 0.5 pCi 

The c o l l e c t i v e  average dose equ iva l en t  r a t e  ( t o t a l  popula t ion  dose) 
a t t r i b u t a b l e  t o  Laboratory sou rces ,  f o r  t he  popula t ion  up t o  a  d i s t a n c e  of 80 
km, was c a l c u l a t e d  t o  be 5.46 rem a-' (person-rem a - l ) ,  a s  compared t o  a  n a t u r a l  
background dose equ iva l en t  r a t e  t o  the  same pbpula t ion  of about 278,405 rem a-' 
( p c r s o a - ~ e ~ u  a-1).  

3.0 MONITORING DATA COLLECTION, ANALYSIS AND EVALUATION 

3.1 E x t g n a l  Radia t ion  Monitoring: 

Dose equ iva l en t  r a t e s  a t  the  s i t e  boundary, inc lud ing  n a t u r a l  background 
( a s  in f luenced  by f a l l o u t )  and the increments a t t r i b u t a b l e  t o  Laboratory a c t i v -  
i t y ,  were r o u t i n e l y  measured by the  use of CaF2:Dy thermoluminescent dosimeters  
(TLD) exposed f o r  monthly pe r iods  a t  each of the fou r  per imeter  monitor ing s t a -  
t i o n s  P-2, P-4, P-7, and P-9, a s  shown i n  Figure 2.  

The observed weekly average dose equ iva l en t  r a t e s  f o r  e x t e r n a l  r a d i a t i o n  
r e s u l t i n g  from gamma a c t i v i t y  only (9 ,10 )  a r e  given i n  Table 2. There was no 
measurable a d d i t i o n  t o  the  n a t u r a l  background a t t r i b u t a b l e  t o  Laboratory 
a c t i v i t i e s ,  except  a t  the  n o r t h e a s t  per imeter .  A t  t h i s  l o c a t i o n ,  t he  Ecology 
F o r e s t  i r r a d i a t i o n  source ,  which contained about 5883 c u r i e s  (2.18 x 1014 B ) of  
1 3 7 ~ s  ( a s  of 1 /1 /79 ) ,  roduced a  dose equ iva l en t  r a t e  of 1.43 * .08 mRem a -9 
(1.43 x f 8 x loqP Sv a - l )  o r  0.4% of the  Radia t ion  P r o t e c t i o n  Standard f o r  
a  h y p o t h e t i c a l  i n d i v i d u a l  member of the  gene ra l  p u b l i c  a t  t h i s  l o c a t i o n  on the  
Laboratory per imeter .  The average e x t e r n a l  background r a d i a t i o n  l e v e l  was 57.7 
mRem a - l  (5.77 x 10-4 Sv a - l ) .  A s  of September 28, 1979, t he  Ecology Fo re s t  



TABLE 2 

1979 BNL Environmental Monitoring 
Weekly External Dose Equivalent Rates from Cackeround and BNL Operations 

(mRern/week) 

Month 

Northeast 
Perimeter 

P-2 P-4 P-7 P-9 a Source Average 
Background b 

March 1.14 1.13 1.13 1.09 <O. 00 1.13 

April 1.15 1.18 1.24 1.19 <O.OO 1.19 

June 1.05 1.14 1.14 1.18 0.07 1.11 

July 1.17 1.19 1.18 1.27 0.09 1.18 

August 1.13 1.20 1.20 1.27 0.09 1.18 

September 1.26 1.29 1.30 1.31 0.03 1.28 

October 1.12 1.13 1.16 1.09 <O.OO 1.14 

November 1.28 1.30 1.28 1.25 <O.OO 1.29 

December 1.04 1.13 1.11 1.09 <O.OO 1.09 

Total (mRem/year) 56.42 58.26 58.51 58.53 1.43 57.74 
(50 weeks) 

Average (mRem/week) 1.13 1.17 1.18 1.18 0.03 1.16 

Standard deviation 0.16 0.14 0.14 0.18 0.08 0.14 
(2 0 ) 

Locations of monitoring stations indicated on Figure 2 

a 
137 

Cs Ecology Forest Irradiation Source radiation level derived by 
subtracting average background at other stations from total measured 
level at northeast perimeter. This source has been decommissioned 
as of September 28, 1979 and was removed from the Ecology Forest 
area on October 29, 1979. 

b Average of P-2, P-4 and P-7, unaffected by BNL on site radiations or 
e f f l i i ~ n t s .  

Data for this table supplied by J. Gilmartin (Sap) using CaF2 (by) 
environmental monitoring TLDs which were placed in the above ldcations 
by E. Hartmann (SUP). 

mRem = 0.00001 Sv. 



source  was decommissioned. It was removed from the  Ecology Fo re s t  a r e a  on 
October 29, 1979. The TLD readings a t  the no r theas t  per imeter  (P-9),  during the  
l a s t  q u a r t e r  of t he  y e a r ,  confirm t h e  absence of t he  source .  It i s  t o  be noted 
t h a t  the  source r a d i a t i o n  (photons)  were l e s s  p e n e t r a t i n g  during win te r  months 
r e l a t i v e  t o  t h e  s u m e r  months a s  t he  d e n s i t y  of a i r  i nc reases  with the  drop i n  
temperature  dur ing  win te r  ( 9 , 1 0 ) ,  which accounts f o r  the  i nc reases  i n  r a d i a t i o n  
l e v e l s  noted a t  t h e  n o r t h e a s t  per imeter  during the  summer months. 

3.2 Airborne E f f l u e n t s  and Ground-Level A i r  P a r t i c u l a t e s ,  Tr i t ium and 
Radioiodine Monitoring : 

3.2.1 F a c i l i t i e s  and E f f l u e n t s  

The p r i n c i p a l  Laboratory f a c i l i t i e s  which c u r r e n t l y  d i scharge  r a d i o a c t i v e  
e f f l u e n t s  t o  the  atmosphere a r e  l i s t e d  i n  Table 3 .  The i n s t a l l e d  on-l ine e f f l u -  
e n t  moniroring and sampling devices  a r e  a l s o  i nd i ca t ed .  The l o c a ~ i o n  of these 
f a c i l i t i e s  on the Laboratory s i t e  a r e  shown i n  F igure  2 .  The types and amounts 
of these  e f f l u e n t s  r e l e a s e d  during 1979 a r e  shown i n  Table 4. 

Oxygen-15 (150) ,  Argon-41 ( 4 1 ~ r )  and Xenon-127 (12'xe) a r e  r a d i o a c t i v e  
gases .  Since they have r e l a t i v e l y  s h o r t  h a l f - l i v e s ,  they have the  p o t e n t i a l  of 
be ing  environmental ly  s i g n i f i c a n t  as  sources  of increased  e x t e r n a l  r a d i a t i o n  
only  a t  o r  r e l a t i v e l y  nea r  t he  o i n t  of r e l e a s e .  1 2 7 ~ e  i s  produced a t  the  BLIP 
f a c i l i t y  f o r  commercial u se .  l g0 ,  which has  a  h a l f - l i f e  of two minutes,  i s  
produced by t h e  i n t e r a c t i o n  of p ro tons  and water  i n  t he  BLIP f a c i l i t y  and 
evolved a t  an es t imated  r a t e  of 0.21 C i   PA-^ h-I (7.8 x  10' Bq PA-' h - l ) .  When 
t h i s  f a c i l i t y  i s  opera ted  a t  t h e  f u l l  beam c u r r e n t  of 180 pA the  equ i l i b r ium ac- 
t i v i t y  of  150 a t  the po in t  of genera t ion  i s  1.8 C i  (6 .6  x  l o io  Bq). Argon-41, 
which has a  h a l f - l i f e  of 110 minutes ,  i s  produced by the  i n t e r a c t i o n  of neutrons 
and v e n t i l a t i n g  a i r  i n  the Medical Reactor and r e l ea sed  form i t s  s t ack  at a r a t e  
of 1 C i  MW( th)-'h-' (3.7 x  l o l o  Bq MW(th)-'h-') when i t  i s  opera ted  a t  f u l l  
power of  3 MW(th). Assuming equ i l i b r ium i s  a t t a i n e d ,  a  conserva t ive  assumption, 
t h e  equ i l i b r ium a c t i v i t y  i s  8 C i  (2.96 x 1011 Bq) a t  t he  r e a c t o r  s t a c k .  I n  
reviewing the a i r b o r n e  e f f l u e n t  da t a  (Table  4 )  over the pas t  s i x  years  (1974- 
1979) ,  i t  i s  t o  be observed t h a t ,  except  f o r  1 2 " ~ e ,  t he  r a d i o a c t i v e  gases  
r e l e a s e d  a r e  a  func t ion  of o p e r a t i o n a l  time and power l e v e l  of the f a c i l i t y .  
Two f a c t o r s  have served t o  reduce t he  q u a n t i t i e s  of r a d i o a c t i v i t y  r e l ea sed  t o  
the  atmosphere from BNL f a c i l i t i e s .  A t  the  Hot Laboratory complex (Bldg. 801) ,  
an experiment which u t i l i z e d  about 1000 C i  (3.7 x  10 lo  Bq) of t r i t i u m  ( a s  vapor)  
was d i scont inued  during 1979. This has reduced the r e l e a s e  of t r i t i u m  from t h i s  
complex by 50 times when compared with the  r e l e a s e s  during the  ope ra t i on  of the  
experiment i n  1978. The decrease  i n  t r i t i u m  gas r e l ea sed  a t  t he  Van de Graaf fa -  
c i l i t y  from 1263 C i  (4.67 x l o i 3  Bq) i n  1978 t o  80 C i  (2.96 x 1012 Bq) i n  1979 
i s  the r e s u l t  of improved decontamination techniques such as  scrubbing which has  
reduced the  q u a n t i t i e s  r e l ea sed  t o  t he  environment. A second o rde r  e f f e c t  which 
has  con t r ibu t ed  t o  the decrease  is the accu ra t e  c a l i b r a t i o n  of  the Kanne chamber 
r e s u l t i n g  i n  t he  increased  r e l i a b i l i t y  of d a t a  c o l l e c t i o n  and improving the  con- 
f idence  i n  the r epo r t ed  t r i t i u m  r e l e a s e s .  



TABLE 3 

1979 BNL Environmental  Moni tor ing Gaseo-JS E f f l u e n t  
Re lease  L o c a t i o n s  and On-Line Moni to r ing  and Sampling Devices  

F h c i l i t y  and Re lease  
r e l e a s e  p o i n t  h e i g h t  P r i n c i p a l  On-Line Sampling a  

B u i l d i n g  r a d i o a c t i v e  e f f l u e n t s  (m> n u c l i d e  ( s )  m o n i t o r i n g  d e v i c e s  

490 Medical  Research C e n t e r  13.7 
Roof S t a c k  

491  Medical  Research Reac to r  45.7 

555 Chemist ry  B u i l d i n g  Roof 16.8 

750 High F l u x  ~ e a m  ' ~ e a c t o r /  97.5  
201 Ibt Labora to ry  S t a c k  

Vsn d e  Graaff  A c c e l e r a t o r  18 .3  

L inac  I s o t o p e  F a c i l i t y  18.3 

Steam P l a n t  E f f l u e n t s  

T r i t i u m  (vapor )  None D e s s i c a n t  f o r  
t r i t i u m  vapor  

Argon-4 1 Moving t a p e  f o r  Charcoa l  f o r  
r a d i o - p a r t i c u l a t e s  r a d i o i o d  i n e s  

T r i t i u m  (vapor )  . None ~ e s s i c a n t  f o r  
t r i t i u m  vapor  

T r i t i u m  (vapor)  Beta  s c i n t i l l a t o r  f o r  D e s s i c a n t  f o r  
r a d i o a c t i v e  g a s e s  ; t r i t i u m  v a p o r ;  
Kanne chamber f o r  p a r t i c u l a t e  
t r i t i u m  (gas+vapor)  f i l t e r  f o r  g r o s s  

b e t a ;  c h a r c o a l  
c a r t r i d g e  f o r  
rad  i o i o d i n e s  

T r i t i u m  (gas+ Kanne chamber f o r  D e s s i c a n t  f o r  
vapor )  t r i t i u m  (gas+vapor) t r i t i u m  vapor  

T r i t i u m  (vapor )  G-M d e t e c t o r  f o r  B e s s i c a n t  f o r  
Oxygen- 15 r a d i o g a s e s  t r i t i u m  vapor  

610 C s n t r a l  Steam P l a n t  S t a c k  19.8 P a r t i c u l a t e s ;  None 
SO2; NOx 

None 

a  
L o c a t i o n s  g i v ? n  i n  F i g u r e  2 



TABLE 4 

1979 BNL Environmental Monitoring Airborne Effluent Data 
Radioactive Effluents 

' ' Elevationa Activity 
Building Facility and release point (m) Nuclide released (Ci) 

49 1 Medical Research Reactor 
Stack 

'130 Mcdicol Roocnroh Concar 
Stack 

555 Chemistry Building Stack 

750 High Flux Beam Reactor 

801 Hot Laboratory Stack 1 

901 Van de Graaff Accelerator 

9 3 1 Linac Isotope Production 

Facility 

13.7 3 H (vapor) 1 . R  

3~ (vapor) 119.2 

3~ (vapor) 0.8 x 

Gross Beta 1.. 7 x 1.0-4 
(Particuiatej 

123~e 0.6 

1 2 7 ~ e  
1.. 0 

18.3 
3~ (gas) 

79.5 

1 ) .  3 
3~ (vapor') 

18.3 3~ (vapor) 2 4 . 7  x 10-3 

l50 
27483' 

a Above ground 'level. 

Calculated from reported operating t i ~ w  ard "one-time" measured efiissiorl rare 
at 3 MW power level. . 

. . 
C Calculated f r ~ m  reported operating time and estimated production rate at . . 

180 pamp full beam current. 

Ci = 3.7 x l o l o  Bq. 



The s l i g h t  i nc rease  i n  t r i t i u m  (a s  vapor)  r e l ea sed  from t h e  HFBR r e s u l t e d  
p r i n c i p a l l y  from the purging of the  hea t  exchanger system, p repa ra to ry  f o r  modi- 
f i c a t i o n s  t o  i nc rease  t he  power l e v e l  of  t he  f a c ' i l i t y  from 40 MW t o  60 MW. 

Considerable  d i l u t i o n  with the ambient a i r  occurs between the po in t  of 
genera t ion  and r e l e a s e  of t he se  sources  of r a d i o a c t i v i t y  and the  s i t e  boundary. 
Add i t i ona l ly ,  r ad ioac t ive  decay decreases  the a i r  a c t i v i t y  concen t r a t i ons  o f  
s h o r t e r  l i v e d  r ad ionuc l ides  during the  t r a n s i t  time between the  source and the  
s i t e  boundary. Af t e r  d i l u t i o n  and decay, concent ra t ions  of a i r b o r n e  
r a d i o a c t i v i t y  a t  the  s i t e  boundary was reduced t o  such a  l e v e l  t h a t  they 
produced no d e t e c t a b l e  i nc rease  i n  the  dose equ iva l en t  r a t e  ( a s  r e s u l t i n g  from 
the  d i scharge  of r a d i o a c t i v e  e f f l u e n t s  t o  the  atmosphere - Table 3) during 1979. 

Tr i t ium ( 3 ~ )  has a  h a l f - l i f e  of  12.3 yea r s ,  and i s  a  very low energy b e t a  
e m i t t e r  (TB(~,,)  = 18.6 K ~ V ) .  I ts  p r i n c i p a l  environmental s i g n i f i c a n c e  i s  a s  
t r i t i a t e d  water vapor (HTO), when i t  is  taken up and u t i l i z e d  by l i v i n g  systems 

. as  water .  Of t he  225 C i  (8.4 x  1012 Bq) of t r i t i u m  r e l e a s e d  from the  Laboratory 
f a c i l i t i e s  during 1979, 79.5 C i  (2.96 x 1012 Bq) (35%) was i n  gaseous form, and 
145.5 C i  (5.4 x  1012 Bq) (65%) was r e l ea sed  as  t r i t i a t e d  water  vapor (HTO). A s  
Low as  Reasonably Achievable (ALARA) p r a c t i c e s  have reduced HTO r e l e a s e s  from 
the  HFBR by 70% s i n c e  1974. These inc lude  r ep l ac ing  a  p o r t i o n  of the  heavy 

'water (moderator and coolan t )  a t  f requent  i n t e r v a l s  (once a  yea r )  and an e f f e c -  
t i v e  program t o  d e t e c t  t r i t i u m  and prevent  i t s  l eak .  

\ 

The amounts of convent ional  p o l l u t a n t s  r e l ea sed  from the c e n t r a l  steam 
p l an t  a r e  shown i n  Table 5. Those f o r  s u l f u r  d iox ide  (SO2) and n i t rogen  oxides  
(NOx) a r e  es t imated  from repor ted  emission f a c t o r s  f o r  comparable p l a n t s  ( 11) , 
supplemented by a n a l y s i s  f o r  s u l f u r  con ten t  of the  f u e l  o i l  u t i l i z e d  a t  the  
p l a n t .  The amount of p a r t i c u l a t e s  was based on the  average concen t r a t i on  found 
i n  s t ack  sampling of t he  steam b o i l e r  u n i t s  i n  a  s e r i e s  of t e s t s  conducted dur- 
ing  1977 by an Environmental P r o t e c t i o n  Agency (EPA) approved l abo ra to ry .  The i r  
r e s u l t s  i n d i c a t e  the  average emission r a t e  of p a r t i c u l a t e s ,  0.078 l b  MBTU-l, was 
below the emission l i m i t  of  0 .1  l b  MBTU-I as  s e t  f o r t h  by the  New York S t a t e  De- 
partment of Environmental Conservation ( P a r t  227, S t a t i o n a r y  Combustion 
I n s t a l l a t i o n s ) .  

A review of t he  s t ack  emission d a t a  over  t he  p a s t  s i x  yea r s  (1974-1979) 
has i nd i ca t ed  reduc t ions  i n  SOa, NO, and p a r t i c u l a t e s .  This  i s  e s p e c i a l l y  
n o t i c e a b l e  s i n c e  1976 when t h e  Laboratory i n i t i a t e d  t he  u t i l i z a t i o n  of a l t e r n a t e  
l i q u i d  f u e l s  (ALF), such as minera l  s p i r i t s ,  a l coho l ,  j e t  f u e l  and r e c o n s t i t u t e d  
f u e l s .  The amount of ALF r e l a t i v e  t o  t o t a l  f u e l  consumption a t  the  steam p l a n t  
has increased  from ze ro  i n  1976 t o  6% i n  1977, 23% i n  1978 and 49% i n  1979. 
These a l t e r n a t e  f u e l s  t y p i c a l l y  have a  weighted average s u l f u r  conten t  of 0.5% 
or  l e s s ,  as  compared to  the t y p i c a l  1% s u l f u r  conten t  of the  /I6 o i l .  Thus, 
though the  t o t a l  volume of f u e l  consumed has gone up, t he  amount of f u e l ,  i f  
weighted t o  1% s u l f u r  con ten t ,  has been reduced by 32% which, i n  t u r n ,  i s  
r e f l e c t e d  i n  t he  reduc t ion  of p o l l u t a n t s .  Because of t h e  u n c e r t a i n t i e s  i n  t he  
p o t e n t i a l  r e l e a s e s  t o  the environment r e s u l t i n g  from the combustion of t he se  
f u e l s ,  28 samples of these  a l t e r n a t e  f u e l s  were analyzed f o r  cadmium (Cd) and 
lead  (Pb) .  The r e s u l t s ,  t abu la t ed  below i n d i c a t e  t h a t  the  burning of ALF does 
no t  c o n s t i t u t e  a  h e a l t h  hazard.  



TABLE 5 

1979 BNL Environmental Monitoring Emission of SO2, NO; and 
I 

PartlccIates from Central Steam Plant (Bldg. 510) 

Calculated Average 
stack boundary a EPA Primary 

~f f lueit Total kg concentration concentration Air Quality Standard(l2) 

b 

S02 3.25 x 1 2  270 ppm 1.06 x 10'~ ppa 0.03 ppm 

N?< 1.44 r: ld 6.33 x ppn 
156 ppm 0.05 ppm 

- 

i - 7 
Based on average X/Q af  2.4 x 10 se= m-3calculated by BNL Meteorology Zroup (1979). 

t'~ased on average 1.0% sulfur content. 

C~ased on m~asured average value curinj February 1977 stack sampling cond~cted on main steam boiler unit 
(New York Fesring Labaratories, lnc., Westkury, N.Y., 11590). 

Table based on data supplied by Planz Zngineering (E.E. Sheltonj. 



Lead (Pb) Cadmium (Cd) 

Minimum Maximum Minimum Max imum 

Concentrat ion i n  ALF Sample . 

( P P ~ )  < 1 273 <0.1 4 

Concentrat ion a t  S i t e  Bound- 
a ry  (pg m-3> 
a )  i f  only ALF was burned <3 .8x10-~  1 .04x10-~  < 0 . 3 8 ~ 1 0 - ~  1 .52x10-~  

b) i f  burned a t  the maxi- 
mum p o s s i b l e  mixture  - 
50% A L F / ~ ~ %  /I6 <1  . 9 x 1 0 - ~  0 .52x10-~  <0 .19x10-~  0 .76x10-~  

Standard (pg m-3) 1.5* 39,000** 

*EPA (12)  
**British Standard,  no U.S. s tandard  as  y e t  promulgated. 

As i nd i ca t ed  i n  the 1978 Environmental Monitoring Report and a s  es t imated  
from the  f u e l  consumed i n  1979, t he  mercury ( ~ g )  concen t r a t i on  i n  ALF samples 
was approximately 100 times below the  EPA l i m i t  of  4.65 kg day-l ( 12 ) .  An ana l -  
y s i s  f o r  ch lo r ina t ed  hydrocarbons was nega t ive  al though small  t r a c e s  of c h l o r i n e  
were de tec ted .  Add i t i ona l ly ,  the r e s u l t i n g  low ash conten t  ((20 ppm) a f t e r  
burning ALF i n d i c a t e s  n e g l i g i b l e  q u a n t i t i e s  of t r a c e  metals  which has been 
confirmed by our a n a l y s i s  f o r  Cd and Pb. Therefore ,  even i f  the  most l i b e r a l  es- 
t imates  of usage a r e  employed, t he  environmental consequences of burning these  
a l t e r n a t e  f u e l s  with +I6 f u e l  o i l  a r e  not s i g n i f i c a n t .  

3.2.2 S a m ~ l i n e  and Analvsis  

The Brookhaven environmental monitor ing a i r  sampling program i s  designed 
t o  Cdent i fy  a i r b o r n e  r a d i o a c t i v i t y  a t t r i b u t a b l e  t o  n a t u r a l  sources ,  t o  
a c t i v i t i e s  remote from the Laboratory ( e  .g . ,  above ground nuc lear  weapons t e s t s )  
and t o  Laboratory a c t i v i t i e s .  Most of t he  a i r  concen t r a t i ons  of r a d i o a c t i v i t y  
dc t ec t ed  during 1979 could be a t t r i b u t a b l e  t o  the f i r s t  two sources .  F a l l o u t  
from the  Chinese nuc l ea r  t e s t  which took p l ace  on December 14, 1978 was a l s o  
de t ec t ed .  

3.2.3 A i r  Samples 

High volume (500 1 min-'1 p o s i t i v e  displacement  a i r  pumps (Gast 3040) 
were operated a t  a  monitoring s t a t i o n  sou theas t  of t he  s o l i d  waste management 
a r ea s  (F ig .  2 ,  S-61, and a t  the no r theas t  and the southwest per imeter  s t a t i o n s  
(P-9 and P-4). The a i r  sampling media cons i s t ed  of a . 7 . 6  cm diameter  a i r  p a r t i c -  
u l a t e  f i l t e r  (Gelman type G) followed by a  7.6 cm x 2.5 cm bed of  petroleum- 
based charcoa l  (Columbia Grade LC 12/28 x mesh) f o r  c o l l e c t i o n  of rad ioha logens .  
I n  p a r a l l e l  t o  t h i s  system is  a  7.6 cm diameter  a i r  p a r t i c u l a t e  f i l t e r  (Gelman 
type G) followed by a  250 cm3 impregnated charcoa l  f i l t e r  and sampled a t  a  flow 



3 r a t e  of two f t  min-l. The r a t i o n a l e  f o r  t h i s  l a t t e r  sampling system i s  t o  as-  
s u r e  the c o l l e c t i o n  of  a l l  s p e c i e s  of r ad io iod ines  a t  a  s u i t a b l e  flow r a t e .  
Shor t  term f l u c t u a t i o n s  i n  a i r b o r n e  r a d i o a c t i v e  p a i t i c u l a t e  concen t r a t i ons  a r e  
gene ra l l y  i n d i c a t i v e  of the  presence of r ecen t  weapons t e s t s  deb r i s .  To d i s t i n -  
gu ish  between d e b r i s  from nuc l ea r  weapon t e s t s  and t h a t  which might r e s u l t  from 
a c t i v i t i e s  o f  the waste management o p e r a t i o n s ,  the a i r  p a r t i c u l a t e  f i l t e r s  a t  
s t a t i o n  S-6 were changed and counted on a  d a i l y  b a s i s  during the  work week. The 
a i r  p a r t i c u l a t e  f i l t e r s  a t  the o the r  s t a t i o n s  were changed and counted on a  
weekly b a s i s .  

Af t e r  a l lowing  s e v e r a l  days (>  seven days) f o r  the decay of s h o r t  l i v e d  
n a t u r a l  r a d i o a c t i v i t y ,  t h e  a i r  p a r t i c u l a t e  samples from t h e  s o l i d  waste manage- 
ment a r e a  s t a t i o n  were analyzed f o r  g ros s  a lpha  a c t i v i t y  u s ing  a  12.7 cm diame- 
t e r  Zn-S coated d e t e c t o r  o p t i c a l l y  coupled t o  a  pho tomul t i p l i e r  tube ,  and the  
a i r  p a r t i c u l a t e  samples from a l l  l o c a t i o n s  were analyzed f o r  g ross  b e t a  a c t i v i t y  
us ing  a 12.7 cm b e t a  s c i n t i l l a t o r .  These d a t a  a r e  shown i n  Table 6. This t a b l e  
a l s o  inc ludes  da t a  from a  source point--the HFBR s t ack .  The sampling po in t  i.s 
l oca t ed  i n  t h e  s t a c k  i n  such a  manner t h a t  i t  samples t h e  exhaust  a i r  from the  
Hot Lab (Bldg. 801) and the  HFBR a f t e r  i t  passes  through abso lu t e  f i l t e r s .  The 
d a t a ,  t h e r e f o r e ,  r e p r e s e n t  the  concen t r a t i on  a t  t he  HFBR s t a c k .  The seasona l  
t r end  of  an e a r l y  s p r i n g  maximum, as  observed f o r  bo th  gross  a lpha  and gross  
b e t a  a c t i v i t y  i n  1975, s h i f t e d  toward l a t e  sp r ing  i n  1976, e a r l y  summer i n  1977, 
and f o r  1978 and 1979 has r e tu rned  t o  l a t e  s p r i n g  and e a r l y  summer maximum. An 
i n c r e a s e  i n  g ros s  b e t a  and a lpha  a c t i v i t y  observed during prev ious  yea r s  has 
been s l i g h t l y  decreased.  I n  g e n e r a l ,  the  gross  b e t a  a c t i v i t y  a t  the Waste Man- 
agement a r e a  was about t h r e e  times t h a t  of t he  SW and NE Per imeter  a r e a s ,  t he  
l a t t e r  two being u s u a l l y  s i m i l a r  i n  va lue .  These d i f f e r e n c e s  i n d i c a t e  the pres-  
ence of Laboratory-produced r ad ionuc l ides  in  air p a r t i c u l a t e  samples. However, 
the g ros s  b e t a  a c t i v i t y  a t  a l l  monitor ing s t a t i o n s  had shown a  s i g n i f i c a n t  in-  
c r ea se  i n  March 1978 and t o  a  s l i g h t  e x t e n t  i n  December 1978 fol lowing the  
Chinese nuc lear  t e s t s .  This i n c r e a s e  was not seen i n  the  e a r l y  p a r t  of  1979 
i n d i c a t i n g  t h e  r ap id  d i s p e r s a l  o f  f a l l o u t  a c t i v i t y .  

I n  a d d i t i o n  t o  the d a i l y  and/or weekly gross b e t a  counts  i nd i ca t ed  ebnvc, 
ana lyses  f o r  gamma emi t t i ng  nuc l ides  were performed on a  monthly composite of 
a l l  i n d i v i d u a l  a i r  p a r t i c u l a t e  samples s h o r t l y  a f t e r  the  end of each month. The 
charcoa l  samples were analyzed a t  one month p o s t - c o l l e c t i o n  t o  determine l3'1 by 
decay i n  i t s  f u l l  energy peak reg ion  during t h i s  time. These d a t a  a r e  repor ted  
i n  Table 7. Gross b e t a  a c t i v i t y  i n  a i r  t h a t  had increased  fol lowing the  Chinese 
nuc l ea r  t e s t  i n  l a t e  1976 began t o  dec l ine  i n  e a r l y  1977 with a  s l i g h t  i nc rease  
i n  1978 due t o  scavenging by heavy p r e c i p i t a t i o n .  The d e c l i n e  continued i n  
1979. When compared t o  da t a  from 1976 t o  1979, it seems t h a t  t he re  i s  evidence 
of an e a r l y  o r  l a t e  sp r ing  maximum, which f o r  1979 i n d i c a t e s  a  l a t e  a r r i v a l  of 
the  maximum. The i n c r e a s e  i n  December 1978 fo l lowing  the Chinese nuc lear  t e s t  
d id  n o t  fol low through i n  e a r l y  1979. F i s s i o n  product nuc l ides  such a s  l o 3 ~ u ,  
l o 6 ~ u ,  1 3 7 ~ s ,  141ce, and 1 4 4 ~ e  were a t  o r  below Minimum Detec t ion  Limit (MDL) 
f o r  t h e  count ing system used (Table  29).  Although s t a t i s t i c a l l y  s i g n i f i c a n t  
l e v e l s  of  1311 were noted during the  e a r l i e r  Chinese nuc lear  t e s t s  i n  1976 and 
1977 i t  was n o t  de t ec t ed  during 1979. Na tu ra l l y  occur r ing  7 ~ e  was p re sen t  i n  
low bu t  near uniform concen t r a t i on  throughout the  year .  These d a t a  i n d i c a t e  



Table 6 
1979 BNL ENVIRONMENTAL MONITORING AVERAGE GROSS ALPHA. 

