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ANNUAL REPORT FOR 1976 

N. W. Golchert, T. L. Duffy, and J. Sedlet 

ABSTRACT 

The results of the environmental monitoring program at Argonne National 

Laboratory for 1976 are presented and discussed. To evaluate the effect of 

Argonne operations on the environment, measurements GTPYP made for a vnric-ty 

uL radionuclides in air, surface water, Argonn,e effluent water, soil, grass, 

bottom sediment, and foodstuffs; for a variety of chemical constituents in 

surface and Argonne effluent water; and of the environmental penetrating 

radiation dose. Sample collections and measurements were made at the site 

boundary and off the Argonne site for comparison purposes. Some on-site 

measurements were made to aid in the interpretation of thc boundary and off- 

site data. The results of the program are interpreted in terms of the sources 

and origin of the radioactive and chemical substances (natural, fallout, 

Argonne, and other) and are compared with accepted environmental quality 

standards. The potential radiation dnse to off-site population groups is 

also estimated. 

I. INTRODUCTION 

This report is prepared to provide the U. S. Energy Research and 

Development Administration (ERDA) and the public with information on the 

levels of radioactive and nnn-radioactive pollutnntn in the environment o1 

Argonne National Laboratory (ANL) and on the amounts of pollutants, if any, 

added to the environment as a result of Argonne operations. The report 

follows the guidelines given in ERDA Manual Chapter 0513. The Laboratory 

conducts a continuous environmental monitoring program on and near the 

Argonne site whose primary purpose is to determine the magnitude, origin, and 

identity of radioactive or potentially toxic chemical substances in the 



environment. Of s p e c i a l  i n t e r e s t  is  t h e  d e t e c t i o n  of any such subs tances  

r e l ea sed  t o  t h e  environment by Argonne. One important  func t ion  of t h e  program 

i s  t o .  v e r i f y  the  ad6quacy of Argonne , '~  e f f l u e n t  p o l l u t i o n  c o n t r o l s .  

Argonne is  a mu l t i -d i sc ip l ina ry  r e sea rch  and development l a b o r a t o r y  wi th  

s e v e r a l  p r i n c i p a l  o b j e c t i v e s .  It c a r r i e s  ou t  a broad program of r e sea rch  

a c t i v i t i e s  i n  t he  phys i ca l ,  biomedical ,  and environmental s c i ences  and s e r v e s  

a s  an  important  c e n t e r  f o r  energy r e sea rch  and development, both nuc lear  and 

non-nuclear. Some of t h e  energy-related r e s e a r c h  p r o j e c t s  a r e  a major e f f o r t  

i n  t h e  f a s t  b reeder  nuc lea r  r e a c t o r  ( l iqu id-meta l  and gas-cooled),  r e a c t o r  

s a f e t y  s t u d i e s ,  improvements i n  t h e  u t i l i z a t i o n  of c o a l  f o r  power product ion ,  

c o a l  l i q u e f i c a t i o n  s t u d i e s ,  t h e  development of e l e c t r i c  b a t t e r i e s  f o r  v e h i c l e s  

and off-peak energy s t o r a g e ,  magnetohydrodynamic power genera t ion ,  and s o l a r  

energy u t i l i z a t i o n .  Environmental r e sea rch  s t u d i e s  i nc lude  a Great Lakes 

radioecology program, which i s  p r imar i ly  concerned w i t h  t h e  e f f e c t s  of e f f l u -  

e n t s  from nuc lea r  and f o s s i l  f u e l  power p l a n t s  on Lake Michigan and o t h e r  

watersheds,  s t u d i e s  on t h e  d i s p e r s i o n  and behavior  o r  a i rbo rne  p o l l u t a n t s  

under va r ious  meteoro logica l  cond i t i ons ,  and rec lamat ion  of strip-mined 

lands .  Almost a l l  of t h e  work a t  t h e  Laboratory i s  of an u n c l a s s i f i e d  n a t u r e .  

The p r i n c i p a l  nuc lea r  f a c i l i t i e s  a t  t h e  Laboratory a r e  a 5 MW heavy- 

water  cooled and moderated general-purpose r e sea rch  r e a c t o r  (CP-5) fue l ed  wi th  

fu l ly-enr iched  uranium; a 200 kW l ight -water  cooled and moderated b i o l o g i c a l  

r e sea rch  r e a c t o r  (Janus)  fue l ed  wi th  fu l ly-enr iched  uranium; one c r i t i c a l  

assembly o r  ze ro  power r e a c t o r  (ZPR-9), t h a t  i s  fue led  a t  va r ious  t imes wi th  

plutonium, uranium, o r  a combination of t he  two; t h e  Argonne Thermal Source 

Reactor (ATSR), a 10  kW resea rch  r e a c t o r  fue l ed  wi th  enr iched  uranium; a 12 .5  

GeV pro ton  a c c e l e r a t o r ,  t h e  Zero Gradient  Synchrotron (ZGS); a 60-inch cyclo- 

t ron ;  s e v e r a l  o t h e r  charged p a r t i c l e  a c c e l e r a t o r s  ( p r i n c i p a l l y  of t h e  Van d e  

Graaff t y p e ) ,  cobalt-60 i r r a d i a t i o n  sou rces ;  chemical and m e t a l l u r g i c a l  

plutonium l a b o r a t o r i e s ;  and s e v e r a l  ho t  c e l l s  and l a b o r a t o r i e s  designed t o r  

work w i t h  irradiated Luel eleulents and w i t h  m u l t i c u r i e  q u a n t i t i e s  nf the 

a c t i n i d e  elements.  

B. Desc r ip t ion  of S i t e  
. .. 

Argonne Nat iona l  Laboratory ( I l l i n o i s  s i t e )  occupies  t h e  c e n t r a l  6.88 sq  

km (1,700 a c r e s )  of a 15.14 sq  km (3,740-acre) t r a c t  i n  DuPage County, 43 km 



(27 mi les )  southwest  of dotjntown chicago,  and 39 km (24 mi l e s )  due west of 

Lake Michigan. .It l i e s  i n  t h e  Des P l a i n e s  River ~ = l l e y ,  south of  I n t e r s t a t e  

Highway'55 and west  of I l l i n o i s  Highway 83. F igures  1 and 2 a r e  maps of t h e  

s i t e  and of t h e  surrounding a rea .  The 8.26 s q  km (2,040-acre) a r e a  surround- 

i n g  t h e  s i te  (Wate r f a l l  Glen Fores t  Preserve)  was formerly Argonne proper ty ,  

b u t  was deeded t o  t h e  DuPage County Fores t  P re se rve  D i s t r i c t  i n  1973 f o r  t h e i r  

u se  a s  a  p u b l i c  r e c r e a t i o n a l  a r e a ,  n a t u r e  p re se rve ,  and demonstrat ion f o r e s t .  

The t e r r a i n  i s  g e n t l y  r o l l i n g ,  par t ia l ly-wooded,  former p r a i r i e  and 

farmland. The grounds con ta in  a  number of smal l  ponds and s t reams,  t h e  

p r i n c i p a l  one be ing  Sawmill Creek, which runs  through t h e  s i t e  i n  a  sou the r ly  

d l r e c L l u l ~  al~ll elders t l ~ c  Dcs I ' la ines  River about  2.1 km (1.3 mi l e s )  sou theas t  

of t h e  c e n t e r  of t h e  s i te .  Thc land  i o  d ra ined  p r imar i ly  by Sawmill Crcek, 

a l though the  extreme sou the rn  p o r t i o n  d r a i n s  d i r e c t l y  i n t o  t h e  Des P l a i n e s  

River ,  which flows a long  t h e  sou the rn  boundary of t h e  F o r e s t  Preserve .  This  

r i v e r  flows southwest u n t i l  i t  j o i n s  t h e  Kankakee River about 48 km (30 mi l e s )  

southwest ot t h e  Laboratory t o  torm t h e  l l l i n o i s  Kiver.  

The l a r g e s t  topographica l  f e a t u r e  i s  t h e  Des. P l a i n e s  River channel ,  about  

1 .6  km ( 1  mi le )  wide. This  channel con ta ins  both t h e  River and t h e  Chicago' 

San i t a ry  and Shfp Canal. Thefr presence extends the iinlnhableed area abouc 

1 .6  km ( 1  mi l e )  sou th  of  t h e  s i t e .  The e l e v a t i o n  of t he  channel  s u r f a c e  i s  

180 m (590 f e e t )  above s e a  l e v e l .  B l u f f s ,  which comprise t h e  sou th  border  of 

t h e  s i t e ,  r i s e  from t h e  channel a t  vary ing  s l o p e  ang le s  of 15" t o  6O0,.reach- 

i n g  an  av.erage, e l e v a t i o n  of 200 m (650 f e e t )  above s e a  l e v e l  a t  t h e  top .  The 

l and  then  s l o p e s  g radua l ly  upward reaching  t h e  average s i t e  e l e v a t i o n  of 220 m 

(725 f e e t )  above s e a  l e v e l  a t  940 m (3,000 f e e t )  from t h e  b l u f f s .  Severa l  

l a r g e  r av ines  o r i e n t e d  i n  a  north-south d i r e c t i o n  a r e  l oca t ed  i n  t h e  southern  

p o r t i o n  of t h e  s i te .  The b l u f f s  and r a v i n e s  g e n e r a l l y  a r e  f o r e s t e d  wi th  

deciduous t r e e s  of an average he ight  of 15-18 m (50-60 f e e t ) .  The remaining 

p o r t i o n  of t h e  s i t e  changes i n  e l e v a t i o n  by no more than 7.6 m (25 f e e t )  i n  a  

d i s t a n c e  of 150 h o r i z o n t a l  m (500 f e e t ) .  I n  t h e  southern  p o r t i o n  of t h e  

Fo res t  Preserve ,  t h e  Chicago D i s t r i c t  P ipe  Line  Co. and t h e  Atchison, Topeka, 

and Santa Fe Ra i l road .have  rights-oi-way. 



Fig. 1. Sampling Locations a t  Ar gonne National Laboratory 
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C. ~ e t e o r o l o g y  

.The  c l i m a t e  of t h e  a r e a  i s  t h a t  of.  t h e  upper M i s s i s s i p p i  Val ley,  a s  

m 0 d e r a t e d . b ~  Lake Michigan. A 'summary of t h e  meteoro logica l  d a t a  c o l l e c t e d  

bn t h e  s i t e  from 1950 t o  1964 i s  a ~ a i l a b l e , ' ~ )  and provides an  adequate  sample 

of t h e  c l imate .  S imi l a r  d a t a  have been c o l l e c t e d  s i n c e  1964. 

The most important  meteoro logica l  v a r i a b l e s  f o r  t h e  purposes of t h e  

r e p o r t ,  wind d i r e c t i o n ,  wind speed, temperature,  and p r e c i p i t a t i o n ,  ob ta ined  

from t h e  Atmospheric Physics  Sec t ion  of t h e  Radio logica l  and Environmental 

Research Div i s ion  a t  Argonne, a r e  given h e r e  f o r  1976. The average monthly 

and annual  wind r o s e s  a r e  shown i n  F igure  3. The wind r o s e s  ar.e p o l a r  co-' 

o r d i n a t e  p l o t s  i n  which t h e  l eng ths  of  t h e  r a d i i  r ep re sen t  t h e  percentage 

frequency of wind speeds i n  c l a s s e s  of 2.'01-6 m / s  (4.5-13.4 mph), 6.01-10 m / s  

(13.4-22.4 mph), and g r e a t e r  than  10 .01  m / s  (22.4 mph). The d i r e c t i o n  of t h e  

r a d i i  r e p r e s e n t s  t h e  d i r e c t i o n  from which t h e  wind blows. S ix teen  r a d i i  a r e  

shown on each p l o t  a t  22.5" i n t e r v a l s ;  each r a d i u s  r e p r e s e n t s  t h e  .average wind 

speed f o r  t h e  d i r e c t i o n  covering 11.25' on e i t h e r  s i d e  of t h e  r a d i u s .  For 

example, i n  t h e  p l o t  l abe l ed  "76 t o t a l " ,  t h e  predominant wind blows from t h e  

southwest.  Th i s  vec to r  shows t h a t ,  of t h e  t o t a l  wind obse rva t ions ,  about  4% 

were i n  t he  2.01-6 m / s  range,  about 5% were i n  t h e  6.01-10 m / s  range,  about 

1% were g r e a t e r  than  10.01 m / s ;  and about  10% of t h e  obse rva t ions  were from 

t h e  d i r e c t i o n  between 213.75" and 236.25' (southwest) .  .The number i n  t he  

c e n t e r  r e p r e s e n t s  t h e  percent  of obse rva t ions  of wind speed l e s s  t han  2 m / s  

i n  a l l  d i r e c t i o n s .  

The r o s e s  show t h a t  t h e  predominant winds were from t h e  southwest and 

west on t h e  average,  b u t  seasonal  v a r i a t i o n s  a r e  apparent .  The winds were 

p r imar i ly  wes t e r ly  i n  January ,  wh i l e  i n  February and March t h e  southwest 

component was s t rong .  1 n . t h e  s p r i n g ,  t h e  no r theas t  l a k e  breeze became evident  

and continued through much of t h e  summer. The warm southwes ter ly  winds, 

brought up by t h e  h igh  p r e s s u r e  a r e a s  i n  t h e  sou theas t e rn  U.S., began l a t e r  

i n  t h e  s p r i n g  and continued f o r  t h e  remainder of t h e  yea r .  Strong n o r t h  and 

west winds were noted dur ing  t h e  l a s t  t h r e e  months of the  year  i n  g r e a t e r  

than  average abundance. The winds a r e  s u f f i c i e n t l y  v a r i a b l e  so  t h a t  monitor- 

i n g  f o r  any a i r b o r n e  r e l e a s e s  must be c a r r i e d  o u t  i n  a l l  d i r e c t i o n s  from t h e  

s i t e .  
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Fig. 3. Monthly Wind Roses at Argonne National Laboratory, 1976 



The monthly average wind speed a t  44.5 m (146 f t )  above ground l e v e l  

va r i ed  from 4.7 m / s  (10;5 mph) i n  August t o  7 .3 ,m/ s  (16..3 mph) i n    arch. 

Average monthly wind speeds a t  1..5 m (4.9 f t )  and 6.0 m (19.7 f t )  above ground 

l e v e l  had maxima and minima i n  t h e  same months. A t  1 . 5  m t h e  speeds ranged 

from 2.4 m / s  (5 .3  mph) t o  4.6 m / s  (10.3 mph) and a t  6.0 m t h e  range was from 

3  m / s  (6.7 mph) t o  5 .2  m / s  (11.6 mph) . A tornado passed through p a r t  of t h e  

Argonne s i t e  .a t  .about 6  p.m. on June 13,  1976. ' The maximum wind speed measured 

du r ing  t h i s  pe r iod  was 27 m / s  (60 mph) a t  t h e  ANL Meteorology Tower, which was 

no t  i n  t h e  d i r e c t  p a t h  of t h e  tornado.  

F igure  4  shows t h e  v a r i a t i o n  of t h e  mean a i r  temperature  by month a s  

compared t o  t h e  15-yr mean a i r  temperature  du r ing  t h e  1950-1964 pe r iod .  Dur- 

i ng  t h e  f i r s t  s i x  months t h e  temperatures  g e n e r a l l y  exceeded t h e  15-yr mean 

and from August through December t h e  temperature  was l e s s  than  t h e  mean by 

approximately t h e  same amount. The temperatures  du r ing  t h e  l a s t  q u a r t e r  of 

1976 were abnormally low, a s  would be  expected from t h e  wind d a t a .  A compari- 

son  of t h e  1976 wind r o s e s  t o  prev ious  wind r o s e  d a t a  shows a  l a r g e r  n o r t h e r l y  

component dur ing  t h i s  pe r iod  i n  1976. 

The p r e c i p i t a t i o n  followed a  s i m i l a r  p a t t e r n ,  showingabove normal l e v e l s  

through J u l y  and very  d ry  c o n d i t i o n s  du r ing  t h e  remainder of t h e  yea r .  Th i s  

w i l l  be  d i s cus sed  i n  more d e t a i l  i n  Sec t ion  I.E. 

D.  Popula t ion  

The a r e a  around Argonne has  e x h i b i t e d  a  l a r g e  popula t ion  growth i n . t h e  

p a s t  10  yea r s .  Large a r e a s  of  farmland have been converted i n t o  housing.  A 

d i r e c t i o n a l  80-km (50 mi le )  popu la t i on  d i s t r ' i b u t i o n  f o r  t h e  a r e a ,  which i s  

used f o r  t h e  popula t ion  dose  c a l c u l a t i o n s  l a t e r  i n  t h i s  r e p o r t ,  i s  shown i n  

Table  1. The d i s t r i b u t i o n ,  cen t e r ed  on t h e  CP-5 r e a c t o r ,  was ob ta ined  by 

modifying a  s i m i l a r  d i s t r i b u t i o n  provided by t h e  Regional and Urban S t u d i e s  

Department a t  Oak Ridge Na t iona l  Laboratory,  which was based on t h e  1970 U.S. 

c e n s u ~  f i g u r e s ,  Thc f i g u r e s  were a d j u s t e d  i n  t h e  f i r s t  few k i lome te r s  by 

a c t u a l  i n s p e c t i o n  of  t h e  a r e a ,  and ove r  t h e  e n t i r e  r eg ion  wi th  t h e  u s e  of  t h e  

most r e c e n t  in format ion  from t h e  Nor theas te rn  I l l i n o i s  Planning Commission 

(NIPC), t h e  Northwestern Ind iana  Regional Planning Commission, and t h e  i n d i -  

v i d u a l  County p lanning  o f f i c e s  o u t s i d e  of t h e s e  a r e a s .  The NIPC provided 

popula t ion  f o r e c a s t s  by q u a r t e r  s e c t i o n  f o r  1974 i n  t h e  s i x  county a r e a  
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TABLE 1 

Incremental  Popula t ion  Data i n  t h e  V i c i n i t y  of ANL, 1974 

D i s t a n c e , m i l e s  0 - 1  1 - 2  2 - 3  . 3 - 4  4 - 5  5-10 10-20 20-30 30-40 40-50 , 

Dis tance ,  km. 0-1.6 1.6-3.2 3.2-4.8 4.8-6.4 6.4-8.0 8-16 16-32 32-48 48-64 64-80 

Di rec t ion  

1IJ 0 250 2150 3100 3560 36570 188820 294520 107730 194880 

NNE 0 25 1530 4530 3210 39600 336130 545820 113100 0 

HE 0 160 1660 1170 1240 29400 803170 1071375 0 0 

ENE 0 0 4390 755 1410 29850 737740 333865 0 0 

E 0 0 130 0 10  31220 514440 252870 13720 24720 

ESE 0 0 160 275 100 10760 225710 287970 295700 43080 

SE 

SSE 

S 

SSW 

SW 

WSW 

W 

WNW 

NW . 