AND GROSS BETA CONCENTRATIONS, AIR PARTICULATE FILTERS lPCI /M3 OR 1 . 0 3 E - I 2  UCIICM31 

LOCAT ION ' NO. 
ALPHA BETA 

AVERAGE MAXIMUM MINIMUM NO. AVERAGE MAXIMUM MINIMUM TL FLOU(M3l 

JANUARY WASTE AREA 2 2  .00 1 0 ,0032  .0001 2 2  .1703 .161 0 .0254 2 .  1 O O E + O ~  
S.W. PERlM 5 .0589 ,1060 ,0182 1.753€+04 
N.E. PERlM 4 '0701 ,1120 ,0479 I .4EIE+O4 
STACK 5 .E520 1.0000 ,0427 9.049E+02 

FEBRUARY WASTE AREA 19 ,001 3 ,0027 ,000  1 19 ,0692 . 1350 ,0229 1 .807E+O4 
S.W. PERIM 4 .0558 ,0668 .0257 1.458E+OQ 
N . E .  PERlM 3 ,0695 ,0721 ,0667 8.831E+03 
STACK 4 .2965 ,8620 ,0526 7.245E+02 

MARCH WASTF AREA 
S.W. PERlM 
N.E.  PERIM 
STACK 

WASTE AREA 
S.W. PEPlM 
N.E.  PERlM 
STACK 

APR l L 

WASTE AREA 
S.W. PERlM 
N.E .  PERIM 
STACK 

WASTE AREA 
S.W. PERlM 
N.E .  PERIM 
STACK 

JUNE 

JULY WASTE AREA 18 .0007 . O O  17 ,000  1 18 . 1628 ,2960 .,0865 1 .602E+O4 
S.W. PERlM 8 . 1156 .2100 ,0918 1 .612E+O4 
N.E. PERlM 5 . 1319 ,2270 ,0835 1.298E+04 
STACK 5 .0735 . 1420 ,0209 8 . 4  12E+02 

AUGUST WASTE AREA 
S.W. PERIM 
N.E.  PERIM 
STACK 

SEPTEMBER WASIE AHtA 
S.W. PERIM 
N . E .  PERIM 
STACK 

OCTOBER , WASTE AREA 
S.W. PERIM 
N.E. PERIM 
STACK 

NOVEMBER WASTE AREA 
S.W. PERIM 
N.E .  PERIM 
STACK 

DECEMSER WASTE AREA 
S.W. PERIM 
N.E .  PERIM 
STACY. 

Y TD WASTE AREA 
S.W. PERlM 
N:E. PERIM 
STACK 

FIRST OTR WASTE AREA 
S.W. PERiM 
N . E .  PERIM 
STACK 

SECI4D OTR L4ASTC AREA 
S.W. PERlM 
N.E. PERIM 
STACK 

THIRD OTR WASTE AREA 
S.W. PERIM 
N.E .  PERIM 
STACK 

LAST OTR WASTE AREA 
S.W. PERIM 
N.E. PERlf l  
STACK 

YTD: Year ly  t o t a l  
Refe rence  S t a n d a r d s :  

, 0002  

.OD0 1 

.OOU2 

.0003 

.0002  

.oooo 

,000 1 

nnnn 

,000 1 

.a002 

T a b l e  



TABLE 7 

1979 BNL Environmental Monitoring Monthly Average Concentrations of Gross Beta 
Activity and of Gamma Emitting Nuclides in Monthly Composite 

Air ParticulaLe arid Charcoal Filters 

Month . 

Sample 
Average Volume 
Crocc 6 (m3 

NUCLIDES 

January 
February 
March 
April 
May 
June . 

July 
August 
September 
Oceober 
November 
December 

Average 0.102 . 0 /  

Radiation 
Concentration 
Guide [13] 100 4x104 1000 

Error of the counting of samples is estimated to be about 15%. 

1311 Kadionuclides such as , 137~s, 144~e all below MDL. (Table 29) 

See Figure 2 for location of sampling stations: P-2, P-4, P-7, P-9, S-6 and S-13. 



the  absence of Laboratory e f f l u e n t  c o n t r i b u t i o n s  a t  concen t r a t i ons  1/100,000 o r  
l e s s  than r a d i a t i o n  p r o t e c t i o n  guide l e v e l s .  

Sampling f o r  t r i t i u m  vapor was performed a t  t he  same a i r  sampling s t a -  
t i o n s  by drawing a  small  s i d e  s t ream of a i r  (3100 cm3 min-'1 through s i l i c a  g e l  
c a r t r i d g e s  which were gene ra l l y  changed on a  monthly b a s i s .  During co lde r  
months, the  sampling cyc le  was lengthened due t o  low humidity.  The c o l l e c t e d  
vapor was subsequent ly  removed from the  g e l  by h e a t i n g ,  then 'condensed and 
assayed by l i q u i d  s c i n t i l l a t i o n  count ing.  The t r i t i u m  a i r  concen t r a t i on  d a t a  
obtained during 1979 i s  shown i n  Table 8 .  The measured y e a r l y  average concentra-  
t i o n  ( i nc lud ing  background) a t  the s i t e  boundary, about 6.5 pCi m-3 (0.065 x  
10-10 pCi cm-3 o r  0.24 x  10-6 Bq  ~ m - ~ ) ,  was 0.004% of t he  a p p l i c a b l e  Radia t ion  
Concentrat ion Guide (RCG) . 

The c u r r e n t  Laboratory environmental monitor ing program does no t  inc lude  
a i r  sampling f o r  nonrad ioac t ive  subs tances .  The c a l c u l a t e d  annual average con- 
c e n t r a t i o n s  a t  the  s i t e  boundary of t he  convent iona l  p o l l u t a n t s  r e l ea sed  from 
the c e n t r a l  steam p l a n t  a r e  l i s t e d  i n  Table 5 .  A l l  were l e s s  than 2% of the  EPA 
Primary A i r  Qua l i t y  Standard f o r  the  r epo r t ed  c o n s t i t u e n t s .  As  d i scussed  - 
e a r l i e r  i n  t h i s  Sec t ion ,  the use  of  ALF with #6 f u e l  o i l  does no t  rep&&nt"$ 
s i g n i f i c a n t  impact on t he  environment.  ! 

About 250 kg of va r ious  p e s t i c i d e s ,  c h i e f l y  organo-phosphates, Thiodan, 
Diazinon, Carbary 1 and Pa ra th ion ,  were app l i ed  on s i t e  during 1978, p r i n c i p a l l y  
t o  p r o t e c t  crops which were grown f o r  b i o l o g i c a l  research  purposes.  A l l  of 
these  p e s t i c i d e s  a r e  cons idered  b iodegradable ,  with p e r s i s t e n c e  times i n  t he  
order  of a  week (14) .  Furthermore, they were app l i ed  with a  " s t i c k e r "  a d d i t i v e  
t o  minimize becoming a i rbo rne  subsequent ly .  

3.2.4 P r e c i p i t a t i o n  

2  Two pot-type r a i n  c o l l e c t o r s  each with a  s u r f a c e  a r e a  of 0.33 m , a r e  s i t -  
uated ad jacent  t o  the sewage t rea tment  p l a n t  ( s e e  F ig .  2 ) .  Two r o u t i n e  c o l l e c -  
t i o n s  were made from t h e s e ,  one whenever p r e c i p i t a t i o n  was observed during a  pre-  
v ious  24 hour ( o r  weekend) per iod ,  and the o the r  once a  week (whether o r  not  pre-  
c i p i t a t i o n  occurred)  by washing down the  r a i n  c o l l e c t o r  with a  known volume of 
water .  P a r t  of each c o l l e c t i o n  was evaporated f o r  g ros s  b e t a  count ing,  a  small  
f r a c t i o n  was composited Eor l u o a t h l y  t r i t i u m  analysis, and the  ba lance  was put 
through ion exchange columns f o r  subsequent q u a r t e r l y  g O ~ r  and gamma ana lyses .  
The da ta  f o r  1979 (with the  except ion  of t r i t i u m )  a r e  r epo r t ed  i n  Table 9. 
There was no d e t e c t a b l e  i n d i c a t i o n  o f  Laboratory r e l ea sed  a i r b o r n e  r a d i o a c t i v i t y  
i n  p r e c i p i t a t i o n  c o l l e c t e d  on s i t e .  The gross  b e t a  a c t i v i t y  does r e f l e c t  
r a i n f a l l  scavenging of r a d i o a c t i v e  f a l l o u t  from the l a s t  Chinese nuc lear  t e s t  of 
December 14, 1978. The amounts of n a t u r a l l y  produced gamma e m i t t e r s ,  such as  
7 ~ e  and 2 2 ~ a ,  which have been s l i g h t l y  h ighe r  each year  s i n c e  1975, e s p e c i a l l y  
during 1977 and 1978 ( s e e  EM Reports 1975-1978) were reduced by more than 50% i n  
1979. F i s s i o n  and activation p roduc t s ,  such as 5 4 ~ n ,  6 5 ~ n ,  95~r-Nb and 1311, 
were a l l  below t h e i r  MDL (Table  29) .  



TABLE 8 

1979 BNL Environmental Monitoring Average Tritium Vapor 
Concentration in Air 

1 4 3 ~  tc 
Management Southwest Northeast 

Period Area Perimeter Perimeter 

Average 186 7 6 

Rsdiat ion 
Concentration 
Guide (13) . . . . . . . . . . . . 2 X 10' . . . . . . . . . 

* Lc33 than  1DL. 

pci = 3.7 x 104 ~ q .  

pci = 3.7 x 10-2 ~ q ,  



TABLE 9 

1979 Monthly Average Gross Beta Concentration, a  
T o t i l  Gross Beta Activi ty  and Individual  Nuclide Activi ty  i n  Prec ip i ta t ion  , 

Month 
Kai?fal l  Average GB 

(=m)  (pCi l l t e r  
o r  VCi/ml) 

January 
February 
March 
Apri l  
May 
June 
July ' August 

h, September 
Cn October 
I November 

December 

Total 
Average 

Average Radia- 
t ion  Concentra- 
t i o n  Guide [13] 

a ~ h e r e  were twc Chinese nuclear t e s t s ;  one on March 14, 1978 and t h e  o ther  on December 14, 1978. Some f a l l o u t  a c t i v i t y  was 
detected a t  BNL a s  a r e s u l t  of the  t e s t s .  

b ~ e l o w  the  Minhum Detection ~ i m i t  (MDIJ of the  system used i n  analyzing the  sample (Table 29) 



To ob ta in  an i n d i c a t i o n  of t h e  washout of  t r i t i u m  from l o c a l  a i rbo rne  re -  
l e a s e s  i n  a d d i t i o n  t o  the pot-type c o l l e c t o r s ,  small  p r e c i p i t a t i o n  c o l l e c t o r s  
were i n s t a l l e d  a t  the  per imeter  s t a t i o n s  (P-2, P-4, P-7, P-9) and a t  Blue Po in t ,  
some 20 km southwest of the Laboratory s i t e .  The average t r i t i u m  concen t r a t i on  
i n  t h e  c o l l e c t o r s  l oca t ed  a t  s t a t i o n  P-9 and a t  the  sewage t rea tment  p l a n t  ( i n  
the predominant downwind d i r e c t i o n  from Laboratory r e l e a s e  l o c a t i o n s )  and a t  
o t h e r  c o l l e c t o r s ,  were a l l  reduced s i g n i f i c a n t l y  when compared t o  1974, 1975, 
1976, 1977 and 1978. The l e v e l s  de t ec t ed  were, however, a t  o r  below the MDL 
(Table  29).  The average concen t r a t i on  (on s i t e )  was l e s s  than 0.01% of t he  RCG 
f o r  d r ink ing  water .  The es t imated  t o t a l  depos i t i on  of t r i t i u m  on the  Laboratory 
s i t e  during 1979 was <5.3 C i  (1.96 x 1011 Bq) (us ing  the  y e a r l y  t o t a l s  of on- 
s i t e  and per imeter  concen t r a t i ons ) .  The washout of  Laboratory e f f l u e n t  appears  
t o  have been l e s s  than 3 C i  (<1  x 1011 Bq) o r  about 2% of t he  r epo r t ed  s t a c k  re-  
l e a s e  of  t r i t i u m  vapor.  

3 . 3  Liquid E f f l u e n t  Monitoring 

The b a s i c  p r i n c i p l e  of l i q u i d  waste management a t  the  Laboratory i s  con- 
fincmcnt and conccn t r a t i on  i n  o rdc r  t o  m i n i m i ~ c  thc  volumco of l i q u i d c  t h a t  
would r e q u i r e  decontamination p r i o r  t o  on-s i te  r e l e a s e  or  p rocess ing  i n t o  s o l i d  
form f o r  o f f - s i t e  b u r i a l .  Accordingly, l i q u i d  wastes a r e  segrega ted  a t  the  
p o i n t  of  o r i g i n  on the b a s i s  of t h e i r  a n t i c i p a t e d  concen t r a t i ons  of  
r a d i o a c t i v i t y  o r  o t h e r  p o t e n t i a l l y  harmful agen t s .  

The primary water cool ing  systems of such f a c i l i t i e s  as  the  High Flux 
Beam Reactor ,  and the  Medical Research Reactor ,  each of which con ta in  m u l t i c u r i e  
( t e r abecque re l )  amounts of r a d i o a c t i v i t y ,  a r e  c losed  sys  tems with no d i r e c t  con- 
n e c t i o n  t o  any Laboratory waste system. 

Small volumes (up t o  a  few l i t e r s )  of concent ra ted  l i q u i d  wastes conta in-  
ing  r a d i o a c t i v i t y  o r  o t h e r  hazardous agents  a r e  withheld from the  Laboratory 
waste systems. They a r e  s to red  a t  t h e i r  sources  of genera t ion  i n  small  con- 
t a i n e r s ,  c o l l e c t e d  by the  Laboratory waste management group, and subsequent ly  
packaged f o r  o f f - s i t e  d i s p o s a l  ( i n  the case  of hazardous agen t s ,  by an EPA 
l i censed  c o n t r a c t o r ) .  

F a c i l i t i e s  which may produce l a r g e r  volumes (up t o  s e v e r a l  hundred 
l i t e r s l b a t c h )  of r a d i o a c t i v e  o r  o therwise  contaminated waste l i q u i d s  a r e  pro- 
v ided  with dual  waste handl ing systems,  one f o r  "ac t ive"  ( ~ - ~ r o b a b l ~  
contaminated) and one f o r  " inac t ive"  ( ~ - ~ r o b a b  ly uncontaminated) was t e s  . A s  
shown i n  F igure  5 ,  wastes placed i n t o  the "ac t ive"  o r  D system a r e  c o l l e c t e d  i n  
holdup tanks.  Af t e r  sampling and a n a l y s i s ,  they a r e  e i t h e r  t r a n s f e r r e d  by in- 
s t a l l e d  p i p e l i n e s  o r  by tank t ruck  t o  s to rage  tanks ad j acen t  t o  the Laboratory 
l i q u i d  waste evapora tor .  A t  t h i s  f a c i l i t y ,  l i q u i d s  a r e  concent ra ted  about a  hun- 
dred f o l d  and u l t i m a t e l y  disposed of as  s o l i d  wastes.  I f  found t o  be of  
s u f f i c i e n t l y  low concen t r a t i on ,  D wastes  may be routed d i r e c t l y  from holdup 
tanks t o  the Laboratory s a n i t a r y  waste system. 

As shown i n  Figure 5 ,  " i nac t ive"  o r  F was tes ,  depending on the  r e s u l t s  of 
a n a l y s i s ,  a r e  routed d i r e c t l y  t o  the  Laboratory s a n i t a r y  waste s stem, where 
they a r e  d i l u t e d  by l a rge  q u a n t i t i e s  (approaching 4,000,000 1 d-I) of cool ing  
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and o t h e r  uncontaminated water r o u t i n e l y  produced by d i v e r s e  Laboratory opera- 
t i o n s .  Sampling and a n a l y s i s  of f a c i l i t y  holdup tanks i s  done t o  f a c i l i t a t e  
waste management; whi le  e f f l u e n t  sampling i s  performed a t  the  sewage t rea tment  
p l a n t  t o  e s t a b l i s h  the  concen t r a t i on  and amounts of  environmental r e l e a s e s .  

The smal l  amounts of low l e v e l  r a d i o a c t i v e  waste e f f l u e n t s  t h a t  may be 
r o u t i n e l y  d i sposed  of  by r e l e a s e  i n t o  the Laboratory s a n i t a r y  waste system a r e  
e s t a b l i s h e d  by a d m i n i s t r a t i v e  l i m i t s  ( 1 5 ) ,  which correspond t o  those a p p l i c a b l e  
t o  sewage systems. Within these  l i m i t s ,  i n d i v i d u a l  r e l e a s e s  a r e  kept  a s  low a s  
p r a c t i c a b l e  . 
3.3.1 Nat iona l  P o l l u t a n t  Discharge El imina t ion  System (NPDES) Permit 

As  of January 31, 1975, t h e  e f f l u e n t  from t h e  Laboratory sewage t rea tment  
p l a n t  was s u b j e c t  t o  the  cond i t i ons  of  The Nat iona l  P o l l u t a n t  Discharge Elimina- 
t i o n  System (NPDES) Pcnni t  No. NY nnn 5 U 7 5 .  Q . ~ a r t @ r l y  ropor to  havc becn prc 
pared i n  accordance with t h i s  permit  u s ing  da t a  obtained by the  sewage t rea tment  
p l a n t  ope ra to r s .  A y e a r l y  sumnary of t he se  d a t a  i s  shown i n  Table 10, which in- 
c ludes  a s p e c i f i c a t i o n  n€  the permit  cond i t i ons .  The L a b o r a t o ~ y  . ef f l ue i~ l ;  was 
wirhfn these  conditions, with t he  except ion  of some d a i l y  pH l e v e l s  which were 
"out of  l i m i t  ," a s  s e t  by the permi t .  

These pl1 l e v e l s  were below the  lower l i m i t  of 5.8 on 35 occas ions .  How- 
eve r ,  these  were w i th in  the l o c a l  n a t u r a l  range of  ground water (pH 4.5-5.5). A 
study has been made t o  determine the  causa t ive  f a c t o r s  behind these  low pH 
va lues .  It i n d i c a t e s  t h a t  the low pH of  r a i n f a l l  (PH 2.5-4.9) on Long I s l a n d  i s  
a s i g n i f i c a n t  f a c t o r  i n  lowering t h e  pH of t he  Laboratory e f f l u e n t  a s  i t  passes  
through the sand f i l t e r  beds.  The U.S. EPA has been asked t o  cons ider  the  
lowering of BNL' s permit  s tandard  on t h i s  parameter (pH). 

3.3.2 Meadow-Marsh P r o j e c t  

The Meadow-Marsh P ro j ec t  ( 161, which was conducted by t h e  Department of 
Energy and Environment (DEE) s i n c e  1972 was d i scont inued  on December 31, 1978. 
Since t h e r e  was no e . f f l uen t  l eav ing  the  p r o j e c t  sampling was a l s o  d i scont inued .  

3.3.3 Peconic River  

Primary t rea tment  of  t he  l i q u i d  stream c o l l e c t e d  hy the  s a n i t a r y  wactc 
syslem. t o  rewove suspended s o l i d s  i s  provided by a 950,000 l i t e r  c l a r i f i e r .  The 
l i q u i d  e f f l u e n t  from i t  then flows onto sand f i  1 t e r  beds, f r ~ m  whioh about 78% 
of the  water i s  recovered by an underlying t i l e  f i e l d .  This  recovered water i s  
c h l o r i n a t e d  and then r e l e a s e d  i n t o  a small  s t ream t h a t  forms one of  t h e  
headwaters of t he  Peconic River.  

A schematic of t he  sewage t rea tment  p l a n t  and i t s  r e l a t e d  sampling a r -  
rangements a r e  i l l u s t r a t e d  i n  F igu re  6. I n  a d d i t i o n  t o  the i n p l a n t  flow measure- 
ment and sampling in s t rumen ta t i on ,  t o t a l i z i n g  flowmeters (Leopold and Stevens TP 
61-2), with p r o v i s i o n  f o r  t ak ing  a sample f o r  each 7576 l i t e r s  of flow i n  combi- 
n a t i o n  with p o s i t i v e  a c t i o n  b a t t e r y  opera ted  samplers ( B r a i l s f o r d  DU-1) , a r e  lo- 



TABLE 10 

1979 BNL Environmental Monitoring National Pollution Discharge Elimination System 
Summary of Data 

Quantity Concentration 

Parameter Status Minimum Average Maximum Units  NO.^ Minimum Average Maximum Units No. Frequency of Sample 
ex. ex. analysis type 

Flow Sample measurement 0.55 0.87 1.42 MGD - XX ' 
Permit requirament XX 

XX XX Cont . N A 
XX XX - - Cont. N A 

pH Inf iuent Sample measurement 6.3 6:8 9.2 ~ t d .  XX XX XX 51 7 Grab 
Permit requirement Xx XX XX Units - XX XX XX - - Daily Grab 

pH E f fiuent Sample measurament 5.5 5.9 6.5 Sts. XX XX XX 517 Grab 
Permit requirement 5.8 XX 9.0 Units 35 XX XX XX - - Daily Grab 

BOD Inflyent 
5 

Sample measurement 90.9 149.8 218.4 Kg/ 22.0 33.2 50.5 mgll Weekly 8 hr. 
Permit requirzment XX XX XX day - XX XX XX - Monthly 8, hr. 

BOD5 Effluent Sample measur~ment 6.6 13.2 24.6 ~ g /  2.2 4.0 7.2 mg/l Weekly 8 hr. 
Permit requirement XX 262.0 391.0 day 0 XX 30.0 45.0 0 Monthly 8 hr. 

Percent removal, Sample measurement XX XX XX 85.1 91.0 95.0 % Weekly - 
BOD5 Permit requirement XX XX XX - - XX XX XX 0 Monthly - 

Suspended solids, Sample measurzment 53.4 125.1 207.5 ~ g /  10.5 26.7 53.9 mg/l Biweekly 8 hr. 
Influent Permit requirement XX XX XX day - XX XX XX - Monthly 8 hr. 

Suspended solids, Sample measurement 0.0 1.5 8.0 ~ g /  0.0 0.4 2.0 mg/l Biweekly 8 hr. 
Effluent Permit requirement XX 262.0 391.0 day 0 XX 30.0 45.0 0 Monthly 8 hr. 

Percent removal, Sample measurement XX XX XX 95.0 98.8 100.0 % Weekly - 
Suspended solids Permit requirement XX XX XX - - 85.0 XX XX 0 Monthly - 

XX Settleable solids, Sample measurement XX XX 0.3 1.8 5.0 51 7 Grab 
XX Znf luent Permit requirement XX XX - XX XX XX - - Daily Grab 

- 

Settleable solids, Sample measurement XX XX XX 0.0 0.0 0.0 
XX XX - XX XX XX - - 517 Grab 

Effluent Permit requirement XX - Daily Grab 

Residual Chlorine, Sample measu~ment XX XX XX 0.5 1.0 1.7 51 7 Grab 
XX Effluent Permit requirement XX XX - XX XX XX - - Daily Grab 

- 

Temperature, Sample measurement 6.0 15.1 23 Oc XX XX XX 517 ~ r a b  
Effluent Permit requirement XX XX X X .  - XX XX XX - - Daily Grab 

Fecal coliform, Sample measurement XX XX 0.0 0.0 0.0 Weekly Grab 
Effluent Permit requirement XX XX - - XX 200.0 400.0 n/100m10 Monthly Grab 

XX Indicates not required. 

a Total for the year. 

Data collected by R. Richards and G. Yengel (Sewage Treatment Plant) and forwarded by H. Haller.(Plant Engineering) to Safety and 
En-vircnmental Protection Division. 
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cated a t  t he  c h l o r i n e  house,  a t  t he  former s i t e  boundary which i s  0.8 km down- 
s t ream on the  Peconic River ,  and a t  the s i t e  boundary, 2.6 km downstream. 

An a l i q u o t  of each d a i l y  ( o r  weekend) sample of  t he  input  t.o t h e  sand f i l -  
t e r  b,eds and of t h e i r  output  t o  the c h l o r i n e  house o u t f a l l  was evaporated f o r  
gross  a lpha and g ros s  b e t a  a n a l y s i s ,  and another  was counted d i r e c t l y  f o r  t r i t i -  
um a n a l y s i s .  Samples from the  two downstream l o c a t i o n s  were ob ta ined  t h r e e  
times a  week. Aliquots  of each sample were analyzed f o r  g ros s  b e t a ,  a lpha ,  and 
f o r  t r i t i u m .  Another a l i q u o t ,  p ropor t i ona l  t o  the  measured flow during the  sam- 
  ling pe r iod ,  was passed through ion  exchange columns f o r  subsequent a n a l y s i s  a s  
an i n t e g r a t e d  sample. I f  the gross  b e t a  count a t  each l o c a t i o n  d i d  not  i n d i c a t e  
t he  need f o r  immediate r ad ionuc l ide  i d e n t i f i c a t i o n ,  then one s e t  of these  col-  
umns was analyzed d i r e c t l y  on a  monthly or q u a r t e r l y  b a s i s  f o r  gamma e m i t t i n g  nu- 
c l i d e s  and the  o t h e r  was e l u t e d  f o r  radiochemical  p rocess ing  f o r  9 0 ~ r  a n a l y s i s .  
The monthly average flow and the monthly t o t a l s  of g ros s  b e t a  and p r i n c i p a l  nu- 
c l i d e  a c t i v i t i e s  a t  the  c l a r i f i e r  ( i n p u t  t o  t he  f i l t e r  beds)  and a t  the  c h l o r i n e  
house (ou tpu t  from the beds) a r e  shown i n  Table 11. Yearly t o t a l s  and average 
concent ra t ions  a r e  i n d i c a t e d .  The average monthly flow a t  the  c l a r i f i e r  which 
had decreased from previous yea r s ,  during 1976 and 1977, increased  i n  1978 and 
1979 an inc rease  over  t he  1977 flows by 14% and 22% r e s p e c t i v e l y .  The output  a t  
the c h l o r i n e  house has shown a s i m i l a r  i nc rease .  The l o s s  t o  ground water 
through t h e  sand f i l t e r  beds,  however, has appa ren t ly  increased  when compared t o  
1978, and could be the  r e s u l t  of  a  combination of  even t s ,  such a s ,  c a l i b r a t i o n  
of flowmeters,  l o s s  of e f f i c i e n c y  of f i l t e r  beds,  e t c .  This i s  being 
i n v e s t i g a t e d .  About 78% of the t o t a l  flow i n t o  the c l a r i f i e r  appeared i n  t he  
output  a t  t he  c h l o r i n e  house a f t e r  pass ing  through the  sand f i l t e r  beds.  The 
balance was assumed t o  have pe rco l a t ed  t o  the ground water flow under the  beds.  
Est imates  of t he  amount of r a d i o a c t i v i t y  r e l e a s e d  t o  the  ground water  i n  t h i s  
manner during 1979 a r e  shown i n  Table 11. These were c a l c u l a t e d  on the addi- 
t i o n a l  assumption t h a t  t he  average concen t r a t i ons  of t he  contained nuc l ides  
corresponded t o  those i n  the ou tpu t . f rom the beds,  as  observed a t  the c h l o r i n e  
house. 

An a n a l y s i s  of  the r ad ionuc l ide  concen t r a t i ons  a t  the  c h l o r i n e  house over  
the p a s t  s i x  yea r s  (1974-1979) has i nd i ca t ed  t h a t  t h e  f l u c t u a t i o n s  observed ap- 
pear t o  be r e l a t a b l e  t o  sand f i l t e r  beds.  It a l s o  i n d i c a t e s  t h a t  a  time l a g  be- 
tween input  and output  from from the  sand f i l t e r  beds i s  ev iden t .  This l a g  ap- 
pears to  be greater f o r  1 3 4 ~ s  and 1 3 7 ~ s  than f o r  9 0 ~ r .  Durin 1979, 
rad ionucl ides  such a s  5 lCr ,  6 5 ~ n ,  Y S ~ r - ~ b ,  lZ5sb ,  1311 and l4'fCe, which have 
been de tec ted  i n  prev ious  y e a r s ,  were a l l  a t  o r  below MDL ( s e e  Appendix B) and 
a s  such were n o t  r epo r t ed  i n  the  Table 11. The Laboratory r e l e a s e s  of 
rad ionucl ides  have been on the decrease  over the years  as  a  r e s u l t  of the  ALARA 
approach. 

Flow and a c t i v i t y  concen t r a t i on  in format ion  a t  the former s i t e  boundary 
sampling l o c a t i o n ,  0.8 km downstream ( see  F ig .  61, and a t  t he  p re sen t  s i t e  bound- 
a ry  are shown i n  Table 12. The c l i m a t i c  cond i t i ons ,  which i n  1977 had r e s u l t e d  
i n  decreased flows when compared t o  prev ious  y e a r s ,  were reversed  i n  1978 and 
1979. Above average r a i n f a l l  (143 cm) has r e s u l t e d  i n  a  flow a t  t he  s i t e  perime- 
t e r  which was n ine  times g r e a t e r  than t h a t  recorded i n  1977. It must be no t ed ,  
however, t h a t  the flows recorded i n  1979 were es t imated  on the  b a s i s  of c h l o r i d e  



TABLE 11 

1979 BNL Environmental Monitoring Total Activities and Concentrations of Identifiable 
Nuclides in Liquid Effluents 

Sewage Treatment Plant 

Flow GB 

Month 10l0 ml Ga G8 ' + Y onlya 3~ 7 ~ e  " ~ a  5 4 ~ n  5 7 ~ o  60co 9% 1 3 4 ~ ~  1 3 7 ~ ~  

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

- - -  

Clarifier (mCi) 

Total 162.81 2.58 75.2 94.16 21810 1.27 0.41 .092 0.18 .07 2.22 0.347 5.11 7.60 

Total 

Groundwater (Sand-Filter Beds) (mCi) 

36.17 0.51 10.3 12.61 4310 0.43 0.13 .06 0.03 b 0.09 0.19 0.57 1.00 

Average concenLrst= ~ p ~ i ~ l i t ~ o ~  ~01~-u~i/ml)- - - - - - - - 
1.4 28.5 34.86 11910 1.20 0.37 0.17 0.09 b 0.26 0.53 1.58 2.77 

Chlorine House (mCi) 

January 10.41 0.19 3.6 4.94 887 0.75 0.27 U.U3 b b .005 0.072 0.21 0.28 
February 7.74 0.12 1.8 2.93 256 0,40 0.09 h 0.02 h n.nl n.n?n n.77 0 . 3 6  
March 10.12 0.16 2.1 2.81 624 0.14 0.02 0.05 0.01 b , 0.04 0.073 0.16 0.34 
April 10.46 0.16 3.8 4.19 1669 b 0.01 0.04 0.02 b 0.06 0.061 0.18 0.24 
May 11.80 0.18 3.0 3.13 506 b 0.001 0.02 b b 0.02 0.063 0.08 0.12 
June 14.78 ' 0.22 3.5 3,62 Ah0 h h n,n7 0.1-17 b 0.05 c.006 0.02 0.20 
Julv 12.46 0.lh 7.8 1.91 1957 b 0.03 b b b 0.062 0.23 0.45 
Auguof 11.57 0.14 2.2 3.11 2903 0.16 0.03 0.02 b b b U.UJ1 11.2:j 0.47 
September 8.22 0.09 6.5 7.66 823 b h h h h 0 . m  n.n?s n 16 0.27 
Oc~uber 10.20 u.12 5.1 3.11 2382 0.10 0 . 2  0.01 0.01 b 0.01 0.048 0.15 0.29 
November 12.25 0 . 1  2.5 2.99 1597 b U.01 0.01 0.01 b 0.05 0.0470.14 0.27 
December 6.97 0.08 1.3 1.67 653 b 0.01 0.01 b b 0.04 0.024 0.11 0.20 

Total 127.0 1.78 36.2 44.27 15120 1.52 0.47 0.22 0.12 b 0.33 0.676 2.01 3.52 

EPP-Drinking water regulations 1.4 28.5 34.86 11910 1.20 0.37 0.17 0.09 b 0.26 0 . 5 =  1.58 2.77 
[l~] and Radiation Concentration 

7r1n3 G U ~ ~ U  [17] 2x10~ 2x10~ 4xio4 1x10~ 5x1~' 1x1u5 5x10" u 9 x 1 0 ~  2x10" 

a~ncludes gamma (only) emitters but excludes tritium. 

b~nlnw the Minhvm Dofootion Limit (IIDL) of tl~r. arsl.rw u~sr#l In rsr!.m=cing the 1Qtiiiity. Uthcr radionuclides sucll as 

51~r, 65~n, 9 5 ~ r ~ b ,  lZ5sb, 1311, 140~a~a, 144~e were all below MDL. 

 or mixtures of radionuclides containing <lo% 90~r, 125-133~, or long lived alpha emitters. The concentration 
guides for unknown mixtures depend, within the range given, on whether certain radionuclides are know to be 
present in concentrations less than 0.1 of their CGs, and the sum of the fractions of the CGs for all such 
'nuclides is less than 0.25. 

7 mCi = 3.7 x 10 Bq. 

4 
vCi= 3.7 x 10 Bq. 

pCi = 3.7 x lo-' Bq. 



TABLE 1 2  

1979 BNL Envi ronmenta l  Moni tor ing  T o t a l  A c t i v i t i e s  and C o n c e n t r a t i o n s  of  I d e n t i f i a b l e  
N u c l i d e s  i n  L i q u i d  E f f l u e n t s ,  

Peconic  River  

---- 

Month Flow Gross  a Gross  B GB 3~ 7 ~ e  2 2 ~ a  5 4 ~ n  5 7 ~ 0  5 8 ~ 0  6 0 ~ o  gosr 134cs 137cs 

~ 1 0 1 0  ml + y onlya  

Former P e r i m e t e r  (mCi) 

January 33.30 0.50 4.40 5 .56  ,847 0 .53  0 . 1 2  0.04 b b 0 .18  0.26 
February  75.70 1 . 2 1  8.89 12.83 3689 1 . 3 3  0 .38  0 . 1 3  b b ::::I 1.22  0.57 1 . 4 0  
March 76.50 0.97 4.90 7.84 1124 1 . 1 5  0.22 0 . 1 1  0 .07  b 0 .12  0 .43  0.84 
A p r i l  105 .00  1 .57  8 .12  10 .27  2241 0 . 5 1  0.04 0 . 1 1  0.06 b 0.43 0.84 
May 65.00 1 . 0 8  7.28 8 .89  1484 0 . 5 9  0.08 0 .03  0 . 0 3  b ::::I 1.52  0 .32  0.50 
June  32.70 0.50 5.37 5.93 1217 0 .14  0 . 0 3  0.02 0 . 0 1  . b 0 . 1 2  0.24 
J u l y  28.50 0 .40  3.05 3.84 2491 0 .18  0.04 0.03 b b 0.17 0.37 
August 21.50 0 . 3 1  2.50 3.06 2898 0 .12  0.02 0 .01  b b 0 .49  0.13 0 .28  
September 16 .00  0.17 6.90 7.29 1009 b 0.02  0 .02  b b 0 .02  0 .12  0 . 2 1  
October 23.20 0 .13  1 . 3 8  1 .98  1353 0.16 0 .02  0 . 0 1  b b b 0.14 0.27 
November 12 .50  0 .18  1 . 5 0  1 . 7 6  1188 0.04 b b b b 0 .03  0 .19  0.07 0 .12  
December 11.50 0.14 1 .90  2.27 1015 0.07 0 . 0 1  0.01 b b 0 .01  0 .09  0 . 1 8  

T o t a l  501.40 7.16 56.19 71.52 20556 4.82 0 .98  0.52 0.17 b 0.56 3.42 2.77 5 . 5 1  

Groundwater.  (Stream Red) (mCi) 

T o t a l  17.4 0.28 2.04 1 . 7 8  848 0 . 3 1  0.09 0 .03  b b 0.03 0.28 0 .13  0.32 

A v e r 3 e  C o n c e n t r a t i o n  l p c i l l i t e r  o r  uCi/ml) - -  - - - -----  - - - - - - - - - - - -  
1.60  11.74 10.25 4873 1 . 7 6  0.50 0.17 b b 0.17 1 .61  0 .75  1 . 8 5  

January  
February 
March 
A p r i l  
May 
June  
J u l y  
August 
September 
October  
November 
December 

S i t e  Boundary (mCi) 

T o t a l  519.49 7.19 79.71 95.14 28044 4.26 0 .78  0 .48  0 .15  b 0.34 2 .47  1 . 1 0  2.95 

A v e r g e  C o n c e n t r a t i o n  ~ c i ~ l ~ - o y  1fl~9r1tci~m)- - -  

R e g u l a t i o n s  [lo] and 
R a d i a t i o n  Conc Guides  [17] 3 x 1 0 ~ '  2x1(r4 2 x 1 0 ~  4 x 1 0 ~  1 x 1 0 ~  5 x 1 0 ~  1 x 1 0 ~  5 x 1 0 ~  8 9 x 1 0 ~  2x10 4 

-. 
a ~ n c l u d e s  gamma ( o n l y )  e m i t t e r s  b u t  e x c l u d e s  t r i t i u m .  

b ~ e l o w  t h e  Minimum D e t e c t i o n  Limi t  (MDL) o f  t h e  sys tem used  i n  e s t i m a t i n g  t h e  a c t i v i t y .  Other  r a d i o n u l c i d e s  s u c h  a s  

5 1 ~ r ,  65Zn, 9 5 ~ r N b ,  l Z 5 s b ,  1311, 140ce  were  a l l  below MDL. 

'Fur u ~ l x ~ u f o s  LIE r a d i o n u c l i d e s  c o n t a i n i n g  '10X 9 0 ~ r ,  125-133~, o r  l o n g  l i v e d  a l p h a  e m i t t e r s .  The c o n c e n t r a t i o n  

g u i d e i  f o r  unknown m i x t u r e s  depend, w i t h i n  t h e  r a n g e  g i v e n ,  on whether  c e r t a i n  r a d i o n u l c i d e s  a r e  known t o  b e  
p r e s e n t  I n  c o n c e n t r a t i o n s  l e s s  t h a n  0:l o f  t h e i r  CGs, and t h e  sum o f  t h e  f r a c t i o n s  o f  t h e  CGs f o r  a l l  such  
n u c l i d e s  is  l e s s  t h a n  0.25. 

mci = 3.7  c 10' ~ q .  

4 
uCi = 3.7  x 1 0  Bq. 

pCi 3.7 x lo-' Bq. 



concen t r a t i ons ,  s i n c e  t h e  flows exceeded the  c a p a b i l i t y  of t he  measuring system. 
A review of t he  flow measuring system is  i n  progress .  Such changes i n  flow do 
a f f e c t  t he  amount of  water  t h a t  p e r c o l a t e s  i n t o  t he  ground water  system; f o r  ex- 
ample, 16% of the  flow between the  former per imeter  and the  p re sen t  s i t e  bound- 
a ry  was l o s t  t o  t h e  ground water  i n  1975, 30% i n  1976, 60% i n  1977 l e s s  than 1% 
i n  1978 and about 3% i n  1979. Such f l u c t u a t i o n s  can r e s u l t  i n  changes i n  
r ad ionuc l ide  a c t i v i t y  concen t r a t i ons  between the  former and p re sen t  s i t e  bound- 
a ry  bu t  t h i s  i s  r e l a t e d  t o  t o t a l  flow s i n c e  the t o t a l  a c t i v i t y  e s s e n t i a l l y  re-  
mains almost c o n s t a n t .  This i s  t r u e  f o r  r ad ionuc l ides ,  such as  7 ~ e ,  2 2 ~ a ,  and 
1 3 7 ~ s ,  which have remained i n  s o l u t i o n  and t h e r e f o r e  have not  s i g n i f i c a n t l y  
p r e c i p i t a t e d  ou t  of t h e  water  body. Upper l i m i t  e s t ima te s  of t he  t o t a l  a c t i v i t y  
t h a t  may have pe rco l a t ed  t o  the underlying a q u i f i e r  is  a l s o  shown i n  Table 12. 
These a r e  based on t h e  decrease i n  t o t a l  flow between t h e  former s i t e  boundary 
and the  per imeter  dur ing  October and November. 

Analysis of  monthly composite samples of t he  Peconic River a t  t h e  former 
s i t e  boundary (0.8 km downstream from the  c h l o r i n e  house) during this pe r iod  
showed t h a t ,  on t h e  average ,  4% of t he  annual  t o t a l  a c t i v i t y  (exc luding  t r i t i u m )  
cons i s t ed  of 9 0 ~ r  and t h a t  no apprec iab le  amounts of long-lived r a d i o a c t i v e  io-  
d ine  o r  o t h e r  bone-seeking nuc l ides  such a s  radium were p re sen t .  It m u s t  be 
noted t h a t  the 4% i n d i c a t e d  above would decrease  i f  o the r  rad ionucl ides  were 
p r e s e n t .  Under t he se  circumstances, ,  t h e  a p p l i c a b l e  RCG was 3000 pCi 1-I (3.0 x  
loq6 V C i  ml-I o r  1.1 x 10-I Bq ml- '1 .  The g ros s  b e t a  concen t r a t i on  i n  the por- 
t i o n  which i s  assumed t o  have pe rco l a t ed  t o  ground water  was 11.7 pCi 1-I (1.17 
x pCi m l - l  o r  4.32 x Bq ml-l) o r  (1% of the  RCG. 

A t  the  Laboratory per imeter  (2 .6  km downstream from the  c h l o r i n e  house ) ,  
3% of  the annual t o t a l  a c t i v i t y  was 9 0 ~ r .  The a p p l i c a b l e  RCG was a l s o  3000 pCi 
lsl (1.1 x 10-I Bq ml-'1. The observed g ros s  b e t a  concen t r a t i on  of t h e  water  re -  
l e a sed  downstream was 15.4 pCi 1-I (1.54 x lov8 PCi m l - l  o r  5.7 x  Bq ml-') 
o r  <1% of the  RCG. 

I n  add i t  ion t o  the above measurements, t he  Safe ty  and Environmental Yro- 
t e c t i o n  Div is ion  conducts  r o u t i n e  measurements of  water  q u a l i t y  and p u r i t y  of 
t he  f i l t e r  beds e f f l u e n t ,  upstream of  t he  Peconic River ,  a t  the  former per imeter  
of t he  Laboratory (0.8 km downstream) and a t  t h e  p re sen t  Laboratory per imeter  
(2.6 km downstream). A summary of  t he se  da t a  f o r  1979 is  shown i n  Table 
13. The outf low from t h e  sand f i l t e r  beds (EA) i n t o  t he  Peconic River  complied 
wi th  water q u a l i t y  s tandards  f o r  minimum d i s so lved  oxygen (DO) (12 ,  1 9 ) ,  except  
a t  upstream of t h e  o u t f a l l  (HE) and a t  t he  per imter  (HM). During t h e  severe  win- 
t e r  of  197711978 t h e r e  was heavy snowfal l .  This  and the subsequent r i s e  i n  
water  t a b l e  i n  1979 r e s u l t e d  i n  heavy decomposition of  vege t a t i on  due t o  water  
logging  i n  the  Peconic River  dra inage  a r e a .  This  would l ead  t o  a  h igh  conten t  
of  humic a c i d  i n  t he  r i v e r  wa te r ,  which i n  t u r n  would i nc rease  t he  b i o l o g i c a l  ox- 
ygen demand and thereby l ead  ro reducr ions  i n  d i s so lved  oxygen con ten t ,  as 
i n d i c a t e d  (20 ) .  Although occas iona l ly  below the  s tandard  (19)  , the  e f f l u e n t  pH 
was w i th in  the  range of l o c a l  ambient l e v e l s .  Af t e r  mixing with the  upstream 
f low,  t h e  temperature  increment was w i th in  t he  s tandard  (21)  a t  t he  Laboratory 
per imeter .  Yearly average concen t r a t i ons  of most meta l s  were, be fo re  d i l u t i o n ,  
a t  o r  wi th in  t h e  s tandard  f o r  t h e  r ece iv ing  bod of water  (12 ,  191 except  i r o n  
(Fe)  and occas iona l ly  copper (Cu),  and lead  (Pb);. From p a s t  s t u d i e s ,  i r o n  (Fe)  



1979 BNL ENVIRONMENTAL MONITORING LIOUID EFFLUENT 
WATER QUALITY AND PURITY 

D l  SSOLVED NITRATE TOTAL DISSOLVED CONDUC- COLIFORM COLIFORM 
TEMPERATURE OXYGEN CHLORIDES NITROGEN PHOSPHOROUS SOLIDS TlVlTY 

LOCATION SAMPLE PH IPPMI IPPMI 
FECAL TOTAL 

IPPMI IPPMI IPPMI MlCROMHOlCM 11100 MLI 0 1 0 0  MLI 

EA MEAN 16 5 . 5  8 .0  27.5 4 .09  0 . 8 9  l I 9  159 
MINIMUM 3 0 . 9  2 0 . 3  0 . 2 6  0 . 3 6  100 

I 
4 . 6  

2 

MAX 1 MUM 
59 

27 
0 

6 .4  
0 

10.0 38.3 5.93 1 .60 160 90 137 
NUMBER 

250 
246 245 244 53 53  53 I I 24 7 24 l 238 

HE MEAN I I 5.4  6 . 6  7 . 5  0 . 2 6  0 .04  61 
0 

56 
MINIMUM 

31 
4,O 3.6 0 . 9  0.01 0 .01  39 4 I 

109 

MAX l MUM 24 7 . 6  9 . 6  1 1  . O  0.67 0 .  I I 112 I 4 9  
0 0 

NUMBER 97 97 
- 8  4 5 2  

96 I I I I I I I I 97 93  89 

HM MEAN 5 . 3  7 . 0  16.3 1 .56  0.37 79 96 
MINIMUM l3 0 3 . 8  

30 252 
4 . 4  10.6 0.42 0 . 0 8  62 

MAX l MUM 
6 

26  6 . 3  11.2 2 4 . 0  
0 0 

3.04 1 .76  99 162 
NUMBER 142 I 4 1  136 5 1 5 1 51 10 I 4 3  137 131 

960 1600 

HO MEAN 12 5 . 8  6 . 3  15.9 0 . 8 9  0.28 81 98 
MINIMUM 0 4 . 7  1 . 2  11.1 0 . 1 3  0.09 12 

5 1 185 

MAX l MUM 
62 

28  
0 

7 . 6  13.0 31.2 2 .13  0 .71  136 159 
I 

NUMBER I 4 7  146 I 4 2  5 2  53  53 I I I 4 7  135 131 
720 680 

METALS i I N  PPMI _ _ _ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
A6 CO CR CU FE HG PB ZN 

EA MEAN ,003 ,0013 ,004 . (17 i 
MINIMUM 

. 144 .'I005 .005 
.OO 1 ,0009 ,002 .045 

.202 
.033 

MAX l MUM 
,0003 ,002 

,008 ,0019 ,026 .350 
. 130 

,220 
EXCEPTION 0 

,0008 ;009 ,285 
0 A 11 n 

NUMBER 12 I 2 I 5 I 2 12 12 " 
12 I 2  

HE MEAN .OO 1 ,0005 ,002 
MINIMUM 

.010 1.315 
.DO 1 

. oct; 
,0003 ,002 

,015 
.SO2 

MAX I MUM 
,420 .oo 1 

,002  
.0006 ,003 

,005 
,024 ' 2 .680 

EXCEPTION 3 3 
,005 

2 
. G28 

I 
NljMBER 3 

0 0 
3 

3 
3 

0 
3 3 0 3 3 

HM MEAN .00 1 ,0006 ,002 . 0 38 
MINIMUM 

,861 
,000 

,0002 ,020 
.0003 ,001 

,083 
,014 

MAX l MUM 
,324 .0001 ,001 

,002 ,0009 .002 
,055 

.094 2 .840 
EXCEPT ION 8 

.OOIJ4 .219 . I l l  
7 6 0 0 0 

NUMBER 12 12 I 2  I i I E 13 9 9 
0 

12 

1979 BNL ENVIRONMENTAL MONITORING SEWAGE INFLUENT 
WATER OUALITY AND PURITY-METALS ............................................................................................................. 

METALS I I N  PPMI ...................................................................................... 
AG CO CR CU FE PB ZN ............................................................................................................. 

D A MEAN .004 .0015 ,008 . O'iB ,331 ,007 1 1 2  
MINIMUM . 00 1 .OOOB ,002 ,033 .213 ,003 ,078 
MAX l MUM ,007 ,0025 ,019 1 8 1  ,510 ,011 . 197 
tXCtl 'I IUN I 0 2 0 0 I 0 
NUMBER 12 12 12 12 1.2 1 d 12 

1979 BNL ENVIRONMENTAL MONITORING PRECIPITATION 
WATER QUALITY AND PURITY 

DISSOLVED NITRATE TOTAL DISSOLVED CONDUC- COLIFORM COLIFORM 
TEMPERATURE OXYGEN CHLORIDES NITROGEN PHOSPHOROUS SOLIDS TIVITY FECAL TOTAL 

PH LOCAT ION SAMPLE (PPMI (PPMl IPPMI IPPMI (PPMI MlCROMHOlCM I l l 0 0  MLI I l l 0 0  FlLl 

Excep t ion :  VO. o f  samples  below l e f e r e n c e  S t a n d a r d s  - T a b l e  29 
Minimum D e t e c t i o n  L imi t  (MDL) . . 

EA: Sand f i l t e r  beds  HQ: S i t e  boundary 
HE: UpsCrea~~~ o f  o u t f a l l  DA: Scwage E f f l u e n t  
HM: Former s i t e  boundary GD: P r e c i p i t a t i o n  



seems t o  be ub iqu i tous  a t  the l e v e l s  seen i n  the  ground water  system. Since the  
Laboratory de r ives  a l l  of i t s  water from the underlying a q u i f e r ,  the presence of 
Fe i n  our e f f l u e n t s  i s  no t  s u r p r i s i n g .  The high va lue  of Cu upstream of the 
o u t f a l l  i s  c o n s i s t e n t  with the presence of humic a c i d ,  which i s  known t o  c h e l a t e  
and concent ra te  t r a n s i t i o n  metals from the  water (20) .  

Monthly "grab" water samples were obta ined  a t  on- and of f -s  i t e  l o c a t i o n s  
along the  upper t r i b u t a r y  of the  Peconic River ,  i n t o  which the  Laboratory 
r o u t i n e l y  d ischarges  low l e v e l  r ad ioac t ive  l i q u i d s  w i th in  admin i s t r a t i ve  l i m i t s  
(15 ) .  A b a t t e r y  operated f ixed  flow sampler i s  opera ted  a t  Riverhead, a t  the  
mouth of the Peconic River ,  between March and December. Reference "grab" sam- 
p l e s  were obta ined  from o t h e r  nearby s treams and bodies  of water ou t s ide  the Lab- 
o r a t o r y  drainage a rea .  The sampling l o c a t i o n s ,  a s  shown i n  Figure 7 ,  were a s  
follows : 

Uff-Si te  I ~ e c o n i c  Kiver,  p r n c ~ ~ d i n g  d n m s t r e a m )  

A - Peconic River a t  Schul tz  Road, 4.85 km downstream (HA), 

B - Peconic River a t  Wading River-Manorville Road, 7.04 km downstream 
(HB) ,  

C - Peconic River  a t  Manorvi l le ,  10.67 km downstream (HC), 

D - Peconic River  a t  ~ a l v e r t o n ,  14.23 km downstream (HD) , 

R - Peconic River a t  Riverhead, 19.35 km downstream (HR) ,  

Controls (Not i n  t he  Laboratory drainage a r e a )  

E - Peconic River ,  upstream from the Laboratory e f f l u e n t  o u t f a l l  (HE), 

F - Peconic R i v e i  , !LOT tll L ~ i L u L a r y  ( ~ L L ~ ~ ~ ~ L L ~ ~ L I L  01 the Laboratory (HF) 
drainage a r e a ) ,  

H - Caman River ,  o u t f a l l  of Yaphank Lake (I-k) , 

I - Northeast  corner  of A r t i s t  Lake on Route 25 (HI).  

Ind iv idua l  monthly and y e a r l y  average . gross  . b e t a ,  t r i t i u m  and 90Sr concen- 
t r a t i o n s  a t  downstream and con t ro l  l o c a t i o n s  a r e  shown i n  Table 14. A compari- 
son with the on-s i te  and perimeter  concent ra t ions  shown i n  Table 12 i n d i c a t e s  
t h a t  the concent ra t ions  of Laboratory e f f l u e n t s  i n  the  Peconic Kiver,  downstream 
of the  o u t f a l l ,  diminish r a p i d l y  t o  near  background l e v e l s  a t  the more d i s t a n t  
sampling l o c a t i o n s .  Considering the concent ra t ions  of r a d i o a c t i v i t y  near  the 
mouth of t he  Peconic River  a t  Riverhead, where the  flow over  t he  yea r s  has been 
about 19 times t h a t  a t  the Laboratory perimeter  (uSGS-1979 d a t a ) ,  i t  was ev ident  
t h a t  the  t o t a l  amount of r a d i o a c t i v i t y  a t  t h i s  l o c a t i o n  was much g r e a t e r  than 
those r e l ea sed  i n t o  the  Peconic River a t  the Laboratory perimeter .  This 
obviously r e p r e s e n t s  r a d i o a c t i v i t y  washed out  of drainage a reas  and t r i b u t a r y  
a d d i t i o n s ,  i n  a d d i t i o n  t o  t h a t  from the Laboratory a r e a ,  by r a i n f a l l .  During 



F i g u r e  7. Peconic  R i v e r ,  On-s i te  and Downstream 
Sampling L o c a t i o n s  



1973 RNL DOWNSTREAM AND CONTROL WATER SAMPLES 

NO. OF GROSS GROSS 
LOCATION QUARTER SAMPLES ALPHA ERROR 8ETA ERROR TRITIUM ERROR SRSO ERROR 

(PCI fL I  IPCIfL!  (NCI fL I  (PC I I L I  

HA F.1 RST I 0.33 0.26 2 .99  0 .87  0 .22  0 .22  
SECOND I 0.56 0 .37  5 . 3 8  1.07 0 .32  0.32 0 .87  0.13 
THIRD I 0.31 0.23 16.28 I .43 0.86 0.25 
FOURTH I 0.26 0.26 7.35 1.13 0 .90  0.26 0.62 0.11 

SUMMARY 4 0.37 0.14 ' 8.60 0.57 0.5'7 U.13 0.75 0.09 

HE FIRST I 0 .26  0 .26  5.01 1.21 0 .22  0.22 
SECOND I 0.42 0 .36  6.30 1.14. 0 . 32  0.32 0.69 0.13 
THIRD I 0.22 0 .22  4.96 0.99 0 .32  0.32 
FOURTH I 0.24 0.24 4 .  14 1.01 0.62 0 .26  0.53 0 .12  

SUMMARY 4 0.29 0 .  I 4  5 .10  0.55 0.37 0.14 0.61 0.09 

HC FIRST I 0.31 0.31 3.55 0.90 0.22 0.22 
SECOND f 0.37 0.28 6 .05  1 .07 0.32 0 .32  0 .87  0. I 4  
ThIRC 0,24 0,23 7,95 1 ,14  0,32 !:$$ 
FOURTH I 0.10 0.10 3.31 0 .95  I .  18 0.47 0 . 1 1  

SUMMARY 4 0.27 0.13 5.21 0.51 0.51 0 .  14 0 .72  0.09 

tin F IHSI I il.i 'H 11.29 .'I. IH  II.HY. 4J.d~' U , d d  
SECONCl I 0.24 0.24 3.48 0.93 0.32 0.32 0.70 0 .  13 
TH l RD I 0.25 0.25 3.89 0.94 0.32 0.32 
 OURT TI l I 0.10 . 0.18 ' I .  1.20 1.33 0.31 0.46 0.10 

SUMMARY 4 0.24 0.12 3.88 0.50 0.55 0.15 0.58 0.08 

HL F IRST I 0.29 0.29 6 I 1.27 0.2% 0.2E 
SECOND I 0.66 0.40 12.01 1.35 0 .32  0.32 
THIRD I 0.22 0 .22  12.08 1.41 3.59 0.31 
FOURTH 0 0.00 0.00 0.00 0.00 0 .00  0.00 

SUMMARY 3 0.39 0 .18  10.08 0:18 1 .38  0.16 

HR F l RST 0 0.00 0.00 0.00 0.00 0.00 0.00 
SECOND 5 0.52 0.20 8 .58  0.63 1.42 0.24 0.45 0.04 
TH l RD 6 0.47 0.19 5 . 3 9  0.89 0.31 0 .  I I 
FOURTH 4 0.23 0.1 I 4 . 1  U.5U U.3U 0 .  I ?  0 .48  0.05 

SUMMARY 15 0.43 C . 1 1  6 . 6 5  0.41 0.80 U. 12 U.4'1 U.U5 

CONTROL 

hE F 1R3T 1 0 .  0.30 4.13 0 .93  0 .22  0.22 
SECOND I 0 .79  0.41 3.09 0 .99  0 .32  0.32 0 . 5  0.12 
THIRD I I l .  l b  11. 16 I .  I 4  I .  14 U . 2 3  Ll.25 
FDIIRTH I 0 , 3 l  Q,3l 0.84 P-78 O.?I n .? l  0.41 0 . 1 1  

SUMMARY 4 0.44 0.15 2 .53  0.48 0.24 0 .  It? 0.50 0.09 

HF F l RST I 0.50 0.29 2.68 0.85 0.22 0 .22  
SECOND I 0 .16  0.16 1.27 0.79 0.32 0.32 0.91 0 .  13 
THIRD I 0.20 0.19 2 .41  0.84 0.23 0.23 
FOURTH I 0.08 0 .08  1.64 0 .83  0.21 0.21 U.8U U.12 

HH FIRST I 0 .16  0.16 3 .05  0.90 0.22 0 .22  
SCCOI~D I o . a ~  e.a7 1 . ~ 1 4  0 . e ~  o ira 0 a;, o ~7 a . ! a  
~ H I R D  1 0.16 0.16 2 .52  0.91 0.23 0.23 
FOURTH I 0.24 0.24 2.20 0.90 0.21 0.21 0 .32  0 .09  

SUMMARY 4 0.22 0.11 2.28 0.44 0.24 0.12 0 .40  0.08 

. - 
SECOND 1 0.59 0 . 3 ;  6 .41  1 .09  0.32 0.32 0.82 0.14 
THIRD 1 0.20 0.20 6 .69  1.13 0.23 0 .23  
FOURTH I 0.36 0 .35  5.08 1.10 0.25 0.25 0.79 0.13 

HJ FIRST 0 0.00 0 .00  0 .00  0.00 0 .00  0.00 
SFCIINT) n 0.OG 0.00 0 .00  0.00 0 .00  0.00 0.48 0.11 
THIRD 0 0.00 0.0: 0.00 0.00 0 .00  0.00 
FOURTH I 0.21 0.2,  5.68 0.97 0.21 0 .21  

SUMMARY I 0 2  0.21 3.68 0.97 0.21 0.21 0.L18 0.11 

vote: pref ix  H applied to  
n ~ i  = 3 .7  x  l o1  3q. pCi = 3.7 x  lo-* Bq. f a c i l i t a t e  sampling designation. 