NNW 

T o t a l  

Cumulative 
T o t a l  



around Chicago. The Northwestern Indiana  Regional Planning Commission pro- 

v ided  ' the same type  of  d a t a  f o r  Lake and P o r t e r  Counties.  The o t h e r  I l l i n o i s  

Count fes 'p rovided  t h e i r  b e s t  e s t ima te s  of t h e  1974 popu la t ion  i n  t h e i r  

r e s p e c t i v e  a r e a s .  Th i s  count  was u s u a l l y  a l o c a l l y  ad jus t ed  e s t i m a t e  u s ing  

t h e  S t a t e  of I l l i n o i s  Bureau of t h e  ~ u d ~ e t  f o r e c a s t .  ~ h e . 1 9 7 0  census of 

communities and townships i n  t h e  a r e a ,  a n d ' a  map showing t h e i r  r e l a t i o n  t o  

t h e  Argonne s i t e ,  a r e  given i n  a preceding r e p o r t  i n  t h e  s e r i e s .  (3 )  

E. Land and Water Use 
- -  

'l'he p r i n c i p a l  s t ream t h a t  d r a i n s  t he  s i te i s  Sawmill Creek. Th i s  Creek 

was formerly a n  i n t e r m i t t e n t  s t ream,  responding i n  flow r a t e  l a r g e l y  t o  pre- 
A 

c i p i t a t i o n  runof f .  It now c a r r i e s  e f f l u e n t  water  cont inuously f r o u  a 

municipal  sewage t r ea tmen t  p l a n t  (Marion Brook Treatment P l a n t )  l oca t ed  a 

few k i lome te r s  n o r t h  of t h e  s i t e  and ope ra t ing  a t  about 7.6 mega l i t e r s  (2  

m i l l i o n  ga l lons )  per  day. Tn a d d i t i o n ,  t h e  r e s i d e n t i a l  development in Lhe 

a r e a  h a s  r e s u l t e d  i n  t h e  c o l l e c t i o n  and channel ing of a d d i t i o n  runoff  water  

i n t o  t h e  Creek. Treated s a n i t a r y  and l a b o r a t o r y  waste  water  from Argonne i s  

d ischarged  i n t o  Sawmill Creek a t  l o c a t i o n  7M i n  F igure  1. I n  1976, t h e  water  

f low i n  t h e  Creek averaged about  24 m e g a l i t e r s  (6.4 m i l l i o n  g a l l o n s )  per  day 

upstream of t h e  Argonne waste-warer o u r f a l l ;  Argul lur  w~lste-water e f f l u e n t  

averaged 3 m e g a l i t e r s  (0.8 m i l l i o n  ga l luus )  p e L  day. The Argonne waotc water  

i s  normally equa l ly  d iv ided  i n  volume between s a n i t a r y  waste  and l a b o r a t o r y  

waste .  F igure  5 shows t h e  r e l a t i o n  between p r e c i p i t a t i o n  and t h e  volunie of 

s a n i t a r y  waste  wa te r ,  and i n d i c a t e s  t h a t  s torm water e n t e r s  t h e  s a n i t a r y  

waste  system. During the  l a t t e r  p a r t  of t h e  yea r ,  when t h e  amount.of prec i -  

p i t a t i o n  was abnormally low, t h e  volume of s a n i t a r y  was te  water  was about  

h a l f  t h e  Laboratory volume. Th i s  changed t h e  concen t r a t ions  found previous ly  

f o r  many elements by lowering normal d i l u t i o n  e f f e c t s .  

S i x  s t reams ( o r  channels)  t h a t  c a r r y  blowdown d i s c h a r g e  water  from cool- 

i n g  towers a r e  considered e f f l u e n t s  s i n c e  they  l eave  the  s i t e  boundary. These 

a r e  shown i n  F igure  1. One s t ream from t h e  200 Area l eaves  the  s i t e  a t  

l o c a t i o n  145 and e n t e r s  t h e  Creek a t  1 5 K ;  one from t h e  300 Area enters Sawmill 

Creek a t  l o c a t i o n  11L ( t h e  Creek crosses .  t h e  s i t e  boundary s h o r t l y  t h e r e a f t e r ) ;  

ano the r  s t ream from t h e  300 Area c r o s s e s  t h e  s i t e  boundary a t  l o c a t i o n  7K and 

soaks i n t o  t h e  ground south  of t h e  s i t e .  The channel a t ' l 4 G  c a r r i e s  water  



Fig. 5. P r e c i p i t a t i o n  and San i t a ry  Waste Water Volume, Monthly T o t a l s ,  1976 



p r i n c i p a l l y  from ~ u i l d i n g  208 and . the  14H channel s e r v e s  Building 203. The 

14G channel  e n t e r s  Sawmill Creek a t  15K, whi le  t he  1 4 H  c.hanne1 e n t e r s  a  pond 

a t  15H. ' The out f low of t h i s  pond i s  a n  i n t e r m i t t e n t  s t ream. The e f f l u e n t  a t  

' ' 1 2 L  i s  on - s i t e  and d r a i n s  t h e  Freugd ponds loca t ed  a t  1 1 K  and 12K. Cooling 

tower e f f l u e n t s  from Bui ld ings  200, 205, and 212 e n t e r  t h e s e  ponds above the  

sampling p o i n t .  The low water  l e v e l  i n d i c a t e d  above would a l s o  seve re ly  con- 

c e n t r a t e  m a t e r i a l s  r e l e a s e d  i n  t h e s e  open channels .  

Sawmill Creek and t h e  Des P l a i n e s  River above J o l i e t ,  about  21 km (13 

mi l e s )  southwest of Argonne, r e c e i v e  ve ry  l i t t l e  r e c r e a t i o n a l  o r  i n d u s t r i a l  

use .  A few people f i s h  i n  t h e s e  wa te r s  downstream from Argonne and some duck 

hun t ing  t akes  p l ace  on t h e  Des P l a i n e s  River .  Water from t h e  Chicago San i t a ry  

and Ship Canal is  used f o r  aomc i n d u s t r i a l  purposes,  such as h y d r o e l e c t r i c  

gene ra to r s  and condensers ,  and f o r  i r r i g a t i o n  a t  t h e  S t a t e  p r i s o n  near  J o l i e t .  

It i s  a l s o  used a s  secondary coo l ing  water  by Argonne. The Canal, which car-  

r i e s  Chicago Metropol i tan  San i t a ry  ~ i s t r i c t  e f  f l u e n t  water ,  i s  used f o r '  

i n d u s t r i a l  t r a n s p o r t a t i o n  and some r e c r e a t i o n a l  boa t ing .   ear J o l i e t  , t h e  

River  and Canal a r e  combined i n t o  one waterway, which cont inues  u n t i l  i t  

forms t h e  I l l i n o i s  River  about 48 k m  (30 mi l e s )  southwest of  Argonne. The 

Dresden Nuclear Power S t a t i o n  complex i s  loca t ed  a t  t h e  confluence of t h e  

Kankakee, D e s  P l a i n e s ,  and l l l i ~ i o i S  Rivers .  T l ~ r  p l i i ~ i t  u se s  watcr  from t h e  

Kankakee f o r  cool ing ,  and d i scha rges  t h e  water i n t o  the  I l l i n o i o  River.  The 

f i r s t  u s e  of water  f o r  d r ink ing  i s  an  i n d i r e c t  one a t  Peo r i a ,  on t h e  I l l i n o i s  

River  about 225 km (140 mi les )  downstream from Argonne, where River  water  i s  

used t o  r e p l e n i s h  ground water  s u p p l i e s  by i n f i l t r a t i o n .  In  t he  v i c i n ' i t y  of 

t h e  Laboratory,  on ly  subsu r face  water (from a l l  a q u i f e r s ,  shal low and deep) 

and Lake Michigan water  i s  used f o r  d r i n k i n g  purposes.  

The p r i n c i p a l  r e c r e a t i o n a l  a r e a  near  Argonne i s  W a t e r f a l l  Glen Fores t  

P re se rve ,  which surrounds t h e  s i t e  a s  descr ibed  i n  Sec t ion  I . B .  ,and shown i n  : 

Figure  1. Most of t h i s  a r e a  has  rece ived  l i t t l e  u se  thus  f a r .  It was a v a i l -  ' 

a b l e  f o r  h ik ing  and sk i ing ,and  i t s  development and increased  u t i l i z a t i o n  by 

t h e  p u b l i c  i s  expected.  Sawmill Creek flows through t h e  sou th  p o r t i o n  of t h e  

P re se rve  on i t s  way t o  t h e  Des P l a i n e s  River .  This  r eg ion  of t h e  P re se rve  

(formerly named Rocky Glen) w a s  used p r i n c i p a l l y  f o r  p icn ick ing ,  h ik ing ,  and 

overn ight  camping by youth groups, bu t  has  been c losed  f o r  r e h a b i l i t a t i o n  

s i n c e  June 6, 1976. Eas t  and s o u t h e a s t  of Argonne, and t h e  Des ~ l a i n e s  River 



a r e  l o c a t e d  s e v e r a l  l a r g e  f o r e s t  p r e se rves  of t h e  Cook County Fores t  P re se rve  

D i s t r i c t .  The p re se rves  i nc lude  t h e  two s loughs  shown i n  F igure  2, McGinnis 

and Saganash,kee, a s  w e l l  a s  o t h e r  s m a l l e r  l a k e s .  These a r e a s  a r e  used f o r  

p i cn i ck ing ,  boa t ing ,  f i s h i n g ,  and h ik ing .  A smal l  park  l o c a t e d  i n  t h e  e a s t e r n  

p a r t  of  t h e  Argonne s i t e  (12-0 i n  F igure  '1) i s  f o r  t h e  use  of  Argonne employees 

only.  

  he most r e c e n t l y  a v a i l a b l e '  in format ion  on mi lk  and p r i n c i p a l  a g r i c u l -  

t u r a l  p roduct ion  i n  a 10,600 sq km (4,100 sq mi) a r e a  around Argonne i s  shown 
, 

by County i n  Table  2. The mi lk ,  corn ,  and soybean product ion  is' f o r  1976; 

t h e  wheat and o a t  product ' ion is f o r  1975. These e s t i m a t e s  were obta ined  from 

t h e  I l l i n o i s  Crop Report ing Se rv i ce  of  t h e  S t a t e  Department of  Agr i cu l tu re .  

TABLE 2 

A g r i c u l t u r a l  Product ion  Near ANL 

Milk Corn Soybeans Wheat Oats 

No. 'of Mi l l i on  ' M i l l i o n  
County Cows Pounds Bushels 

DuPage 

Cook 

' W i l l  4,500 46.7 15.2 3 . 1  0.86 0.59 

Kane , 7,700 79.9 14.2 2.0 0.37 0.59 

Kendal l  7 00 7.3 9 . 1  1 . 5  0.25 0.24 

Grundy 1,300 ~ 13.5 12.6 2 .2  0.84 0.19 

Lake 1 ,400  14.5 1 . 8  0.47 0.45 0.32 

Note: To conver t  pounds i n t o  ki lograms,  m u l t i p l y  by 0.45; t o  convert  
bushe ls  i n t o  cubic  meters, mu l t i p ly  by 0.035. 



11. SUMMARY 

Th i s  is  one i n  a s e r i e s  of annual  r e p o r t s  prepared t o  provide  t h e  U. S. 

Energy Research and Development Adminis t ra t ion  (ERDA) and t h e  p u b l i c  w i th  

informat ion  on t h e  l e v e l  of r a d i o a c t i v e  and chemical p o l l u t a n t s  i n  t h e  envi- 

ronment' and on t h e  amounts of such subs tances ,  i f  any, added t o  t h e  environment 

a s  a  r e s u l t  o f  Argonne ope ra t ions .  The previous  r e p o r t  i n  t h i s  series i s  
. . 

ANL-76-29. Included i n  t h i s  r e p o r t  a r e  t h e  r e s u l t s  of measurements obta ined  

i n  1976 f o r  a  number of r ad ionuc l ides  i n  a i r ,  s u r f a c e  water ,  s o i l ,  g r a s s ,  

bottom sediment,  and f o o d s t u f f s ;  f o r  a  v a r i e t y  of chemical c o n s t i t u e n t s  i n  

water:  and f o r  t h e  e x t e r n a l  penetrating radlaLlofi dose.  

T o t a l  a lpha  and b e t a  a c t i v i t i e s ,  f4ssion and a c t i v a t i o n  products ,  

plutonium, thorium, and uranium were measured cont inuous ly  i n  a i r - f  i l t e r  

samples a t  t h e  s i t e  per imeter  and o f f  t h e  s i t e .  A l l  t h e  o f f - s i t e  and pe r i -  

meter samples conta ined  o n l y . a c t i v i t i e s  from n a t u r a l  sources  and nuc lea r  t e s t  

de tona t ions .  sho r t - l i ved  f i s s i o n  products  were d e t e c t e d  a t  a l l  sampling 

l o c a t i o n s  i n  February and a t  t h e  end of t h e  yea r ,  and a r e  a t t r i b u t e d  t o  f a l l -  

ou t  from t h e  Chinese atmospheric  nuc lea r  t e s t s  o£ ~ a n u a r y  23, 1976, and 

September 26, 1976. No a c t i v i t y  a t t r i b u t a b l e  t o  Argonne ope ra t ions  could be 

de t ec t ed .  

 he plutonium-239,240 concen t r a t ions  i n  a i r  averaged,  r e s p e c t i v e l y ,  
A 

6 x 10-1° and 5 r 10-l8 pCi/n11 aL ~ ' l l e  s i te  and o f f  t h c  c i t e ,  about  

one-third of the 1975 va lues .  The monthly v a r i a t i o n s  i n d i c a t e  a  "spr ing  

rnaxirn~~m" i n  s t r a t o s p h e r i c  f a l l o u t  of plutonium similar t o  t h a t  observed in '  

beryllium-7 ( a  na tura l ly-occurr ing  nuc l ide )  and s e v e r a l  f i s s l o n  products. 

The r e s u l t s  i n d i c a t e  t h a t  t h e  a i r b o r n e  plutonium was from,atmospherfc  nuc lear  

t e s t  de tona t ions  and t h e r e  was no evidence t h a t  any of t h e  plutonium o r i g i n a t e d  

a t  Argonne. The average  plutonium concen t r a t ion  was equivalent t o  0.0006% of * k 
t h e  CG. 

* 
The r a d i o a c t i v i t y  u n i t s  a r e  descr ibed  i n  Sec t ion  111. ** 
The hazard due t o  a g iven  concentra.ti.on of a r a d i o a c t i v e  n u c l i d e  i s  a s ses sed  
i n  t h i s  r e p o r t  by comparison w i t h  t h e  Concent ra t ion  Guides (CG) and annual  
dose  l i m i t s ,  o r  Radia t ion  P r o t e c t i o n  S tandards ,  f o r  uncon t ro l l ed  a r e a s  
s p e c i f i e d  by t h e  U. S. Energy Research and Development Adminis t ra t ion  i n  
Chapter 0524 of t h e  ERDA Manual. (4) The p e r t i n e n t  C G s  a r e  l i s t e d  i n  t h e  
Appendix, Sec t ion  1V.B. 



Argon-41 and hydrogen-3 ( a s  water  vapor)  r e p r e s e n t  t h e  major a i r b o r n e  

r a d i o a c t i v i t y  r e l ea sed  from t h e  Laboratory.  The argon-41 concen t r a t ion  and 

corresponding r a d i a t i o n  dose a t  t h e  s i t e  boundary was l e s s  than t h e  d e t e c t i o n  

l i m i t  (50% of t h e  CG) of t h e  p re sen t  sampling system, but  was c a l c u l a t e d  from 

an  atmospheric  d i s p e r s i o n  model t o  be 4.6 x 10-lo pCi/ml and 5.9 mremlyr i n  

t h e  predominant nor th-nor theas t  wind d i r e c t i o n .  These va lues  a r e  1.1% of t h e  

CG and t h e  non-occupational dose l i m i t  t o  i n d i v i d u a l s  (500 mremlyr) f o r  un- 

c o n t r o l l e d  a r e a s .  The ca l cu la t ed  dose a t  2 .1  km (1.3 mi) NE, where t h e  

c l o s e s t  f u l l - t i m e  r e s i d e n t s  l i v e ,  i s  3.4 mremlyr. These va lues  a r e  consis-  

t e n t  wi th  p e n e t r a t i n g  r a d i a t i o n  dose measurements made a t  t h e  s i t e  per imeter .  

The measured hydrogen-3 concen t r a t ion  a t  t h e  s i t e  per imeter  averaged about 

9 x 10-l2 ~ ~ C i / m l ,  which is  0.005% of t h e  CG and about seven times g r e a t e r  

than  t h e  o f f - s i t e  concen t r a t ion .  The corresponding dose i s  0.02 mrem/yr. 

Argonne waste  water i s  discharged i n t o  Sawmill Creek, and t h i s  s t ream 

was sampled above and below the  s i t e  t o  eva lua t e  t h e  e f f e c t  of Argonne 

ope ra t ions  on i t s  r a d i o a c t i v e  con ten t .  The nuc l ides  ( f o r  which ana lyses  were 

made) added t o  t h e  Creek i n  t h e  waste  water ,  and the  percent  CG of t h e i r  

average concen t r a t ions ,  were hydrogen-3, 0.054%; strontium-90, < 0.18%; 

neptunium-237, 0.001%; plutonium-239,240, 0.0002%; americium-241, 0.0001%; 

and curium-244 andldr  californium-249, < 0.00006%. Although Sawmill Creek i s  

not  a sou rce  of po tab le  water ,  t h e  dose t o  an  i n d i v i d u a l  u s ing  water  a t  t h e s e  

concen t r a t ions  a s  h i s  s o l e  source  of d r ink ing  water  would be i e s s  than  5.8 

mremlyr. About 95% of t h e  t o t a l  dose would r e s u l t  from strontium-90 produced 

i n  weapons t e s t i n g .  

Sawmill Creek flows i n t o  t h e  Des P l a i n e s  River ,  which i n  t u r n  flows i n t o  

t h e  I l l i n o i s  River .  The r a d i o a c t i v i t y  l e v e l s  i n  t h e  l a t t e r  two streams were 

s i m i l a r  t o  t hose  i n  o t h e r  s t reams i n  t h e  a r e a ,  and the  a c t i v i t y  added t o  t h e  

Creek by Argonne waste  water  had no measurable e f f e c t  on t h e  r a d i o a c t i v e  con- 

t e n t  of e i t h e r  t h e  Des P l a i n e s  o r  I l l i n o i s  Rivers .  

Plutonium concen t r a t ions  i n  s o i l  showed t h e  same gene ra l  range  and 

average a t  t h e  s i te  per imeter  ind  o f f  t h e  si te.  The average plutonium-239, 

240 content  of s o i l  was 1 . 8  x p c i / m 2  a t  t h e  s i t e  per imeter  and 2.5 x 

pci/m2 o f f  t h e  s i t e .  The corresponding plutonium-238 averages  were 0.08 

x v c i / m 2  and 0.14 x l o m 3  p c i / m 2 .  ' The plutonium con ten t  of g r a s s  was 

similar t o  t h a t  found i n  prev ious  yea r s  and was about a f a c t o r  of l o 4  l e s s  



t han  s o i l  from t h e  same l o c a t i o n .  The r e s u l t s  a r e  w i t h i n . t h e  range  repor ted  

by o t h e r  workers f o r  f a l l o u t  from t e s t  ' de tona t ions  and t h e  plutonium found i n  . 

s o i l  and' g r a s s  is  a t t r i b u t e d  t o  t h i s  source.  The plutonium con ten t  of samples 

from beds of s t reams and. ponds contained from 1 x lo-' t o  8 x lo-' pCi/g of 

plutonium-239,240, a  range . found i n  prev ious  y e a r s  t o  be normal f o r  f a l l o u t  

plutonium i n  such m a t e r i a l s .  The concen t r a t ions  of uranium, thorium, and 

some gamma-ray e m i t t e r s  measured i n  ' s o i l ,  p l a n t ,  and bottom sediment were 

normal. 

Milk from a d a i r y  farm nea r  t h e  Laboratory was analyzed, f o r  s e v e r a l  

f i s s i o n  products ,  i nc lud ing  hydrogen-3 .' HydrOgeil-3 c o n c e n t r a t i u ~ l v  r-tlllged 

from < 2UU x 1~'' j i ~ f / w l  (=Re d e r e c t i u ~ ~  l l i u l ~ )  LU 300 x lo-' p ~ i / m l ,  oPmilar 

t o  t h e  range found i n  s u r f a c e  wacer. The strontium-90 and ccsium-137 concen- 

t r a t i o n s  decreased compared t o  1975. Iodine-131 and barium-140 were d e t e c t e d  

i n  mi lk  l a t e  i n  t h e  yea r  and were due t o  f a l l o u t  from t h e  Chinese atmospheric  

t e s t  of September 26, 1976. The consumption of one l i t e r  of mi lk  per  day a t  

t h e  average concen t r a t ions  would have r e s u l t e d  i n  a  t o t a l  dose of about  0.5% , 

of t h e  annual  l i m i t ,  p r i n c i p a l l y  from strontium-90. These r ad ionuc l ides  a r e  

p r e s e n t  i n  mi lk  due t o  f a l l o u t ,  and a r e  no t  r e l a t e d  t o  Argonne ope ra t ions .  