1979, measurements of s e l e c t e d  water  q u a l i t y  and p u r i t y  parameters  a t  dowristream 
l o c a t i o n s  on the  Peconic River  and a t  c o n t r o l  l o c a t i o n s  were i n i t i a t e d  i n  o rde r  
t o  provide some pe r spec t ive  on t h e  same parameters  i n  t h e  Laboratory e f f l u e n t  
( a s  repor ted  i n  Table 13) .  These l im i t ed  "grab" sample d a t a  a r e  shown i n  Table 
15. The e f f e c t  of somewhat e l eva t ed  l e v e l s  of some of the  parameters downstream 
r e s u l t s  from o the r  a c t i v i t i e s ,  r e s i d e n t i a l  and i n d u s t r i a l ,  a long the  l eng th  o f  
the  Peconic River .  This i s  based on the  obse rva t ion  t h a t  the  increased  l e v e l s  
a r e  not uniform but  seem t o  be l o c a l i z e d .  

3.3.4 Recharge Bas i n  

Af t e r  use i n  "once through" hea t  exchangers and process  cool ing ,  about 19 
m i l l i o n  1 d'l (MLD) of water  ( d a t a  provided by P l a n t  Engineering) was r e tu rned  
t o  the a q u i f e r  through on-s i te  recharge bas in s :  about 6.9 MLD t o  b a s i n  N 
loca ted  about 610 m n o r t h e a s t  of  t he  AGS; about 5.8 MLD t o  b a s i n  0 about 670 m 
e a s t  of the  HFBR; and about 6.3 MLD t o  b a s i n  P l o c a t e d  305 m south of the  MRR 
( s e e  Fig.  8 ) .  An organic  phosphate i s  added t o  t he  AGS cool ing  and process  
water supply ,  which i s  independent of  the ~ a b o r a t o r y ' s  po t ab l e  supply,  t o  e s t ab -  
l i s h  a  ~ 0 ; ~  concen t r a t i on  of about 2 ppm i n  o r d e r  t o  main ta in  t he  ambient i r o n  
i n  so lu t ion .  Of the t o t a l  AGS pumpage, about 4.3 MLD was d ischarged  t o  the  N 
b a s i n ,  and 4.3 MLD t o  the  0 bas in .  The HFBR secondary cool ing  system water  
r e c i r c u l a t e s  through mechanical cool ing  towers and is  t r e a t e d  t o  c o n t r o l  cor ro-  
s i o n  and depos i t i on  of s o l i d s .  Blowdown from t h i s  system, about 1.5 MLD, which 
conta ins  about 6-8 ppm PO4 and 3-4 ppm b e n z o t r i a z o l e  i s  a l s o  d i scharged  t o  t h e  
0 sump. The MRR-MRC "once through" coolan t  which amounts t o  6.3 MLD i s  no t  
r o u t i n e l y  t r e a t e d  and is  d ischarged  t o  the P bas in .  Concent ra t ions  of  
r a d i o a c t i v i t y  and o t h e r  agents  i n  the  water  discharged i n t o  these  b a s i n s  a r e  
monitored by r o u t i n e  weekly grab sampling. The average gross  b e t a  and t r i t i u m  
a c t i v i t y  concen t r a t i ons  a r e  shown i n  Table 16. The average g ros s  b e t a  a c t i v i t y  
concen t r a t i on  i n  the sump nor th  of the AGS (N) and LINAC (T) a r e  s l i g h t l y  above 
background s i n c e  t h i s  water  cools  beam s t o p s  where a c t i v a t i o n  products  a r e  
formed and was 0.4% t o  1% of the app l i cab l e  RCG. However, i n  t he  Linac (T) sump 
the gross  b e t a  a c t i v i t y  was found t o  be  about  1858 pCi / l  i n  September. I n v e s t i -  
ga t i ons  conducted a t  t h a t  time revea led  t h a t  the i n c r e a s e  i n  a c t i v i t y  was due t o  
a  leak from the  BLIP tank water  which u l t i m a t e l y  e n t e r e d  i n t o  the  LINAC sump. 
The leak  has been co r r ec t ed  and a  s i g n i f i c a n t  amount of the contaminated water  
has been contained and w i l l  be disposed of i n  an app rop r i a t e  manner. I n  t he  
case o f  rhe sump e a s t  o f  the steam p l a n t  (U), the  g ros s  b e t a  a c t i v i t y  has  
cont inued t o  show l e v e l s  approaching 3 t o  8% of t h e  RCG. However, we l l s  used t o  
monitor these  sumps have not shown any i n c r e a s e  i n  gross  b e t a  a c t i v i t y  above 
background (g ros s  b e t a  a c t i v i t y  i n  we l l s  l oca t ed  upstream).  Sampling frequency 
of these wel l s  was increased  i n  1979 t o  i n v e s t i g a t e  ground water contaminat ion 
and no s i g n i f i c a n t  i nc reases  were noted i n  r e l a t i o n  t o  prev ious  yea r s .  Sampling 
frequency of the steam p l a n t  sump (U) w i l l  be increased  i n  1980 and a n a l y s i s  of 
these  samples f o r  s p e c i f i c  r ad ionuc l ides  w i l l  be made. I n  gene ra l ,  t he  average 
concent ra t ion  of g ros s  b e t a  and t r i t i u m  a c t i v i t y  concen t r a t i ons  i n  t he  o t h e r  
bas in s  were s l i g h t l y  increased  above those i n  t he  Laboratory supply we l l s  and 
were about 0.1% of  the app l i cab l e  RCG f o r  u n i d e n t i f i e d  g ros s  b e t a  e m i t t e r s  and 
t r i t i u m .  



TABLE 15 

1979 BNL ENVIRONMENTAL MONITORING DOWNSTREAM AN0 CONTROL 
WATER QUALITY AN0 PURITY 

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

Dl SSOLVEO NITRATE TOTAL DISSOLVE0 CONDUC- COLIFORM 
TEMPERATURE OXYGEN CHLORIDES NITROGEN PHOSPHOROUS SOLIDS TlVlTY FECAL 

I I BIIN YAMVI L PH ~ r r n l  trml ~ r r n r  ( r r n ~  M I  MlCHUnHUlCM ~ I IUUMLI  

HA MEAN 14 5. 7 6 . 7  1 0 . 1  b.29 0.69 55 63 35 
MINIMUM 6 5 * 1 .  1.0 0 .6  0 ,  I I 0,05 45 52 0 
MAX l HUM 2 I 6 . 2  10.6 12:l 0.45 0. I 0  64 69 100 
NUMBER 4 4 . 4  4 4 4 4 4 4 

HE MLAFI l a  ,.? p 7.0 w Q 0.30 0.06 57 52 29 
tll l l l l lUI1 G -I I I l . ' I  3 t 1  Ob21 0 8 03 55 59 I 
MAX I MUM IB  6.0 12.0 1 1  . 6  0.41 0. I 4  59 67 68 
NUMBER 4 4 4 4 4 4 4 4 4 

HC MEAN 14 6 . 0  9.0 9 .6  0.13 0.05 59 06 6 
MINIMUM 6 5 . 5  6 . 6  9.1 0.04 0.02 51 54 0 
MAX I MUM 22 8 , 9  12.2 10.6 0.22 0 .  I I 73 164 .I 2 
NUMBER 4 4 h 4 4 4 4 4 4 

HO MEAN 13 6.2 10.6 12.0 0.31 0.04 72 10 1 35 
MINIMUM 6 5 . 6  8.2 9 . 1  0.08 0.01 47 56 0 
MAX l MUM 2 1 6 . 6  12.6 , 19.2 0.64 0.09 . I I K  172 I04 
NUMBER 4 4 4 4 3 4 3 4 4 

HF MEAN 14 5 . 3  6 . 8  6.9 0.21 0.04 44 45 20 
MINIMUM 5 4.5 I .LC 6 . 6  0 .03 0.01 36 42 0 
MAX l MUM 23 5.7 10.4 7 . 1  0.67 0. I 0  52 40 I04 
NUMBER 4 4 4 4 4 4 4 4 4 

HH MEAN 13 6 . 3  10.8 13.0 1 .09 0.02 B4 106 17 
MlFllMUM 6 6 . 0  Q.5 8.6  0.9.3 0.01 70 Q4 u 

MAX l MUM 2 1 6 .4  12.6 19.2 1.32 0.04 l I 0  134 36 
NUMBER 4 4 4 4 L (  4 . LI 4 4 

HI MEAN 14 6 . 6  10.3 19.5 0.17 0.02 74 105 67 
MINIMUM 4 G.3 8.4 10.2 0. I 0  0.01 60 9L1 5 
MAX l HUM 2' I C s  0 6 21.7 0 , 3 1  0.021 0'1 112 100 
NUMBER 4 4 4 4 4 4 4 4 4 

HJ MEAN 3 7.0 12.4 9.1 
MINIMUM 3 7 .0  12.4 9.1 
MAX I MUM 3 7 .0  12.4 9.  I 
NUMBER I I I I 

HL MEAN 17 5.4 7 . 6  19.1 3.55 0.36 92 112 0 
MINIMUM 6 4.9 6.2 12.6 1.15 0.15 62 73 0 
MAX l MUM 22 6 .  U 9.2 22.q 7.40 0 . ' l /  126 156 0  
NUMBER 3 3 3 3 3 3 3 3 3 

HR MEAN 17 G. I 8 . 8  12.G 0.35 0.00 UG 90 no 
MINIMU:' 5 5.3 7 .4  ' 9 . 6  0.03 0.05 GO 74 I 
MAX l MUM 26 6.6 11.6 16.1 0.81 0.19 189 189 358 
NUHOCR 17 17 17 B B 0 8 17 16 

COL l FORM 
TOTAL 

II IUU MLI 



TABLE 15 (Continued) 

1979 BNL ENVIRONMENTAL MONITORING DOWNSTREAM AN0 CONTROL 
WATER OUALITY AND PURITY-METALS 

METALS ( I N  PPMI 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AG CD CR CU FC PB ZN 

HA MEAN . O O  1 .0004 . C09 .006 ,859 ,007 ,012 
MINIMUM . 00 1 .0002 ,032 .003 ,310 .002 ,004 
MAX l MUM . 00 1 ,0006 ,028 .015 . 2 .250 ,017 .022 
EXCEPT l ON 3 4 3 0 0 3 0 
NUMBER . 4  4 4 4 4 4 4 

HB MEAN . 00 1 .0004 ,002 ,003 1.539 ,003 ,010 
MINIMUM ' . 00 1 ,0002 .OO! ,002 .310 ,002 ,903 
MAX I MUM .00 1 ,0006 .002 ,004 3.600 ,005 ,018 
EXCEPT l ON 3 4 4 0 0 4 0 
NUMBER 4 4 4 4 4 4 4 

HC MEAN . 00 1 .0004 ,002 ,002 ,907 ,004 ,006 
MINIMUM .001 ,0002 ,001 . 00 1 ,380 ,002 ,002 
MAX l MUM . 00 1 ,0006 ,002 ,002 1.980 ,005 . O  13 
EXCEPT l ON 4 4 4 I 0 4 D 
NUMBER 4 4 4 4 4 4 4 

HD MEAN .001 ,0005 ,002 ,003 .655 ,004 ,005 
MINIMUM . 00 1 .0003 . 00 1 .OO 1 .285 ,002 ,002 
MAX l MUM . 00 1 .OD06 ,002 ,006 1.310 ,005 .011 
EXCEPT I ON 4 3 4 0 0 4 0 
NUMBER 4 4 4 4 L, 4 4 

HF MEAN .001 .0004 ,002 .OO 1 1 .689 .004 .005 
MINIMUM . 00 1 .0002 . 00 1 . O O  1 ,255 .002 ,002 
MAX l MUM . 00 1 ,0006 .002 ,002 5 .250 ,005 ,007 
EXCEPT ION 4 4 LI I 0 3 0 - - -  

NUilBER 4 4 4 4 4 4 4 

HH MEAN . 00 1 .0004 ,002 . 00 1 . 157 .004 ,002 
M!).:iMUM . 00 1 .0002 . 00 1 .OO 1 ,015 ,002 .OO 1 
+;AX I MUM . 00 1 ,0006 ,002 ,002 ,267 ,005 ,003 
EXCEPT l ON 4 4 LI I I 4 2 
NUMBER 4 4 4 4 4 4 4 

H I  MEAN . 00 1 .0004 ,004 ,002 .Or6 .DO8 ,005 
MINIMUM .00 1 ,0002 ,002 ,002 ,046 ,004 ,002 
M4X IMim . O O  1 .0006 .011 ,002 ,046 ,016 ,009 
EXCEPT l ON 4 4 3 0 0 I 0 
NUMBER 4 4 4 4 I 4 4 

H; MEAN .OO 1 .0002 ,002 ,002 .076 .On2 ,013 
MINIMUM .OO 1 ,0002 .002 ,002 ,076 .002 ,013 
MAX I MUl? . O O  1 .0002 ,002 ,002 ,076 ,002 ' ,013 
EXCEPT I ON I 1 I 0 0 I 0 
NUMBER I I I I I I I 

HL MEAN .DO2 .0008 ,002 ,027 .B70 .008 ,054 
MINII.IUt1 .001 ,0003 .OO 1 ,007 ,400 ,005 ,009 
nAx I MUM ,003 , 0 0 1 3  ,002 ,053 I .OIJ  .I314 n ~ l n  
EXCEPT ION 2 I 3 0 0 I 0 
NUMBER 3 3 3 3 3 3 3 

HR MEAN .OO 1 .0005 ,002 .002 .597 .004 ,004 
MINIMUM . O O  1 ,0003 . 00 1 . 00 1 ,1105 ,002 . O O  1 
MAX l MUM . 00 1 ,0006 ,002 ,002 ,767 ,005 ,008 
EXCEPT l ON 3 3 3 I 0 3 0 
NUMBER 3 3 3 3 3 3 3 

Reference Standard - Table 29 
Note: prefix H applied to 
facilitate sampling designation. 



TABLE 1 6  

1979 BNL MONTHLY SUMP SAMPLES 

.................................................................................... 
NO. OF GROSS GROSS 

LOCATION MONTH SAMPLES ALPHA ERROR BETA ERROR TRITIUM ERROR 
IPCI/LI lPCI /L I  INCIIL) 

HN JANUARY 4 0.40 0.18 8.75 0.63 0.83 0.46 
FEBRUARY 4 0.50 0.17 37.11 1.01 1.66 0.65 
MARCH 4 0.35 0.14 11.22 0.63 1.29 0.64 
APR I L 4 0.34 0.16 11.67 0.74 1.37 0.72 
MAY 3 0.51 0.19 3.65 0.56 1.24 0.72 
JUNE 2 0.23 0.16 10.94 0.90 1.22 8.86 
JULY 3 0.43 0.18 3.55 0.54 1.32 0.81 
AUGUST 4 0.41 0.23 3.56 I .  10 0.89 0.49 
SEPTEMBER I 0.48 0.48 7.51 1.36 1.22 1.22 
OCTOBEF? 2 0.44 0.20 51 .05 1 .71 1.58 1.15 
NOVEMBER 3 0.23 0.14 3.05 0.51 1.65 0.96 
DECEMBER I 0.26 0.26 1.49 0.84 0.00 0.00 

SUMMARY 35 0.39 0.06 12.94 0.26 1.25 0.22 

HO JANUARY 4 0.45 0.19 3.03 0.50 0.83 O.'46 
FEBRUAR'I 4 0.30 0.15 1.94 0.42 1.26 0.63 
MARI~H 4 CI >7 (I . ; :$ s.%:s 0.96 I .%B L1.SU 
A P i l  l l 4 I 0.11 2.88 0 .58  1 .37 n 72 .. 
YAY 4 
JUNt: 5 
JULY 4 
AUGUST 4 
SCFTCMDCR 3 
ii I i n  :i 
NOVEMBER 3 
DECEMBER 2 

FUMMARY 44 0.30 0.04 2.69 0.17 1 2 8  0.20 

. IANLIARY 
FEDRUARY 
MARCH 
APR!L 
MAY 
JUNE 
JULY 
AUGUST 
SEPTEMBER 
OCTOBER 
NOVEMBER 
DECEMBER 

SLJMMARY 

HT JANUARY 
FEBRUARY 
MARCH 
APR I L 
MA 1 
JUNE 
JULY 
AUGUST 
5CP tCllOCR 
OCTORER 
NOVEMBER 
DECEMBER 

SUMMARY 46 0.44 0.07 166.40 I .45 3.54 0.20 

JANUARY 
FEBHUAHY 
MARCH 
APH l L 
M A Y  
JUNE 
JULY 
AUGUST 
SEPTEMBER 
ClC TOBER 
I4UVtnntH 
OECCMBER 

Radiation Con. Guide [17] and 
EPA Drinking Water Standard [18] 15 

1 nCi = 3.7 x 10 Bq. 

pCi = 3.7 x Bq. 

Location 

HN! North of AGS 
HO: East of HFBR 
HP: South 
HT: Linac 
HU: East of Steam Plant 

Error: Standard dev. 
Summary: Avg. for the 

year. 



Water q u a l i t y  d a t a  ob ta ined  during 1979 from p e r i o d i c  (approximately 
monthly) ana lyses  of "grab" samples from the recharge b a s i n s ,  from a c u l v e r t  
which conducts  some a i r  cond i t i on ing  tower blowdown and storm sewer i n f l u e n t s  
from the  sou theas t  Laboratory b u i l d i n g  complex t o  a  n a t u r a l  sump south of the  
warehouse a r e a  (about  1.2 km south of Bui lding 610, see  F ig .  3)  is  shown i n  
Table 17. A l l  were w i th in  e s t a b l i s h e d  s tandards  f o r  ground water q u a l i t y  except  
a t  sump HU where washout from recharg ing  of ion  exchange r e s i n s  (used i n  
so f t en ing  water)  increased  the concent ra t ions  of c a t i o n s  and an ions ,  thereby 
increas ing  conduc t iv i t y .  Excess meta l  concen t r a t i ons ,  such as  f o r  Cd, C r ,  Cu, 

f Fe,  Pb and Zn, i n d i c a t e  e f f e c t s  of chemical t rea tment  f o r  keeping i r o n  i n  solu-  
t i o n  and steam p l a n t  condensates and b o i l e r  washings (Pb and Zn from p i p e s ) .  In- 
v e s t i g a t i o n s  a r e  i n  progress  t o  p inpoin t  the sources  of t he se  elements  and exam- 
ine  the a r e a  i n  t he  v i c i n i t y  of t h i s  sump f o r  p o s s i b l e  l o c a t i o n  of cesspools  
and/or i r r e g u l a r i t i e s  i n  the s a n i t a r y  system. 

3.3.5 Aquatic B io log ica l  S tudies  

During the summers of 1977, 1978, and 1979, a  comprehensive program aimed 
a t  understanding the  e f f e c t  of t he  Laboratory e f f l u e n t  on t he  Peconic River  b io-  
l o g i c a l  system over the  years  was i n i t i a t e d .  This s tudy, .  which i s  expected t o  
take t h r e e  t o  four  y e a r s ,  w i l l  be phased i n  g radua l ly .  I n  1977, 1978 and 1979, 
the program was exp lo ra to ry ,  wherein sampling s t a t i o n s ,  sampling techniques and 
a n a l y t i c a l  procedures and t h e i r  l i m i t a t i o n s  were i n v e s t i g a t e d .  The r e s u l t s  s o  
ob ta ined  w i l l  be used t o  develop an adequate program t o  be implemented i n  1981 
when i t  i s  hoped t h a t  t h e  d a t a  so  obtained would be amenable t o  modeling f o r  
p r e d i c t i v e  purposes.  Addi t iona l  da ta  from previous yea r s  w i l l  a l s o  be used. 
Figure 7 i n d i c a t e s  some of t he  sampling l o c a t i o n s .  These a r e :  

E - Reference point-headwaters of the  Peconic River-Control S t a t i o n ,  

K - 0.045 km, no v e g e t a t i o n ,  s i g n i f i c a n t  i n f luence  of  c h l o r i n e .  

L - 0.106 km, 

M - 0.798 km, r e f e r r e d  t o  a s  the  former s i t e  boundary, 

Q - 2.11 km, the p re sen t  s i t e  boundary, f i s h  c o l l e c t e d  from h e r e ,  

A - 4.85 km, 

S - 7.05 km, 

T - 10.82 km, 

IT - 14.2.3 km 

W - 18,18 km, mussel bed, 

Y - 22.21 km, s a l t  water meets f r e s h  water .  



TABLE 17 

1979 BNL ENVIRONMENTAL MONITORING RECHARGE BASINS 
WATER QUALITY AND PURITY 

D l  SSOLVED NITRATE TOTAL DISSOLVED CONDUC- COLIFORM COLIFORM 
TEMPERATURE OXYGEN CHLORIDES NITROGEN PHOSPHOROUS SOLIDS T l V l T Y  

FECAL TOTAL 
IPPMI IPPMI IPPMI MICROMHOICM 11100 ML) (1100 ML1 

6.5 8 .6  15.0 0.21 0 .  I 9  72 102 I 98 m MEAN 15 
8 5.0 8 .2  0.0 0.08 0.02 65 64 0 I4  MINIMUM 

26 7.2 1 1  ..? 20.2 0.46 0.58 86 215 4 210 MAX I t1UM 
35 35 10 10 10 Y 35 5 5 NUMBER 35 

16 6.6 9.7 19.2 0.26 0.22 70 I I 4  I 50 
HO MEAN 

5.7 9.0 15.6 0.03 0.01 53 88 0 0 MINIMUM 9 
27 7.4 12.0 23.2 0.65 0.57 77 166 3 120 MAX l MUM 
44 44 44 I I I I I I 9 44 5 5 NUMBER 

6.1 6.5 29.5 I .43 0.02 115 176 0 I 
I f J  MEAN 15 

I I 5.3 0 . 6  23.7 0.81 0.01 I04 151 0 0 n lNlnun 
28 7.0 I .  J r . 0  1 .W 0.0'1 133 ago n L, MAX I nun 
38 38 20 . I I I I I I I I 38 3 3 NUMBER 

16 6 .7  9.4 z3.3 0.74 0.28 I I I  I ~ Y  03 ere 
k l 5  MC A+J 

5 .4  7.0 6 . 5  o utl U . U d  1F 18 0 0 MINIMUM 0 
9.8 10.0 42.3 10.94 1 96 213 3BO 336 890 MAX l WM 26 

50 50 49 49 4B 9 50 45 q I NUMBER 50 

6a7 0.9 22.5 fl.39 Osoq 96 130 0 2 
H'I MEAN 19 

5 . 7  6.6 1 6 - 6  n .  1% 0.01 00 IOU 0 0 
rllNIMUII 12 

7.6 10.6 28.1 0.67 0 .  I I 139 16U 0 B MAX l nun 3 1 
45 45 I I I I I I 9 45 5 5 NUMQER 45 

2 I 9 . 8  6.6 976.2 0.89 0.34 IRRl 1436 7 13 
MU MEAN 

2 .7  2.6 27.7 0.24 0.01 IYO 153 0 0 MINIMUM I 
32 11.3 10.8 '00.0 2.25 0.71 6562 0 4 0 80 MAX l MUM 
44 4'4 39 12 1.2 12 10 44 6 6 NUMBER 

1979 BNL EN\/IRONMENTAL MONITORING RECHARGE BASIN5 
WATER OUALITY AN0 PURITY-METAL5 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

NUMBER 1 I I I .  I I 

HU MEAN . uu 1 I .5;.00 8.180 lG. 100 7'17.000 5 . 3 2 0  95.500 
MINIMUM .007 1.5200 0.100 IE. 100 747.000 5.320 9s. finn 
MAX l MI lM ,007 1 :5200 8.100 16.100 747.000 5.320 95.600 
EXCEPT 101.1 I 0 0 U II CI n 
NUll8ER I I I I I I I 

Referenre Stnn.rlnrds - Tahl P 74 

HN: North of AGS 
HO: East of HFBR 
HP: South of MRR 
HS: South of Warehouse 
HT: North of LINAC 
HU: EasL u1 SLaau~ Plal~L 

Except ion : Below Minimum Detect ion Limit (MDL: 



These l o c a t i o n s  were sampled f o r  sediment and vege t a t i on  common t o  most of t he  
s i t e s .  A s i g n i f i c a n t  improvement from previous sediment sampling techniques was 
t he  use of cor ing  t o  c o l l e c t  r i v e r  bottom sediments .  This procedure w i l l  enab le  
de te rmina t ion  of both v e r t i c a l  and h o r i z o n t a l  migra t ion  of  r ad ionuc l ides  i n  t he  
bottom sediments .  F i sh  samples were l i m i t e d  by a v a i l a b i l i t y  t o  S t a t i o n  Q. Mus- 
s e l  samples were a v a i l a b l e  only from S t a t i o n s  T and W. I n t e n s i v e  sampling o f  
the  a q u a t i c  environment w i l l  be done i n  1980 and 1981, e s p e c i a l l y  f o r  s t a t i o n s  
beyond the i n f luence  of the  Peconic River .  

The d a t a  i n  Table 18 a r e  r e s t r i c t e d  t o  9 0 ~ r  and 1 3 7 ~ s .  These 
rad ionucl ides  were found i n  d e t e c t a b l e  concen t r a t i ons  above the  MDL and can be  
considered as  p r i n c i p a l  c o n t r i b u t o r s  t o  body burden e s t ima te s  i n  man. Other nu- 
c l i d e s  such as  6 0 ~ o ,  which a r e  a t t r i b u t a b l e  t o  Laboratory e f f l u e n t s ,  were pres -  
e n t  bu t  were e i t h e r  l e s s  than o r  equa l  t o  t he  MDL f o r  t h e  count ing system used 
(Table 29 and Appendix B). I n  ana lyz ing  the  d a t a ,  i t  was noted t h a t  beyond Sta-  
t i o n  Q,  most of t he  r ad ionuc l ides  were a t  o r  below MDL. Also, s i n c e  S t a t i o n  Q 
r ep re sen t s  the  s i t e  boundary, a  proper  documentation of a l l  r e l e a s e s  i s  c r i t i c a l  
f o r  the  eva lua t ion  of Laboratory r e l e a s e s .  The t a b l e ,  t h e r e f o r e ,  i s  a l s o  
r e s t r i c t e d  t o  S t a t i o n  Q on the above b a s i s .  

Looking a t  t he  concen t r a t i on  f a c t o r s  on a  u n i t  weight b a s i s  f o r  9 0 ~ r  and 
1 3 7 ~ s  a t  S t a t i o n  Q ,  i t  i s  noted t h a t  t he re  i s  an i nc rease  i n  u n i t  a c t i v i t y  
ac ros s  t h e  food cha in :  water-vegetation-fish. .  For 9 0 ~ r ,  t h e  concen t r a t i on  fac-  
t o r  f o r  f i s h  ranges from 69 t o  103 i n  f l e s h .  I n  the  case  o f  1 3 7 ~ s ,  the  concen- 
t r a t i o n  f a c t o r  f o r  f i s h  ranged from 1190-1280. These r e s u l t s  a r e  i n  accordance 
with obse rva t ions  i n  a q u a t i c  environments (22 ,  23).  Using an assumed i n t a k e  of  
1.36 kgIyr  of f i s h  f l e s h  ( e d i b l e  p o r t i o n s )  f o r  persons 

ishi157 
along t h e  Peconic 

River and the  i nd i ca t ed  range of concen t r a t i ons  of and C s  i n  f i s h  f l e s h  
( e d i b l e  p o r t i o n s ) ,  one can compute f o r  an a d u l t ,  body burdens f o r  t he se  
r ad ionuc l ides  i n  man t o  be ranging from 0.05% t o  0.15% r e s p e c t i v e l y  of  the doses  
pe rmis s ib l e  by . the  Regulatory Guide ( 2 4 ) .  

3.3.6 Su rve i l l ance  Wells 

3.3.6.1 Potab le  Water and Process  Supply Wells 

The Labora tory ' s  po t ab l e  water we l l s  and cool ing  water supply we l l s  a r e  
screened a t  a depth of about 30 m, o r  about 15 m below the  water  t a b l e ,  i n  t he  
Long I s l a n d  s u r f a c e  l a y e r  of g l a c i a l  outwash, sand and g rave l .  These we l l s  
(F ig .  8 )  a r e  l oca t ed  g e n e r a l l y  west t o  northwest  of t he  Labora tory ' s  p r i n c i p a l  
f a c i l i t i e s  and 'upstream1 of  the  l o c a l  ground water flow p a t t e r n .  An average of  
about 28.4 MLD was pumped from them. - 

Bimonthly grab samples were ob ta ined  from these  we l l s .  These were 
analyzed f o r  g ros s  a lpha ,  g ross  b e t a  and t r i t i u m .  A l l  g ro s s  a lpha  concentra-  
tTons were <1 p C i / l i t e r  ( (1  x 10-9 pCi ml-1 or  3.7 x  Bq ml-I),  and almost  
a l l  t r i t i u m  concentrations were <1.0 n c i l l i t e r  pCi/ml o r  3.7 x Bq 
ml- l ) .  The gross  b e t a  and t r i t i u m  r e s u l t s  a r e  l i s t e d  i n  Table 19. There a r e  
some d i f f e r e n c e s  i n  t he  gross  b e t a  concen t r a t i ons  among these  w e l l s .  However, 
these  d i f f e r e n c e s  a r e  not  cor rabora ted  by t r i t i u m  concen t r a t i ons  i n d i c a t i n g  t h a t  
t he  sources  of g ros s  b e t a  a r e  no t  r e l a t e d  t o  Laboratory a c t i v i t i e s .  I n  g e n e r a l ,  



TABLE 18 

1979 BNL Environmental Monitoring Concentration of 'Osr and 137~s in Water, Sediment, 
Vegetation and Fish Obtained from the Peconic River at the 

Site Perimeter as Observed During 19'/4-19'19 

a a 
Year (pci/l) (pCi/I(g . wet) (pCi,'Kg-wco Plejh Flooh 

a (pCi/Kg-wet) 

a 
Original results given in dry weight; the results shown in Table are corrected to wet 
weight which facilitates estimation of concentration factors. 



these va lues  have been c o n s i s t e n t  over  many yea r s .  Well #3 which had p rev ious ly  
showed l a r g e r  than average concen t r a t i ons  i n  gross  b e t a  a c t i v i t y  and i n  o the r  pa- 
rameters such a s  co l i form c o n t e n t ,  sugges t ing  p o s s i b l e  leakage i n  t he  w e l l  
cas ing ,  has been d iscont inued .  

3.3.6.2 Ground Water Su rve i l l ance  

Samples of ground water were ob ta ined  from a  network of  sha l low s u r v e i l -  
lance we l l s  p rev ious ly  i n s t a l l e d  i n  t h e  v i c i n i t y  of s e v e r a l  a r ea s  where a  poten- 
t i a l  e x i s t e d  f o r  the p e r c o l a t i o n  of r a d i o a c t i v i t y  from the s u r f a c e  downward i n t o  
t he  s a t u r a t e d  zone of ground water .  They inc lude  a r ea s  ad j acen t  t o  on-s i te  
recharge b a s i n s ,  sand f i l t e r  beds,  downstream Peconic River ,  s o l i d  waste manage- 
ment a r e a ,  former open dump, s a n i t a r y  l a n d f i l l ,  decontaminat ion f a c i l i t y  sump, 
and t o  the Meadow-Marsh P r o j e c t  a r ea .  The l o c a t i o n s  of most of these  ground 
water  s u r v e i l l a n c e  wel l s  a r e  shown i n  F igure  9. The l o c a t i o n s  of t he  s e v e r a l  
wel l s  i n s t a l l e d  a t  the l a n d f i l l  and s o l i d  waste management a r e a  a r e  shown i n  Fig-  
ure  10. 

For convenience i n  a s s e s s i n g  the d a t a ,  the we l l s  have been d iv ided  i n t o  
s e v e r a l  groups. Yearly average g ros s  a lpha ,  g ross  b e t a ,  and t r i t i u m  a c t i v i t y  
concent ra t ions  of the wel l s  ad j acen t  t o  the sand f i l t e r  beds,  and downstream on 
the  Peconic River a r e  summarized i n  Table 20. During the  y e a r ,  a t  l e a s t  one sam- 
p l e  from l o c a t i o n s  ad j acen t  t o  the  recharge bas in s  and from l o c a t i o n s  immedi- 
a t e l y  ad j acen t  t o  the  sand f i l t e r  beds and t h e  Peconic River  were analyzed f o r  
9 0 ~ r  and 1 3 7 ~ s  (by gamma a n a l y s i s )  and a r e  included i n  the  t a b l e .  Corresponding 
information f o r  wel l s  downstream (with r e f e r ence  t o  ground water  movement) of 
the s o l i d  waste management a r e a ,  the l a n d f i l l  and former dump zones,  and the  de- 
contaminat ion f a c i l i t y  sump (about  1  km e a s t  of t he  HFBR) i s  summarized i n  Table 
21. Since the a q u i f e r  underlying Nassau and Suf fo lk  Counties  has been 

a t e d  as  a  "Sole Source" ( 2 5 ) ,  t h e  EPA Drinking Water Standard i s  app l i ca -  
::EiK8) . The d a t a ,  t h e r e f o r e ,  is  eva lua ted  i n  terms of the  EPA s tandard  and 
no t  the  R C G 1 s ,  as was done i n  prev ious  yea r s .  

I n  ana lyz ing  the  da t a  over the l a s t  s i x  years  (1974-19791, i t  has  been 
observed t h a t  the  spread of r a d i o a c t i v i t y  i n  t he  ground water  from Laboratory op- 
e r a t i o n s  remained l imi t ed  t o  w i th in  a  few hundred meters  of the i d e n t i f i a b l e  
f o c i .  Above background a c t i v i t y  concen t r a t i ons  of g ros s  b e t a  e m i t t e r s ,  t r i t i u m  
2nd were fniind nn-s i te  ad j acen t  t o  the sand f i l t e r  beds end the Peconic 
River  a t  small  f r a c t i o n s  of the  Drinking Water Standards.  I n  1979, t he  a c t i v i t y  
concent ra t ions  were gene ra l l y  l e s s  than those noted i n  1974 and 1975, bu t  were 
s i m i l a r  t o  t h a t  of 1976, 1977 and 1978, i n d i c a t i n g  t h a t  r ad ionuc l ides  had no t  
moved s i g n i f i c a n t l y  s i n c e  1976. Wells XH and XZ which had shown a  s i g n i f i c a n t  
i nc rease  i n  gross  b e t a  a c t i v i t y  i n  1978 were reduced by more than 60% i n  1979. 
It must be noted,  however, t h a t  these  i nc reases  i n  1978 were not  accompanied by 
a  s i m i l a r  i nc rease  i n  9 0 ~ r  a c t i v i t y .  Wells XK, XL, X N ,  XX and XY i n  proximity 
t o  t he  Peconic River d i d  show s l i g h t  i nc reases  i n  g ros s  b e t a  a c t i v i t y  i n d i c a t i n g  
the  i .nfluence of t h e  Peconic River, A similar in f luence  was a l s o  seen i n  t he  
gross  a lpha  a c t i v i t y  i n  wel l s  XM and XN. Adjacent t o  the  Peconic River  a t  t he  
s i t e  boundary a l l  a c t i v i t y  concen t r a t i ons  (g ros s  b e t a  and t r i t i u m )  were l e s s  
than or  equa l  t o  4% of the Drinking Water Standards.  Samples of wel l  water col-  
l e c t e d  from homes ( S t a t i o n s  A ,  B ,  C and D - Figure  9 )  and w e l l  WS downstream 



1979 BNI. POTABLE WATER AN0 COOLING WATER WELLS 

GROSS GRGSS 
ALPHA ERROR BETA ERROR TRITIUM ERROR 

tPCIILI IPCI IL I  INCI fL I  - 
FB PIE AN 0.31 0.13 2.55 O.'i6 0.26 0.13 

MINIMUM 9 .  19 0. 19 2 .  I 0.90 0.20 0.20 
MAXIMUM 0.58 0.35 2.83 0.96 0.31 0.31 
NUMBER 4 4 

FO MEAN 0.30 0.14 1.23 0.41 0.26 0 . i 3  
MINIMUM 0.23 0.23 0.87 0.85 0.20 0.20 
MAXIHUM 0.38 0.28 i 5 u. ;Y 0.31 0.31 
FIIJflHtH '4 4 4 

rr t t ~ b t d  c . a r  0 . 1 2  0 . 9 3  U , ~ I ~  U . ? G  0.13 
MIVIMUM fl. 1.1 n .  17 c I II '72 o . a o  0.20 
MAXIMUM 0 . 3 2 '  0.32 1.22 I .2Z 6 .Z l  0.31 
NUMDCR 4 4 4 

FF MEAN 0.35 3.15 1 .42 0.4'7 0.26 0.13 
MINIMUM 0.2~1 C.Z:I I .  1 9  I . 1 9  0.20 0.20 
IIAX IIIUII 0 .  i i  0 .  . T i  I . W Y  U.H.4 U.JI lJ.3l 
NUMBER 4 4 4 

FG IIEAN 0.30 O . ; S  U.Y.1 0.54 0.27 0.16 
MINIFIUII 0 .  1 7  0 .  1 7  u .a? 1 1 .  '7s 0.20 0.20 
WAXIMUM 0.56 0.31 1.20 i . 2 0  0.31 0.31 
NIIMRF'R 9 7 3 

FH MEAN 0.21 U.lY 3 .37  0 .65 0.26 0.19 
MINIMUM 0.26 0.26 2.40 0.84 0 .  O.?l 
flhXlMUM 0 -20  0:20 I 1.01 0 . 3  0.51 
NUMBER 2 2 2 

F I  MEAN 0.28 0.16 3.26 0.53 0.24 0. I4 
MINIMUM 0.28 0.28 1.97 0.90 0.23 0.20 
MAX!YM 0.28 0.28 5.76 1 .04 0.31 0.31 
NUMBER 3 3 

FI. MEAN 0.24 0.14 Z.47 0.54 0.2'7 0 .  15 
I  I I  I  I u . I b I J  . 1 b 2 . l i i  0.92 I  0.21 
I-IUA I nun u . -52 u . j c '  I C.91 0.31 0 .31  
1.IUI.IBEH 9 5 3 

EPA-Dr inking 
Water [181 and 
Radiation Concentration 
G ~ ~ i r l e s  [17] 

3000 p ~ i / i i t e r  for  u~~iderl t ir ied nuclides In the 
absence of Y u ~ r ,  2 2 8 ~  or 1291; 15 pCf/l ieer in  
the presence of  y O ~ r ,  228Ra or 1 2 9 ~ .  

20 n c i f l i t e r  - for  Tritium ( 3 ~ )  
1  

nCi = 3 . 7  x 10 Bq. 
p ~ i  = 3 . 7  x Bq. 
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Fig1.m 8 .  On-site P~ot.ah1.e and Supply Wells 
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F i g u r e  9. Loca t i on  of Groundwater S u r v e i l l a n c e  Wel ls  
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Figure  10. L a n d f i l l  and Waste Management Area 
S u r v e i l l a n c e  Wells  



Table  20 
SAND F I L T E R  BED AND PECONIC R I V E R  AREA 

GROSS 
ERROR BETA ERROR T R I T I U M  ERROR 

I l P C l I L l  ( N C I I L I  
S R 9 0  ERROR 

I P C I I L I  ------------------- 

MEAN 0 . 5 1  
MINIMUM 0 . 2 0  
MAXIMUM 1 . 7 6  

MEAN 0 . 3 2  
MINIMUM 0 . 3 2  
MAXIMUM 0 . 3 2  
NUMBER I 

MEAN 0 . 6 1  
MINIMUM 0 . 6 1  
MAXIMUM 0 . 6 1  

MEAN 0 . 2 1  
M l N l M U M  U . 2 1  
MAXIMl lM 11.21 

MEAN 0 . 2 2  
MINIMUM 0 . 2 2  
MAXIMUM 0 . 2 2  
NUMIL I {  I 

MEAN 0 . 2 0  
M l N l h U M  0 . 2 0  
MAXIMUM 0 . 2 0  
NUMBER I 

MEAN 0 . 4 0  
M 1 N l M U M  0 . 1 9  

MAXIMUM 0 . 8 9  
Nl.lM!3ER 9 

MEAN 0 . 3 2  
MINIMUM 0 . 3 2  
MAXIMUM 0 . 3 2  
NUMBER I 

MEAN 0 . q 7  
MINIMUM U . 4 7  
MAXIHUM 0 . 4 7  
NUMBER I 

MEAN 0 . 2 6  
MINIMUM 0 . 2 6  
MAXIMUM 0 . 2 6  
IdUIIBCR I 

fICAI4 0 . 0 5  
I I I I 4 I I lU I . l  0 . 1 8  
MAXIMUM I . 4 Y  
I u r c D c n  o 

MEAN 1 .U7  
MINIMUM 0 . 6 8  
MAXIMUM 1 . 6 1  
NUMBER 6 

MEAN 6.52 
MINIMUM 6.52 
MAXIMUM 6.52 
NUMBER I 

0 .  I 4  0 . 0 9  
n I r  n n o  
0 . 1 4  0 . 0 9  
I 

MEAN 0 . 4 5  
I I I W I I I U I I  0 .  1 8  
MAXIMUM 0 . 8 0  
NI IMRFR 5 

MEAN 0 . 7 0  
MINIMUM 0 . 7 0  
MAXIMUM 0 . 7 0  
NUMBER I 

MEAN 2.32 
M l N l M U M  1 . 3 8  
MAXIMUM 3 . 3 1  
Nl IMRFR I fl 



I I I I U3EUnN 
12.0 EE'O 60.1 60.1 LI'O LI'O unulxvu 

T~M> 12'0 EE'O 60'1 60'1 LI'O LI'O UflUINIU 
12'0 EE'O 60'1 60'1 LI'O LI'O NV3 2X 

I I I I U3EUnN 
11.0 ss'o 22.0 22'0 88.0 09.z ~2.0 ~2.0 U~UIXVU 
11'0 55'0 22.0 22'0 88'0 09'E /.?'Il /R'Il UflUINIU 
11'0 55'0 22'0 22'0 88'0 09'E L2'0 L2'0 NV3U ZX 

h 0 1 0 1 01 UrnN 
92'0 9S'h Oh'O 02'11 E9'I IS'LI OS'O 81'1 UIIUIXVU 
81'0 21'2 h2'0 h2'0 I 08'L LE'O 89'0 MUlNlU 
11'0 hE'E 60'0 61'2 Eh'O 60'21 , EI'O 06'0 NV3U XX 



TABLE 20 (Continued) 

1979 BNL MISCELLANEOUS ON SITE 

GROSS GROSS 
ALPHA ERROR BETA ERROR TRITIUM ERROR SR90 ERROR 

( P C I / L l  ( P C I / L )  ( N C I / L )  ( P C I / L )  

SA MEAN ' 0 . 2 3  0 . 2 3  2 . 4 8  0 . 9 2  0 . 2 2  0 . 2 2  
MINIMUM 0 . 2 3  0 .23  2 . 9 8  0 . 9 2  0 .22  0 . 2 2  
MAXIMUM 0 . 2 3  0 . 2 3  2 . 4 8  0 . 9 2  0 . 2 2  0 . 2 2  
NUMBER I I 1 

SC MEAN 0 . 2 3  0 . 2 3  1 .20  1.20 0 . 2 2  0 . 2 2  
M!NIMUM 0 . 2 3  0 .23  1 .20  1 . 2 0  0 . 2 2  0 . 2 2  
MAXIMUM 0 . 2 3  0 . 2 3  1 .20  1 . 2 0  0 . 2 2  0 . 2 2  
NUMBER 1 I I 

SD I-IEAI\I 
MINIMUM 
PIAX I tlU11 
NUMBER 

SE MEAN 
MINIMIIM 
IlAX 1 tlLJ11 

' NUMBER 

SG MEAN 
M l N 1 MUM 
MAX l MUM 
NUMBER 

S I MEAN 
MINIMUM 
MAX l MUM 
NUMBER 

16 MEAN 
M l N 1 MUM 
MAX I MlJM 
NUMBER 

17 MEAN 0 .17  0 .17  2 . 9 6  0 . 8 7  0 . 2 2  0 . 2 2  
MINIMUM 0 .17  0 .17  2 . 9 6  0 . 8 7  0 . 2 2  O.Z? 
MAXIMUM 0 .17  0 .17  2.96 0 . 0 7  0 . 2 2  0 . 2 2  
NUMBER I I I 

2~ MEAN 0 . 2 5  0 . 1 7  8.05 n.91 n .  n . 1 6  
MINIMUM 0 . 2 1  0 . 2 1  4 . 9 8  1 .24  0 . 2 2  0 . 2 2  
MAXIMUM 0 .30  0 . 2 6  11.11 1 .34  0 . 2 3  0 . 2 3  
NUMBER 2 2 2 

ZF MEAN 0 . 3 6  0 .26  8 .07  0 . 8 6  0 .30  0 . 2 2  
MINIMUM 0 . 2 5  0 . 2 5  2 . 9 9  0.88 0.23 U.23 
MAXIMUM 0 . 4 7  0 . 4 6  13.66 1 . ~ 3  U.3'7 0 .37  
NUMBER 2 2 2 

2G MEAN 0 . 4 3  0.35 7.53 1 .21  0 .22  0 . 2 2  
MINIMUM 0 . 4 3  0 .35  7 . 5 3  1.21 0 .22  0 . 2 2  
MAXIMUM 0 . ~ 3  0 . 3 5  7 . 5 3  I .ZI 0.22 0.22 
NUMBER I I 1 

EPA-Drinking Water 
R e g u l a t i o n s  [18 1 and 
R a d i a t i o n  C o n c e n t r a t i o n  

' Guides  [17] 15 3000a 20 8 

aIf 125-1331 and 
' O S ~  n o t  p r e s e n t .  Vumber: samples  analyzed. p e r  y e a r  

1 nCi  = 3 . 7  x 1 0  Bq. 

pCi = 3 . 7  x l o - *  Bq. 



TABLE 2 1  

1979 BNL WASTE MANAGEMENT AREA PART 1 

GROSS GROSS 
ALPHA ERROR BETA ERROR TRIT IUPI ERROR SR90 ERROR 

( P C I / L )  ( P C I I L )  ( N C I I L )  ( P C I / L )  

WE MEAN 0 . 7 2  0.21 204.67 2 . 6 8  10.00 0 '7 40 .97  0 .72  
MINIMUM 0.61 0 . 3 5  42.54 2 . 1 7  1 . 6 9  0 .  .:8 40.97 0 .72  
MAXIMUM 0.81 0 . 3 7  477.60 7 .07  20 .00  0.60 40 .97  0 . 7 2  
NUMBER 3 3 3 I 

WC MEAN 0 .77  0 .  157.00 4 .08  21.90 0 .60  60.18 0.84 
. V!NIMUM 0 .77  0 .41  157.00 4 .08  2 1 . 9 0  0 .60  60.18 0 .84  

MAXIMUM 0 .77  0 .  157.00 4 . 0 8  21 .90  0 .60  60 .18  0 .84  
NUMBER I 7 I I I 

WD MEAN 0 . 4 4  0.14 27.07 0 .80  2 0 . 6 0  0 . 3 9  9 .47  0 . 3 6  
MINIMUM 0 . 2 5  0 .25  16.77 1 .46  2 .75  0 . 3 0  8 .97  0 .40  
MAXIMUM 0 .67  0 . 3 6  39 .07  2.09.  52 .10  1.70 10.01 0 . 2 8  
NUMBER 5 5 5 3 

WE MEAN 0 .25  0 .25  15.36 1 .36  0 . 2 3  0 . 2 3  5 . 8 3  0 . 2 7  
MINIMUM 0 .25  0 . 2 5  15.36 1 .36  0 .23  0 . 2 3  5 .83  0.27 
MAXIMUM 0 . 2 5  0 .25  15.36 1 . 36  0 .23  0 . 2 3  5 . 8 3  0 . 2 7  
NUMBER I 1 i I 

W J  MEAN 0 .61  0 .34  9 . 0 1  1.16 1 . 8 2  0 .28  0.84 0 .13  
MINIMUM 0.61 0 . 3 4  9 . 0 1  1 . I 6  1.82 0 . 2 8  0.84 0 . 1 3  
MAXIMUM 0.61 0 .34  9 . 0 1  1 . I 6  1 .82 0 . 2 8  0.84 0 .13  
NUMBER 1 I I I 

WK MEAN 1.51 0 . 5 1  148.66 2 . 0 5  5 . 3 9  0 .23  66.17 0 .49  
MINIMUM 0 . 2 0  0.20 79 .49  2 .87  2 . 6 2  0 . 2 1  34.70 0 . 6 3  
MAXIMUM 2 . 2 3  0.61 228.70 4 . 6 9  9 .05  0 .43  106.90 1.20 
NUMBER 6 G 6 3 

WL MEAN 0 .88  0 .18  129.13 1 . 6 2  , 3 . l  l 0 .26  57 .92  0 . 5 8  
MINIMUM 0.34 0 .27  69 .28  2 .70  0 . 5 5  0 .25  35.69 0 .71  
MAXIMUM 1 .80 0 .55  188.00 r . 5 1  5 . 5 2  1 . I 5  79.70 1 .03  
NUMBER 5 5 5 3 

WM MEAN 0.61 0 .38  26 .93  1 .82  4 .  l l  0 .34  2 . 2 2  0 . 1 8  
MINIMUM 0.61 0 . 3 8  26 .93  1 .82  4 . 1 1  0 .34  2 . 2 2  0 . 1 8  
MAXIMUM 0.61 0 .38  2 6 . 9 3  1 .82  4 .  l l  0.34 2 . 2 2  0 . 1 8  
NUMBER 1 1 I I 

WN MEAN 0 .23  0 .23  1.84 0 . 8 3  0 . 5 8  0 . 2 5  0.11 0 . 0 8  
MINIMIIM n.?3 n.73 I . ~ 4  n . ~ : {  n . 5 ~  n .? i  rl . I I rl . ~ I R  
MAXIMUM 0 .23  0 .23  1.84 0 .83  0 .58  0 . 2 5  G . 1 1  0 .08  
NUMBER 1 1 I I 

WU MEAN 0 .27  0 . 2 7  1.00 0 . 7 5  0 . 2 0  0.20 0 .12  0 .08  
MINIMUM 0 .27  0 . 2 7  1.00 0 . 7 5  0.20 0.20 0 .12  0 .08  
MAXIMUM 0 .27  0 . 2 7  I .DO 0 .75  0 . 2 0  0.20 0 .12  0 .08  
NUMBER I I I I 

WV MEAN 0 .27  0.27 0 . 9 8  0 .73  0.20 0 . 2 0  
MINIMUM 0 .27  0 . 2 7  0 . 9 8  0 .73  0 . 2 0  0 .20  
MAXIMUM 0.27 0.27 0.90 0.73 0.20 0.20 
NUMBER I I I. I 

WW MEAN U .  I 5  U.15 I .  U.H2 U.2U 0.20 
MINIMUM 0 . 1 3  0 . 1 3  1.72 0 . 8 2  0 . 2 0  0.20 <MDL 
MAXIMUM 0 .13  0 .13  1 . 7 2  0 . 8 2  0 .20  0 .20  
NlJMBER I I I 1 



TABLE 21 (.Continued) 

1979 BNL WASTE MANAGEMENT AREA PART 2 

GROSS GROSS 
ALPHA ERROR BETA ERROR TRITIUM ERROR S R ~ O  ERROR 

( P C I / L )  ( P C I / L )  ( N C I / L )  ( P C I / L )  

WX MEAN 0.30 0.30 1.14 0 . 7 6  0.20 0.20 
MINIMUM 0.30 0.30 1.14 0 .76  0.20 0.20 
MAXIMUM 0.30 0 . 3 0  1.14 0 .76  0.20 0.20 
NUMBER I I 1 

W t  MEAN 1.38 1.38 5 .60  5 .60  0 .20  0 . 2 0  
VINIHUM 1.38 1.38 5.GO 5.CO 0 .20  0 . 2 0  
MAXIMUM 1.38 I. 3H 5 . 6 0  5 .60  0.20 0 . 2 0  
NUMBER I I I 

W 1 MLAN U . 5 5  U . l l  IH.dY U.bb I . l b  U.dLt I. bll U .c"l 
MINIMUM 0 . 2 0  0.20 10.04 1 . I 7  0 . 3 6  0 .25  4.30 0 .25  
MAXIMUM 0 .49  0 .28  27 .03  1.74 1.7G 1.10 10.98 0.41 
NUMBER 5 5 5 2 

W3 MEAN 0 .15  0 .15  1.44 0 .93  0.31 0.31 
MINIMUM 0.15 0 .15  1.44 0 .93  0.31 0.31 
MAXIMUM 0 .15  0 . ! 5  1.44 0 .93  0.31 0.31 
NUMBER 1 1 i 1 

W4 MEAN 0 .18  0 .15  3 . 7 8  1.13 0 . 2 2  0 .22  0 . 1 3  0 . 0 9  
MINIMUM 0 .18  0 .15  3 .78  1 .13  0 .22  0 .22  0 . 1 3  0 . 0 9  
MAXIMUM 0 .18  0.15 3 . 7 8  1 .13  0 . 2 2  0 .22  0 .13  0 . 0 9  
NUMBER 1 1 1 I 

1-15 ME Alrl 0.36 0.21 2.36 1 .06  0 .22  0 .22  
MINIMUM 0 .36  0 .21  2 . 3 6  1 .06  0 . 2 2  0 . 2 2  
MAXIMUM 0.36 0 . 2 1  = . 3 6  1 .06  0.22 0 . 2 2  
NUMBER I I 1 

W MF AN 1 . 4  lI.iJ4 I .  I1.AW 11.31 11.31 
MINIMUM 0.24 0.24 1.62 0 . 8 8  0 . 3 1  0 . 3 1  +DL 
MAXIMUM 0 .2h  0.24 1.62 0 . 8 8  0 .31  0 . 3 1  
NUMBER I I 1 1 

W8 MEAN 0 .15  0.14 2 .84  1 . I 0  0 . 2 2  0 .2?  
MINIMUM 0 .15  0.14 2 .84  1 .10  0.22 0 . 2 2  
MAXIMUM 0 .15  0 .  I1l 2.8I i  1 . I 0  0 .22  0 . 2 2  

18 ME AN 1 . 1 1  0 . 5 1  3 . 9 5  0 .99  0 . 3 9  0 . 2 9  0 . 1 2  0 . 0 8  
MINIMUM 1.11 0 .51  3 .95  0 .99  0 . 3 9  0 . 2 4  0 .12  0 .08  
MAXIMUM 1 . 1 1  0.51  3.95 0.99 0 .39  0.24 0 2 0 .08  
NUMBER, I 1 I I 

19 MEAN 0 .43  0 . 2 8  21.88 1.82 0 .23  0 . 2 3  0.40 0.10 
MINIMUM 0 .43  0 . 2 8  2 1 . 8 8  1.62 0 .23  0 .23  0 . 4 0  0.10 
PlAXIfdUI.1 0 .93 '  0 .28  2 1 . 8 8  1.62 0 .23  0 . 2 3  6 .49  6.10 
NUMBER I 



TABLE 21 (Continued) 

1979 BNL LAND FILL AREA 

CROSS GROSS 
ALPHA ERROR BETA ERROR TRITIUM ERROR SR90 ERROR 

. IPCIILI IP~: I I I  I INCIILI 

UF MEAN 0.25 0.18 2.?8 0.61 1.21 1.11 0.47 0 .  I 0  
MINIMUM 0.24 0.24 2.14 0.82 0.22 0.22 0.47 0.10 
MAXIMUM 0.25 0..25 2.42 0.89 ? 2 0  2.20 0.47 C.10 
NUMBER 2 2 2 I 

WC MEAN 0.27 0.17 1.64 0.60 0.22 0.15 0 7  0.10 
' ' ! ~ l ~ ~ ~ ~  0 . 3  n.73 0.97 0.76 0.22 0.22 0.17 0. iO 
MAXIMUM 0 3 0  0.24 2.30 0.92 . 0.22 0.17 d.10 
NUMBER 2 2 I 

MEAN 
nlNlnun 
nAx I nun 
NUMBER 

ME AN 
MlNlnun 
nAx I nun 
H;J?IBEfi 

MEAN 
MlNlnun 
MAX l MUM 
NUMBER 

MEAN 
illNlMUM 
nAx I nun 
NUMBER 

MEAN 
MINIMUM 
MAX IMUX 
NUMBCR 

ME AN 
n lNlnun 
MAX l MUM 
NUMBLR 

MEAN 
MiNIYUM 
HhX I :lUM 
NUMBER 

MEAN 
nlNlnun 
MAX I MU?( 
NUMBER 

MEAN 
nlNlnun 
MAX l MUM 
>runr.m 



TARLE 2 1  (Continued) 

1979 BNL 650 SUMP AREA AND FORMER DUMP AREA 

G1;ilSS GROSS 
ALPHA ERROR BETA ERROR TRITIUM ERROR SRYO ERROR 

( P C I / L )  ( P C I / L l  ( N C I / L )  ( P C I / L l  

650 SUMP AREA 

I A MEAN 0 0 . 2 9  106.00 3.31 0 .23  0 .23  53 .08  0.80 
MINIMUM 0.44 0.29 106.00 3.31 0 .23  0 .23  53.08 0 .80  
MAXIWM 0 . 4 4  0 . 2 9  106.00 3.31 0 .23  0 .23  53 .08  0.80 
NUMBER 1 1 I I 

I C MEAN 0 . 1 3  0 . 1 3  1.55 0.84 0.21 0 . 2 1  0.54 0 .  I 4  
MINIMUM 0 .13  0 . 1 3  1.55 0.84 0 .21  0.21 0.54 0.14 
MAXIMUM 0 . 1 3  0.13 1 .55  . 0 .84  0.21 0.21 0.54 0.14 
NUMBER I I I 1 

ID MEAN 0-23 0:23 I :eL! 0 . Q l  0.23 0 . 2 3  0 .87  0 . 1 2  
MINIYUW 0.?3 0 . ~ 3  I.BQ o.er 0 . ~ 3  0 .23  n . ~ 7  0.12 
MAXIMUM 0 .23  U.23 I .89 0 .81  0 .23  0 .23  0 .87  0.12 
NUMBER I 1 I 1 

I E MEAN 0.23 0 , 2 3 .  117,40 3,46 2 0.e1 57.11 0.81 
MINIMUM 0 .23  0.23 117.40 3.46 0 .21  0 .21  57.11 0.81 
MAXIMUM 0 . 2 3  0 .23  117.40 3 . 4 6  2 0.21 57.11 0 . 8 1  
NUMBER 1 I I I 