~ e a s u r k m e n t s  of p e n e t r a t i n g ,  r a d i a t i o n  we=e made a c  s e v e r a l  luca,Lluus at 

t h e  s i t e  boundary and o f f  t h e  s i te .  The o f f - s i t e  readings  averaged 90 mrem/yr, 

w i t h  a s tandard  d e v i a t i o n  of 9 mrem/yr, which I s  w l ~ l ~ l l l  Llle L I U L L L M ~  range for 

t h e  area. A t  t h r e e  l o c a t i o n s  a t  t h e  s i te  boundary, above normal readfngs  were 

recorded t h a t  were a t t r i b u t a b l e  t o  Argonne ope ra t ions .  A t  t h e  south fence ,  

t h e  doses were about440mrem/yr above normal a t  l o c a t i o n  71 i n  F igure  1 and 

10-20 mremlyr above normal a t  l o c a t i o n  8H,  a s  a  r e s u l t  of r a d i a t i o n  from an 

o n - s i t e  temporary s t o r a g e  f a c i l i t y  f o r  r a d i o a c t i v e  waste.  Along the  n o r t h  

s i d e  of t h e  s i t e ,  t h e  dose a t  t h e  fence  a t  l o c a t i o n  141  was 300 mremlyr above 

normal a s  a  r e s u l t  of r a d i a t i o n  from cobalt-60 sources  i n  Building 202. These 

l o c a t i o n s  a r e  unoccupied, so t h e r e  a r e  no i n d i v i d u a l s  r ece iv ing  t h i s  dose. 

The c a l c u l a t e d  dose r a t e  t o  t h e  r e s i d e n t s  c l o s e s t  t o  t h e  sou th  boundary, about 

1 .6  km ( 1  mi) from t h e  f ence  l i n e ,  was about 0.05 mrem/yr; s i m i l a r l y ,  t h e  dose 

r a t e  t o  t h e  r e s i d e n t s  c l o s e s t  t o  t h e  n o r t h  boundary, about  0.75 km (0 .5  mi) 

from t h e  fence  was about  0 .5  mremlyr. These dose r a t e s  a r e  about  0.01% t o  

0.1%, r e s p e c t i v e l y ,  of t he  s tandard  f o r  i n d i v i d u a l s  i n  uncont ro l led  a r e a s .  



Levels  of chemical c o n s t i t u e n t s  and o t h e r  water  q u a l i t y  parameters  were 

measured i n  Argonne waste and e f f l u e n t  water and i n  Sawmill Creek; t h e  r e s u l t s  

were compared t o  t h e  s t anda rds  adopted by t h e  S t a t e  of I l l i n o i s .  Concentra- 

t i o n s  of mercury, hexavalent  chromium, i r o n ,  and z inc  i n  t h e  Des P l a i n e s  River 

were measured t o  determine whether any c o n t r i b u t i o n  from Argonne waste  water 

could b e  seen.  

Ammonia nitr ,ogen and biochemical oxygen demand (B.O.D.) i n  t h e  Argonne 

combined s a n i t a r y  and l a b o r a t o r y  waste-water e f f lue ,n t  were w i t h i n  S t a t e  of 

I l l i n o i s  . . s t anda rds  wi th  t h e  except ion  of ammonia n i t rogen  i n  December and 

B.O.D.  i n  Apr i l .  Average concen t r a t ions  of each of t h e  o t h e r  chemical con- 

s t i t u e n t s  measured i n  t h i s  e f f l u e n t  (Table 29,  Sec t ion  1II.B.) were a t  o r  

below t h e s e  s t anda rds .  . . The concen t r a t ion  of mercury averaged 86% of t h e  S ta , t e  

s tandard  and exceeded t h i s  v a l u e  14% of t h e  t ime ( i . e . ,  i n  14% of t h e  samples).  

No o t h e r  c o n s t i t u e n t  i n  t h i s  e f f l u e n t  exceeded t h e  S t a t e  s tandard  a t  any time. 

The average concen t r a t ion  of chromium i n  water £?om t h r e e  of t h e  s i x  

coo l ing  tower e f f l u e n t  channels  used f o r  blowdown exceeded t h e  S t a t e  s tandard  

by vary ing  amounts, whi le  i n  t he  remaining t h r e e  t h e  concen t r a t ions  were w e l l  

below t h e  s tandard .  

The average va lues  i n  Sawmill Creek f o r  d i s so lved  oxygen and chemical 

c o n s t i t u e n t s ,  except  ammonia n i t rogen ,  were wi th in  t h e  S t a t e  of I l l i n o i s  

s t anda rds .  The average ammonia n i t r o g e n  l e v e l  above the  Argonne waste-water 

o u t f a l l  was 3.5 times t h e  S t a t e  s t anda rd ,  and exceeded t h i s  s tandard  66% of 

t h e  t ime. The average l e v e l  below t h e  o u t f a l l  was twice t h e  S t a t e  s tandard  

and exceeded t h i s  va lue  i n  60% of t h e  samples, T h i s  i n d i c a t e s  a  degrada t ion  

of water q u a l i t y  over l a s t  y e a r ,  t h e  source  of which o r i g i n a t e s  upstream of 

t h e  . . Laboratory.  On four  . . occas ions ,  l e v e l s  of f e c a l  co l i fo rm i n  t h e  Argonne 

waste  water  exceeded t h e  i n d i v i d u a l  sample s tandard  of 400 organisms/100 m l ,  

bu t  a t  no time was t h e  monthly s tandard  of 200 organisms/lOO m l  (geometric 

mean) . . exceeded. i n d i v i d u a i  v a i u e s . f o r  copper ,  f r o n ,  mercury, and s i l v e r  ex- 

ceeded S t a t e  s t anda rds  from 4% t o  14% of t h e  time, Hexavalent chromium 

l e v e l s  were i n  excess  of t h e  S t a t e  s tandard  14% of t he  t ime. Samples col-  

l e c t e d  i n  t h e  Des P l a i n e s  River d i d  .not  show any e f f e c t  of Argonne e f f l u e n t  

on l e v e l s  of mercury, hexavalent  chromium, i r o n ,  o r  z i n c  i n  t h e  River .  



The average  concen t r a t ions  and t o t a l  amounts of r a d i o a c t i v e  and chemical 

p o l l u t a n t s  r e l e a s e d  by Argonne t o  t h e  environment d i d  no t  c o n s t i t u t e  a h e a l t h  

hazard.  ' Any i n d i v i d u a l  d i scha rges  from t h e  Laboratory t h a t  exceeded accept-  

a b l e  s t anda rds  were temporary,. and when they  d i d  occur ,  i n v e s t i g a t i o n s  were 
. . 

undertaken t o  i d e n t i f y  t h e  sou rce  and reduce i t s  d isdharge .  



111. MONITORING RESULTS . . 

A. Rad ioac t iv i t y  

The r a d i o a c t i v i t y  of  t h e  environment was determined by measuring t h e  

concen t r a t i ons  of r a d i o a c t i v e  nuc l ides  i n  na tu ra l l y -occu r r ing  m a t e r i a l s  and 

by measuring t h e  e x t e r n a l  p e n e t r a t i n g  r a d i a t i o n  dose.  Sample c o l l e c t i o n s  and 

measurements were made p r i n c i p a l l y  a t  t h e  s i t e  per imeter  and o f f  t h e  s i t e  f o r  

comparison purposes .  Some on - s i t e  r e s u l t s  a r e  a l s o  r epo r t ed  when they  a r e  

u s e f u l  i n  i n t e r p r e t i n g  per imeter  and o f f - s i t e  r e s u l t s .  S ince  r a d i o a c t i v i t y  

i s  u s u a l l y  spread  by a i r  and water ,  t h e  sample c o l l e c t i o n  program has concen- 

t r a t e d  on t h e s e  media. I n  a d d i t i o n ,  s o i l ,  p l a n t s ,  f o o d s t u f f s ,  p r e c i p i t a t i o n ,  

a n d ' m a t e r i a l s  from t h e  beds of l a k e s  and s t reams were a l s o  c o l l e c t e d  and 

analyzed.  

The r e s u l t s  of r a d i o a c t i v i t y  measurements a r e  expressed i n  t h i s  r e p o r t  

i n  terms of microcur ies  p e r  m i l l i l i t e r  (uCi/ml) f o r  wa te r ,  a i r ,  and mi lk  and 

microcur ies  per  gram (g)  and square  meter (m2) f o r  s o i l  and v e g e t a t i o n .  When 

a  n u c l i d e  was n o t  d e t e c t e d ,  t h e  ' r e s u l t  i s  g iven  a s  l e s s  than  (<)' t h e  minimum 

amount d e t e c t a b l e  ( d e t e c t i o n  l i m i t )  by t h e  a n a l y t i c a l  method used.  Averages, 

i nc lud ing  i n d i v i d u a l  r e s u l t s  t h a t  were less than  t h e  d e t e c t i o n . l i m i t ,  were 

ca lcu la . ted  by one of t h e  fo l lowing  two methods. I f  a  l a r g e  f r a c t i o n  ( u s u a l l y  

50% o r  more) of t h e  i n d i v i d u a l  r e s u l t s  were less than  t h e  de t e . c t i on  l i m i t ,  

t h e  average was c a l c u l a t e d  wi th  t h e  assumption t h a t  such r e s u l t s  were equa l  

t o  t h e ' d e t e c t i o n  l i m i t ,  and t h e  r e s u l t i n g  average va lue  i s  expressed a s  less 

than (<) t h e  computed average.  I f  only a  smal l  f r a c t i o n  of t h e  i n d i v i d u a l  

r e s u l t s  was less than  t h e  d e t e c t i o n  l i m i t ,  t h e  average was. c a l c u l a t e d  w i t h  

t h e  assumption t h a t  such r e s u l t s ' w e r e  a c t u a l l y  one-half of t h e  d e t e c t i o n  

l i m i t ,  and t h e  average is given a s  a  d e f i n i t e  va lue .  The averages.  t h a t  a r e  

ob.tained by usirig t h e s e  two methods under t h e  c o n d i t i o n s  i n d i c a t e d  a r e  be- 

l i e v e d  t o  g ive  an  adcquate  p i c t u r e  of t h e  t r u e  average a c t i v i t y  a t  l o c a t i o n s  

where t h e  a c t i v i t y  n o t  on ly  v a r i e d  g r e a t l y ,  bu t  was a t  t imes  no t  d e t e c t a b l e .  

Average va lues  a r e  u s u a l l y  accompanied by a  plus-or-minus (?) l i m i t  v a lue .  

Unless o therwise  s t a t e d ,  t h i s  v a l u e  is  t h e  95% confidence l i m i t  c a l c u l a t e d  

from t h e  s t anda rd  d e v i a t i o n  of t h e  average  ( s tandard  e r r o r ) ,  and i s  a  measure 

of t h e  range i n  t h e  concen t r a t i ons  encbuntered a t  t h a t  l o c a t i o n .  It does no t  

r ep re sen t  t h e  convent iona l  e r r o r  i n  t h e  average  of r epea t ed  measurements on 



t h e  same o r  i d e n t i c a l  samples. S ince  many of t h e  v a r i a t i o n s  observed i n  

environmental  r a d i o a c t i v i t y  a r e  not  random b u t  occur f o r  s p e c i f i c  reasons  

(e .g . ,  nuc l ea r  t e s t i n g ) ,  samples c o l l e c t e d  from t h e  same l o c a t i o n  a t  d i f f e r e n t  

times, ,are  not  r e p l i c a t e s .  The more random t h e  v a r i a t i o n  ' i n  a c t i v i t y  a t  a 

p a r t i c u l a r  l o c a t i o n ,  t h e  c l o s e r  t h e  confidence l i m i t s  w i l l  r ep re sen t  t h e  

a c t u a l  d i s t r i b u t i o n  of v a l u e s  a t  t h a t  l o c a t i o n .  The averages  and confidence 

l i m i t s  should be  i n t e r p r e t e d  w i t h  t h i s  i n  mind. 'When a plus-or-minus f i g u r e  

accompanies a n  i n d i v i d u a l  r e s u l t  i n  t h i s  r e p o r t ,  i t  r e p r e s e n t s  t h e  s t a . t i s t i -  

c a l  count ing e r r o r  a t  t h e  95% confidence l e v e l .  ' 

The measured concen t r a t ion  o r  r a d i a t i o n  dose is  compared with.  app ropr i a t e  

s t anda rds  a s  a means of a s s e s s i n g  the hazard. The  standard^ u ~ e d  i n  t h i s  re -  

p o r t  a r e  the  Concent ra t ion  Guides ( C G s )  and annual  dose l i m i t s  (Radiat ion 

P r o t e c t i o n  S tandards)  g iven  i n  ERDA ~ a n b a l  Chapter 0524. ( 4 )  The p e r t i n e n t  

CCs a s  w e l l  a s  t h e  d e t e c t i o n  l i m i t s  a r e  given i n  t h e  Appendix, Sec t ion  1V.B. 

Although t h e  C G s  apply t o  concen t r a t ions  above n a t u r a l  l e v e l s ,  t h e  percent  of 

CG. is  sometimes 'given i n  t h i s  r e p o r t  f o r  a c t i v i t i e s  that are p~ lu la i - i l y  of 

n a t u r a l  o r i g i n  f o r  comparative purposes.. Such va lues  a r e  en.c.losed i n  paren- 

t h e s e s  t o  i n d i c a t e  t h i s .  

.I. A i r  

The r a d i u a c c i v i t y  of p a r t i c u l a t e  marrer was determined by oolLect ing and 

analyz ing  a i r - f i l t e r  samples. The sampling l u c a t i o n s  are Y ~ U W L ~  i l l  F igu re s  1 

and 2. Separa te  c o l l e c t i o n s  were made f o r  radiochemical  ana lyses  and f o r  

a lpha ,  b e t a ,  aAd ,gamma counting.  The l a t t e r  measurements were made on samples 

c o l l e c t e d  continuously on a sbes tos -cc l lu lose  f i l t e r  paper changed weekly a t  * 
e i g h t  l o c a t i o n s  a t  t h e  Argonne s i t e  per imeter  and a t  f i v e  l o c a t i o n s  o f f  t h e  

s i t e .  Measurements were made a t  t h e  per imeter  because comparison between 

perimeter  and o f f - s i t e  concen t r a t ions  i s  necessary  i n  eva lua t ing  and es tab-  

l i s h i n g  t h e  normal environmental concen t r a t ion .  I f  on ly  o f f - s i t e  r a d i o a c t i -  

v i t y  were r epo r t ed ,  t h e i r  normal i ty  o r  o r i g i n  cou'ld not  be eva lua ted .  Higher 

a c t i v i t i e s  . a t  t h e  s i t e  per imeter  may i n d i c a t e  r a d i o a c t i v i t y  r e l ea sed  by 

Argonne i f  t h e  d i f f e r e n c e s  a r e  g r e a t e r  t han  t h e  e r r o r  i n  sampling and counLiag. 

Such r e s u l t s  r e q u i r e  i n v e s t i g a t i o n  t o  determine t h e  cause  of t h e  d i f f e r e n c e .  

* 
The s i t e  per imeter  samplers a r e  placed a t  t h e  n e a r e s t  l o c a t i o n  t o  t h e  s i t e  
boundary fence  t h a t  provides  e l e c t r i c a l  power and s h e l t e r .  



,The e r r o r  i s  between 5  and 20% f o r  most r e s u l t s ,  bu t  approaches 100% a t  t h e  

d e t e c t i o n  l i m i t .  

The t o t a l  a lpha  and b e t a  a c t i v i t i e s  i n  t h e  i n d i v i d u a l  weekly samples a r e  

summarized i n  Table  3. These measurements were made i n  low-background gas- 

f low p r o p o r t i o n a l  coun te r s ,  and t h e  count ing  e f f i c i e n c i e s  used t o  conver t  

count ing  r a t e s  t o  d i s i n t e g r a t i o n  r a t e s  were t hose  measured f o r  radon decay 

products  on f i l t e r  paper .  The average  concen t r a t i ons  of a  number of  gamma-ray 

emitters, a s  determined by gamma-ray spec t romet ry  performed on composite 

weekly samples,  a r e  g iven  i n  Table  4. The gamma-ray d e t e c t o r  is  a  sh i e lded  

35 cm3 l i t h i u m - d r i f t e d  germanium diode ,  c a l i b r a t e d  f o r  each gamma-ray e m i t t i n g  

n u c l i d e  i n  Table  4. 

The a lpha  a c t i v i t i e s ,  p r i n c i p a l l y  due t o  na tu ra l l y -occu r r ing  . nuc l ides ,  

averaged. t h e  same a s  1975 and w e r e  i n  t h e i r  normal range.  About 85% of t h e .  

gamma-ray a c t i v i t y ,  and a  sma l l e r  f r a c t i o n  of t h e  b e t a  a c t i v i t y ,  was due t o  

beryllium-7, p r i n c i p a l l y  produced i n  t h e  s t r a t o s p h e r e  by cosmic-ray i n t e r -  

a c t i o n s .  The remaining a c t i v i t y  was p r i m a r i l y  f i s s i o n  and a c t i v a t i o n  products  

from nuc l ea r  test de tona t ions .  The average  b e t a  a c t i v i t y  f o r  t h e  y e a r ,  4.6 x 

10- l4  p C i / m l ,  was about  65% of  t h e  1975 average.  The dec rease  i s  p r i n c i p a l l y  

due t o  t h e  decay of  i n t e rmed ia t e  h a l f - l i f e  f i s s i o n  products  (such a s  i irconium- 

95-niobium-95, ruthenium-106-rhodium-106, and cerium-144). These f i s s i o n  

products  a r e  t h e  r e s i d u a l s  of a tmospheric  nuc l ea r  t e s t s  by t h e . P e o p l e ' s  . 
~ e p u b l i c  of  China on June 26, 1973, and June  17 ,  1974. 

The customary s p r i n g  maximum i n  s t r a t o s p h e r i c  f a l l o u t  was observed f o r  

s e v e r a l  of t h e  i n d i v i d u a l  gamma-ray emitters ( e .g . ,  7 ~ e ) ,  b u t  was n o t  no t e&-  

i n  t h e  t o t a l  b e t a  a c t i v i t y .  The t o t a l  b e t a  a c t i v i t y  would have been s i m i l a r  

t o  t h e  19.13 annual  average  of 3.5 x p ~ i / m l  except  f o r  t h e  presence  of 

sho r t - l i ved  f i s s i o n  products  from r e c e n t  a tmospheric  nuc l ea r  tests by t h e  

People ' s  Republic of China. A s  shown i n  Table  4,  t h e s e  were p r e s e n t  i n  

Fcbruary from an  atmospheric  test conducted on January  23,  1976, and dur ing  

t h e  l a s t  t h r e e  months of t h e  yea r ,  from a  test on September 26 ,  1976. Although 

a  4 megaton atmospheric  nuc l ea r  t e s t  occur red  on November 17 ,  1976, no f a l l o u t  . 

.was de t ec t ed  from t h i s  de tona t ion .  

The s i m i l a r i t y  of  t h e  annual  averages  of a i r b o r n e  a lpha ,  b e t a ,  and gamma 

a c t i v i t i e s  a t  t h e  s i t e  per imeter  and o f f  t h e  s i t e  i n d i c a t e s  t h a t  t h e s e  a c t i v i -  

t i e s  o r i g i n a t e d  i n  a  widespread sou rce  - f a l l o u t  from nuc l ea r  test d e t o n a t i o n s  



TABLE 3 

* 
Total Alpha and Beta Activities in,Air-Filter, Samples, 1976 

No. of Alpha Act. (10-l5 pCi/ml). Beta Act. (10-l5 p~i/ml) 
Month, ~ocation Samples Av. Min . Max. Av . Min . Max. 