1 F MEAN 
MINIMUM 
MAX l MUM 
NUMBER 

I H MEAN 
MINIMUM 
MAX l MUM 
NUMBER 

FORMER DUMP AREA 

1.10 MEAN 
M l N I MUM 
MAX l MUM 
NUMBER 

WP Mt AN 
M 1 N l MUM 
MAX l MUM 
NUMBER 

WQ MEAN 0 . 2 6  0:26 1.26 0 .82  0.22 0 .22  
MiNlMUM 0.26 0 . 2 6  1 .26  0 .82  0 . 2 2  0 . 2 2  
MAXIMIIM n .?E n .?fi 1-26 0,82 0:22 0.22 
NUMBER 1 I I 

I I YE AN 0 . 2 3  0 . 2 3  I .  19 I. 19 0.22 0 . 2 2  0 . 1 :  0 . 0 8  
MINIMIJM 0 . 2 3  0 . 2 3  1 . 1 q  1 . I 9  0.22 0.22 0 .1 ;  0 .08  
MAXIMUM U 5 0.23 1.19  1.19 0 .22  0 .22  0 .11  0 .08  
NUMBER 1 I I 1 

1 J MEAN 0 . 2 6  0 . 2 6  0 . 9 1  0 . 7 9  0 . 2 2  0.22 0 .11  0.10 
t i  I I I I I n 7 n . ;.r, 1-1.91 n.79 G 0.22  O , I I  0,111 
MAXIMUM 0 . 2 6  0 .26  0.91 0 . 7 9  0 .22  0 .22  0.11 0.10 
NUMBER I I I 1 

EPA-Drinking Water 
Regua l t iu r i s  [181 
R a d i a t i o n  C o n c e n t r a t i o n  
G u i d e s  [ 171 15 3000a 

a ~ f  125-133~ and ''~r n o t  p resen t .  
1 

n C i = 3 . 7 x 1 0  Bq. p C i = 3 . 7 ~ 1 0 - * ~ ~ .  Number: samples analyzed p e r  year  



(with r e f e r ence  t o  ground water  movement) of t he  Laboratory and the  Peconic 
River ,  which had i n  1978 i n d i c a t e d  concen t r a t i ons  approachin one t o  two 
pCi !?,-I, showed a  s l i g h t  decrease  i n  concen t r a t i on .  Whether t h e  6oSr p re sen t  i n  
these  we l l s  r e s u l t  from Laboratory ope ra t i ons  o r  no t ,  the  above va lues  confirm 
t h a t  t he  EPA dr ink ing  water  l i m i t  of 8  pCi R-' (18)  has no t  been exceeded. I n  
order  t o  e s t a b l i s h  "backgroundt1 l e v e l s  of 9 0 ~ r  i n  l o c a l  ground water remote from 
the  p o s s i b l e  i n f luence  of any BNL e f f l u e n t ,  t h i s  Laboratory c o l l a b o r a t e d  with 
the  Suf fo lk  County Department of Heal th  Serv ices  (SCDHS) dur ing  July/August 
1979, i n  t he  c o l l e c t i o n  and a n a l y s i s  of  a  number of samples from the  county-wide 
network of  t e s t  we l l s .  Twenty t h r ee  samples were c o l l e c t e d  from we l l s  l oca t ed  
from Babylon t o  Southhampton and having depths  ranging from 8 m ( sha l low)  t o  86 
m (deep) .  I n  a d d i t i o n ,  samples were c o l l e c t e d  from 20 p r i v a t e  we l l s  which a r e  
used as  supply of d r ink ing  water  i n  homes, schools  and f i r e  s t a t i o n s  l oca t ed  p r i -  
mar i ly  e a s t  of the  Laboratory.  A l l  43 samples were analyzed f o r  9 0 ~ r  by t h i s  
Laboratory.  The r e s u l t s ,  based on a  minimum l e v e l  o f  d e t e c t i o n  of 0.1 pCi !?,-I 

i nd i ca t ed  t h a t  the l a r g e s t  concen t r a t i on  was found i n  four  of  t he  t e s t  
wel l s  and ranged from 1.1 t o  2.75 R-' pCi whi le  t h e  r e s t  of t h e  we l l s  were below 
0.5 pCi R-l. When the  gOSr concen t r a t i ons  were r e l a t e d  t o  the depth of t he  
water  t a b l e ,  i t  was apparent  t h a t  t he  l a r g e s t  concen t r a t i ons  were p re sen t  i n  t he  
shallow wel l s  r ega rd l e s s  of t h e i r  proximity t o  the  Laboratory.  This  obse rva t ion  
c a s t s  doubt on t h e  assumption made i n  t he  1978 Environmental Monitoring Report 
t h a t  the presence of 9 0 ~ r ,  i n  concen t r a t i on  of 1-2 pCi R - l ,  i n  samples c o l l e c t e d  
from shallow p r i v a t e  wel l s  l oca t ed  a  s h o r t  d i s t a n c e  e a s t  of t he  Laboratory s i t e  
and ad jacent  t o  the  Peconic River  was e n t i r e l y  the  r e s u l t  o f  p a s t  r e l e a s e s  by 
the  Laboratory i n t o  the  Peconic River .  It now appears  t h a t  most,  i f  n o t  a l l ,  of 
the 9 0 ~ r  concent ra t ions  found i n  t he se  we l l s  is  most l i k e l y  from f a l l o u t  from 
p a s t  nuc l ea r  weapon t e s t s .  A review of  t h e  d a t a  on t h e  l e v e l s  of f a l l o u t -  
r e l a t e d  9 0 ~ r  i n  p r e c i p i t a t i o n  shows t h a t  it was p re sen t  i n  y e a r l y  average concen- 
t r a t i o n s  of more than 2 pCi R-' from 1953 t o  1965, wi th  the  except ion  o f  1959. 
The maximum concen t r a t i on  measured l o c a l l y  was 26 pCi k-l i n  1963. 

According t o  l o c a l  and s t a t e  r a d i o l o g i c a l  h e a l t h  a u t h o r i t i e s ,  t h e  h e a l t h  
s i g n i f i c a n c e  of these  small  amounts of 9 0 ~ r  is  minimal. The EPA l i m i t  f o r  9 0 ~ r  
i n  a  community water  supply ( a p p l i c a b l e  t o  the  ground water  i n  Suf fo lk  as  a  
t t  s o l e  sourcet1 o f  d r ink ing  water (25 ) )  i s  8 pCi !?,-l (18) .  This  would correspond 
t o  a  y e a r l y  dose commitment of four  mi l l i r ems .  

The cu r r en t  average concen t r a t i on  of  pa s t  weapons t e s t i n g  r e l a t e d  i n  
milk from a l o c a l  d a i r y  i s  about 14 pCi !?,-I whi le  t h e  average t o t a l  d i e t a r y  in -  
take of 9 0 ~ r  i n  the New York a r e a  i s  about 8  pCi d- l .  A y e a r l y  dose commitment 
of four  mi l l i r ems  i s  wi th in  t h e  l o c a l  f l u c t u a t i o n s  of e x t e r n a l  background r ad i a -  
t i o n ,  which averages about 70 mi l l i rems  per  year  on Long I s l a n d .  

Compared with the  va lues  de t ec t ed  i n  1974-1978, t h e  g ros s  b e t a ,  t r i t i u m  
and 9 0 ~ r  a c t i v i t y  concen t r a t i ons  f o r  1979 have, i n  most ca se s ,  decreased t o  50% 
of t he  va lues  i n  1977 i n  s e v e r a l  we l l s  ad j acen t  t o  t h e  s o l i d  waste management 
a r ea .  The e l e v a t e d  9 0 ~ r  a c t i v i t y  concen t r a t i ons ,  exceeding Drinking Water 
Standards,  i n  we l l s  WK, WL, WB and WC cont inue t o  r e f l e c t  t h e  i nadve r t en t  i n j e c -  
t i o n  i n  1960 of  approximately 1 C i  (3.7 x  10lo Bq) of  t h i s  nuc l ide  i n t o  ground 
water  a t  wel l  WA. The concen t r a t i ons  i n  we l l s  WK and WL, which had decreased by 
20 t o  30% of the 1977 l e v e l s ,  remained a t  the  l e v e l  seen i n  1978, while  wel l  WB, 



which i s  ad j acen t  t o  WA, has decreased by a  f a c t o r  of 2 ,  bu t  w e l l  WC has 
i nc reased  t o  12 times the  1978 l e v e l .  Other w e l l s ,  such a s  WD, WE, WM, W 1  and 
19 have a l l  shown decreases  i n  g ros s  b e t a  and 9 0 ~ r  a c t i v i t y  when compared t o  
1978 l eve  1s. Such f l u c t u a t i o n s  r ep re sen t  the  complex i n t e r a c t i o n  o f  ground 
water  movement r a t e s  and d i s t r i b u t i o n  c o e f f i c i e n t s  of  t he  elements i n  t h e  s o i l  
ma t r ix .  The g ros s  b e t a  and t r i t i u m  a c t i v i t y  concen t r a t i ons ,  which had shown an 
inc reas ing  t r end  s i n c e  1974, decreased i n  s e v e r a l  we l l s  immediately ad j acen t  t o  
the  l a n d f i l l  a r e a  and r e f l e c t s  movement and d i l u t i o n  through ground water .  A 
f u r t h e r  decrease  i n  a c t i v i t y  concen t r a t i ons  was apparen t  i n  we l l s  ad j acen t  t o  
the  former open dump when compared t o  t he  yea r s  1974-1978. The g ros s  b e t a  and 
9 0 ~ r  va lues  i n  we l l s  1 A  and l H ,  monitor ing t h e  decontaminat ion f a c i l i t y  (Bldg. 
650) sump, which had increased  by a  f a c t o r  of two i n  1978 showed s i g n i f i c a n t  r e -  
duc t ions  i n  a c t i v i t y  i n  1979 bu t  we l l  1 E  has i nc reased  twofold without  a  s i m i l a r  
i n c r e a s e  i n  9 0 ~ r  concen t r a t i on ,  while  the  o t h e r  we l l s  around t h i s  sump a r e a  have 
f u r t h e r  decreased when compared t o  the  concen t r a t i ons  dur ing  1974-1978. I n  view 
of the  new s t anda rds  t h a t  a r e  a p p l i c a b l e  t o  ground water systems,  the  g ros s  b e t a  
and 'OSr indeed exceed t h e  l i m i t s .  However, i n  t h e  case  of " ~ r ,  c a l c u l a t i o n s  
based on ground water  t r a v e l  t imes,  9 0 ~ r  d i s t r i b u t i o n  c o e f f i c i e n t  f o r  ion- 
exchange and d i s t a n c e  t o  p o t e n t i a l  u s e r  ( a s  d r ink ing  water )  i n d i c a t e  t r a v e l  time 
g r e a t e r  than two 'OSr h a l f - l i v e s  (approximately 60 y e a r s )  t o  reach a r ea s  where 
exposure can occur .  Based on t h e  e x i s t i n g  l e v e l s  i n  t he  above w e l l s ,  t he  Labora- 
t o ry  does not f o r e s e e  t h i s  i nadve r t en t  dumping of  9 0 ~ r  i n  wel l  WA and the  650 
sump area w i l l  cause t he  concen t r a t i ons  of 'OSr i n  we l l s  o f f - s i t e  t o  exceed EPA 
d r ink ing  water l i m i t s .  A study on 90Sr i n  groundwater d i scussed  elsewhere i n  
t h i s  s e c t i o n  f u r t h e r  s u b s t a n t i a t e s  the  above obse rva t ion .  

Severa l  water q u a l i t y  and p u r i t y  parameters were eva lua ted  f o r  a l l  ground 
water  s u r v e i l l a n c e  w e l l s .  The d a t a  f o r  those  we l l s  nearby t o  on - s i t e  sumps, t he  
sand f i l t e r  beds ,  and downstream of the  Peccnic  River  on- and o f f - s i t e ,  a r e  
shown i n  Table 22. S i m i l a r l y ,  t h e  d a t a  f o r  wel l s  nearby t o  t he  s o l i d  waste man- 
agement a r e a ,  the  l a n d f i l l ,  the  dump a r e a  and the  650 sump, a r e  shown i n  Table 
23.  Table 24 p r e s e n t s  s i m i l a r  d a t a  f o r  po t ab l e  and cool ing  water  supply w e l l s .  
This  d a t a  i s  f u r t h e r  compared wi th  tap  water ,  f o r  a  few of the  parameters ,  in 
t h e  same t a b l e .  I n  a l l  ca se s ,  t h e  ground w a t e ~  q u a l i t y  parameters were wi t h i n  
s tandard  l i m i t s .  Analyses f o r  s e l e c t e d  meta l s  were conducted f o r  a  few we l l s  im- 
media te ly  ad j acen t  t o  t he  sand f i l t e r  beds,  t o  t he  Peconic River ,  t o  t he  waste 
management, l a n d f i l l  and former dump a reas .  These d a t a  a r e  shown i n  Table 25. 
Resu l t s  of t r a c e  element ana lyses  f o r  po t ab l e  and cool ing  water  supply w e l l s ,  
and t ap  water a r e  given i n  Table 26. 

I n  general,  tho  da t a  wcrc comparable t o  that observed clur.;ug 1974-1978. 
With the  except ion  of  pH, a l l  analyzed water q u a l i t y  parameters  were w i t h i n  New 
York S t a t e  Water Qua l i t y  Standards (13 ) .  The somewhat lower pH l e v e l s  appear  t o  
r e f l e c t  n a t u r a l  ambient l eve l s ,  s i n c e  h ighe r  pH 1 eve l s  w e r e  present i n  the  i npu t  
t o  and output  from t h e  sewage t rea tment  p l a n t  ( s e e  Table 10 ) .  Concentrat ions of 
Fe,  Zn and Pb i n  excess  of water q u a l i t y  s tandards  were found i n  some of the  
we l l s  immediately ad j acen t  t o  t he  sand f i l t e r  beds,  t h e  Peconic River ,  l a n d f i l l  
a r e a s ,  and the  650 sump a rea .  It i s  not  c l e a r  t o  what e x t e n t  they may be  an a r -  
t i f a c t  produced by the sampling we l l  c a s ings ,  o r  r e f l e c t  t he  leaching  of accumu- 
l a t i o n s  of  these  meta l s  from p a s t  Laboratory r e l e a s e s .  A program t o  compare e f -  
f e c t s  of wel l  c a s ings  has  been i n s t i t u t e d  i n  1980. Tracing the  l e v e l s  of these  



L O C A T I O N  SAMPLE 

X A MEAN 
M I N I M U M  
MAX l MUM 
NUMBER 

XB MEAN 
M l N l M U M  
MAX I MUM 
NUMBER 

XC MEAN 
M I N I M U M  
MAX l MUM 
NUMBER 

XD MEAN 
M l N l M U M  
MAX l MUM 
NUMBER 

XE MEAN 
M l N l M U M  
MAX I M'JM 
NUMBER 

MEAN 
M I N I M U M  
MAX l MUM 
NUMBER 

MEAN 
M I N I M U M  
MAX l MUM 
NUMBER 

MEAN 
M l N l M U M  
MAX l MUM 
NUMBER 

MEAN 
M I N I M U M  
MAX 1 MUM 
NUMBER 

MEAN 
M I N I M U M  
MAX l MUM 
NUMBER 

MEAN 
M I N I M U M  
MAX l MUM 
NUMBER 

X L  MEAN 
M l N l MUM 
MAX l MUM 
NU!IBtH 

XM MEAN 
M l N l M U M  
MAX l MUM 
NUMBER 

XN MEAN 
M I N I M U M  
MAX l MUM 
NUMBER 

XO MEAN 
M I N I M U M  
MAX l MUM 
NUMBER 

XR MEAN 
t I I N I M U M  
MAX l MUM 
NUMBER 

X S  MEAN 
M I N I M U M  
MAX l MUM 
NUMBER 

1 9 7 9  BNL ENVIRONMENTAL MONITORING SAND F I L T E R  BEDS AND PECONIC R I V E R  AREA WELLS 
WATER Q U A L I T Y  AND P U R I T Y  

D l  SSOLVEO N I T R A T E  TOTAL D I S S O L V E D  CONDUC- COLIFORM COLIFORM 
TEMPERATURE OXYGEN CHLORIDES NITROGEN PHOSPHOROUS S O L I D S  T l V l T Y  F E C A L  TOTAL 

P H  ( P P M I  ( P P M I  ( P P M I  ( P P M I  ( P P M I  MICROMHO/CM ( 1 1 0 0  M L I  ( 1 1 0 0  M L I  



TABLE 22 (.Cant inued) 

1979 BNL ENVIRONMENTAL MONITORING MISCELLANEOUS ON S ITE  WELLS 
UAlER QUAL l TY AN0 PURITY 

0 I SSOLVEO NITRATE TOTAL DISSOLVED CONOUC- COLIFORM COLIFORM 
TEMPERATURE OXYGEN CHLORIDES NITROGEN PHOSPHOROUS SOLIDS T l V l T Y  FECAL TOTAL 

LOCAT ION SAMPLE PH (PPMI 1PPMl (PPM) IPPM) (PPM) MICROMHO/CM 11100 MLI  ( 1 1 0 0  ML1 

XU MEAN 
MINIMUM 
MAX l MUM 
NUMBER 

XX MEAN 
MINIMUM 
MAX l MUM 
NUMBER 

XY MEAN 
MINIMUM 
MAX l MUM 
NUM8ER 

XZ MEAN 
MINIMUM 
MAX l HUH 
tlUM8ER 

X I MEAN 

xa KAPJ 
l l l l l l t l L t l l  
MAX I Mm 
NUMsER 

XS M A N  
MlNIMR( 
MAX l MJM 
NUnsER 

MEAN 
MINIMUM 
MAX I nun 
NUMBER 

MEAN 
MINIMUM 
MAX l MUM 
NUM8ER 

MEAN 
t1I t l  It!UI! 
MAX l MUM 
NUMBER 

MEAN 
MINIMUM 
MAX I MUM 
NUMBER 

MEAN 
MINIMUM 
MAX l MUM 
NUMBER 

MEAN 
MINIMUM 
MAX l MUM 
NUM8ER 

PIE AN 
MINIMUM 
MAX l MUM 
NUMBER 

MEAN 
MlNlMUM 
I4AX I PIUI.1 
NUMBER 

MEAN 
MlNlMUM 
MAXIMUM , 

NUM8ER 

MEAN 
MINIMUM 
MAX 1 MUM 
NUMBER 

i'G ME AN 2 I 5 . 7  2 .6  26.2  0 . 0 9  0 . 2 6  , 101 143  0 
MINIMUM 2 1 5 . 7  2 .6  26.2  0 . 0 9  0.26 101 143 0 
MAX I MUM 2 1 5.7 2 .6  26 .2  0 . 0 9  0.26 101 143 0 

Reference Standards - Table 29 

:lumber: samples analyzed per year 
- 62 - 



O
O

O
N

 
0

0
0

-
 

0
0

0
-
 

0
 

0
 

O
O

O
f
 

0
0

0
-
 

0
 

0
 

0
0

0
-
 

0
0

0
-
 

0
0

0
-
 

0
0

0
-
 

0
 

0
0

0
-
 

C
O

O
-
 

0
0

0
-
 

m
r

~
m

 
Y

Y
Y

-
 

-m
o

m
 

Y
Y

Y
-

 
m

m
m

- 
r

m
m

m
 

f
o

r
m

 
m

m
m

- 
m

m
m

- 
m

m
m

- 
m

m
m

- 
m

m
m

- 
m

o
m

- 
---- 

m
w

m
m

 ---- 
m

m
m

- 
m

m
m

- 
o

r
?

 
0

0
0

 
-
O

N
 

Y
~

Y
 

m
m

 
m

m
 

m
m

o
 

Y
Y

Y
 

l
n

 m
m

n
 

m
m

 
m

a
 

m
m

m
 

m
 

coo 
n

m
m

 
Y

Y
Y

 
- 

--- 
--- 

- 
- - - 

o
-

r
m

 
m

m
m

- 
m

o
m

m
 

m
o

m
- 

o
o

o
-
 

m
m

o
m

 
m

m
m

z
 ---- 

m
m

m
- 

0
0

0
-
 

m
m

m
- 

o
o

o
-
 

r
r
r
-
 
r
r
r
-
 

m
m

~
m

 
r

n
m

-
 

m
m

m
- 

o
o

o
-
 

m
 

m
 

r
r
r
 

m
 

m
m

m
 

r
 

m
m

rn
 

r
m

m
 

o
o

o
 

m
rn

m
 

Y
 

N
N

N
 

r
r
r
 

m
m

:n
 

m
m

m
 

m
m

m
 

u
-m

a
 

Y
Y

Y
 

Y
Y

Y
 

- - - 

- - - 
N

N
N

 
N

O
 

N
N

N
 

N
N

N
 

m
-m

 
m

-m
 

N
 

N
 

N
N

N
 

N
N

N
 

N
N

N
 

N
U

 
N

 
N

-
 

--- 
--- 

--- 
0

0
0

 
0

0
0

 
O

O
N

 
0

0
0

 
0

0
0

 
0

0
0

 
0

0
0

 
0

0
0

 
0

0
0

 
0

0
0

 
0

0
0

 
0

0
0

 
0

0
3

 
0

0
0

 
0

0
0

 
0

0
0

 
0

0
0

 
0

0
0

 
.

.
.

.
.

.
.

.
.

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

~
o

m
m

 
0

0
0

-
 

o
o

o
m

 
m

o
o

-
 

o
o

o
-
 

o
o

o
m

 
d

d
d

m
 
d

d
d

- 
d

d
d

- 
d

d
d

- 
d

d
d

- 
d

d
d

- 
d

d
=

- 
d

d
d

- 
d

o
d

m
 
o

o
o

-
 

o
o

o
-
 

o
o

o
-
 

- - 
--- 

o
o

o
 

Y
N

 
a

m
 

Y
 

m
m

m
 

--- 
--- 

--- 
m

 
--- 

n
m

m
 

N
N

N
 

m
m

m
 

m
m

m
 

N
 

""wy
 

0
0

0
 

w
w

 
0
 
'
 "' 

7
7

7
 

0
0

0
 

0
0

0
 

0
0

0
 

0
0

2
 

0
0

0
 

7
 

"m 
"
0

0
 

0
0

0
 

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

.
.

.
.

.
.

 
.

.
.

 
I 

~
o

m
m

 
r
r
r
-
 

-
0

-
0

 
o

o
o

-
 

o
o

o
-
 

-
0

-
m

 
-

o
~

m
 oo

o
-
 

o
o

o
-
 

0
0

0
-
 

o
o

o
-
 

o
o

o
-
 

0
0

2
-
 

o
o

o
-
 

0
0

-m
 

m
m

m
- 

o
o

o
-
 

o
o

o
-
 

m
 

Nu!? 
'4'4w 

r
o

-
 

.
.

.
.

.
.

 
.

.
.

 
?

?
?

 
7

7
7

 
.

.
.

.
.

.
.

.
 

.
.

.
 

m
 

9
 

--- 
.--- 

m
 

0
0

0
 

w
w

 
9
9
9
 

w
 

m
y

?
 

~
m

m
 

0
0

0
 

S
Y

Y
 

m
p

m
m

 
m

m
m

- 
m

r
r

m
 
N

N
N

-
 

m
o

m
- 

r
m

m
z

 
m

-
r

m
 

m
m

m
- 

m
tn

m
- 

m
m

m
- 

N
N

N
-
 

Y
Y

Y
-

 
m

m
n

- 
u

m
m

- 
m

m
~

l
n

 r
r
r
-
 

Y
Y

Y
-

 
m

m
m

- 
- - - 

o
m

o
 

?
?

?
 

m
?
?
 

o
o

o
 

o
 

m
o

m
 

r
r
r
 

0
1

0
 

o
o

o
 

w
w

 
m
m
m
 

0
0

3
 

Y
 

m
o

m
 

0
0

0
 

0
0

0
 

0
0

0
 

.
.

.
.

.
.

.
.

.
.

.
.

 
.

.
.

 
.

.
.

 
m

z
r

m
 
r
r
r
-
 

m
m

m
m

 
m

m
m

- 
r
r
r
-
 

m
m

m
m

 
&

&
&

in
 

d
id

-
 

&
+

&
- 

m
m

m
- 

r
r
r
-
 

m
m

m
- 

m
m

n
- 

r
r
r
-
 

m
m

m
m

 
r

r
p

-
 

o
o

o
-
 

o
o

o
-
 

--- 
--- 

N 
N 

w 
y 

N 
?
 

?
" 

9
7

7
 

?
?

?
 

www 
9

9
9

 
www 

9
9

9
 

""0"77 
7

?
?

?
 

0
9

9
 

m
m

m
m

 
m

o
m

- 
m

r
m

m
 

m
m

m
-- 

m
m

m
- 

m
m

m
m

 
m

r
m

m
 

m
m

m
- 

m
n

m
- 

m
n

m
- 

m
m

m
- 

m
o

m
- 

m
o

m
- 

m
m

m
- 

m
m

m
m

 
m

o
m

- 
m

m
m

- 
m

o
m

- 

r
m

m
m

 
m

m
u

,- 
w

o
r

m
 

m
m

m
- 

m
m

m
- 

-
o

~
m

 -o
w

n
 

Y
Y

Y
-

 
m

m
m

- 
o

o
o

-
 
---- ---- 

N
N

IU
- 

--.-- 
-o

m
m

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

--- 
--- 

--- 
--- 

--- 
--- 

--- 
--- 

--- 
--- 

--- 
--- 

--- 
--- 

--- 
--- 

--- 

f
f
a
 

f
f
a
 

5
5
a
 

f
f
a
 

f
f
a
 

5
3
a
 

f
a

 f
a

 
a
 

f
a

 
5
5
u
 

5
f
a
 

a
 

f
l
a
 

5
f
a
 

5 
5
5
a
 

f
5
a
 

E
T

W
 
I
 

r
r

w
 

r
r

w
 

r
z

w
 

ZIW 
r

z
w

 
r

r
w

 
r

r
w

 
w

 
II

W 
r

r
w

 
E

T
W

 
w

 
w

 
r

x
w

 
w

 
r

r
w

 
z

--m
 

z
-

-
m

 
z

--m
 

z
--m

 
z

--m
 

z
--m

 
z

--m
 

z
-

-
m

 
z

--m
 

z
--m

 
z

--m
 

z
--m

 
z

--m
 

z
--m

 
z

--m
 

z
-

-
m

 
z

--m
 

z
--m

 
U

Z
X

T
 

4
2

x
1

 
u

z
x

r
 

U
Z

X
E

 
<

z
x

r
 

<
Z

X
I 

u
z

x
r

 
U

Z
X

I 
4

z
x

x
 

4
~

x
1

 UZ
X

I 
4

2
x

1
 

u
z

x
r
 

u
z

x
r

 
u

z
x

r
 

<
z

x
r

 
a

z
x

r
 

q
z

x
r

 
w

-
4

3
 

w
-

4
3

 
w

-
4

3
 

w
-

4
 

w
-

4
3

 
w

-
4

3
 

w
-

4
3

 
w

-
4

3
 

w
-

4
3

 
w

-
4

3
 

w
-

4
3

 
w

-
4

3
 

w
-.4

3
 

w
-

4
3

 
w

-
4

3
 

g
-
4

3
 

w
-

4
3

 
w

-
4

3
 

r
r

r
z

 
r

r
r

z
 

I
I

X
Z

 r
r

r
3

 
r

r
r

z
 

r
x

r
z

 r
r

r
z

 
x

r
r

z
 

I
I

Z
Z

 
I

I
I

Z
 I

x
r

z
 r

r
r

z
 

Z
X

E
Z

 
r

r
x

z
 r

=
r

z
 
-

=
r

z
 

r
r

r
z

 
r

r
r

z
 



TABLE 2 3 (Continued) 

1979 BNL ENVIRONMENTAL MONITORING LANDFILL AREA WELLS 
WATER QUALITY AND PURITY 

DISSOLVED, NITRATE TOTAL DISSOLVED CONOUC- COLIFORM COLIFORM 
TEMPERATURE OXYGEN CHLORIDES NITROGEN PHOSPHOROUS SOLIDS T l V l T Y  FECAL TOTAL 

LOCATION SAMPLE PH IPPMI IPPMI IPPMI IPPMI IPPMI MlCROMHOlCM 11100 MLI (1100 MLI 

W7 MEAN I I 5.1 7.0 10.9 0.64 0.01 60 89 0 0 
MINIMUM I I 5.1 7.0 10.9 0.64 0.01 60 89 0 0 
MAX l MUM I I 5 . 1  7.0 10.9 0.64 0.01 60 89 0 0 
NUMBER I I I I I I I I I I 

We MEAN I I 5.0 9.2 5.0 0.05 0.01 4 3 47 
MINIMUM I I 5 . 0  9.2 5 . 0  0.05 0.01 4 3 47 
MAX l MUM I I 5 . 0  9.2 5.0 0.05 0.01 4 3 '47 
NUMBER I I I I I I I ! 0 0 

18 MEAN 12 4.8 10.0 6.9 0.05 0.01 44 61 0 0 
Mlh!lMCIM 17 1!.0 10.0 Gn11  0.05  0.01 '1'1 GI 0 0 
MAX I MUM I a '1.8 10.0 6 .#I 0,06 O ~ O I  1 ~ 1 ~  G I o o 
NUMBER I I I I I I I I I I 

19 MEAN 12 5.0 10.0 0.4 0.05 0.01 46 68 0 
MINIMUM 12 5.0 10.0 8.4 0.05 0.01 r a  68 o 
MAX l MUM 12 5.0 10.0 8.4 0.05 0.01 46 68 .  0 
NUMBER I I I I I I I I I I 

w MEAN 12 5 . 3  8.2 13.1 0.39 0.02 60 83 o o 
MINIMUM 12 4.B 8.0 8 . 6  0.05 0.01 47 76 0 0 
MAX l MUM 12 5.7 8.4 17.6 U.63 0.02 73 90 0 0 
NUMBER 2 2 2 2 2 2 2 2 I I 