January perimeter 42 2.4 0.9. 4.9 38 24 4 8 
off-site . 22 2.7 1.0 5.5 38 3 0 48 

February perimeter 36 1.9 0.4 4.1 3 1 15 4 6 
of f-site 2 0 2.2 1.0 . 6.1 .3 0 14 3 7 

March perimeter 39 1.8 0.6 3.9 2 6 16 3 6 
off -oi ts 22 3.. 2 0.7 3.7 26 11 3 5' 

Aprfl prriinetcr 38 3.1 0.9 , 7.4 27 1 3  4 5 
off-site 16 2.3 1.2 3.8 2 7 16 36 ' 

May 'perimeter 41 2.0 0.5 5.0 2 3 15 3 5 
off -site 20 2.7 1.0 8.1 2 4 14 . 4 2 

June perimeter 36 3.3 0.8 . 7.8 3 0 18 48 
of f-site 20 ' ,  2.6 1.0 6.5 2 8 15 4 7 

.July perimeter , 42 2.7 0.9 7.3 2 6 20 3 7 
of f-site 18 2.2 1.4 4.0 2 6 13 3 2 

August perimeter 38 2.9 0.8 b.3 23 18 4 G 
uIf-site 2 0 2.0 0.8 3.4 2 8 17 48 

September perl~lle~er 40 2.6 0.5 5.5 3 2 21 8 9 
of f-si te 20 2.5 0.6 6.1 32. 9.9. 81 

October perimeter 38 2.4 1.0 4.6 
of f-site 19 2.9 0'. 9 8.7 

November perimeter ' 40 3.0 1.0 14.5 
off-site 2 0 2.7 1.5 3 .7. 

December perimeter 37 2.8 1.3 6.3 
o f f  --site 2 0 3 . .3 1..6 5.1 

Anmual perimeter 467 2.6 + 0.3 0.4 14.5 
Summary off-site 235 2.5 t 0.2 0.6 8.7 

Percent perimeter - (0.02G) (0.004) (0.145) 0.46 0.15 3,5 
C G of f-site - (0.025) (0.006) (0.087) 0.46 0.043 2.3 

It 
These results were obtained by measuring the samples 'four days after they were co' 
lected to avoid counting the natural activity due to short-lived radon and thoron 
decay products. This activity is normally present in the air and disappears  with^^, 
four days by radioactive decay. 



TABLE 4 

Gamma-Ray Activity in Air-Filter Samples, 1976 

(concentrations in 10-Is ~Cilml) 

Month - Location 73e 54fi 6 0 ~ o  95zr-95~b 1 0 3 ~ ~  1 0 6 ~ ~ - 1 0 6 ~ ~  125sb 1311 1 3 7 ~ ~  140~,-140~, 1 4 1 ~ ~  1 4 4 ~ ~  

January. perimeter 73 < 0 .1  < 0 .1  < 0.5 < 0 .1  0.5 < 0.5 < 5 0.3 < 6.1 < 0.1 0.9 
of f-site 70- < 0 .1  < 0 .1  < 0.5 < 0 .1  0.7 < 0.5 < 5 0.3 < 0 .1  < 0 .1  1.0 

February perimeter 
off-site 

March 

April 

May. 

perimeter 
off-site 

perimeter 
of f-site 

perimeter 
off-site 

June 

July 

August 

September 

October 

perimeter 
of f-site 

perimeter 
of f-site 

perimeter 
off-site 

perimeter 
off-site 

perimeter 
off-site 

November perimeter 74 < 0.1 < 0 .1  14 12 1.5 < 0.5 15 0.3 14 11 2.9 
off-site 56 < 0 . 1  < 0 . 1  11 , 10 1.3 < 0 . 5  13  0.4 13 8.7 2.0 

December perimeter 34 < 0.1 < 0.1 8.3 6.8 1.3 < 0.5 < 5 0.3 3.3 4.5 1.6 
off-site 74 < 0 .1  < 0.1 8.3 6.1 0.9 C 0 . 5  < 5  0.4 3.1 4.3 1.8 

Annual perimeter 102 f 14 < 0 .1  < 0.1 < 2.5 < 1.9 0.8 + 0.2 < 0.5 < 8 0.5 t 0.1 < 2.5 < 1.7 1.3 + 0.3 
Summary off-site 96 t 17 < 0.1 < 0.1 < 2.3 < 1.7 0.7 f 0 . 2 .  < 0.5 < 8 0.5 t 0.1 < 2.3 <.1.4 1.3 t 0.3 

Percent perimeter (3.26) < 0.02 < 0.33 < 0.25 < 0.063 0.40 < 0 . 0 6  < 8  0.10 < 0.25 ' < 0.034 0.65 
CG (x off-site ,(3.24) < 0.02 < 0.33 < 0.23 < 0.057 0.35 < 0 . 0 6  < 8  0.10 C.0.23 < 0.028 0.65 



and na tu ra l ly -occu r r ing  m a t e r i a l s  - . and  n o t  i n  a l o c a l i z e d  source  such a s  

A r  gonne . 
Samples f o r  radiochemical  a n a l y s i s  w e r e  c o l l e c t e d  a t  per imeter  l o c a t i o n s  

12N and 71 (Fig.  1 )  and o f f  t h e  s i t e  i n  Downers Grove (Fig.  2 ) .  C o l l e c t i o n s  

were made on a po lys ty rene  f i l t e r  medium. The t o t a l  a i r  volume f i l t e r e d  f o r  

t h e  monthly samples was about  25,000 m3. Samples were i g n i t e d  a t  60U°C t o  

remove o rgan ic  ma t t e r  and prepared f o r  a n a l y s i s  by v igorous  t rea tment  wi th  

ho t  hydrochlor ic ,  hydro f luo r i c ,  and n i t r i c  ac ids .  Th i s  t rea tment  has  been 

found i n  our l a b o r a t o r y  t o  s o l u b i l i z e  plutonium t h a t  had been i g n i t e d  a t  

1 0 0 0 ' ~ .  Plutonium and thorium were . sepa ra t ed  on an an ion  exchange column, 

e l e c t r o d e p o s i t e d ,  and t h e i r  i s o t o p i c  compositions determined by a lpha  spec- 

t rometry.  Chemical r e c o v e r i e s  were monitored by adding known amouacs of 

plutonium-242 and thorium-234 t r a c e r s  p r i o r  t o  i g n i t i o n .  Alpha spectrometry 

cannot  d i s t i n g u i s h  between plutonium-239 and plutonium-240, and al though i n  

t h e  remainder of t h e  r e p o r t ,  inc luding  t h e  t a b l e s ,  on ly  plutonium-239 i s  

mentioned, i t  should be understood t h a t  t h e  a lpha  a c t i v i t y  due t o  t h e  

plutonium-240 i s o t o p e  i s  a l s o  included.  

The a c i d i t y  of t h e  column e f f l u e n t  from t h e  an ion  exchange sepa ra t ion  

was ad jus t ed  t o  a l low t h e  e x t r a c t i o n  of  uranium and of americium. The sepa- 

r a t e d  elements were e l ec t rodepos i t ed  and measured by a lpha  spectrometry.  

Chemical r e c o v e r i e s w e r e  monitored by adding known amounts of uranium-232 and 

americium-243 t r a c e r s  p r i o r  t o  i g n i t i o n .  Following t h e  e x t r a c t i o n s ,  t h e  

aqueous phase was analyzed f o r  r ad ios t ron t ium by s tandard  radiochemical  pro- 

cedures .  The r e s u l t s  a r e  given i n  Tables  5 and 6. 

The average plutonium-239 concen t r a t ions  decreased a t  a l l  l o c a t i o n s  by 

about  a f a c t o r  of t h r e e  from 1975 and a r e  s i m i l a r  t o  those  obta ined  by t h e  

ERDA New York ~ e a l t h  and Sa fe ty  Laboratory (HASL). The i r  r e s u l t s  (5) f o r  New 

York C i t y  dur ing  t h e  f i r s t  s i x  months of t h e  yea r  ranged from 6 x 10-l8 pCi/ml 

i n  February t o  1 0  x 10-I* ~ ~ i / m l  i n  May and showed t h e  same monthly v a r i a t i o n s  

a s  t hose  i n  t h e  t a b l e .  

The monthly v a r i a t i o n s  i n  ehe conceneracions of boch strontium-89 and 

strontium-90 c o r r e l a t e  w i th  t h e  r e s u l t s  f o r  t h e  o t h e r  f i s s i o n  products  i n  

Table 4. The concen t r a t ions  a r e  considered t o  be due t o  f a l l o u t  from t h e  

atmospheric nuc lea r  t e s t s  mentioned p rev ious ly ,  and a r e  c o n s i s t e n t  w i th  s t ron -  

tium-90 l e v e l s  repor ted  by H A S L ( ~ )  f o r  t h e  f i r s t  s i x  months of 1976. These 



TABLE 5 

:Strontium and Plutonium Concentrations in Air-Filter Samples, 1976 . 

(concentrations in 10-l8 uCi/ml) 

hnth , ~ocationl Strontium-89 Strontium-90. Plutonium-238 ~lutonium-23g2 

January 1 2 ~  < 100 240 + 60 < 0.5 5.8 + 0.9 
7 1 < 100 390 + 150 < 0.5 6.2 + 0.6 

off-site < 100 260 + 20 < 0.5 6.0 + 0.7 
February 12N 350 + 80 I80 2, 40 < 0.5 7.3 + 1.1 

71 530 + 90 220 + 30 < 0.5 6.0 + 0.9 
of f-site < 100 220 + 130 < 0.5 5,4 + 1.4 

March 12N < 100 280 + 10 1.3 + 0.5 5.9 + 0.9 
I I c 100 590 f 120 0.6 i 0.4 6.0 ? 0.8 

of f-site < 100 310 + 60 0.9 + 0.4 6.8 t 0.9 

April 12N < 100 420 t 80 1.0 + 0.7 8.1 + 1.3 
71 < 100 500 + 30 0.5 + 0.4 8.4 + 1.1 

of f-site < 100 330 + 20 0.5 + 0.4 7.3 + 1.0 
May 12N < 100 370 + 40 . 0.7 + 0.3 7.0 + 0.7 

7 1 < 100 470 + 70 0.5 + 0.3 7.8 r: 0.8 
of f-site < 100 400 + 60 1.0 + 0.4 7.1 + 0.8 

June 12N < 100 460 + 90 0.5 + 0.4 9.9 + 1.0 
7 1 < 100 570 + 60 1.0 + 0.5 9.8 + 1.2 

of f-site < 100 500 i 120 0.7 i 0.4 9.7 + 1..2 

July 12N 
7 1 

off-site 

August 12N 
7 1 

of f-site 

September 12N 
7 1 

of f-site 

October 12N 
7 1 

of f-site 

November 12N 
7 1 

of f-site 

December 12N 
71 

of f-site 

Annual 12N 
Summary 71 

' off-site 

Percent 12N < 0.0002 0.00013 < 0.00007 0.00061 
CG 71 < 0.0002 0.00018 < 0.00007 0.00061 

of f-site < 0.0002 0.00013 < 0.00006 0.00051 

lperimeter locations are given in terms of the grid coordinates in Figure 1. 

2~lutonium-240 is included (see text). 



TABLE 6 

Thorium and Uranium Concentrat ions i n  ~ i r - ~ i l t e ~  Samples, 1976 

(concent ra t ions  i n  10-la uCi/ml) 
- -- - - -  - ~ 

Month ~ o c a t i o n l  Thorium-228 Thorium-230' ~horium-232' . Uranium-234 Uranium-235 ~ranium-238' ,, 

January 12N 
71 

o f f - s i t e  

February 

March 

A p r i l  

12N 
7 I 

of f - s i t e  

12N 
71 

o f f - s i t e  

12N 
71 

off  a i t a  

Ms Y 

June 

J u l y  

August 

Sept i iober  

. October 

, 12N 
7 1 

o f f - s i t e  

o f f - s i t e  

12N 
71 

o f f - s i t e  

12N 
71 

o f f - s i t e  

1 3  2 1 
1 0  + 1 
b f l  

1ZN 
7 1 

of f - s i r e  

November 12N ' 

7 I 
o f f - s i t e  

December 12N 
71 

o f f - s i r e  

Aoi~ual 
Summary 

of f - s i t e  

Percent  1 2N (0.0080) (0.0080) (0.0016) (0.0010) (0.00004) (0.00078) 
CG 7 I (0.0050) (o.oubr) ib.ooloj  . (0.0006s) (o.oo002) (0; OOOS?) 

of f  - s i r e  (0.0040) (0.0040) (0.0008) (0.00042) (0.00002) (0.0003 6) 

lper imeter  l o c a t i o n s  a r e  given 111. terms of t h e  g r i d  coord ina tes  i n  Figure 1. 

  he concent ra t ions  i n  u n i t s  of ug/m3 can be obtained by mul t ip ly ing  t h e  va lue  i n  uCi/ml by 2.96 x 1012 f o r  
uranium-238 and by 9 x 1012 f o r  thorium-232. The mass. of t h e  o t h e r  thorium i s o t o p e s  i n  comparison t o  
thorium-232 and t h e  o t h e r  uraniuu~ l s o t o p e s  i n  comparioon t o  uranium-238 are n e g l i g i b l e .  



ranged from 0.23 x 10- l5  u C i / m l  i n  January t o  0.45 x p C i / m l  i n  June. 

There is  no i n d i c a t i o n  t h a t  any r ad ios t ron t ium i n  the  a i r  samples o r i g i n a t e d  

from Argonne ope ra t ions .  The sp r ing  i n c r e a s e  is  evident  on ly  i n  t h e  plutonium 

and s t ront ium a c t i v i t i e s ,  i n d i c a t i n g  t h e i r  s t r a t o s p h e r i c - f a l l o u t  o r i g i n ,  and 

n o t  i n  t h e  thorium and uranium concen t r a t ions .  

The thorium and uranium concen t r a t ions  i n  Table 6 a r e  i n  t h e  same range 

found dur ing  t h e  p a s t  s e v e r a l  yea r s  and a r e  considered t o  be of n a t u r a l  o r i g i n .  

The percent  of CG f o r  t h e  averages i s  included f o r  completeness; t h e  v a l u e s  

a r e  .placed i n  parentheses  s i n c e  t h e  concen t r a t ions  a r e  considered t o  be back- 

ground l e v e l s .  The amounts of thorium and uranium i n  a  sample were d i r e c t l y  

r e l a t e d  t o  t h e  mass of m a t e r i a l  c o l l e c t e d  on t h e  f i l t e r  paper ,  and t h e  bulk  

of t hese  elements i n  t h e  a i r  i s  due t o  resuspens ion  of s o i l .  The amount of 

plutonium i n  t h e  a i r  samples con t r ibu ted  by s o i l ,  i f  t h e  resuspended s o i l  has  

t h e  same plutonium concen t r a t ion  a s  t h e  f i r s t  5 cm on t h e  ground, ranged from 

6% i n  August t o  22% i n  November of t h e  t o t a l  plutonium i n  t h e  samples. The 

r e s u l t s  of americium-241 measurements i n  a i r  f o r  t h e  year  were' a l l  l e s s  than  

t h e  d e t e c t i o n  l i m i t  of 5 x 10-l9 v C i / m l .  

A i r  sampling f o r  argon-41 and hydrogen-3 ( t r i t i a t e d )  water  vapor  was 

conducted i n  t he  exhaust s t a c k  of t h e  CP-5 r e a c t o r  (Building 330, 9H) because 

t h i s  r e a c t o r  i s  the  p r i n c i p a l  source  of t h e s e  nuc l ides  a t  t he  Laboratory,  and 

measurement of t h e i r  concen t r a t ions  a t  t h i s  l o c a t i o n  provides a  source  term. 

T r i t i a t e d  water  vapor measurements were a l s o  made a t  t he  s i t e  per imeter .  

Argon-41 was c o l l e c t e d  by f i l l i n g  an  evacuated " ~ a r i n e l l i - t y p e "  con ta ine r  wi th  

a i r  dur ing  r e a c t o r  ope ra t ion  and was measured by gamma-ray spectrometry.  

Hydrogenr3 ( t r i t i a t e d )  water  vapor i n  a i r  was c o l l e c t e d  by adso rp t ion  on 

s i l i c a  g e l  and was measured by counting t h e  desorbed water  i n  a  l i q u i d  sc in-  

t i l l a t i o n  counter .  

Hydrogen-3 concen t r a t ions  a t  t h r e e  per imeter  l o c a t i o n s  and o f f - s i t e  a r e  

g iven  i n  Table 7 .  The 12M l o c a t i o n  (1900 m ea s t -no r theas t  of t h e  CP-5 r e a c t o r )  

may be cnnsidered a per imeter  sample f o r  CP-5. The average hydrogen-3 concen- 

t r a t i o n s  a t  a l l  per imeter  l o c a t i o n s  were about 25% l e s s  than  previous  yea r s '  

r e s u l t s .  The d a t a  show c o r r e l a t i o n  w i t h  wind d i r e c t i o n  and i n d i c a t e  t h a t ,  

r e l a t i v e  t o  t h e  r e a c t o r ,  d i l u t i o n  t o  t h e  background l e v e l  occurs  before  

reaching  t h e  s i t e  boundary i n  d i r e c t i o n s  o t h e r  than  t h a t  from which t h e  wind 

is blowing. The average and maximum per imeter  concen t r a t ions  were equ iva l en t  

t o  0.005% and 0.07% pf t h e  CG, r e spec t ive ly .  



TABLE 7. 

Hydrogen-3 (Water Vapor) Concent ra t ions  i n  Ai r .  1976 

* No. of  Concent ra t ions  i n  10-l2 ~ C i l m l '  
Month Loca t ion  Samples Av . Min. Max. 

January 8F 
14 I 
12M 

. o f f - s i t e  

February 

March 

8F 
141  
12M 

o f f - s i t e  

8F 
1 6 1  
i 2n 

o t t - s i t e  . 

A p r i l  8F 
1'1 I 
12M 

o f f - s i t e  

8F 
147. 
1 ri 

of f - s i t e  

June 

J u l y  

8F' 
141  , 

12M 
o f f - s i t e  

OP 
141 
12M 

Of f - s i t e  

September 

October OF 
1 4 1  , 
12M 

o f f - s i t e  

RF 
1 4 1  
12M 

o f f - n i t s  ' 

November 

December 8F'  
1 4 1  
12M 

o f f - s i t e  

. . Annual . 8F 105  1 2  t 5 < 0.1 1 3 1  
Summary ' . . 1 4 1  :. 104 8 .7  2 3.5 < 0.1 '88 

1 2 M '  23 6.7 t 3.6 0.37 19 
o f f - s i t e  23 1 .3  t 0.7 < 0.1  4.0 

Percent  CG 8F . . .  - . 0.0060 < 0.00005 0.066 
1 4 1  - 0.0044 < 0.00005 0.044.  
12M' - .  0.0034 0.00018 0.010 

of f - s i t e  - 0.00065 ,* < 0.00005 0.002 

* 
Per imeter  l o c a t i o n s  are g iven  i n  terms of  t h e  g r i d  c o o r d i n a t e s  i n  F igure  1. 



:The o f f - s i t e  concen t r a t ions ,  measured about  1 0  km.(6.2 mi) northwest of 

t h e  Laboratory,  were s i m i l a r  t o  l e v e l s  observed a t  t h i s  l o c a t i o n  i n  1975. 

This  background l e v e l  of hydrogen-3 should be sub t r ac t ed  from t h e  o t h e r  con- 

c e n t r a t i o n s  i n  Table 7 t o . o b t a i n  t h e  Argonne c o n t r i b u t i o n ;  

Argon-41 and hydrogen-3 ( i n  t he  form of t r i t i a t e d  water )  from t h e  CP-5 

r e a c t o r  c o n s t i t u t e  t h e  major p o r t i o n  of t h e  gaseous r a d i o a c t i v e  e f f l u e n t  re -  

l ea sed  from the  Laboratory.  During 1976, t h e  t o t a l  amount of argon-41 

discharged £rom t h e  r e a c t o r  i s  est imated t o  be  4 .1  x l o 4  C i ,  based on a  

measured r e l e a s e  r a t e  of 1 .42  Ci/MW-hr. s i n c e  t h e  h a l f - l i f e  of t h i s  nuc l ide  

i s  only  110 minutes,  about  5% w i l l  decay be fo re  reaching t h e  s i t e  boundary i f  

t h e  argon-41 moves wi th  an . ave rage  wind speed of 3.4 m / s  (7.6 mph). Because 

t h e  h a l f - l i f e  is  s h o r t ,  i t ' i s  appropr ia te '  and more meaningful t o  cons ider  t h e  

concen t r a t ion  a t  va r ious  d i s t a n c e s  from t h e  Laboratory i n  d i scuss ing  argon-41 

e f f l u e n t  d i scharges .  By t h e  computational method d iscussed  i n  Sec t ion  III .A.6. ,  

t h e  average concen t r a t idns  i n  t he  predominant wind d i r e c t i o n  (NNE) were 4.6 x 

10-lo p C i / m l  (1.1% of t h e  CG) a t  1 . 5  km (0.93 .mi) ( t h e  s i t e  boundary) ; 2.1  x 

10-lo pCi/ml (0.6% of t h e  CG) a t  2.4 km (1.5 mi) ;  and 9 x 10-l1 p C i / m l  (0.2% 

of t h e  CG) a t  4  km (2.5 mi) .  The t o t a l  amount of hydrogen-3 ( a s  t r i t i a t e d  

water )  discharged from t h e  CP-5 r e a c t o r  was 360 C i ,  based on a  measured r e l e a s e  

r a t e  of 0.041 C i /h r .  These d ischarges  and t h e  corresponding doses w i l l  be 

d iscussed  f u r t h e r  i n  Sec t ion  III .A.6.a .  . . 

Other a i r b o r n e  e f f l u e n t s  were cons iderably  lower. A smal l  amount of 

argon-41, about 2.9 C i  i n  1976, was r e l ea sed  from t h e  Janus r e a c t o r  (Building 

202, l o c a t i o n  131) .  I n  a d d i t i o n ,  o t h e r  e f f l u e n t s  were krypton-85, est imated 

t o  be 7.2 C i ,  e lementa l  t r i t i u m  gas ,  es t imated  t o  be 1 .9  C i ,  and carbon-11, 

es t imated  t o  be  1 .3  C i .  The o the r  nuc l ides ,  i n  m i l l i c u r i e s  o r  sma l l e r  amounts, 

were va r ious  f i s s i o n  products .  The r e l e a s e  of iodine-131 ( a  nuc l ide  of p a r t i -  

c u l a r  i n t e r e s t )  i n  CP-5 exhaust a i r  was est imated t o  be 0.015 C i l y r ,  based on 

concen t r a t ion  measurements i n  t h e  s t a c k .  The maximum concen t r a t ion  a t  1 . 5  km 
/ 

(0.93 mi) ,  assuming no ground d e p o s i t i o n ,  would be about  1 x 10-l6 p C i / m l ,  o r  

of t h e  CG. 

2. Sur face  Water 

T o t a l  ( 'nonvolat i le)  a lpha  and b e t a  a c t i v i t i e s  were determined by counting 

t h e  r e s i d u e  r e m a ~ n i n g  a f t e ' r  evapora t ion  of t h e  water ,  and applying counting 



e f f i c i e n c y  c o r r e c t i o n s  determined f o r  uranium-233 ( f o r  a lpha  a c t i v i t y )  and 

thallium-204 ( f o r  b e t a  a c t i v i t y ) ,  r e s p e c t i v e l y ,  t o  o b t a i n  d i s i n t e g r a t i o n  r a t e s .  

Hydrogen-3 was determined by l i q u i d  s c i n t i l l a t i o n  counting of a  s e p a r a t e  

sample, and t h i s  a c t i v i t y  does n o t  appear i n  t h e  t o t a l  b e t a  a c t i v i t y .  Uranium 

was determined f luo ropho tome t r i ca l ly ,  and t h e  r e s u l t s  c a l c u l a t e d  i n  terms of 

a c t i v i t y  wi th  t h e  assumption t h a t  t h e  i s o t o p i c  composition was t h a t  of n a t u r a l  

uranium. Analyses f o r  o t h e r  r ad ionuc l ides  were performed by s p e c i f i c  radio-  

chemical  s e p a r a t i o n s  followed by a p p r o p r i a t e  counting.  One l i t e r  a l i q u o t s  

were used f o r  a l l  ana lyses  except  hydrogen-3 and t h e  t ransuranium nuc l ides .  

Hydrogen-3 ana lyses  were performed by count ing  1 0  m l  i n  a  g e l  system. Plu- 

tonium and neptunium analyses  were performed on 1 0  o r  5 0 - l i t e r  samples by a  

plutonium chemical s e p a r a t i o n  method, (6) modified t o  i nc lude  neptunium, f o l -  

lowed by a lpha  spectrometry.  Plutonium-236 was used t o  determine t h e  plutonium 

and neptunium y i e l d s .  A f u r t h e r  mod i f i ca t ion  of t h i s  procedure allowed t h e  

group s e p a r a t i o n  of a  f r a c t i o n  conta in ing  the  t ransplutonium elements .  (7 

Americium-243 was added t o  determine. t h e i r  chemical recovery,  and i n d i v i d u a l  

n u c l i d e s  were measured by a lpha  spectrometry.  

Argonne waste  water  is  discharged i n t o  Sawmill Creek, a  smal l  s t ream t h a t  

runs  through t h e  Laboratory grounds, d r a i n s  s u r f a c e  water from much of t h e  

s i te ,  and f lows i n t o  t h e  Des P l a i n e s  Kiver about 5UU m (U.3 mi) downstream 

from t h e  waste-wateii o u t f a l l .  Sawmill Creek was sampled upstream from t h e  

,Argonne s i te  and downstream from t h e  waste-water o u t f a l l  t o  determine i f  

r a d i o . a c t i v i t y  was added t o  t h e  s t ream by Argonne waste  water  o r  from s u r f a c e  

. dra inage .  The sampling l o c a t i o n s  a r e  shown i n  F igure  1. Below t h e  waste- , 

water o u t f a l l ,  samples were c o l l e c t e d . d a i l y  by a  cont inuous sampler,  which 

opera ted  about  35% of t h e  year .  When t h e  cont inuous sampling device  was not  

o p e r a t i n g ,  a  grab sample was c o l l e c t e d  each working~day.   quai p o r t i o n s  of 

t h e  samples c o l l e c t e d  each week were combined and analyzed. The r e s u l t s  

qb ta ined  i n  t h i s  way r ep resen t  t h e  average concen t r a t idns  i n  t h e  weekly 

samples.  Above t h e  si te,  samples were u s u a l l y  c o l l e c t e d  once a  month and 

were analyzed f o r  t h e  same rad ionucl i ,des  a s  t h e  below-outfal l  samples.  

Annual summaries of the  r e s u l t s  ob ta ined  f o r  Sawmill Creek a r e  g iven  i n  

Table  8. Comparison of t h e  r e s u l t s ,  and 95% confidence l i m i t s  of t h e  averages,  

f o r  t h e  two sampling l o c a t i o n s  show t h a t  t h e  n u c l i d e s  whose presence i n  Creek 

w a t e r . c a n  be  a t t r i b u t e d  t o  Argonne ope ra t ions  were hydrogen-3, neptunium-237, 



TABLE 8 

Radionuclides in 'Sawmill Creek Water, 1976 

Type cf * No. of Concentration (lo-' pCi/ml) Percent CG 
Activity Locat ion Samples Av . Min. Max. Av . Min . Max. 

Alpha 
(nonvolatile) 

Beta ' 

(nonvolatile) 

** 
Uraniun 
(natural) 

*~ocat~on 16K is upstream from the Argonne site and location 7M is dovns,tream from the Argonne waste-water outfall. 

** 
Urani:~m concentrations in units of ug/l can b.e obtained by multiplying the concentration given by 1.48 x lo9. 
The average concentration in the Creek then becomes 3.6 pg/l. 



plutonium-239, americium-241, curium-244 and lo r  californium-249, and occasion- 

a l l y  strontium-90, iodine-131, plutonium-238, and curium-242 and/or  c a l i f o r -  
. . 

nium-252. The percentage  of  i n d i v i d u a l  samples con ta in ing  a c t i v i t y  a t t r i b u t a b l e  

t o  Argonne was 100% f o r  hydrogen-3, neptunium-237, and plutonium-239; 75% f o r  

americium-241; and 50% f o r  curium-244 and/or  californium-249. The concentra- 

t i o n s  of a l l  t h e s e  n u c l i d e s  were low compared t o  t h e  C G s .  The p r i n c i p a l  

r ad ionuc l ide  added t o  t h e  Creek by ~ r ~ o n n e '  waste  water ,  i n  terms. of both 

concen t r a t ion  and CG, was hydrogen-3. I ts  average concen t r a t ion  (equiva len t  

t o  0.054% of t h e  CG) was similar t o  1974 and e a r l i e r  y e a r s ,  and about 12% of 

t h e  1975 average. 

Tllt liydrogcn-3 i n  tho kreek ahnve t h e  site was s i m i l a r  i n  concen t r a t ion  

t o  l e v e l s  found away from t h e  Laboratory s i t e  n d  i s  c h a r a c t e r i s t i c  of t h e  

c u r r e n t  ambient l e v e l s  i n  s u r f a c e  'water .  During 1976, t h e  hydrogen-3 content  

of o t h e r  l a k e s  and s t reams ranged from < 200 x p C i / m l  t o  445 x 

p ~ i / m l  and averaged < 223 x lo-' p ~ i / m l .  

The average t o t a l  a l p h a  and be t a  a c t i v i t i e s  were s l i g h t l y  h igher  above 

t h e  s i t e ,  which i n d i c a t e s  t h a t  a t  t imes Argonne waste  water  contained l e s s  of 

t h e s e  m a t e r i a l s  than  Creek water .  The h igher  a c t i v i t i e s  above t h e  s i t e  were 

probably due t o  t h e  water  added t o  t h e  Creek by a l a r g e  municipal  sewage 

t rea tment  p l a n t .  The l a r g e  amount of d i s so lved  s o l i d s  added i n  t h e  sewage 

water  is  n a t u r a l l y  accompanied by a small amount of r a d i o a c t i v e  m a t e r i a l s ,  and 

e v i d e n t l y  i n c r e a s e s  r h e  r a d l u a c t i v i t y  i n  t h e  Crcck water.  

I n  a d d i t i o n  t o  t h e  n a t u r a l  b e t a  a c t i v i t y  and t h a t  added by Argonne waste 

water  a t  t he  o u r f a l l ,  b e t a  a c t i v i t y , f r o m  nuclear  de tona t ions  was de t ec t ed  a t  

both,  sampling locations. The u o r ~ ~ l a l  nonvolatile b e t a  a c t i v i t y  i s  apprnxi.- 

mately 8 x 1 0 ~ '  p C i / m l ,  whi le  t he  c o n t r i b u t i o n  from t h e  upstream municipal  

sewage t rea tment  p l a n t  i s  another  8 x v C i / m l .  It i s  est imated t h a t  

f a l l o u t  a c t i v i t y  added about 2 x 10" p C i / m l  t o  t h e  . nonvo la t i l e  b e t a  a c t i v i t y  

a t  both l o c a t i o n s  and t h a t  t h e  Argonne c o n t r i b u t i o n  t o  t h e  water below t h e  

o u t f a l l  averaged about  1 x lo-' p C i / m l .  The Argonnk c o n t r i b u t i o n  remained t h e  

same a s  1975 l e v e l s ,  wh i l e  t h e  f a l l o u t  c o n t r i b u t i o n  decreased by about  30%. 

The t o t a l  concen t r a t ion ,  r e g a r d l e s s  of source ,  must be  used i n  a s s e s s i n g  t h e  

h e a l t h  hazard of a r ad ionuc l ide  no t  n a t u r a l l y  p r e s e n t ,  and t h e  percent  of t h e  

C G s  f o r  a l l  nuc l ides  l i s t e d  i n  Table 8 was low. 

I (  



The t o t a l  r a d i o a c t i v e  e f f l u e n t  discharged t o  t h e  Creek i n  Argonne waste 

water  can be est imated from t h e  average concen t r a t ions  and t h e  volume of 

water  c a r r i e d  by t h e  Creek. These va lues  a r e  14 C i  of hydrogen-3, 0.3 m C i  of 

neptunium-237, 0.09 m C i  of plutonium-239, 0.04 m C i  of americium-241, and 

< 0.05.mCi of curium'and ca l i forn ium nuc l ides .  

Since Sawmill Creek empties i n t o  t h e  Des P l a i n e s  River ,  which i n  t u r n  

f lows i n t o  t h e  I l l i n o i s  River ,  t h e  r a d i o a c t i v i t y  i n  t h e  l a t t e r  two s t reams is  

important  i n  a s s e s s i n g  t h e  c o n t r i b u t i o n  of Argonne waste  water  t o  t h e  environ- 

mental r a d i o a c t i v i t y .  The Des P l a i n e s  River was sampled twice a  month below, 

and monthly above, t h e  mouth of Sawmill Creek t o  determine i f  t h e  r a d i o a c t i v i t y  

i n  t h e  Creek had any e f f e c t  on the  a c t i v i t y  i n  t h e  River .  Annual summaries of 

t h e  r e s u l t s  obtained f o r  t h e s e  two l o c a t i o n s  a r e  given i n    able 9. The average 

n o n v o l a t i l e  a lpha  and b e t a  a c t i v i t i e s  and uranium concen t r a t ions  i n  t h e  River  

a r e  s l i g h t l y  h igher  than  previous y e a r s  and a r e  a t t r i b u t e d  t o  below normal 
. '. . <  

r a i n f a l l  which r e s u l t e d  i n  River samples w i th  a  h igher  d i s so lved  s o l i d s  con- 

t e n t  and a s soc i a t ed  r a d i o a c t i v e  m a t e r i a l s .  The average n o n v o l a t i l e  a lpha  and . . .  

b e t a  a c t i v i t i e s ,  1.1 x u C i / r n l  and 10  x p C i / m l ,  r e s p e c t i v e l y ,  of 21 * C  

o f f - s i t e  s u r f a c e  water  samples c o l l e c t e d  t h i s  year  (excluding t h e  Des P l a i n e s  ' .  

. . 
River)  a r e  s i m i l a r  t o  t h e  l e v e l s  found i n  prev ious  yea r s .  The a c t i v i t y  i n  '. : ,: 

Sawmill Creek i s  u s u a l l y  reduced by d i l u t i o n  so  t h a t  i t  i s  no t  d e t e c t a b l e  a s  .-, 
; :.' 

such i n  t h e  Des P l a i n e s  River .  The n a t u r a l  n o n v o l a t i l e  b e t a  a c t i v i t y  was ' ,'. 
I .  

8 x u ~ i / m l ,  and t h e  excess ,  2  x p C i / m l ,  was due t o  f a l l o u t .  

.The r a d i o a c t i v i t y  i n . s amples  of I l l i n o i s  River water ,  shown i n  Table 10,  

were s i m i l a r  t o  those  found i n  o t h e r  bodies  of water  i n  t h e  a r e a  and t o  t h e  

a c t i v i t i e s  found previous ly  a t  t h e s e  same l o c a t i o n s .  No r a d i o a c t i v i t y  o r i g i -  

n a t i n g  a t  Argnnne could be de tec t ed  in tlie D e s  'P la ines  o r  I l l i n o i s  Rivers .  

3 .  S o i l ,  Grass,  and Bottom'sediment 

The plutonium content uf s o i l ,  g r a s s ,  and bottom sediment was measured 

a t  t h e  s i t e  per imeter  and o f f  t h e  s i t e .  The o b j e c t  of t h e  o f f - s i t e  sampling 

was t o  determine t h e  t o t a l  depos i t i on  of plutonium from weapons t e s t i n g  f o r  

comparison w i t h  perimeter  samples, and wi th  r e s u l t s  ob ta ined  by o t h e r  organi-  

z a t i o n s  f o r  samples c o l l e c t e d  a t  l a r g e  d i s t a n c e s  from nuc lea r  i n s t a l l a t i o n s .  

This  l a t t e r  comparison is u s e f u l  i n  determining i f  t h e  s o i l  a c t i v i t y  near  

Argonne i s .norma1.  For t h i s  purpose, t h e - s i t e  s e l e c t i o n  c r i t e r i a  and sample 



~ a d i o n u c l i d e s  i n  .Des P l s i n e s  River water ,  1976 

Type of * No. of Concentration uCi/ml) Percent  CG 
A c t i v i t y  Location. Samples 4v. Min. . Max. Av . Min. Max. 

a lpha  A 12 '2.0 f 0 .5  1 .3  4 . 3  (0.067) (0.043) (0.14) 
:nonvola t i le )  . B ' 24 1 .6  f 0.3 0.74 3. @ (0.053) (0.025) (0.13) 

3 e t a  A 1 2  14 f 3 7 .3  2 1 (0.47) (0.24) (0.70) 
(nonvo la t i l e )  B 24 l: 2 3 6 .2  27 (0.50) (0.21) (0.90) , . 

** 
Uranium 
( n a t u r a l )  

* 
Location A ,  near  Rcute 45, i s  upstream and l oca r ion  B, near  Lemont, is downstream from t h e  mouth of Sawmill 
Creek. See Figure  2. 

** 
Uranium concentra t ions  Fn s n i t s  of u g i l  cani be obtained by mul t ip ly ing t h e  ,concentra.:ion given by 1.48 x lo9 .  
The average  concentra t ion  i s  2.7 ug / l .  

. . 
. . 



TABLE 1 0  

Radionucl ides  i n  ~ l l i n o i s  River. Water, 1976 
. . 

. (concent ra t ions  i n  pci /ml)  

.. . Date * * * * 
Locat ion.  Col lec ted  Alpha Beta Hydrogen-3 Uranium Neptunium-237 Plutonium-239 

. . 

~ c ~ i n l e y  Woods June 22 ' 

S t a t e  Park  1 . 5  1 3  

Below'Dr,esden 22 
' Power S t a t i o n  

Morris  June  22 1.8 7.2 < 200 1 . 0  - 
Starved  'Rock 

S t a t e  Park 
June 22 

: McKinley Woods 
S t a t e -  Park October 14 0.57 1 2  

Dresden October 14 0.73 
Power S t a t i o n  8.6 

Morris  October 14  0.95 ,8 .2  . < 200 0.47 - - 

Starved  Rock 
S t a t e  ,Park Oztober 14  1.1 9.4 

* 
Nonvola t i l e  a c t i v i t y .  

* * 
Uranium concen t r a t i ons  i n  " . n i t s  of p g / l  can be obtained by mul t ip ly ing  t h e  concen t r a t i on  by 1.48 x l o 9 .  



(8 p r e p a r a t i o n  techniques  used by t h e  ERDA New York Heal th  and Sa fe ty  Laboratory 

were used. S i t e s  were s e l e c t e d  i n  s e v e r a l  d i r e c t i o n s  and a t  va r ious  d i s t a n c e s  

from t h e  Laboratory.  Each s i t e  was s e l e c t e d  on t h e  b a s i s  t h a t  t h e  s o i l  appeared, 

o r  was known t o  have been, undisturbed f o r  a number of years .  Attempts were 

made t o  s e l e c t  open, l e v e l ,  g r a s sy  a r e a s  t h a t  were mowed a t  reasonable  i n t e r -  

v a l s .  Pub l i c  parks  were s e l e c t e d  when a v a i l a b l e .  

Each s o i l  sample cons i s t ed '  of two co res  t o t a l i n g .  173 cm2 i n  a r e a  by 30 cm 

deep. The g r a s s  samples were, ob ta ined  by c o l l e c t i n g  t h e  g r a s s  from a 1 m2 

a r e a  i n  t h e  immediate v i c i n i t y  of.  a s o i l  sample. A grab sample technique was 

used t o  o b t a i n  bottom sediment.  Af t e r  dry ing ,  gr indfng ,  and mixing, 100 g 

p o r t i o n s  of s o i l ,  bottom sediment,  and g r a s s  were analyzed by t h e  same method , 

desc r ibed  i n  Sec t ion  1 I I . A .  f o r  a i r - f i l t e r  r e s idues .  Resu l t s  are given i n '  

terms of oven-dried s o i l ,  bottom sediment,  o r  g r a s s .  