HG MEAN 13 5 .4  5.8 7 . 3  0.17 0.03 4 I 68 0 0 
MINIMUM 5.4 3.6 6 .0  0.03 0.01 38 54 0 0 
MAX l MUM l3 13 5.4 8.0 8 . 6  0.31 0.04 '43 81 0 0 
NUM8ER 2 2 2 2 2 2 2 2 2 2 

UR MEAN 15 ' 6.4 2.6 9.6 0.39 0.02 '445 I108 0 0 
MINIMUM 15 6 .2  2.2 1.5 0.26 0.02 354 1085 0 0 
MAX l MUM 15 6.5 3.0 17.7 0.51 0.02 536 1130 0 0 
NUM8ER 2 2 2 2 2 2 2 2 I I 

US MEAN 12 6.1 1 ,a  27,7 0.23 . 0.02 3'10 730 0 0 
MINIMUM I .4 l . 6  2.6 0.05 0.01 253 670 0 U 
MAX l MUM lo I 4 6.7 < . O  46.9 0.55 0.02 449 839 0 0 
tunocn L I( 4 + + 'I s 2 

UT MEAN 12 6 .2  3.3 9.8 0.11 0.02 64 87 0 0 
MINIMUM I I 6 . 0  2 .2  9.1 0.01 0.01 56 84 0 0 
MAX l MUM 13 6 .4  4.4 10.6 0.20 0.02 7 1 90 0 0 
t d u 1 . 1 ~ ~ ~  e P c e. 2 I? 2 2 2 2 

W9 IIE AN 12 8.2 2 . 5  16.8 0.3U U.U2 419 934 0 0 
MINIHUH I I 5.6  I :S 1.6 0.12 0.01 333 815 0 0 
H~XIHUH " 13 b . 7  3 .2  52.0 0.83 o .oe  !me 1003 o u 
NUMBER 4 '4 " .  4 4 4 4 4 4 4 

I K MEAN I4  6 . 3  1.3 33.7 0.30 0 .0  1 474 983 0 0 
MINIMUM 13 6 . 2  I . O  2 .0  0.25 0.01 454 905 0 0 
MAX l MUM 15 6 . 6  1.4 93.4 0.36 0.01 496 I049 0 0 
NUMBER 3 3 3 3 3 3 3 3 2 2 

'2A MEAN I I 5 . 6  9.9 6.9 0.02 0 .0  1 4 0 95 0 I 
MININM I I 5 . 5  9 . R  9 .  I 0 . 0 1  0 0! 37 50 0 0 
MAX I IIUI.1 I I ,5 .7  10.0 0.6 0.03 0.01 '4 3 99 0 I 
NUMBER 2 2 2 2 2 2 2 2 2 2 

28 HE AN I I 5 . 3  1 0 . 1  0 .6  0 .06 0.0s '46 69 n u 
MINIMUM 5.0 10.0 5.6 0.02 0.02 '4'4 62 0 0 
MAX l MUM lo I I 5.5 10.2 11.6 0.09 0.03 47 75 0 0 
NUMBER 2 2 2 2 2 2 2 2 I I 

2c MEAN 13 6 . 3  2 . 0  2.0 0.34 0.05 639 1213 o o 
MINIMUM I 4 6 .6  I .(J. 1.5 0.29 0.03 039 II7R n 17 
 MA^ l ~ u H  13 6 . 3  2.4 2.5 0.38 0.07 639 1255 0 0 
NUMBER 2 2 2 2 F' 2 I 2 2 2 

20 MEAN 13 6 . 2  2 .0  25.9 0.21 0. 04 326 870 0 0 
MINI MUII 13 6 . 0  2.0 23.7 0.19 0.0 1 326 BOO 0 0 
MAX l MUM 13 6.V 2 .0  28.0 ,0.23 0.06 326 9'4 0 fl 0 
NUMOER 2 2 2 2 2 2 I 2 2 2 



TABLE 23 (Continued) 

1979 BNL ENVIRONMENTAL MONITORING FORMER DUMP AREA WELLS 
WATER OUALITY AN0 PURITY 

0 l SSOLVEO NITRATE TOTAL DISSOLVED CONOUC- COLIFORM COLIFORM 
TEMPERATURE OXYGEN CHLORIDES NITROGEN PHOSPHOROUS SOLIDS TlVlTY FECAL TOTAL 

LOCATION SAMPLE PH 1PPMl 1PPMl 1PPMI 1PPMI IPPMl MlCROMHOlCM 11100 MLI 11100 MLI 

UO MEAN I I 5 . 0  11.0 6 . 5  0 .0  1 0.01 5 1 5 6  0 0 
MINIMUM I I 5 . 0  I I . O  6 . 5  0 .01  0 .01  5 1 56  0 0 
MAX l MUM I I 5 . 0  I I . O  6 . 5  0 .0  1 0 .0  1 5 1 56  0 0 
NUMBER I I I I I I I I I I 

WP MEAN I I 4 . 5  7 . 8  7 . 0  0.77 0.01 63  67  0 0 
MINIMUM I I 4 . 5  7 . 8  7 . 0  0.77 0.01 63  67  0 0 
MAX 1 MUM I I 4 . 5  7 . 8  7 . 0  0.77 0.01 63  67  0 0 
NUMBER I I I I I I I I I I 

WO MEAN I I 4 . 9  9 . 7  6 . 5  0.12 0.01 50 5 2  0 0 
MINIMUM I I 4 . 9  9 . 7  6 . 5  0.12 0.01 50 5 2  0 0 
MAX l MUM I I 4 . 9  9 . 7  6 . 5  0.12 0.01 50 5 2  0 0 
NUMBER I I I I I I I I I I 

I I MEAN 12 5 . 0  8 . 6  10.1 0.01 0.01 4 l 74 0 0 
MINIMUM 12 - 5 . 0  8 . 6  10.1 0 .01  0.01 4 l 74 0 0 
MAX l MUM 12 9 . 0  8 . 6  10. 1 0.01 0.01 4 I 74 0 0 
NUMBER I I I I I I I I I I 

I J MEAN 12 5 . 2  11.0 6 . 0  0 .01  0.01 33 48 0 0 
MINIMUM 12 5 .2  11.0 6 . 0  0.01 0.01 33 48 0 0 
MAX l MUM 12 5 . 2  11.0 6 . 0  , 0 .01  0 .01  33 '48 0 0 
NUMBER I I I I I I I I I I 

1979 BNL ENVIRONMENTAL MONITORING BUILDING 650 SUMP AREA WELLS 
WATER OUALITY AN0 PURITY 

D l  SSOLVEO NITRATE TOTAL DISSOLVED CONOUC- COLIFORM COLIFORM 
TEMPCRATURE OXYGEN CHLORIDES NITROGEN PHOSPHOROUS SOLIDS TlVlTY FECAL TOTAL 

LOCAT I ON SAMPLE PH 1PPMI 1PPMl 1PPMl IPPMI 1PPMl MlCROMHOlCM 11100 MLI [ / I 0 0  MLI 

I A MEAN 16 5 . 7  6 . 2  2 0 . 8  0 . 3 8  0 . 0 8  8 2  181 0 0 
MINIMUM 16 5 . 7  6 . 2  2 0 . 8  0 . 3 8  0 . 0 8  8 2  181 0 0 
MAX l MUM 16 5 . 7  6 . 2  2 0 . 8  0.38 0.00 8 2  18 1 0 0 
NUMBER I I I I I I I I I I 

I C ME AN 6 . 0  7 . 2  2 3 . 0  0.03 0.23 97 I 0 4  0 0 
l5 6 . 0  MINIMUM 15 7 . 2  2 3 . 0  0.05 0.23 97 104 0 0 

MAX l MUM IT, 6 . 0  7 . 2  2 3 . 0  0 .05  0.23 97  I04  0 0 
NUMBER I I I I I I I I I I 

ID MF AN I 6  8 . 0  6.P 15.0  0.?7 0 .01  16 121 ! u 
MINIMUM 16 6 . 0  6 .2  15 .8  0.27 0 .01  16 121 0 
MAX l MUM 6 . 0  6 . 2  15.8 0.27 0.01 I 5  121 0 0 

l6 1 NUMBER I I I I I I I I I 

I E MEAN 14 5 . 7  6.6 14.3  0.6!3 0 . 0 3  I 4  100 
MINIMUM 14 5 . 7  6 . 6  14 .3  0.69 0.03 14 100 
MAX l MUM 14 5 . 7  6 . 6  1'4.3 0.69 0 . 0 3  I 4  100 

I H MC AN 15 6 . 0  5 . 8  7 . 7  0.31 0 . 0 3  75  79  
YlNlMUM 15 6 . 0  5 . 8  7 . 7  0.31 0 . 0 3  75  79  
MAXIMUM 15 6 . 0  5 . 8  7 . 7  0.31 0 . 0 3  75  79  
t4UMBER I I.  I I I I I I 0 0 

Reference Standards - Table 29 

Number: samples analyzed per year 



TABLE 24 

1970 I r ' l L .  ENVIRONMENTAL MONITORING COOLING WATER WELLS 
WATCR QUALITY AND PURITY 

D 1 SSOLVEO N I TRATE TOTAL. 0 l SSOLVEO CONOUC- COL IFORM COL IFORM 
TEMPEIlATURE OXYGEN CHLORIDES NITROGEN PHOSPHOROUS SOLIDS TlVlTY FECAL TOTAL 

I nCAT ION qAMPLE PH lPPMl lPPMl IPPM) IPPMI (PPMI MlCROMHOlCM (1100 ML) (1100 MLI 

FH MEAN 13 5 . 8  7.4 17.9 0 .  I 0  0 . 1 8  93  113 0 0 
MINIMUM " 2;  7 . 0  13 .3  0.  OE! 0.01 7 1 88  0 0 
MAX l MUM 13 7 . 8  2 2 . 4  0.15 0 .36  115 137 0 0 
NUMBER 2 2 2 2 2 2 2 2 I I 

F I MEAN I I 5 . 8  7 .5  12.2 0 . 0 2  0 . 5 2  64 78  
MINIMUM 10 5 . 6  7 .0  10.7 0.02 0 .01  53  73 
MAX l MlJM I I 6 . 1  8 . 2  13 .3  0.02 1.28 74 

3 3 I 3 3 
0; 

NUMBER 3 3 

F J  MEAN I I 5 . 7  4 . 5  16 .9  0 . 2 8  0 .24  '10 93  0 0 
MINIMUM 10 5 .3  4.0 15.8 0 . 2 7  0.03 ti6 89 0 0 
MAX I MUM I I 6 . 0  5 . 4  18.0 0 .31  0 . 4 0  76 96  0 0 
NUMBER 3 3 3 3 - 3  3 3 3 ? 2 

r L MKAN I u 5 . 7  6 . 9  29 ,3  I .44 0 . 0 2  123 165 o o 
MINIMUM 1'1 5 . 6  7 . 6  2 0 . 5  1.41 0 .01  I I 4  I'll5 U 0 
MAX l MUM 1 L1 5 . 8  1.6 JU.2 1.49 0.04 131 1'15 0 0 
NUMHLH 3 3. 3 3 3 3 a 3 2 .  ,- 

1979 @NL ENVlROllMENTAL MONITORING TAP WATER 
WATER OUALITY AND PUHllY ............................................................................................................................... 

DISSOLVED NITRATE TOTAL DISSOLVED CONDUC- COLIFORM COLIFORM 
TEMPERATURE OXYGEN CHLORIDES NITROGEN PHOSPHOROUS SOLIDS TiVlTY FECAL TOTAL 

LCZAT ION SAMPLE PH (PPMl (PPM) lPPMl IPPM) fPPMl MlCHUMHUlCM 11100 MLl 0 1 0 0  ML) 

FN MC AN 5 . 3  IP.9.  0.42 0 . 0 5  86  
MINIMUM 5 . 3  16.7 0.03 0 .01  7 1 
MAX l MUM 5 . 3  24.5 3.39 0 .25  126 
NUMBER 0 I 0 53 53  5 2  12 0 0 0 

1979 BNL ENVIRONMENTAL MONITORING POTABLE SUPPLY WELLS 
WATER OUALITY AND PURITY 

___________________------------------------------------------------a"-----------------.---------------------------------------. 

D l  SSOLVED N I  TRA!E TOTAL DISSOLVED CONDUC- COL IFORM COL IFORM 
TEMPERATURE OXYGEN OHLUHIUt5 N f  I ~ U ~ E N  PflOSPHOROU9 90L109 TlVlTV rCCAL TOTAL 

LOCATION SAMPLE PH IPPMI .(PPMI (PPMI 1PPM) (PPM) MlCROMHOlCM 111OOMLI ( l 1 0 0 M L l  

FB ' VKAN I 3  5.9 7:O 21.7 0.73 0 .04  112 134 0 0 
MINIHIM 12 5 .1  6 . 9  18.5 O . S ' I  U . U I  92 I ee o o 
MAX I MUM 13 6 .  n 7 .4  ZB,b 1 3 . ~ 1  0 . 0 8  I h 8  I GL' u o 
NUMBER 4 4 4 4 4 3 ' 9 4 4 

FD MEAN I I 5 . 8  7 . 7  17.8 0.25. 0 .04  7 1 97 0 0 
UlNlMUU 10 5 . 7  7 . 0  16,8 0 .  I I 0 .01  RR 9 1 0 0 
MAX I MUM 12 6 . 0  8 . 0  19.3 0 .40  0 . 0 6  74 I04  0 0 
NUMBER 4 4 4 4 4 4 3 4 4 4 

MEAN 13 5 . 8  8 . 3  6 . 2  0.08 0 . 0 3  38 74 0 0 
FE I4INIMUH 10 6 . 4  4 . 0  5 .4  0.01 0.01 35 46 0 0 

MAX I MUM 19 6 . 1  10.8 7 . 7  0 . 2 3  0.05 42 154 U 0 
NUMBER 3 4 I '4 4 q 3 4 4 4 

FF MEAN 12 5 . 7  8 . 6  17.5 0 . 5 0  U.Ub dB I I 8  0 0 
MINIMUM I I 5 . 5  8 . 6  6 . 6  0 . 3 7  0.UI 80 I 14 0 0 
HAS I MUM 12 6 n R.R i?3,0 9.69 0 . 0 5  9 0 124 0 0 
NUMBER LI 4 4 4 4 4 3 9 9 3 

FG MEAN 10 5 . 8  8 . 2  I 1  .4  0 . 0 5  0.03 59  7 1 0 0 
MINIMUM 10 5 . 5  8 . 0  9 . 5  0.01 0.01 58  69 0 0 
MAX l MUM I I 6 . 2  8 . 6  13 .3  0.08 0 . 0 3  60 74 0 0 
NUMBER 3 3 3 3 3 3 2 3 3 3 

Refe rence  S t a n d a r d s  - T a b l e  29 
L o c a t i o n s  i n d i c a t e d  on F ig .  8 & i d e n t i f i e d  a s :  Po tab le  - FA: 1, FB: 2 ,  FC: 3 ,  ED: 4 ,  FE: 5 ,  

FF: 6 ,  FG: 7. 
%lumber: samples  a n a l y z e d  per year Cooling - FH: 101 ,  F I :  1 0 2 ,  F Y :  103, FK: 1 U 4 ,  

n: 105.  
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TABLE 25 (Continued) 

1979 BNL ENVIRONMENTAL MONITORING LANDFILL AREA WELLS 
WATER QUALITY AND PURITY-METALS 

METALS ( I N  PPM) 

MEAN .001 .0003 .001 .006 ,020 
MINIMUM .001 .0003 .001 .006 .020 
MAX 1 MUM .001 .0003 ,001 ,006 .020 

MEAN .002 .0004 ,002 .016 3.958 
MINIMUM ,001 .0002 .00 1 .014 3.210 
MAX l MUM .007 .0006 .002 ,018 4.500 
EXCEPT 1 ON 4 4 4 0 0 
NUM0ER 4 4 4 4 4 

MEAN .001 .0003 . O O  1 ,005 .560 
MINI~UW .OO 1 .OD03 .001 .005 ,560 
MAX l HUH . 00 1 .OUU3 .UUI . UU4 .56U 
EXCEPT ION I I I 0 0 
NUMBER I I I I I 

MEAN 

MEAN 
MI I4  I MUM 
MAX I Mull 
EXCEPT ION 
NUnBCP 

MEAN 
MINIMUM 
MAX I ~ l r ~  
EXCEPT ION 
NiJMBER 

MEAN 
MlNlMUK 
MAX l MUM 
EXCEPT I ON 
NUMBER 

NUMBER 

. Q O I  
,001 
,001 
2 
2 

HEAN 
111 11 IIlUt1 
MAXIMUM 
EXCEPT ION 
NUMBER 

MEAN 
MINIMUM 
MAX l MUM 
EXCEPT ION 
NUn8EH 

MEAN 
t i  I 14 i tqum 
HAX l MUM 
EXCEPT l ON 
idu men 

MEAN 
MINIMUM 
MAX l MUM 
EXCEPT l ON 
NUMBER 

MEAN 
MlNlMUM 
MAX I MU11 
EXCEPT l ON 
NUMBER 

MEAN 

NUMBER 
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TABLE 25 (Continued) 

1979 BNL ENVIRONMENTAL MONITORING WASTE MANAGEMENT AREA WELLS 
WATER QUALITY AND PURITY-METALS 

METALS ( IN PPM! ............................... 
AG CD CR CU FE PB ZN ................................................................................................................... 

WB MEAN . O O  1 .OD05 ,002 .005 1 2 3  ,006 .534 
MINIMUM . 00 1 .0002 ,002 . ,002 ,039 ,005 .383 
MAX l MUM .OO 1 .0006 ,002 .010 .258 ,006 ,791 
EXCEPT l ON 3 3 3 0 0 I 0 
NUMBER 3 3 3 3 3 3 3 

wc MEAN .oo I ,002 ,006 .546 nn? 4~ I 
MINIMUM . 00 1 
MAX l MUM ,001 
EXCEPT l ON I 0 
NUMBER I 0 I I I I I 

WD MEAN . 00 1 .0005 ,002 ,008 . 156 . O  13 ,897 
MINIMUM . 00 1 .0003 . 00 1 .007 ,068 .011 .794 
MAX l MUM . 00 1 ,0006 ,002 .009 .X i0  .016 1.100 
EXCEPT l ON 3 2 3 0 0 0 0 
NUMBER 3 3 3 3 3 3 3 

ur M ~ A N  1111 1 ovo2 . ooa . 003 : ubu . ooe . +07 
MINIMIIM nn I oona . Q Q ~  ,003 a OEO . o o i  .~io7 
MAX l MUM . 00 1 ,0002 ,002 . UU3 .068 ,002 .407 
EXCEPT ION I I I 0 0 I 0 
NUMBER I I I I I I I 

L4J HEAP4 . O O  1 .000E .002 .UO4 .uI I ,511 : 2i P i  l lq i In lrn . UU I . UUU2 . UU;! . UO1l .Ol l ,511 
MAX l MUM . 00 1 .OD02 ,002 .004 ,759 ,011 ,511 
EXCEPT ION I I I 0 0 0 ll 
NUMBER I I I I I I I 

UK MEAN . O O  1 .DO04 ,002 ,004 . 080 ,003 ,656 
MINIMUM . O O  1 ,0002 . 00 1 . 004 ,047 ,002 ,430 

. MAXIMUM . O O  1 ,0006 ,002 .005 ,122 ,005 . RRQ 
EXCEPT ION 3 3 3 0 0 2 0 .  
NUMBER 3 3 3 3 3 3 3 

WL MEAN .001 .0004 ,002 .02 1 1 7 3  ,003 ,302 
MINIMUM . 00 1 .0002 . 00 1 .003 ,068 ,002 .24 I 
MAX l MUM . 00 1 ,0006 ,002 ,056 ,342 ,005 .375 
EXCEPT l ON 3 3 3 0 0 2 0 
NUMBER 3 3 3 3 3 3 3 

WPI MEAN . 00 1 ,0002 ,002 ,003 .372 . L)U2 . 159 
MINIMUM . 00 1 ,0002 .002 ,003 .372 ,002 1 5 9  
MAX l MUM . O O  1 ,0002 ,002 ,003 ,372 .002 
CNGcrT 1014 

0159 
I I I U U I 

NUMBER I I I I I I I 

WN MEAN . O O  1 ,0002 ,002 ,004 ,569 ,010 1 1 3  
II IN I IIUII ,001 . uuud . u02 .ODs ,565 ,O 10 I I 3  
IIAX I FIUII . 00 I . UUUd . UU2 004 ,010 1 1 3  

I EXCEPT ION 1 I 0 0 0 
NuHBEH I I i I I 

UU MEAN . 00 1 ,0064 ,002 ,005 ,471 .002 2.210 
MINIMUM .on I ,0064 . ooa ,005 .'I71 ,002 2.210 
MAX l MUM . O O  1 ,0064 ,002 ,005 . 47 1 ,002 2.210 
EXCEPT l ON I 0 0 0 0 0 0 
NUMBER I I I I I I I 

UV MEAN . 00 1 ,0005 ,002 . OflR i 2.100 
MINIMUM . 00 I ,0006 ,002 ,006 ?.Inn 
IIAX I PIUII . fiil I . l.ll.1116 . UUd . UU6 2. I00 
FXCFPT ICIN I .  0 I 0 0 0 0 
NUMeEH I I I I I I I 

WW MEAN .OO 1 ,0004 : 81s : 8x2 . nra . n n ~  I n'in 
FilNlnUR . UU I . UUOQ .04B .OOB 1 ,050 
MAX l MUM . 00 1 ,0004 ,002 .004 ,049 ,008 1 .050 
EXCEPT ION I 0 I 0 0 O \ O  
NUMBER I I I I I . I I 

WX MEAN .OO 1 ,0002 .002 ,004 1 5 9  ,007 I .730 
n I rr I tiuri ,001 . nnne . nne I)I:lY . 1% '. uu.7 1 ,730 
MAX l MUM . O O  1 .OD02 ,002 .004 . 159 .007 1 ,730 
EXCEPT l ON I I I 0 0 0 0 
NUMBER I I I I I I I 

WZ MEAN . O O  1 ,0039 .002 4.450 . I42 2.820 
MINIMUM . O O I  .0039 . ooe 4.450 . 142 2.020 
MAX l MUM . O O  1 ,0039 ,002 4.450 1 4 2  2.820 
EXCEPT ION I 0 I 0 0 0 0 
NUMBER I I I 0 I I I 

W I  MEAN . 00 1 .0004 ,002 ,012 1 3 4  .003 ,440' 
MINIMUM . 00 1 ,0002 .001 .003 ,078 ,002 ,360 
MAX l MUM . O O  1 .0006 ,002 ,038 . 190 ,005 ,520 
EXCEPT ION 3 3 2 0 0 I 0 
NUMBER 3 3 3 4 2 3 3 



TABLE 25 ( ~ o n t  inued) 

1979 BNL ENVIRONMENTAL MONITORING FORMER DUMP AREA WELLS 
WATER QUALITY AN0 PURITY-METALS 

METALS ( I N  PPMI 

MEAN 
MINIMUM 
MAX l MUM 
EXCEPT l ON 
NUMBER 

MEAN 
MINIMUM 
MAX I nun 
EXCEPT ION 
NUMBER 

MEAN 
MlNlnun 
MAX l MUM 
EXCEPT ION 
NUMJER 

MEAN 
MINIMUM 
MAX l MUM 
EXCEPT ION 
NUMBER 

MEAN 
MlNlMUM 
MAX l MUM 
EXCEPTION, 
NUMBER 

MEAN 
MINIMUM 
MAX l MUM 
EXCEPT l ON 
NUMBER 

MEAN 
MINIMUM 
MAX l MUM 
EXCEPT i ON 
NUMBER 

MEAN 
MINIMUM 
MAX l MUM 
EXCEPT l ON 
NUMBER 

MEAN 
MINIMUM 
MAX l MUM 
EXCEPT l ON 
NLJMWH 

MEAN 
MINIMUM 
MAX l MUM 
EXCEPT l ON 
NUMBER 

ME4N 
MINIMUM 
MAX l MUM 
EXCEPT l ON 
NUMBER 

MEAN 
MINIMUM 
MAX l MUM 
EYCEPT l ON 
NUMBER 

,462 
,462 
,462 
0 
I 

1.070 
1 .070 
1 ,070 
0 
I 

,975 
,975 
,975 
0 
I 

.029 

.029 

.029 
0 
I 

.019 
,019 
,019 
0 
I 

,007 
.007 
,007 
0 
I 

,003 
,003 
,003 
0 
I 

038 
,038 
,038 
0 
I 

. UUB 
,008 
,008 
0 
I 



TABLE 25 (continued) 

1979 BNL ENVIRONMENTAL MONITORING BUILDING 650 SUMP AREA WELLS 
WATER 0UAI.ITY AND PURITY-METALS 

METALS [IN PPM) .------------------ 
AG CO CR CU FE PB ZI'J 

I A MEAN . O O  1 ,0502 
MlNlMUH .001 ,0002 
IIKA I HUN . 00 I . U U U ~  
EXCEPT I ON I I 

IC MEAN . 00 1 .0002 
MINIMUM . O O  1 .0002 
MAX l MUM . 00 1 ,0002 
EXCEPT IOPI I 
NUMBER I 

I D  MEAN . O O  1 .0002 
MINIMUM . O O  1 ,0002 
MAX I MUM .00 1 ,0002 
EXCEPT l ON I I 
NUMaER I I 

NUMBER I I 

I H  MEAN . O O  1 .0002 
MINIMUM .OO 1 . C O O 2  
MAX l MUM . O O  1 .0002 
EXCEPT ION I I 
NUMtlEH I I 

Reference Standards - Table 29 

Number: samples analyzed per year 
Exception: sample concentration 

RlnL 



TABLE 26  
1979 BNL ENVIRONMENTAL MONITORING POTABLE SUPPLY WELLS 

WATER QUALITY AND PURITY-METALS 

METALS ( I N  PPMI ...................................................................................... 
AG CD CR CU FE P b  ZN 

F B  MEAN 
MTN l MUM 
MAX l MUM 
EXCEPT l ON 
NUMBER 

FD MEAN 
MINIMUM 
MAX l MUM 
EXCEPT l ON 
NUMBER 

MEAN 
FE MINIMUM 

FF  MEAN 
MINIMUM 
MAX l MUM 
EXCEPT l ON 
NUMBER 

MEAN 
FG MINIMUM 

MAX l MUM 
EXCEPT l ON 
NUMBER 

1979 BNL ENVIRONMENTAL MONITORING COOLING WATER WELLS 
WATER QUALITY AND PURITY-METALS 

METALS ( I N  PPMI ...................................................................................... 
AG CO CR CU FE PB ZN 

FH MEAN .OO 1 ,0006 .Oil2 ,003 I ,340 .005 .009 
MINIMUM .OO 1 .0006 ,002 ,002 I ,340 .005 .008 
MAX l MUM .OO 1 ,0006 ,002 .004 I ,340 ,005 .009 
EXCEPT I ON 2 2 2 0 0 2 0 
NUMBER 2 2 2 2 2 2 2 

F I MEAN .OO 1 .OD05 ,002 ,010 4.600 .00'4 .04B 
MINIMUM .OO 1 ,0002 ,002 .006 3.040 , 0 0 2  ,009 
MAX l MUM . 00 1 .0006 ,002 , 014  6.830 .005 1 1 5  
EXCEPT l ON - 3 3 0 0 3 0 
NUMBER 3 3 3 3 3 3 3 

F J  MEAN .OO 1 ,0005 ,002 1 2 1  5.617 .004 ,044 
MINIMUM . 00 1 ,0002 ,002 ,009 5.160 ,003 . O l B  
MAX l MUM . 00 1 .DO06 ,002 ,340 5.880 ,005 ,090 
EXCEPT l ON 3 3 3 0 0 2 0 
NUMBER 3 3 3 3 3 3 3 

MEAN . 00 1 ,0005 ,002 ,027 ,643 . 004 . 004 
FL MINIMUM . 00 1 ,0003 ,002 ,021 ,510 ,002 ,003 

MAX l MUM .OO 1 ,0006 .002 ,032 ,750 ,005 .007 
EXCEPT ION 3 3 2 0 0 3 0 
NUMBER 3 3 3 3 3 3 3 

Reference Standards - Table 29 Yumber: samples analyzed per year 
Locations indicated on Fig. 8 6 ident i f ied as :  Exception: sam l e  concentration 

Potable Cooling alli 

FA: 1 FH: 101 
FB: 2 FI: 102 
FC: 3 FJ: 103 
FD: 4 FK: 104 
FE: 5 FL: 105 
FF: 6 
FG: 7 



elements  i n  t h e  ground water  system by means of the  Laboratory s u r v e i l l a n c e  
w e l l s  downstream i n  the d i r e c t i o n  of the ground water flow, has i nd i ca t ed  s ign iF-  
i c a n t  decreases  a s  we proceed away from the  Laboratory,  such a s  60% along the  
Peconic  River ,  25 t o  30% i n  the  waste management a r e a  and 50% i n  the  650 sump 
a r e a .  I n v e s t i g a t i o n s  i n t o  t he  Laboratory wide use of z inc-containing chemicals 
focused our a t t e n t i o n  on a  compound used a s  a  c l ean ing  agent f o r  cool ing  towers 
i n  t h e  pas t .  A r e c e n t  Laboratory a n a l y s i s  of t h i s  compound ind i ca t ed  a  concen- 
t r a t i o n  of z i n c  t o  be  about 3 mglml. It was ga thered  from d i scus s ions  wi th  
P l a n t  Engineering t h a t  t h e  washings were d i scharged  i n t o  the  sewage system. It 
seems p o s s i b l e  t h a t  t h i s  input  may be r e t a i n e d  i n  the sand f i l t e r  beds and 
leached i n t o  t h e  ground water  system, thereby c o n t r i b u t i n g  t o  the  i nc reases  
noted.  The I n d u s t r i a l  Hygiene Group of t he  Sa fe ty  and Environmental P r o t e c t i o n  
Div i s ion  has  i n s t i t u t e d  a  program whereby purchases of  chemical compounds t h a t  
have the  p o t e n t i a l  of  p o l l u t i n g  the  r i v e r  water a r e  f lagged and the  u s e r  i s  
n o t i f i e d  of t h e  proper  d i s p o s a l  method. This  program has helped t h e  Safe ty  and 
Environmental P r o t e c t i o n  Div i s ion  t o  i d e n t i f y  and advise  the users on a score of 
such compounds since 1978. 11-1 dJ~l i~ic .111,  a LaLiuraLury wide nutilica~ion program 
has  been put i n t o  e f f e c t  whereby permission i s  r equ i r ed  from Safe ty  and Environ- 
mental  P r o t e c t i o n  Div i s ion  be fo re  any chemical t h a t  i s  def ined  as  t o x i c  i s  
d i scharged  i n t o  the  s a n i t a r y  system. 