Comparison of t h e  per imeter  and o f f - s i t e  r e s u l t s  i n  Table 11 shows t h a t  

t h e  same g e n e r a l .  range  of concen t r a t ions  exists  i n  a l l  a r e a s  f o r  hnth pl l~ tonium , 

i s o t o p e s ,  and i t  may be  concluded t h a t  t h e  plutonium i n  t h e  per imeter  samples 

r e s u l t e d  p r imar i ly  from f a l l o u t  of d e b r i s  from nuc lea r  de tona t ions .  F a l l o u t  

. d e p o s i t i o n  v a l u e s  found by o t h e r  l a b o r a t ~ r i e s ( ~ )  a r e  i n  t h e  same range  a s  

t hose  r epo r t ed  h e r e ,  about 2-3 x b c i / m 2 .  

Composite monthly p r e c i p i t a t i o n  samples were analyzed f o r  plutonium-239. 

The r e s u l t s  a r e  g iven  i n  Table 12  a long  w i t h  r e s u l t s  from 1973, 1.974;a.nd. 1975 

f o r  comparison. The t o t a l  1976 depos i t i on  by p r e c i p i t a t i o n  was a f o u r t h  of . 

t h a t  of 1975, a * r e f l e c t i o n  of t h e  decreased f a l l o u t  from atmospheric nuc lear  

t e s t s ,  and w a s  equ iva l en t  t o  0.2% o f ' t h e  t o t a l  p lu tonium'previous ly  depos i t ed ,  

which is repor ted  t o  be  2 . 2  x u ~ i / m ~ . ( ~ ~ )  The i n c r e a s e  from 1973 t o  1974 

can  be  r e l a t e d  t o  announced atmospheric nuc lear  t e s t s .  . 

The thorium, uranium, and cesium-137 content  of  s o i l  samples was a l s o  

measured and t h e  concen t r a t ions  i n  t h e  per imeter  and o f f - s i t e  samples (Table 

13 )  were s i m i l a r .  These a r e  expected l e v e l s  of t h e  n a t i ~ r a l l y - o c c u r r i n g  thorium 

and uranium a c t i v i t i e s  and normal f a l l o u t  concen t r a t ions  of cesium-137. I n  

terms of mass, t h e  average  thorium concen t r a t ions  were 4.0 pg/g and 2.2 pg/g 

a t  t h e  per imeter  and o f f  t h e  s i t e ,  r e s p e c t i v e l y ,  whi le  t h e  uranium concentra- 

t i o n s  were 2.2 ug/g a t  t h e  per imeter  and 1 .6  ug/g o f f - s i t e .  

The, r e s u l f s  of r a d i o a c t i v i t y  measurementsA i n  g r a s s  a r e  given i n  Tables  
. . 

14 and 15 .  The g r a s s  samples were washed be fo re  a n a l y s i s  t o  remove s u r f a c e  



TABLE 11 

Plutonium Content of s o i l ,  1976 

Date  Plutonium-238 Plutonium-23 9 
Col iec  t ed Locat i o n  lo-g uCi/g lo -3  p c i / m 2  ucilg .lo-3 p c i / m 2  2 3 8 ~ u / 2 3 9 ~ u  

* 
Per imeter  

J u l y  22 15H 0 .1  t 0.1 0.04 + 0.02 2.3 t 0.2 0.9 + 0 .1  0.047 

J u l y  22 12C 

October 1 8  1 ON 

October 1 8  14L 0.2 t 0.1 0:08 t 0.-03 5.1 + 0.3 2.0 .t 0 .1  0.037 

October 1 8  13D -. 0.3  + 0 . 1 .  0.10 + 0.02 ? . 3  k .0 .4  2.7 .t 0 .1  0.037 
. . 

Average 0.2 .+ 0.1 0.08 :t 0.03 4 . 4  + 2.3 - 0.052 f- 1.8  + 0:8 - .  
. . Cn 

Off-Si te  

June  22 McKinley Woods 
S t a t e  Park,  IL 0.3 + 0 . 1 .  0.13 + 0.05 6.5 t 0.5 3 . 1  t 0.3 0.044 

June  23 McCorrick Woods, 
E,rookf i e l d ,  IL 

0.2 + 0 . 1  0.10 + 0.03 , 4.7 t 0.4 1 .9  + 0.2 , 0.051 

June 23 B ~ m i s  Woods, 
0.4 + 0 . 1  0.12 t 0.04 7.0 + 0.6 E insda l e ,  IL ' 

.2.2 t. 0.2 0.053 

October 1 2  S t .  Joseph; 
Michigan 0.3 t 0 . 1  0.14 + 0.04 6.6 + 0.5 2.7 + 0.2 0.. 052 

October 1 3  Willow Spr ings ,  
1L 0.5 t 0 . 1  0.18 t 0.04 7.6 t 0.5 2.9 t 0.2 OiO62 

October 14 Dresden Lock 
znd Dam, IL 

Average 0.4. + 0.1  0.14 + 0.03 6 . 3  + 1.1 2.5 + 0.5 0.058 

* 
The l o c a t i o n s  a r e  given i n  terms of t h e  g r i d  coo rd ina t e s  i n  FLgure 1. 



TABLE 12 

Total Plutonium-239,240 Deposition 

(units of p c i / m 2 )  

Month 1973 1974 1975 1976 

January - 0.60 2 0.10 1.1 2 0.18 0.25 2 0.06 

February 0.14 2 0.04 1.10 2 0.16 1.7 2 0.19 0.38 2 0.09 

March 0.27 2 0.07 2.0 20.22 1.5 2 0.17 0.58 2 0.09 

April 0-.40 2 0.07 5.2 2 0.37 4.0 r 0.43 0.21 2 0.07 

May 0.50 + O,06 '1.6 i 0.31 1.8 i 8.18 8.58 2 0.11 

June 0.16 4 0.04 3.5 2 0.26 1.9 t 0.18 0.65 2 0.12 

July 0.32 2 0.10 5.6 4 0.37 0.48 * 0.10 0.26 4 0.07 

August 0.34 2 0.14 1.0 2 0.19 0.38 2 0.09 0.15 2 0.06 

September. 0.27 t 0.17 0.25 2 0.11 0.10 2 0.06 0.06 2 0.05 

October 0.30 2 0.12 0.45 t 0.10 . 0.12 2 0.08 0.30 2 0.10 

November 0.22 2 0.10 0.73 P 0.12 0.08 'P 0.07 0.05 T 0.04 

Average, 
Monthly 0.31 2 0.07 2.1 t 1.2 1.1 20.7 0.30 2 0.13 
Deposition 

Annual 
Deposition 

Percent 
Added to 
Existing 



TABLE 1 3  

. . .  ,. . , . . Ce~.ium-137, Thorium, and Uranium i n  S o i l ,  1976 . . .  
. . . . , . (concent ra t ions  i n  ' v c i l g )  

Date Uranium 
Col lec ted  ~ o c a t i o n  . Cesium-137 Thorium-228 Thorium-230 Thorium-232 ( n a t u r a l )  

. . 
. . . . . 

per imeter*  . 

J u l y  22 . . 1OP 0.3 + 0 . 1  0.21 + 0.05 0.19 2 0.04 . 0.21 + 0.04 1 . 3  + 0 .1  

J u l y  22 15H 0 .1  + 0 . 1  0.46 + 0.04 0.59 + 0.05 0.49 2 0.04 2.0 t 0 .1  

J u l y  22 12C . .  . . , 0.3 k . O . 1  0.55 + 0.04 0.72 + 0.05 0.48 + 0.04 1:5 + 0.1  

October 1 8  10N .:: . .  . . . .0 .1  + 0.1 0.65 + 0.08 0.77 + 0.07 0.65 + 0.07 1 . 5  + 0 .1  

0c tobe r  1 8  .14L 
. . 0.3 + 0.1 0.41 + 0.04 0.55 + 0.05 0.43 + 0.04 1.4 + 0.1 

October 1 8  13D 0.4 + 0 . 1  0 .38  + 0.04 0.51 + 0.05 0.39 + 0.04 1 . 3  t . O . 1  

Average 0.2 + 0 .1  0.44 2 0.15 0.56 + 0.20 0.44 + 0.14 1 . 5  + 0.3 

June '  22 McKinley Woods 
S t a t e  Park,  IL 0.4 2 0.1  0.18 + 0.02 . . 0.16 + 0.02 0.16 + 0.02 0.9 + 0 .1  

June  23 McCormick Wocds, 0.3 2 0 . i  0.23 + 0.02 0.27 + 0.02 -0.22 + 0.02 . 1 .2  + 0.1 
Brookf i e l d  , IL 

June  23 B e m i s  Woods , 
Hinsdale ,  IL 0.4 + 0.1  0.23 2 0.02 0.30 + 0.02 - 0.18 + 0.01 1 .6  2 0 . 1  

October 1 2  S t .  Joseph , '  0.4 + 0 .1  0.22 + 0.03 0.20 + 0.02 0.20 2 0.02 0.3 + 0.1 
Michigan 

October 1 3  Willow Spr ings ,  0.5 + 0.2 - - - 
IL 1.0  + 0.1  

October 14  Dresden Lock 0.4 + 0 . 1  0.51 + 0.03 0.64 + 0.03 0.45 + 0.03 1 .6  + 0 .1  and Dam, IL 

Average '0.4 + 0.1  0.27 + 0.15 0.31 + 0.22 0.24 + 0.14 1.1 + 0.5 

* 
The per imeter  l o c a t i o n s  a r e  g i v e 1  i n  terms of t h e  g r i d  coo rd ina t e s  i n  Figure 1. 



TABLE 14 

Plutonium Content of Grass Samples, 1976 

Date Plutonium-238 Plutonium-239 
Co l l ec t ed  Locat ion lo-g p ~ i / g  vci/rn2 uCi/g lo-G pc i /m2  

~ e r i n e t e r *  

J u l y  22 107 < 0.1 < 0.01 0 .5  2 0.2 0.08 2 0.04 

J u l y  22 15'3 < 0.1  < 0.01 0.1 t 13.1 0.03 t 0.02 

J u l y  22 122 < 0.1 < 0.01 0.1 t 13.1 0.05 t 0.02 

October 1 8  1 0.3 < 0.1 < 0.01 0.2 2 53.1 0.02 2 0.01 

14L October 1 8  < 0.1 < 0.01 0 .3  2 3.1' 0.03 2 0.01 

October 1 8  13D < 0.n < 0.01 0.3 t 3.1' 0.05 2 0.02 

Average < 0.1, < 0.01 0 .2  2 9 . 2 .  0.04 2 0.02 

June 22 McKinley Wocd3 < 0 .1  < 0.01 0.2 2 0 . 1  0.04 2 0.01 
S t a t e  Park ,  IL' 

June  23 McCormick Woods, < 0.1  < 0.01 0.4 ? 0.1 0.05 2 0.01 
Br,ookf ie le ,  I L  

June 23 B e m i s  Wcods, < 0.1  < 0.01 0.5 r 0.1 0.07 2 0.02 
Hinsdale ,  I L  

October 1 2  S t .  .Joseph, < 0 . 1  < 0.01 0.7 t 10.1 0.08 2 0.02 
Michigan 

. 0 c t o b e r  1 3  Willow s p r i n g s  , < 0.: < 0.01 < a .1  < 0.01 
I L. 

October .14 D r e ~ d e n  Lock < 0.1 < 0.01. 0.4 = 0 . 1  0.05 t 0.01 
ar.d Dzm, I L  

Average < 0.1  < 0.01 0.4 2 0.2 0.05 2 0.02 

le per imeter  l o c a t i o n s  a r e  given i n  terms 05 t h e  g r i d  coo rd ina t e s  i n  Figcxe 1. 



TABLE 15 

.Radionuclides in Grass Samples, 1976. 

(concentrations in bcilgj. 
- -- ~ - - - -- - - - - 

Date Uranium 
Collected Location Cesium-137 Thorium-228 ~horium-230 Thorium-232 (natural) 

~erime ter* 

July 22 . 1 OP I .  + 0.1 . 0.004 + 0.001 0.004 + 0.001 0.003. + 0.001 0.053 -+ 0.005 
July 22 15H ' < 0.1 0.006 + 0.001 0.006 + 0.001 0.003 2 0.001 0.029 + 0'.003 
July 22 12C < 0.1 0.002+0.001 0.002+0.001 0.001+0.001 0.020F0.002 

Ociober 18 1 ON < 0.1 0.003 2 0.001 0.006 + 0.001 0.003 + 0.001 0.017 2 0.1004 

October 18 14L 

October 18 13D 

Average 

June 22 McKinley Woods 
State Park, IL 

< 0.1 

June 23 McCormick Woods, 
Brookfield, IL < 0.1 

June 23 Benis Woods, 
Hinsdale, ZL 

October 12 St. Joseph, 0.1 2 0.1 0.007 + 0.001 0.010 + 0.001 0.007 + 0.001 0.030 + 0.004 
Michigan 

October 13 Wi.llow Springs, 
T? . < '0.1 

October 14 ~risden Lock 
' 

' and Dam, IL 

Average < 0.1 < 0.002 
* 
The perimeter locations are given in terms of the grid coordinates in Figure'l. 



s o i l ,  which con ta ins  cons iderably  more r a d i o a c t i v i t y  per  gram than  g ra s s .  I f  

t h e  g r a s s  is analyzed wi thout  washing, r e s u l t s  a r e  more v a r i a b l e  and d i f f i c u l t  

t o  compare between l o c a t i o n s .  The per imeter  and o f f - s i t e .  plutonium concentra- 

t i o n s  are similar ' t o  each o t h e r  and t o  r e s u l t s  o f  prev ious  yea r s .  A l l  t h e  

resblts, per imeter  and of f - s i t e ,  were w i t h i n  t h e  range expected and observed 

from f a l l o u t .  I n  terms of d e p o s i t i o n ,  t h e  plutonium-239 concen t r a t ion  was a  

f a c t o r  of about  l o 4  less , t han  i n  s o i l  from t h e  same l o c a t i o n .  Thorium, 
1 

.uranium, and t h e  d e t e c t a b l e  gamma-ray emi t t i ng  nuc l ides  were s i m i l a r  a t  t h e  . , . .  . . .  
per imeter  and o f f - s i t e ,  which i n d i c a t e s  t h a t  t h e i r  concen t r a t ions  a r e  due t o  

na tu ra l ly -occu r r ing  n u c l i d e s  o r  f a l l o u t .  

Trqn hnttnm sediment samples were analyzed f o r  thorium, uranium, and 

pl.utonium f o r  comparison wi th  previous  measurements. The r e s u l t s  a r e  given 

i n  Table  16. Plutonium r e s u l t s  va ry  widely between l o c a t i o n s  and a r e  s t r o n g l y  

dependent on t h e  r e t e n t i v e n e s s  of t he  bottom ma te r i a l .  Plutonium concentra- 

t i o n s  up t o  about  30 x 10-9 vCi/g may be considered normal based on previous  

d a t a .  (3) The thorium and uranium concen t r a t ions  were normal and s i m i l a r  t o  

t h o s e  found i n  s o i l .  I n  terms of mass, t he  concen t r a t ions  i n  Table  16  were 

1 . 9  vg/g f o r  thorium and 2.4 pg/g f o r  uraniuin. 

TABLE 16 

Radionucl idcs  i n  Bottom Sediment, 1976 

Concentrat ion v ~ i / g )  
Des P l a i n e s  River ,  Flagg Creek 

Brookf i e l d  , ITd Willow Spr ings ,  IL 
Nucl ide June 23 October 13 

-- - 

Thor ium-232- 180 f 10  200 t 30 

Uranium ( n a t u r a l )  1600 t 100 1700 + 100 

Plutonium- 23 9 7.9 t 0.5 1.1 t 0.1 



5 1 

4. Foods tuf fs  

Raw.milk was c o l l e c t e d  monthly from a l o c a l  d a i r y  farm south  of Lemont 

and analyzed f o r  s e v e r a l  r a d i o a c t i v e  nuc l ides  by methods s i m i l a r  t o  those  used 

f o r  water .  Iodine-131 was analyzed wi th  a  d e t e c t i o n  l i m i t  of 1 x 10-lo u C i / m l  

by a  ba tch  ion-exchange s e p a r a t i o n  followed by be t a  counting.  Cesium-137 was 

analyzed wi th  a  d e t e c t i o n  l i m i t  of 5  x 10-lo p C i / m l  by an ion-exchange separa- 

t i o n  followed by gamma-ray spectrometry.  The o t h e r  nuc l ides  were analyzed by 

t h e  same methods used f o r  water  and wi th  t h e  same d e t e c t i o n  l i m i t s .  The re -  

s u l t s  a r e  given i n  Table 17. The average hydrogen-3 concen t r a t ion  i n  milk i s  

i d e n t i c a l  t o  t h e  concen t r a t ion  of hydrogen-3 found i n  s u r f a c e  wa.ter samples 

away from t h e  s i t e .  The average strontium-90 and cesium-137 concen t r a t ions  

decreased compared t o  1975. These nuc l ides  a r e  f i s s i o n  products  from nuclear  

t e s t s  and t h e i r  presence i n  milk i s  not  r e l a t e d  t o  Argonne ope ra t ions .  Iodine- 

131  and barium-140 concent ra t ions .above  t h e  d e t e c t i o n  l i m i t  l a t e  i n  t h e  year  

a r e  a t t r i b u t e d  t o  t h e  previous ly  d iscussed  atmospheric nuc lea r  tests. . . 

The concen t r a t ions  given i n  Table 17 may be compared t o  t h e  C G s  f o r  

d r ink ing  water  given i n  t h e  Appendix, P a r t  B. The d r ink ing  water  C G s  a r e  

based on an  i n t a k e  of 2.2 l i t e r s  per  day. 'The consumption of one l i t e r  of 

milk per  day would r e s u l t  i n  an  average i n t a k e  of < 0.003%.of t h e  hydrogen-3, 

0.5% of t h e  strontium-90, and 0.005% of t h e  cesium-137 Concentrat ion Guides. 

Severa l  samples of garden vege tab le s  grown 8-16 km (5-10 mi) from 

Argonne were obtained and analyzed f o r  plutonium and uranium. No thorium o r  

gamma-ray e m i t t e r s  were de t ec t ed .  The plutonium and uranium r e s u l t s  a r e  .given 

i n  Table 18,  and the  concen t r a t ions  a r e  expressed i n  terms of a i r -d r i ed  weight.  

Compared t o  t h e  r e s u l t s  f o r  g r a s s ,  t h e  plutonium-239 concen t r a t ions  a r e  a  

minimum of 4 t imes lower,  wh i l e  t h e  uranium concen t r a t ions  a r e  5 t o  25 t imes 

lower.  .The u r a n i u i  r e s u l t s  a r e  i n  good agreement wi th  ana lyses  of t h e  same 

types of vege tab le s  measured dur ing  1975. The plutonium con ten t ,  a l though 

extremely v a r i a b l e ,  covered about  t h e  same range of concen t r a t ions  a s  i n  1975. 

A s  i n  t h e  c a s e  of milk,  t h e  r a d i o a c t i v i t y  i s  un re l a t ed  t o  Argonne ope ra t ions ,  

bu t  t h e  informat ion  i s  va luab le  a s  background da t a .  