Much lower l e v e l s  of Zn were found i n  t he  Laboratory supply we l l s .  Sev- 
e r a l  con ta in  Fe i n  excess  of the  s t anda rd ,  bu t  most of t h i s  i s  removed p r i o r  t o  
use .  Zn and Fe a r e  cons idered  as  nuisance elements and no t  a s  a  h e a l t h  hazard.  

A d e p i c t i o n  of the  genera l  d i r e c t i o n  and. r a t e  of ground water movement, 
o r i g i n a l l y  publ i shed  i n  t h e  U.S. Geological  Survey Study, i s  shown i n  F igure  11. 
The U land Recharge P r o j e c t  (26)  has determined a  ground water v e l o c i t y  of  13.4 
cm d-! which i s  i n  good agreement with the U.S. Geological  Survey Study e s t i m a t e  
o f  16.2 cm d-l  ( 7 ) .  Thus, i t  appears  t h a t  many yea r s  of t r a v e l  time would be  
r equ i r ed  f o r  ground water  conta in ing  r a d i o a c t i v i t y  o r  o t h e r  p o l l u t a n t s  t o  reach  
an o f f - s i t e  w e l l ,  dur ing  which cons iderab le  d i l u t i o n  by i n f i l t r a t i o n  of p r e c i p i -  
t a t i o n  would be a n t i c i p a t e d .  The d a t a  from a l l  t he  s u r v e i l l a n c e  we l l s  a r e  
reviewed a t  f r equen t  i n t e r v a l s  i n  order  t o  eva lua t e  the monitor ing program and 
app rop r i a t e  a c t i o n  i s  taken ,  such a s ,  reschedul ing  the  sampling of wel l s  and fo l -  
low up a n a l y s i s  i f  r equ i r ed .  

3 - 4  Un1.1sual Occurrences : 

3.4.1 O i l  S p i l l s  

During 1979, t h e  Laboratory experienced s i x  o i l  s p i l l s .  They occurred 
a t  research  f a c i l i t i e s  and a t  t he  steam p l a n t .  A t  t he  research  f a c i l i t i e s ,  t h e  
s p i l l s  were r e s t r i c t e d  t o  s c i n t i l l a t i n g  f l u i d s ,  whereas a t  the  steam p l a n t  i t  
was mainly 116 o i l  mixed with ALF. Report ing and clean-up procedures  were 
i n s t i t u t e d  immediately.  The absorbents  used t o  c l e a n  up t h e  s p i l l s  were 
d i sposed  of according t o  New York S t a t e  Department o f  Environmental Conservat ion 
(NYSDEC) approved procedures .  Appropriate  a c t i o n  p e r t a i n i n g  t o  r e v e g e t a t i o n  i s  
i n  progress .  Followup on the  two o i l  s p i l l s  t h a t  occurred i n  1977 has  i n d i c a t e d  
t h a t  t he  a c t i o n s  taken by P l an t  Engineering (PE) i n  f e r t i l i z i n g  the  reg ion  and 
t i l l i n g  the s o i l  has a ided  i n  the  b iodegrada t ion  of the  o i l .  I n  a d d i t i o n ,  g r a s s  
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seeding has a lmost  r e tu rned  t h e  s u r f a c e  t o  normal cond i t i ons .  Those wel l s  
ad jo in ing  the  steam p l a n t  near  the  recent  s p i l l s  have given no i n d i c a t i o n  t h a t  
any o i l  o r  i t s  compounds have broken through the  r e t a i n i n g  c l a y  b a r r i e r .  
Monitor ing w i l l  be continued on a  r e g u l a r  b a s i s  i n  order  t o  d e t e c t  movement o f  
o i l ,  i f  any, i n  t he  ground water  system. 

3.4.2 Chinese Nuclear Tes t s  

No atmospheric  nuc l ea r  t e s t s  were detonated by the  Chinese during 1979. 
As  i n d i c a t e d  i n  Sec t ion  3 ,  s l i g h t  i nc reases  i n  gross  b e t a  a c t i v i t y  were noted i n  
a i r  samples and p r e c i p i t a t i o n  and a  very  s l i g h t  i nc rease  over  t h e  MDL was 
d e t e c t e d  f o r  1 4 0 ~ a - ~ a  i n  p r e c i p i t a t i o n .  F a l l o u t  r ad ionuc l ide  concen t r a t i ons  
were a t  o r  below MDL i n  milk and g r a s s  samples c o l l e c t e d  from d a i r y  farms i n  t he  
v i c i n i t y  of the  s i t e .  Unlike the  previous y e a r s ,  1976 i n  p a r t i c u l a r ,  t h e  1979 
va lues  may be  cons idered  a s  i n s i g n i f i c a n t  i n  terms of a  h e a l t h  hazard.  

4 .0  OFF SITEDOSE ESTIMATES 

Increased  l e v e l s  of  r a d i a t i o n  and  concentration^ of r a d i o a c t i v i t y ,  i n  a i r  
and water ,  above 'ambient background, wi th  r e s u l t i n g  incrkased  doses t o  people ,  
a r e  a t t r i b u t a b l e  t o  t he  fol lowing four  Laboratory sources :  

1. a i r b o r n e  r a d i o a c t i v e  e f f l u e n t s ,  p r imar i l y  t r i t i u m ,  

2. r a d i o a c t i v e  l i q u i d  e f f l u e n t s ,  

3. t he  1 3 7 ~ s  source i n  t he  Biology Department Ecology F o r e s t ,  

4 .  skyshine from the  A l t e r n a t i n g  Gradient  Synchrotron (AGS) . 
These a r e  d i s cus sed  below, and the c o l l e c t i v e  dose equ iva l en t  r a t e  due t o  

Laboratory ope ra t i ons  during 1979 i s  c a l c u l a t e d .  

4 .1  Annual Average C o l l e c t i v e  Dose Equiva len t  - Rate Due t o  Airborne E f f l u e n t s  

As  i n d i c a t e d  i n  Table  4 ,  a  t o t a l  o f  225 C i  (8 .4  x 1012 Bq) of t r i t i u m  was 
r e l e a s e d  from va r ious  Laboratory f a c i l i t i e s  during 1979, making it the  l a r g e s t  
source  of dose equ iva l en t  r e l a t i v e  t o  o t h e r  l abo ra to ry  r e l e a s e d  r ad ionuc l ides ,  
t o  persons o f f - s i t e .  ' In  u s ing  t h i s  f i g u r e  t o  e s t ima te  dose equ iva l en t ,  i t  was 
conse rva t ive ly  assumed t h a t  a l l  t he  tritium r e l e a s e d  was i n  t h e  form of  
t r i t i a t e d  water  vapor a t  the  s i t e  boundary. 

A i r  a c t i v i t y  concen t r a t i ons  of t r i t i u m  vapor a t  t he  s i t e  boundary were s o  
low t h a t  measurement was d i f f i c u l t .  Data g iven  i n  Table 8 i n d i c a t e  an average 
concen t r a t i on  ( i nc lud ing  background) of 6.5 pCi m-3 (0.24 Bq m-3) a t  t he  s i t e  
boundary (~ '2500  meters  from the  HFBR s t a c k ) .  Continuous exposure a t  t he  Radia- 
t i o n  Concentrat ion Guide (2 x l o 5  pCi m-3 o r  7.4 x l o 3  Bq m'3) would r e s u l t  i n  
a per  caput annual average dose equ iva l en t  r a t e  of  500 mRem a-1 ( 5  x 10-3 Sv 
person-1 a - l ) .  Thus,. t h e  per  caput  annual  average dose equ iva l en t  r a t e  a t  t h i s  
d i s t a n c e  a t t r i b u t a b l e  t o  Laboratory a i r  e f f l u e n t  t r i t i u m  vapor was (6.5 x 
500) / (2  x 105) o r  0.02 mRem a-l  (0.2 x Sv person-l  a - l )  o r  0.005 of the  Ra- 



d i a t i o n  Pro te ,c t ion  Standard ( 17) . Since t he  i n d i v i d u a l  e x t e r n a l  background per  
-aput dose equ iva l en t  r a t e  (Table  2) i n  t h i s  a r e a  was about 57.7 mRem a-' (5.77 

Sv person-1 a - l ) ,  the  t r i t i u m  c o n t r i b u t i o n  amounts t o  an i c c r e a s e  a t  t he  
s i t e  boundary of about 0.1%, which is  wi th in  t he  temporal and s p a t i a l  v a r i a t i o n s  
of the  background i t s e l f .  

As was p rev ious ly  s t a t e d ,  the  dose e q u i v a l e n t s  due t o  4 1 ~ r ,  150 and 1 2 7 ~ e  
were considered i n s i g n i f i c a n t  and as  such were no t  included i n  t h e  f i n a l  e s t i -  
mates. 

Routine ana lyses  f o r  a i r  p a r t i c u l a t e  r a d i o a c t i v i t y  and f o r  radiohalogens 
were made throughout 1979 on a i r  samples c o l l e c t e d  a t  s e v e r a l  l o c a t i o n s .  Table  
27 gives  the  doses t o  t he  gene ra l  pub l i c  due t o  BNL t r i t i u m  r e l e a s e s .  It ind i -  
c a t e s  t h a t  beyond the s i t e  boundary, the dose r a t e s  due t o  t r i t i u m  i n  a i r  e f f l u -  
e n t s  from t h e  Laboratory were very  sma l l ,  compared with background and v a r i a -  
t i ons  i n  background. The parameter X/Q,  t abu l a t ed  i n  t he  second column, is  t he  
r a t i o  of ground level. concen t r a t i on  . to  r a t e  of emission,  i . e  concen t r a t i on  pe r  : ' 
u n i t  emission r a t e ,  and is a  func t ion  of meteoro logica l  c o n d ~ t i o n s  and d i s t a n c e  
from t h e  source .  The va lues  have been c a l c u l a t e d  f o r  t he  97.5 m r e l e a s e . h e i g h t  
of the HFBR s t a c k  and a r e  averages f o r  a  whole year  and f o r  a l l  the  s i x t e e n  
t abu la t ed  d i r e c t i o n s .  While t h e i r  use produces an underes t imate  a t  c lo se - in  d i s -  
tances  f o r  r e l e a s e s  from s h o r t e r  s t a c k s ,  o v e r a l l  i t  r e s u l t s  i n  some 
overes t imat ion  of popula t ion  exposure,  s i n c e  X / Q  va lues  i n  the  d i r e c t i o n  of 
major popula t ion  c e n t e r s  t o  the  west of t he  Laboratory a r e  lower than t h e  360° 
averages.  Values of the  dose r a t e  due t o  t r i t i u m  a r e  der ived  by mu l t i p ly ing  t h e  
measured va lues  f o r  the  1.6 t o  3.2 km i n t e r + a l  (0.019 mRem a-I)  by t he  appropr i -  
a t e  r a t i o s  of X/Q.  The c o l l e c t i v e  average dose equ iva l en t  r a t e  ( t o t a l  popula- 
t i o n  dose r a t e )  due t o  the  Laboratory t r i t i u m  e f f l u e n t  was 4.95 rem a - l ,  and 
t h a t  due t o  n a t u r a l  background (57.7 mRem a - l )  i s  es t imated  t o  be  278,405 rem 
a-1 . 
4.2 Doses Due t o  Liquid E f f l u e n t s  

Since the  Peconic River is  not  u t i l i z e d  as  a  d r ink ing  water  supply ,  nor  
f o r  i r r i g a t i o n ,  i t s  waters  do no t  c o n s t i t u t e  a  d i r e c t  pathway . f o r  t he  i n g e s t i o n  
of r a d i o a c t i v i t y .  However, the  upper p o r t i o n s  of the r i v e r  a r e  u t i l i z e d  f o r  oc- 
cas i o n a l  r e c r e a t i o n a l  f i s h i n g .  

Based on obse rva t ions ,  d i s cus s ions  with t he  New York S t a t e  Department of  
Environmental Conservat ion,  and the  p r o d u c t i v i t y  of t he  Peconic River ,  an annual  
t o t a l  ca tch  of 500 kg of f i s h  i s  reasonable .  I f  one assumes t h a t  100 fishermen 
(who a r e  being t r e a t e d  as  maximum i n d i v i d u a l s )  ca tch  t he  above amount of  f i s h  
and t h a t  t h e i r  f a m i l i e s  consume a l l  the  f i s h  caught and, fur thermore,  t h e  break- 
down of a d u l t s  and c h i l d r e n  (based on an average family of 2  a d u l t s  and 2  
c h i l d r e n )  t o  be 354 a d u l t s  and c h i l d r e n  above 12 years  and 56 i n f a n t s  ( 3 , 4 ) ,  
then the  annual  consumption of f i s h  by the  a d u l t  group i s  1.36 k g / ~ r  and i n f a n t s  
is  0.46 kg/yr  ( a s  opposed t o  the  USNRC Regulatory Guide (24)  va lue  of 21 kg/yr  
and 6.9 k g / y r ) ,  r e s p e c t i v e l y .  Using t h e  above more r e a l i s t i c  va lue  f o r  consump- 
t i o n  of f i s h ,  the o the r  assumptions recommended i n  the  NRC Regulatory Guide 
1.109 (24)  and the  maximum observed concen t r a t i on  of " ~ r  and 1 3 7 ~ s  i n  f i s h  



Table 27 

1979 BNL Environmental Monitoring Col lec t ive  Annual Average Dose Equivalent 
Rate Due t o  BNL Airborne Eff luents  i n  Comparison with Background 

Distance X/Q[271 populationa HTO HTO Background 
from HFBR Per Caput Col lec t ive  Col lec t ive  
Stack Dose Average Average 
( m i  Equivalent Dose Dose 

Ril t.~: I v l  E ~ ~ I I  i !~iilrr~t 
akem =re  ace 
person-la-1 rem a - l  rem a-1 

a 
Population data  est imated from information suppliedby Ms. Peggy Wagner, Research 
Analyst, Long Is land Regional Planning Board [3 ,41.  Scc Tablc 1 f o r  cstimatcd 
population d i s t r i b u t i o n  f o r  1979. 

rem = 0.01 Sv 



(Table 18 ) , t he  es t imated  maximum i n d i v i d u a l  dose equ iva l en t  r a t e  i s  t abu la t ed  
' e l m .  

Average Max'imum Ind iv idua l  Dose Equivalent  Rate (m~em a-' ) 

I n f a n t  . Adult I n f a n t  Adult 

Tota l  Body 0.13 0.15 0.02 0.11 
Bone 0.51 0.62 0.27 0.12 

The c o l l e c t i v e  average dose equ iva l en t  r a t e  ( t o t a l  dose) from t h i s  i n d i -  
r e c t  pathway, f o r  the  above popu la t i on ,  can be es t imated  t o  be  0.35 rem a- l  
(1.00 mRem x  354 persons)  f o r  a d u l t s  and 0.05 rem a- l  (0.93 mRem x  56 persons)  
f o r  i n f a n t s .  

Although not d i r e c t l y  r e l a t a b l e  t o  the  Laboratory l i q u i d  e f f l u e n t s  dur ing  
1979, a  9 0 ~ r  concen t r a t i on  of 2 pCi 1-I (0.73 x  10-I Bq 1-I)  was found i n  an 
o f f - s i t e  s u r v e i l l a n c e  we l l  (XS) about 0.35 km e a s t  of the Laboratory s i t e .  bound- 
a ry  along the  Peconic River .  This l e v e l  corresponds t o  25% of t he  EPA Drinking 
Water Standard (18) .  I f  we assume t h a t  during 1979 a l l  the  25 people ( 3 , 4 )  l i v -  
ing i n  the  v i c i n i t y  of  t h i s  we l l  obtained t h e i r  d r ink ing  water  from shal low 
water supply wel l s  conta in ing  9 0 ~ r  i n  a  concen t r a t i on  equa l  t o  t h a t  of t he  su r -  
v e i l l a n c e  we l l  then the  c o l l e c t i v e  average dose equ iva l en t  r a t e  ( t o t a l  dose 
commitment) w i l l  not exceed 0.02 rem a-l  ( s i n c e  8  pCi / l  corresponds t o  4  mRem) . 
Their c o l l e c t i v e  average dose equ iva l en t  r a t e  ( t o t a l  dose) from n a t u r a l  back- 
ground ( inc lud ing  i n t e r n a l  r a d i a t i o n )  would have been about 2.25 rem a-l  
(person-rem) during 1979. 

4.3 Doses Due t o  the Gamma F o r e s t  "'CS Source 

A 5883 C i *  1 3 7 ~ s  source  i s  l oca t ed  i n  t he  n o r t h e a s t  p a r t  of  the  Labora- 
to ry  s i t e ,  1010 meters from the north boundary. The dose r a t e  a t  t h i s  boundary 
during 1979, as  determined by the  Laboratory Environmental Monitoring Group, was 
1.43 mRem a-l  (1 .43~10-5  Sv) ,  o r  0.4% of  the Radia t ion  P r o t e c t i o n  Standard.  

Populat ion doses beyond t h e  s i t e  boundary due t o  t h i s  source  have been 
computed us ing  an es t imated  popula t ion  count by segments cen te red  on the  HFBR 
s t ack .  Average dose r a t e s  f o r  each popula t ion  segment and f o r  each d i s t a n c e  
from the source a r e  g iven  i n  Table 28. 

Since t h e  dose r a t e  from t h i s  source  decreases  very  r a p i d l y  with d i s -  
t ance ,  only popula t ion  segments l oca t ed  w i th in  5  km from the  source were con- 
s ide red .  The o f f - s i t e  c o l l e c t i v e  average dose equ iva l en t  ( t o t a l  dose) is  0.05 
rem a- l  (person-rem a - l ) ,  and apprec iab le  c o n t r i b u t i o n s  a r e  found only i n  the  
NNE and NE s e c t o r s .  



TABLE 28 

1979 BNL Env i ronmen ta l  Mon i to r ing  O f f - S i t e  C o l l e c t i v e  Annual Average Dose E q u i v a l e n t  Ra t e  
Due t o  E x t e r n a l  R a d i a t i o n  Exposure  R e s u l t i n g  from t h e  Gamma F o r e s t  and AGS O p e r a t i o n s  

Gamma F o r e s t  AGS 

D i s t a n c e  Dose Ra te  Person- em D i s t a n c e  Dose Rate  Person-  em 
S e c t o r  (km) p o p u l a t i o n a  (km) (mR a-1) (km) (mR a-1) 

SSW 

SW 

WSW 

W 

WNW 

NW 

NNW 

N 

NNE 

NE 

ENE 

E 1.6-3 .2  
3.2-4.8 

ESE 1.6-3.2 
3.2 4 . 0  

EE 1.6-3.2 
3 . 2 - 4 . R  

SSE 1.6-3 .2  
3.2-4.8 

s i .6-3.2 
3.2-4.8 

T o t a l  

a ~ o p u l a t i o n  d a t a  e s t i m a t e d  from i n f o r m a t i o n  s u p p l i e d  by M s .  Peggy Wagner, Research A n a l y s t ,  Long I s l a n d  Reg iona l  P l ann ing  Board 
[3 ,41 .  See  T a b l e  1 f o r  e s t i m a t e d  p o p u l a t i o n  d i s t r i b u t i o n  f o r  1979. 



4.4 Doses Due t o  A l t e r n a t i n g  Gradient  Synchrotron 

The A l t e r n a t i n g  Gradient  Synchrotron (AGS) i s  a  33 GeV pro ton  synchro t ron  
ioca ted  1180 meters  from t h e  n e a r e s t  s i t e  boundary. Although t h e  machine i s  
heav i ly  s h i e l d e d ,  some neut rons  do p e n e t r a t e  t h e  s h i e l d  or  escape from a r e a s  
where experiments  a r e  i n  progress .  Some of t he se  neut rons  reach  o f f - s i t e  a r e a s  
e i t h e r  d i r e c t l y  o r  i n  most ca se s ,  by s c a t t e r i n g  from the  a i r ,  which i s  c a l l e d  
skyshine.  

With the  advent of t h e  I s a b e l l e  p r o j e c t  i n  1978, t h e  Sa fe ty  and Environ- 
mental P r o t e c t i o n  Div i s ion  has  i n s t i t u t e d  an  ex t ens ive  program t o  e v a l u a t e  d i f -  
f e r e n t  neu t ron  d e t e c t o r s  i n  t h e  f i e l d  and a l s o  t o  determine a p p r o p r i a t e  sampling 
l o c a t i o n s .  These s t u d i e s  should provide d a t a  on neut ron  dose d i s t r i b u t i o n  
around AGS and I s a b e l l e  (when o p e r a t i o n a l )  and thus  provide a  b a s i s  f o r  more ac- 
c u r a t e  e s t i m a t e s  of o f f - s i t e  doses .  Pre l iminary  r e s u l t s ,  der ived  by us ing  a  neu- 
t r o n  monitor ( ~ u d l u m  55) a t  P2 (F igure  21, i n d i c a t e  an annual dose of 6 .1  mRem 
r e s u l t i n g  from neut rons  o t h e r  t han  those  genera ted  by t h e  AGS f a c i l i t y .  This  
dose r a t e  has  been observed t o  be s i m i l a r  t o  l e v e l s  a t  o the r  a c c e l e r a t o r  . 
f a c i l i t i e s  ( 28) . During 1978 and 1979, t h e  s tudy  has  been exper imenta l  i n  na- 
t u r e  and as  such i t  was f e l t  t h a t  t he  neut ron  skyshine d a t a  f o r  1979 would n o t  
permit  a  proper  eva lua t ion  of t he  doses o f f - s i t e  r e s u l t i n g  from AGS ope ra t i ons .  
Accordingly, it was decided t o  e s t ima te  t he  dose r a t e  a t  t he  s i t e  boundary by 
comparing t h e  t o t a l  p ro ton  f l u x  f o r  1977 t o  t h a t  f o r  1978 and 1979 and use t h i s  
r a t i o  t o  de r ive  t he  19'78 and 1979 dose r a t e s  from t h e  1977 va lues   able 31 - 
1977 E.M. ~ e ~ o r t ) .  A s  such,  Table  28  g ives  t h e  der ived  dose r a t e  (m~em a- I ]  and 
the  c o l l e c t i v e  average dose equ iva l en t  (average doses)  r a t e s  f o r  each popula t ion  
segment and f o r  each d i s t a n c e  from the  source.  

Since t he  dose r a t e  from t h i s  source decreases  r a p i d l y  wi th  d i s t a n c e ,  
only popula t ion  segments with r a d i i  of 1.6 t o  3.2 and 3.2 t o  4.8 kms were consid- 
e red .  The o f f - s i t e  der ived  c o l l e c t i v e  average dose equ iva l en t  ( t o t a l  dose)  was 
0.04 rem a-' (person-rem a - I )  and a p p l i c a b l e  c o n t r i b u t i o n s  were found only i n  
t h e  NW and NNW s e c t o r s .  

4.5 C o l l e c t i v e  Average Dose Equivalent  Rate ( ~ o t a l  ~ o ~ u l a t i o n  ~ o s e )  

The c o l l e c t i v e  average dose equ iva l en t  r a t e  ( t o t a l  popula t ion  dose) be- 
yond t h e  s i t e  boundary, w i t h i n  a  r a d i u s  of 80 km, due t o  Laboratory ope ra t i ons  
dur ing  1979 i s  the  sum of the  va lues  due t o  t h e  four  components d i s cus sed  above, 
a s  shown below: 



Airborne 
Tr i t ium 

Liquid E f f l u e n t s  
Consuming f i s h :  Adults  

I n f a n t s  
Well water  

Gama Fores t  Source 
AGS Skyshine 
Tota l  

-1 - 1 
rem a  (person-rem a 1 

The c o l l e c t i v e  average dose equ iva l en t  ( t o t a l  annual dose) due t o  ex t e r -  
n a l  r a d i a t i o n  from n a t u r a l  background, t o  the  popula t ion  wi th in  a  80 km r a d i u s  
of t h e  Laboratory,  amounts t o  about 278,405 rem a'l, t o  which about 85,704 rem - 
a (person-rem a - I ) ,  should be added f o r  i n t e r n a l  r a d i o a c t i v i t y  from n a t u r a l  
~0ijrrP.s.  



TABLE 28 

Maximum Permissible Levels of Contaminants in Air and Water 
With Their Detection Limits 

EPA-Drinking Water[l8 ] 
Contaminant DOE 0524[17] and NYS Drinking NYS Standard[l3 1 Detection Limit (b 
Radionuclide Air Water Water Standard[25 ](a) Air Water Air Water 

Gross cr 
wCi/ml 

Gross B 
wCi/ml 1 x 1 1 

Non-Radioactive 

Temp OC 

Dissolved Cxygen ppm 
Chlorides ppm 
Nitrogen-Nitrate ppm 
nl.ssnlvc?d Sol ids ppm 
Coliform 
Ag PPm 
Cd 
Cr 
Cu 
Fe 
Hg 
Pb 
Zn 

a 
A q ~ i - f e r  11nrle.r T.nng Tsland declared as "Sole Source" - Applicable Standard is EPA National Interim Primary 
Drinking Water Regulations [lR]. 

See Appendix B. 

As fritiated vapor , 

S: Soluble 
I: Insoluble 



APPENDIX A 

QUALITY CONTROL 

Radioactive Measurements 

a. Alpha (a), Beta ( B )  and Gamma (y): 

Certified radioactive standards from the National Bureau of Standards, 
U.S. Department of Commerce, are used to standardize radiation measurement 
instruments. These standards. are certified to be at least within 5% of stated 
values. In some cases, certified standards were also obtained from 
Amersham/Searle. Daily checks of instrument performances are made using the 
standards as well as backgrounds. In addition, some samples are .counted both in 
the NaI system and the ~e(Ei) system. The Ge(~i) system were calibrated using 
a new multi-gamma NBS Standard obtaincd in ~ e t o b e r '  1377. 'I'l~e res~~lts f ~ u u  the 
NaI and Ge(~i) systems agree within 5%. For tritium.measurements a number of 
standards and blanks are included with each run of a liquid scintillator counter 

., which has a programed automatic sample changer. 

The Analytical Laboratory of the Safety and Environmental Protection Divi- 
sion is a participant in the inter-laboratory comparisons of radioactivity in 
samples of different matrices of water, air filters, soil, vegetation and bone. 
These samples are distributed by the Department of Energy (DOE) through the Envi- 
ronmental Measurements Laboratory (EML), New York, formerly known as the Health 
and Safet Laboratory (HASL), on a quarterly basis. The radionucludes assayed 
were 3 ~ ,  %oS~, plutonium isotopes (following wet chemistry) and a number.of 
gamma emitting nuclides. Our results agree within 10% for water samples and 
within 15% for other sample matrices. 

b. TLD Dosimeters 

The Dosimetry Services Group of the Safety and Environmental Protection 
Division participated in the Fourth International Intercomparison of Environmen- 
tal Dosimeters conducted at Houston, Texas during the late winter and early 
spring of 1979. There were a total of 122 participants in this test. 

The estimated field exposure, as measured by the BNI, environmental 
monitoring TLD dosimeter, agreed within 0.8% of the value measured by a continu- 
ously operated recording pressurized ion chamber corrected for energy response. 
In the laboratory exposure test, the BNL dosimeter agreed within 3.5% for the 
"high" (s 50 mR exposure) and agreed within 6.4% for the "low" (* 15 mR 
exposure). 

Nonradioactive Measurements 

Procedures for nonradioactive contaminants are those presented in Stan- 
dard Methods for the Examination of Water and Wastewater (14th edition, 1975). 
All standards are prepared from standard reference grade and analytical grade 
reagents in accordance with the requirements of standard methods. Standards are 

run with each'set of samples analyzed and at least one duplicate and blank is 
run with each set. 



APPENDIX B 

iinimum Detec tab le  Limit (MDL) 

Some of the  va lues  i n  gamma scans  by the  NaI d e t e c t o r  a r e  n o t  i n d i c a t e d  
i n  t he  t a b l e s  a s  these  va lues  were a t  o r  below MDL. The MDL va lues  a r e  a func- 
t i o n  of Mat r ix  ( e f f i c i e n c y ) ,  Count Time (background),  e t c .  Typical  t a b l e s  f o r  
NaI and ~ e ( ~ i )  systems a r e  g iven  below: 

Uni t s  : p c i  
Detec tor :  Two 4" NaI c r y s t a l s  
Geometry: Planchet  and a i r  p a r t i c u l a t e s  

Count Time 
( s e c  1 ~e 1 4 4 ~ e  5 7 ~ 0  5 8 ~ 0  6 0 ~ o  

Count Time 
(set) 134~s  1 3 7 ~ s  5 9 ~ e  

131 I - 

Count Time 
( s e c  1 54h 2 2 ~ a  125 sb 65 ~n 

Uni t s :  p c i  
Detec tor :  145 cc G e ( ~ i )  Detector  
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