FABLE 17 

Radicnuclides in Milk, 1976 

(concer-tration's in pCi/ml) 
- 

Date . Barium-140- 
Collected Hydragen-3 Strontium-89 Strontium-90 Iodine-131 Cesium-137 Lanthanum-140 

- 

January 14 < 2.00' < 2 3.2 < 0.1 3 .5. < 2 

February 4 < 200 < 2 2.5 < 0.1 3.5 < 2 

March 3 < 200 < 2 2.4 < 0.1 3.7 < 2 

April 7 < 200 < 2 3.3 < 0.1 2.4 < 2 

May 5 < 200 <. 2 2.4 . . < 0.1 3 . 2  < 2 

June 2 < 200 < 2 6.3 < 0.1 3.3 < 2 

July 7 < ZOO < 2 7.1 < 0.1 2.2 < 2  . 

August 4 201 < 2 2.5 < 0.1 1.3 < 2  ' 

< 2 2.8 < 0.1 0.6 September 1 379 < 2 

October 6 < -  200 < 2 .  . ' 3,6 < 0.1 .1.2 <' 2 

November 3 < 200 < 2 

December 1 < 200 < 2 1.4 < 0.1 1.7 2.5 

Average < 215 < 2 3.4 2 1.0 < 0.4 2.4 5 0.7 < 2.1 



TABLE 18  

Uranium and Plutoniuin-239 i n  Garden Vegetables ,  1976 
- -- 

Uranium ( n a t u r a l )  Plutonium-239 
Food ( concen t r a t i on  p ~ i / g )  ( concen t r a t i on  10-l2 p ~ i / g )  

Beets  3.2 2 0.3 . <  1 

Beet Tops 7 .3  2 0.7 14  2 ,  20 

Cabbage 5.0 2  0.4 2 2 1  

Corn ( k e r n e l s )  1.7 2 0.3 47 2  1 0  . 

Tomatoes 1 . 1 . k  0 .3  < 1 

5. Ex te rna l  P e n e t r a t i n g  Radia t ion  

Measurements were made wi th  calcium f l u o r i d e  (dysprosium a c t i v a t e d )  

thermoluminescent dos imeter  ch ips .  Each measurement was t h e  average  of t h r e e  

o r  f o u r  c h i p s  exposed i n  t h e  same packe t .  The response  of t h e  c h i p s  was c a l i -  

b r a t ed  w i t h  an  NBS s tandard  radium-226 s o u r c e , , a n d  t h e  r e s u l t s  c a l c u l a t e d  i n  

terms of a i r  dose.  Dosimeters were exposed a t  a  number of  l o c a t i o n s  a t  t h e  

s i t e  boundary t o  determine t h e d o s e ,  i f  any, due t o  Argonne o p e r a t i o n s  a t  t h e  

c l o s e s t  uncon t ro l l ed  approaches t o  t h e  Labora tory ,  and a t  s e v e r a l  l o c a t i o n s  

on t h e  s i te .  The l a t t e r  were chosen f o r  two purposes:  t o  de te rmine  where 

abnormal doses  might be encountered,  and where t h e  r e s u l t s  might be  u s e f u l  i n  

de te rmin ing  t h e  o r i g i n  of any abnormal dose  r ead ings  ob t a ined  a t  t h e  boundary. 

Readings were a l s o  taken a t  f i v e  o f f - s i t e  l o c a t i o n s  f o r  comparison purposes .  

The r e s u l t s  a r e  summarized i n  Tables  1 9  and 20, and t h e  s i t e  boundary and 

on - s i t e  r ead ings  a r e  a l s o  shown i n  F igure  6. Measurements were made i n  s i x  

succes s ive  exposure pe r iods  t h a t  v a r i e d  i n  l e n g t h  from 57 t o 6 8  days , . and  i n  

t o t a l  covered t h e  pe r iod  from January 5 ,  1976, t o  January  4 ,  1977. The re -  

s u l t s  f o r  each pe r iod  were c a l c u l a t e d  i n  terms of annual  dose  f o r  e a s e  i n  

comparing measurements made f o r  d i f f e r e n t  e lapsed  t i m e s ,  and were weighted 

accord ing  t o  t h e i r  exposure t imes i n  c a l c u l a t i n g  t h e  annual  average a t  each 

l o c a t i o n .  The e r r o r  g iven  f o r  an  average  i s  t h e  95% conf idence  l i m i t  ca lcu-  

lated from the  s t anda rd  e r r o r .  , 

The o f f - s i t e  r e s u l t s  averaged 90 mrem/yr. ' The stalidard e r r o r  of t h e  mean 

of a l l  30 r e s u l t s  w a s  3  mrem/yr. (The s t anda rd  e r r o r  of t h e  average  of t h e  



Environmentzl p e n e t r a t i n g  Radiat ion a t  Off-Si te  Locat ions,  1976 

Dose Rate (mredyea r )  

Feriod of Measurement 
Locat ion 115-319 3/9-5112 5/12-7/8 7/8-9114 9114-11/11 11111-114 Average 

Downers Grove 9 0 90 8 2 91 92 9 3 90 2 5 

Lockpor t 8 7 8 2 8 2 8 7 8 8 81 . 85 2 4 

Lombard 

Oak Lawn 

Oakbrook 

Average 8 9 2 3  3 8 2 9  84 2 9 94 2 13 90 2 9 92 2 12 92 t I0 



TABLE 20 

. . 
Environmental Penetrating Radiation at ANL, 1976 

Dose Rate (mrem/year) 

Period of Measurement 
Location 115-319 319-5112 5112-718 718-9/14 9114-11/11 11111-114 Average 

14L - Boundary 
141 - Boundary 
14G - Boundary 94 100 89 9 7 102 100 97 2 5 

13D - Boundary 7 7 7 4 - 6 8 68 70 71 2 5 

9/10EF - Boundary 101 91 9 6 9 3 101 100 97 2 4 

8H - Boundary 125 116 103 100 120 107 112 2 10 

8H - Center, St. Patrick's Cemetery 127 113 108 110 120 115 116 2 7 

71 - Boundary -542 444 - 5 24 625 511 528 75 

61 - 200 m N of Quarry Road - 98 . 9 7 106 117 118 107 2 12 

9L - Boundary 

8H - 200 m NW of Waste Storage 
Area (Heliport) 

71 - Center, Waste Storage Area 
llJ - Lodging ?acilities 
10/11K - Lodgiag Facilities 
9J - Between ZGS Condenser 

and 386 

141 - 210 m N of 202 
135 - 140 m.NE of 202 
11G - 30 m SW of Cyclotron 
12M - 30 m W oE 55 
14/15N - Former Nike Site (Exterior) 91 99 - - - - 95 2 17 



Fi-g. 6 .  Psnetrating R.adiation Measurements at the ANL Site 



f i v e  s e p a r a t e  i o c a t i o n s  was 9,mremlyr . )  For 1972, 1973, 1974, and 1975, cor- 

responding averages  and s t a n d a r d . e r r o r s  were 105 + 1.5  mremlyr, 100 + 2  mrem/yr, . . 

99 5 2  mremlyr, and 94 + 1 mremlyr, r e s p e c t i v e l y .  Thus, whi le  averages  f o r  

consecut ive  y e a r s  have agreed w i t h i n  s t a t i s t i c a l  v a r i a t i o n s  a t  t h e  .95% conf i -  

dence l e v e l ,  t h e r e  has  been a  smal l  b u t  s t eady  dec rease  averag ing  about  3  

mremlyr f o r  t h e  p a s t  f i v e  yea r s .  The v a r i a t i o n s  from year-to-year have been 

c o n s i s t e n t  a t  each l o c a t i o n .  The annual  average  a t  Downers Grove, Lockport,  

and Lombard have been w i t h i n  5  mremlyr of t h e  average of a l l  f i v e  o f f - , s i t e  

l o c a t i o n s  (us-ually w i t h i n  2  mremlyr). A t  Oak Lawn t h e  r e s u l t s  have been from 

8 t o  11 mrem/yr below, and a t  Oakbrook t h e  r e s u l t s  have been 8 t o  11 mremlyr 

above, t h e  o v e r a l l  average.  

I f  t h e  o f f - s i t e  l o c a t i o n s  a r e  an  a c c u r a t e  sample of t h e  r a d i a t i o n  back- 

ground i n  t h e  a r e a ,  t hen  annual  averages  a t  t h e  s i t e  boundary ranging  from 

75 t o  109 mremlyr may be cons idered  normal wi th  a  95% p r o b a b i l i t y ,  o r  95% of 

t h e  boundary r e s u l t s  should have averages  i n  t h i s  range .  To compare boundary 

r e s u l t s  f o r  i n d i v i d u a l  sampling pe r iods ,  t h e  s tandard  d e v i a t i o n  of t h e  30 in-  

d i v i d u a l  o f f - s i t e  r e s u l t s  i s  u s e f u l .  Th i s  v a l u e  is  8.5 mremlyr, s o  t h a t  

s i n g l e  boundary r e s u l t s  i n  t h e  range  of  90 .k  17 may b e  considered normal w i t h  

a  95% p r o b a b i l i t y .  

A t  two l o c a t i o n s ,  71  a t  t h e  sou th  boundary.of t h e  si te,  and a t  1 4 1  n o r t h  

of Bui ld ing  202, t h e  dose  r a t e s  w e r e  c o n s i s t e n t l y  above t h e  normal range.  A t  

71 t h i s  was due t o  r a d i a t i o n  from a  Radioac t ive  Waste S torage  F a c i l i t y  i n  t h e  

no r the rn  h a l f  of g r i d  71. Waste i s  packaged and t empora r i l y  kept  i n  t h i s  a r e a  

p r i o r  t o  removal for .permanent  s to r age . e l s ewhere .  The n e t  above-normal dose 

a t  t h i s  l o c a t i o n  was about  440 mremlyr. The excess  dose r a t e  a t  71 i n  1976 

was about  twice  t h a t  found i n  1974 and 1975, bu t  about  the,  same a s  i n  1972 

and 1973. A t  141 t h e  average  dose r a t e  was about  300 mremlyr above normal. 

Th i s  dose  i s  a t t r i b u t e d  t o  t h e  increased  u s e  du r ing  1976 of cobal t -60 i r r a d i a -  

t i o n  sou rces  i n  Bui ld ing  202. 

Dose v a r i a t i o n s . f r o m  per iod  t o  per iod  a t  t h e  same l o c a t i o n ,  which a r e  a t  

l e a s t  i n  p a r t . s t a t i s t i c a 1 ,  and t h e  d i f f e r e n c e s  between l o c a t i o n s  make i t  d i f -  

f i c u l t  t o  determine wi th  h igh  c e r t a i n t y  when s i t e  boundary doses  a r e  on ly  a  

few mremlyr above normal and due t o  Argonne o p e r a t i o n s .  Three c r i t e r i a  a r e  

used h e r e  t o  i d e n t i f y  such l o c a t i o n s :  1 )  t h e  r e s u l t s  f o r  each sampling pe r iod  

a r k .  f r e q u e n t l y  above t h e  o f f - s i t e  average  f o r  t h e  same pe r iod ;  2 )  t h e  annual  
. . . , .. . 



average  a t  a l o c a t i o n  exceeds t h e  o f f - s i t e  average (90 mremlyr) p l u s  twice the  

s t anda rd  ' e r ror  i n  t h e  average,  9 mremlyr; o r  3) occas iona l  r e s u l t s  a t  a  p a r t i -  

c u l a r  l o c a t i o n  a r e  s i g n i f i c a n t l y  above t h e  normal va lue  f o r  t h a t  l o c a t i o n ,  

a l though such r e s u l t s  were s t i l l  i n  t h e  o f f - s i t e  normal range.  The l a s t  

c r i t e r i o n  would apply t o  a  l o c a t i o n  such a s  13D, where t h e  r e s u l t s  have been 

c o n s i s t e n t l y  below t h e  o f f - s i t e  average.  A t  t h i s  l o c a t i o n  t h e  ground con ta ins  

cons iderable  g rave l ,  which has l e s s  radium than  t h e  usua l  c l a y  sub - so i l ,  and , 

t h i s  probably accounts  f o r  t he  low dose r a t e s .  Appl ica t ion  of t h e  f i r s t  two 

c r i t e r i a  and t h e  d i f f i c u l t i e s  i n  i n t e r p r e t i n g  smal l  d i f f e r e n c e s  from n a t u r a l  

background by TLD measurements a r e  i l l u s t r a t e d  below. 

TILE doso rclLt: ;L Lllr 8H Luullrlbry 1ucaLlul1 Is uf I n t e r e s t ,  since It l ies 

on t h e  edge of S t .  P a t r i c k ' s  Cemetery, which was i n  u se  be fo re  Arnonne was 

cons t ruc t ed ,  and which i s  open t o  v i s i t o r s .  The dose a t  t h i s  l o c a t i o n  was 

about  22 mremlyr above t h e  o f f - s i t e  average bu t  w i t h i n  t h e ' u p p e r  l i m i t  (118 

mremlyr) of t h e  normal range.  Resu l t s  f o r  some i n d i v i d u a l  per iods  were above 

t h e  expected range. A conse rva t ive  upper l i m i t  f o r  t h e  excess  dose a t  8H i s  

10-20 mremlyr, based on t h i s  type of comparison. S imi l a r  r e s u l t s  were obtained 

i n  1974 and 1975. 

AK Khe sourh end of f h e  Laboratory s i t e ,  t h r e e  p o s s i b l e  sources  of ex- 

t e r n a l  r a d i a t i o n  e x i s t :  d i r e c t  r a d i a t i o n  from t h e  Waste S torage  F a c i l i t y ,  

d i r e c t  r a d i a t i o n  from a  tandem dynamitron and low-power r e a c t o r s  i n  Building 

316, r e s p e c t i v e i y  ( l o c a t i o n  YGHI, and argon-41 from t h e  CP-5 r e a c t o r  a t  loca-  

t i o n  9H. The c o n t r i b u t i o n  from CP-5 t o  t h e  dose a t  8H i s  considered n e g l i g i b l e  

s i n c e  dose r a t e s  measured i n  o t h e r  d i r e c t i o n s  from CP-5 a t  t h e  same d i s t a n c e ,  

were l e s s  than  a t  8H. The c o n t r i b u t i o n  from Building 316 i s  a l s o  considered 

n e g l i g i b l e  s i n c e  t h e  dose a t '  t h e  Cemetery d id  n o t  decrease  when t h e  dose c l o s e  

t o  t h e  bu i ld ing  decreased a f t e r  t h e  r e a c t o r  i n  t h e . b u i l d i n g , w a s  provided wi th  

a d d i t i o n a l  s h i e l d i n g .  S ince  t h e  dose a t  t h e  c e n t e r  of t h e  Cemetery i s  4  mrem/ 

y r  above t h a t  a t  t h e  boundary, t h e  excess  dose i s  a t t r i b u t e d  t o  t h e  m a t e r i a l  

s t o r e d  a t  71, r a t h e r  than  t o  sources  n o r t h  of t h e  Cemetery. 

6. B o t e n t i a i  Radia t ion  Dose Est imates  

a .  A i r  and Water Borne Rad ioac t iv i ty  

The r a d i a t i o n . d o s e s  a t  t h e  s i t e  boundary and o f f  t h e  s i t e  t h a t  could have 

been received by t h e  pub l i c  from r a d i o a c t i v e  m a t e r i a l s  l eav ing  t h e  s i t e  were 



c a l c u l a t e d  by two methods. Where measured r ad ionuc l ide  concen t r a t ions  i n  a i r  

and water a r e  a v a i l a b l e ,  t h e  conversion of concen t r a t ion  t o  dose w a s  based on 

t h e  r a t i o  of environmental concen t r a t ions  t o  t h e  Concentrat ion Guides given 

i n  Table 21. Th i s  t a b l e  g ives  t h e  annual  r a d i a t i o n  doses  t h a t  would r e s u l t  

from continuous exposure a t  t h e  s p e c i f i e d  concent ra t ions  f o r  those nuc l ides  

whose presence i n  t h e  environment a r e  a t t r i b u t a b l e  t o  Argonne. For argon-41, 

t r i t i a t e d  water  vapor ,  and iodine-131 r e l eased  from r e a c t o r  s t a c k s ,  doses 

were c a l c u l a t e d  from an atmospheric d i s p e r s i o n  model making use  of a source  

term and meteoro logica l  d a t a .  

The p r i n c i p a l  exposure pathway f o r  r a d i o a c t i v e  substances r e l ea sed  from 

Argonne i s  d i r e c t l y  from a i r  t o  man.by i n h a l a t i o n .  Although Sawmill Creek 

water  i s  not  used f o r  d r ink ing  purposes,. t h e  dose t h a t  would be rece ived  by a n  

i n d i v i d u a l  i n g e s t i n g  water a t  t h e  concent ra t ions  found i n  t h e  Creek i s  calcu-  , 

l a t e d .  A mtnor exposure r o u t e  i s  from water  t o  man by i n g e s t i o n  of I l l i n o i s  

River water  267 km (140 mi) downstream from Argonne (Sec t ion  I.E.), but  t h e  . 

d i l u t i o n  of  Sawmill Creek water  a t  t h i s  po in t  i s  s o  grea t '  t h a t  t he  dose 

c a l c u l a t i o n  i s  meaningless. No o t h e r  exposure pathways a r e  s i g n i f i c a n t .  

Argon-41 and hydrogen-3 ( i n  t h e  form df t r i t i a t e d  water )  from t h e  CP-5 

r e a c t o r  r e p r e s e n t  t he .ma jo r  p o r t i o n  of t h e  gaseous r a d i o a c t i v e  e f f l u e n t  r e -  

leased  from t h e  Laboratory. The concen t r a t ions  and dose r a t e s ,  a s  a func t ion  

of d i s t a n c e  from CP-5, were c a l c u l a t e d  f o r  t h e s e  two nuc l ides  by a computer 

program based on an atmospheric d i s p e r s i o n  model. (11) The fo l lowing  para- 

meters  were used i n  t he  c a l c u l a t i o n s :  

a )  . r e l e a s e  ra teE (measured i n  t h e  CP-5 exhaust  s tack) ;  argon-4.1, 

1.42 Ci/MW-hr; hydrogen-3, 0.041 C i /h r  

b) meteoro logica l  da t a :  t h e  15-year average va lues  given i n  

ANL- 7 084 (2) 

c )  t he  usua l  pa rame te r s . fo r  s t a c k  h e i g h t ,  bu i ld ing ,  wake, plume 

momentum, temperatures ,  e t c .  

The c a l c u l a t i o n s  were c a r r i e d  o u t  t o  80 km (50 mi).  The argon-41 r e s u l t s  

f o r  t h e  f i r s t  4 .8 km (3  mi) a r e  given i n  Table 22. Doses were c a l c u l a t e d  f o r  

t h e  mid-point of t h e  annular  i n t e r v a l .  Thus, t h e  dose f o r  0-1.6 km (0-1 mi) 

average i s  t h e  dose a t  0.8 km (0.5 mi).  The h ighes t  dose r a t e s  a r e  i n  t h e  N 

KO ENE secrors. The c f o s e s ~  fu l l - r ime r e s i d e n t s  in Lhis a r e a  are 2.1 kru 

(1.3 mi) from t h e  r e a c t o r ,  where t h e  dose ( i n  t h e  NNE d i r e c t i o n )  i s  3.4 mrem/yr, 



TABLE 21 

Concentration-to-Dose Conversion   actors 
* * '  

Concentration Dose 
Nuclide ~ e d  ium (~ci/ml) (rem) Crttical Organ 

Americium-241 Water 4 x lo-c 1.5 Kidney . , 
. Water 5 x lo-6 3 Bone 

Argon-41 Air 4 x lo-* 0.5 Whole Body 

Water 

Water 
WaLr,c 

.Water 
Water 

Water 

Air 
Water 

Bone 

GI (LLI) 
Bone. 

Bone 

Whole .Body 
Whole Body 

Iodine-131 Air 1 x 10-lo 1.5 Thyroid 

Neptunium-237 Water 3 x lo-b 3 Bone 

' I 

, .. Plucanium-2.38 Water 5 IC 10"~ 3 Bone 

5 x 10-6 3 . ' Plutonium-239 Water Bone 

. . . , .  
. , .  . ' . Strontium-90 Water 3 lo--7 3- Bone 

. .. 
, . .. . .. * 

:,.' . . . .  The concentrations and doses are the Radiation Protection standards (RPS) 
.. ' .. . specified in ERDA Manual Chapter 0524 for individuals in uncontrolled 

I I,, I? . 
. .. areas, except for americium-241 (bone), californium-252 (GI and bone), and . . curium-242 (bone). Since RPS values for these nuclide-organ r.nmhj.natinns 

' 

are not given in ERDAM 0524, the concentrations used were one-tenth o f  the 
168 hour occupational values specified by the ICRP'. (I2 ) 



TABLE 22. 

Argon-41 Radiation Dose From CP-5 Reactor, 1976 

(milliremlyear) 

Distance 
1.5 km 0-1.6 km 1.6-3.2 km 3.2-4.8 krn 

Sector (0.93 mi) (0-1 mi) ' (1-2 mi) , (2-3 mi) 

N 

NNE 

NE 

, ENE 

E 

ESE . 
S E 

SSE 

S 

SSW 

S W 3.2 7.9 1.4 0.7 

WSW 2.7 6.8 1.2 0.5 

W 2.1 5.2 1.0 0.3 

WNW 2.2 5.7 1.2 0.5 

NW 2.7 6.6 1.2 0.5 

NNW 3.2 7.9 1.4 0.7 

Average 3.6 9.0 1.6 0.7 



l e s s  t han  1% of t h e  s tandard  (500 mremlyr) f o r  i n d i v i d u a l s  i n  uncont ro l led  

a r e a s .  The v a l u e  i n  Table 22 t h a t  corresponds most c l o s e l y  t o  t h i s  dose and 

d i s t a n c e  is  2.7 mremlyr a t  2.4 km, t h e  mid-point of t h e  1.6-3.2 km i n t e r v a l .  

The dose v a r i e s  g r e a t l y  w i t h  d i s t a n c e  i n  t h e  f i r s t  s e v e r a l  k i lometers .  Thus, 

i n  t h e  NNE d i r e c t i o n  i n d i v i d u a l s  would r e c e i v e  5.4 mrem/yr i f  they were out- 

doors  throughout t h e  yea r  a t  1 .6  k m  and 1 . 5  mremlyr i f  they were o u t d 0 0 r ~  st 

3.2 km. A s m a l l  s e c t i o n  o f  t h e  most-used p o r t i o n  of t h e  Wate r f a l l  Glen Fores t  

P re se rve ,  t h e  former Rocky Glen Fores t  P re se rve  sou theas t  of t h e  s i t e ,  begins 

about  1 . 5  km (0.93 mi) from CP-5, and i n  t h i s  d i r e c t i o n  t h e  dose r a t e  a t  1 .5  km . 

(0.93 mi) is  3.1-3.6 mremlyr. 

The measurement technique f o r  argon-41 i s  adequate  i n  the  v i c i n i t y  of 

CP-5, b u t  i s  no t  suf f ic ien t1 .y  s e n s i t i v e  t o  measure t h e  c n n r ~ n t r o t i o n  a t  the  

s i t e  boundary. However, an  upper l i m i t  fo r ,  t h e  argon-41 dose a t  t he  s i t e  

boundary can be  es t imated  from t h e  p e n e t r a t i n g  r a d i a t i o n  dose measurements 

made wi th  thermoluminescent dosimeters  (TLD) and d iscussed  i n  Sec t ion  I I I . A . l .  

The measurements made sou th  of t he  r e a c t o r  and n o r t h  of Building 202 a r e  ob- 

scured  by d i r e c t  r a d i a t i o n  from s e v e r a l  gamma-ray sources ,  b u t 8 i n  o t h e r  

d i r e c t i o n s ,  i nc lud ing  t h e  predominant wind d i r e c t i o n  t o  t h e  nor th-nor theas t ,  

t h e  dose r a t e s  a t  t h e  s i t e  boundary were i n  t h e  normal range found o f f - s i t e .  

I n c r e a s e s  i n  excess  of  two s tandard  d e v i a t i o n s  of t he  o f f - s i t e  .average ( i . e . ,  

g r e a t e r  than YU + 17mremiyr) would have been recognized a s  abnormal, and on . 

t h i s  b a s i s  t h e  dose from argon-41 a t , t h . e  s i t e  boundary was l e s s  than  about 

15-20 mremlyr. Thus, t h e  c a l c u l a t e d  doses and those  measured by TLD agree  

w i t h i n  t h e  a b i l i t y  of the  TLD system t o  detect .above-normal  doses .  

The popuia t ion  d a t a  i n  Table 1 was used t o  c a l c u l a ~ r  t h e  popula t ion  dose 

from argon-41. The r e s u l t s  a r e  given i n  Table 23, t oge the r  with the a v p r a g p  

i n d i v i d u a l  dose. For comparison, t h e  t a b l e  a l s o  g ives  t h e  es t imated  n a t u r a l  

e x t e r n a l  r a d i a t i o n  dose ,  which was c a l c u l a t e d  wi th  the  assumption t h a t  t h e  

average o f f - s i t e ,  outdoor r a d i a t i o n  dose measured by TLD a p p l i e s  t o  t h e  e n t i r e  

a r e a  w i t h i n  an  80 km (50 mi) r a d i u s .  

The dose r a t e s  due t o  hydrogen-3 from CP-5, c a l c u l a t e d  i n  t h e  same manner 

a s  f o r  argon-41, a r e  a s  fo l lows .  The maximum d o s e t a t  1 . 5  km (0.93 mi) ,  ' i n  t he  

NNE d i r e c t i o n ,  i s  0.011 mremlyr. The maximum i n d i v i d u a l  exposure t o  fu l l - t ime  

r e s i d e n t s  i n  t h e  a r e a  occurs  i n  t h e  1.6-3.2 km '(1-2 mi) annulus i n  t h e  NNE 

d i r e c t i o n ,  where t h e  annual  dose i s  ca$culated t o  be 0.007 mremlyr. A summary 



TABLE 23 

Argon-41 Average Ind iv idua l  and Popula t ion  Dose From CP-5 Reactor ,  1976 

Dose 
Dis tance  Avg. mremlyear Man-remlyear 

(km) Popula t ion  Argon-41 Natura l  Argon-41 Natura l  

of t h e  r e s u l t s  i s  given i n  Table 24. A comparison of t h e  doses  c a l c u l a t e d  

from t h e  meteoro logica l  model wi th  t h e  measured d a t a  from Table  7 is  given i n  

Table 25. I n  both cases  concen t r a t ions  a r e  converted t o  dose a s  descr ibed  

e a r l i e r .  The agreement i s  good i n  view of t h e  l a r g e  number of v a r i a b l e s  and-  

parameters  involved i n  ob ta in ing  both t h e  c a l c u l a t e d  and measured va lues .  

TABLE 24'  

Hydrogen-3 Average Ind iv idua l  and Popula t ion  
Dose From CP-5 Reactor ,  1976 

Distance 
(km) Popula t ion  . Avg. mremlyear Man-remlyear 

TABLE 25 

Comparison of Calculated and Measured Hydrogen-3 Dose Rates ,  1976 . 

D.irec t i o n  Distance (km) Calcula ted  (mreml y r  ) Measured (mremIyr) 

' NNE 1 .5  0.011 0.018 

ENE 1 .9  0.007 0.014 



The iodine-131 r e l eased  from CP-5 would r e s u l t  i n  an i n d i v i d u a l  dose of 

0.002 mrem/yr a t  1 .5  km (0.93 mi) i n  t h e  NNE s e c t o r  and a popula t ion  dose of 
\ 

about  0.001 man-rem/yr i n  t h e  1.6-3.2 km (1-2 mi) annulus.  These va lues  a r e  

so  sma l l  t h a t  t h e  c a l c u l a t i o n s  f o r  g r e a t e r  d i s t a n c e s  a r e  no t  worthwhile.  

The only l o c a t i o n  where 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  Argonne ope ra t ions  

could be  found i n  o f f - s i t e  water was Sawmill Creek below t h e  waste-water out- 

f a l l .  The concen t r a t ions  of t hose  nuc l ides  added t o  Sawmill Creek by Argonne 

was te  water ,  and t h e  corresponding dose r a t e s  i f  water  a t  t h e s e  concen t r a t ions  

were used a s  t h e  s o l e  water  supply by an i n d i v i d u a l  a r e  given i n  Table 26. I n  

t h e  c a s e  of strontium-90, a smal l  f r a c t i o n  was con t r ibu ted  by Argonne and the 

remainder by f a l l o u t ,  bu t  t h e  t o t a l  concen t r a t ion  i s  included i n  t h e  dose ca l -  

c u l a t i o n  s i n c e  t h e  t o t a l  exposure i s  t h e  f i g u r e  of i n t e r e s t ,  r e g a r d l e s s  of 

source .  For t h e  o t h e r  n u c l i d e s ,  e s s e n t i a l l y  a l l  of t h e  a c t i v i t y  may be 

a t t r i b u t e d  t o  Argonne. .The dose  r a t e s  were a l l  we l l  below t h e  s t anda rds  f o r  

i n d i v i d u a l s  i n  uncont ro l led  a r e a s .  It should be emphasized t h a t  Sawmill Creek 

i s  n o t  used f o r  d r ink ing  o r  r e c r e a t i o n a l  purposes.. I n spec t ion  of the  a r e a .  

shows t h e r e  a r e  few f i s h  i n  t he  s t ream, an.d they do n o t  c o n s t i t u t e  a s i g n i f i -  

c e n t  source  of  food f o r  any ind iv idua l .  

Radionuclide Concent ra t ions  and Dose Es t imates  
f o r  Sawmill Creek Water, 1976 

Conc. (avg.) .Dose Rate 
Nucl ide 10" p C i / m l  m r  em/ y e a r  

Percent  of . 

Standard 

(kidney) 0.00013 
(bone) 0.00010 

A s  i nd ica t ed  i n  Table 8 ,  occas iona l  Creek samples ( l e s s  than 10)  conta'ined 

t r a c e s  of plutonium-238 and curium-242 and/or  californium-252, bu t  t h e  averages 



were only  s l i g h t l y  g r e a t e r  than  t h e  d e t e c t i o n  l i m i t .  The annual dose due t o  

consuming water  a t  t h e s e  concent ra t ions  can be c a l c u l a t e d  a s  was done f o r  t hose  

nuc l ides  more commonly found i n  Creek water ,  b u t  i t  should be noted t h a t  t h e  

method of averaging probably exaggerates  t h e  t r u e  concen t r a t ion .  These annual 

doses a r e :  3  x  mremlyr f o r  plutonium-238 and from 2.6 x  10'~ t o  1.8 x 

mremlyr f o r  t h e  o t h e r  t ransplutonium nuc l ides .  

b. Externa l  P e n e t r a t i n g  Radiat ion 

Above normal fence- l ine  doses a t t r i b u t a b l e  t o  Argonne ope ra t ions  were 

found a t  the  south  boundary ad jacent  t o  t h e  Waste S torage  F a c i l i t y  ( l o c a t i o n  

71) ,  a t  t h e  south  boundary ad jacen t  t o  S t .  P a t r i c k ' s  Cemetery (8H), and a t  

t h e  no r th  boundary near  Building 202 (141).  The r e s u l t s  a r e  d iscussed  i n  

Sec t ion  I I I .A.5 .  

A t  l o c a t i o n  71, t h e  f  ence-l ine dose from Argonne was about 440 mremlyr . 
ApProximately 300 m (0.2 mi) south  of t h e  fence  l i n e  t h e  measured dose had " 

decreased t o  about 1 5  mremlyr above normal. There a r e  no i n d i v i d u a l s  l i v i n g  

i n  t h i s  a r e a .  The c l o s e s t  r e s i d e n t s  are about 1 . G  km ( 1  mi) south  o f ' t h e  

fence  l i n e .  A t  t h i s  d i s t a n c e  t h e  c a l c u l a t e d  dose r a t e ' ( b a s e d  on exponent ia l  

absorp t ion  of t h e  r a d i a t i o n ,  a  decrease  i n  i n t e n s i t y  wi th  t h e  square  of t h e  

d i s t a n c e ,  and an i n c r e a s e  i n  i n t e n s i t y  wi th  d i s t a n c e  due t o  t h e  bui ldup f a c t o r )  

i s  0.011 mrem/yr , . i f  t h e  energy of t h e  r a d i a t i o n  was 0.66 MeV, and 0.055 mreml 

y r ,  i f  t h e  energy was 1 . 3  MeV. The energy spectrum of t h e  r a d i a t i o n  i s  no t  

known, so  i t  i s  necessary t o  assume an energy t o  make the  c a l c u l a t i o n s .  Since 

cesium-137 and cobalt-60 a r e  common rad ionuc l ides ,  t h e  ene rg i e s  of t h e  gamma- 

r ays  from these  nuc l ides  were used i n  the  c a l c u l a t i o n s .  

A t  S t .  P a t r i c k ' s  Cemetery (8H) t h e  upper l i m i t  of t h e  es t imated  dose 

a t t r i b u t a b l e . t o  Argonne was about 20 mremlyr. An i n d i v i d u a l  spending an  

average of 1 hrlweek a t  t h i s  l o c a t i o n  would r e c e i v e  a n  annual  dose of 0.12 

I n  t h e  a r e a  no r th  of t h e  s i t e ,  where t h e  fence- l ine  r a d i a t i o n  dose from 

the  cobalt-60' sources  i n  Building 202 was measured a t  about  300 mremlyr, t h e  

n e a r e s t  r e s i d e n t s  a r e  750 m (0.47 mi) t o  t h e  north-northwest.  The dose a t  

t h a t  l o c a t i o n  ( c a l c u l a t e d  as descr ibed  above) was 0.51 mrernlyr. 

The a p p l i c a b l e  Radia t ion  P r o t e c t i o n  Standards f o r  whole body e x t e r n a l  

r a d i a t i o n  dose t o  t h e  genera l  popula t ion  i s  a maximum of 500 mremIyr t o  



c r i t i c a l  i n d i v i d u a l s ,  o r  i f  i n d i v i d u a l  doses a r e  not  known, 170 mrem/yr t o  a 

s u i t a b l e  sample of t h e  exposed popula t ion .  ( 4 )  The l a t t e r  c r i t e r i o n  assumes 

t h a t  t h e  maximum dose t o  i n d i v i d u a l s  i n  t he  sample w i l l  no t  exceed the  average 

by more than a f a c t o r  of t h ree .  Thus, t h e  doses t o  i n d i v i d u a l s  l i v i n g  near  

t h e  s i te  w i l l  n o t  exceed 0.1% of t h e  500 mrem/yr l i m i t  o r  0.3% of t h e  " su i t -  

a b l e  sample" l i m i t .  A t  t h e  fence  l i n e  where higher  doses were measured, t h e  

land  i s  wooded and unoccupied. 

B. Chemical P o l l u t a n t s  

The nonradioac t ive  environmental d a t a  contained i n  t h i s  report: have been 

c o l l e c t e d  i n  an e f f o r t  t o  a s c e r t a i n  Argonne compliance wi th  S t a t e  of I l l l ~ ~ o i s  

r e g u l a t i o n s  on s u r f a c e  s t ream and e f f l u e n t  water  q u a l i t y ,  a s  w e l l  a s  t o  v e r i f y  

t h e  adequacy of Argonne's e f f l u e n t  p o l l u t i o n  c o n t r o l s .  The appropr i a t e  stand- 

a r d s  a r e  l i s t e d  i n  t h e  I l l i n o i s  P o l l u t i o n  Control  Board Rules and Regula t ions , .  

Chapter 3. ( I3)  Stream Qua l i t y  s t anda rds  appear i n  P a r t  I1 and E f f l u e n t  Qual i ty  

s t anda rds  appear i n  P a r t  I V  of t h i s  document. 

The a n a l y t i c a l  techniques were a s  fo l lows .  The concen t r a t ions  of chromium, 

copper ,  i r o n ,  n i c k e l ,  and z inc  were determined us ing  convent ional  atomic ab- 

s o r p t i o n  spectrophotometry. Barium concen t r a t ions  were determined us ing  an  

ace ty l ene -n i t rous  oxide  flame. The concen t r a t ions  of s i l v e r ,  cadmium, and 

l e a d  were determined us ing  a f lameless  technique a s  prev ious ly  d e s r r i h ~ d .  (14) 

Mercury was determined us ing  c o l d  atomic abso rp t ion  spectrophotometry. Fluor- 

i d e  l e v e l s  were determined us ing  an  i o n  s e l e c t i v e  e l e c t r o d e ,  and the  pH was 

determined us ing  convent iona l  pH e l e c t r o d e  measurements. Dissolved oxygen, 

ammonia n i t rogen ,  and hexavalent  chromium l e v e l s  were determined us ing  pro- 

cedures  descr ibed i n  Standard Methods. (15) The l e v e l s  of f e c a l  co l i form were 

determined us ing  t h e  membrane f i l t e r  technique.  ' I5) The cyanide concent ra t ion  

was es t imated  wi th  a Hach Chemical Co. cyanide t e s t  k i t .  Beryllium was de t e r -  

mined f luo ropho tome t r i ca l ly  a s  p rev ious ly  descr ibed .  ''') The q u a l i t y  assurance  

s t u d i e s  performed a r e d e s c r i b e d  i n  Appendix 1V.R. 

The r e s u l t s  of t h e  measurement of chemical c o n s t i t u e n t s  a r e  expressed a s  

mi l l ig rams (mg) o r  micrograms (pg) per  l i t e r  (1 ) .  Averages were ca l cu la t ed  a s  

descr ibed  i n  Sec t ion  1 I I . A .  Yearly average va lues  a r e  repor ted  wi th  a ( 2 )  

l i m i t  va lue .  This  v a l u e  i s  t h e  s tandard  e r r o r  a t  t he  95% confidence l i m i t  

and i t  i s  c a l c u l a t e d  from t h e  s tandard  d e v i a t i o n  of t h e  y e a r l y  average. Only 



when t h e  sample concent ra t ions  a r e  random does t h i s  va lue  approach t h e  a c t u a l  

d i s t r i b u t i o n  occu r r ing  a t  t h e  sampling l o c a t i o n .  I n  some i n s t a n c e s  i t  appears  

t h a t  t h e  measurements do r ep re sen t  a  n a t u r a l  background va lue  and t h e  v a r i a t i o n  

is  r e p r e s e n t a t i v e  of c l ima t i c '  cond i t i ons .  

A l l  of t h e  r e s u l t s  a r e  compared t o  t he  app ropr i a t e  S t a t e  s tandards ,  which 

a r e  l i s t e d  in '  Table  27. Minimum d e t e c t a b l e  amounts a r e  included f o r  compari- 

son. The d e t e c t i o n  l i m i t s  f o r  the  atomic abso rp t ion  methods r ep re sen t  twice  

t h e  background v a r i a t i o n ,  which i s .  commonly used f o r  t h i s  purpose. Detec t ion  

l i m i t s  f o r  i o n  s e l e c t i v e  methods a r e  those  l i s t e d  by t h e  manufacturer ,  s i n c e  

they  depend on t h e . s o l u b i l i t y  of' t h e  e l e c t r o d e  m a t e r i a l  used.  

A s  2n the  p a s t ,  t h e  major emphasis has  been p l a c e d . o n  Sawmill Creek, which 

i s  a  t r i b u t a r y  of t h e  Des P l a i n e s  River ,  s i n c e  t h i s  i s  t h e  p r i n c i p a l  r o u t e  f o r  

waste  water  l eav ing  t h e  Argonne s i t e .  An expanded e f f o r t  was devoted t o  study- 

i n g  coo l ing  tower blowdown e f f l u e n t s  and a  cont inuing  emphasis was p l a c e d . o n  

t h e  c o n t r o l  of mercury r e l e a s e  i n  t h e  e f f l u e n t .  , ,. . 

1. E f f l u e n t  Water 

The major d ischarge  of waste water  from Argonne ope ra t ions  i s  by way of 

t he  waste  t reatment  p l a n t .  The water  volume from t h i s  source  i s  approximately 

3 mega l i t e r s  (800,000 ga l lons )  per  day and i s  normally comprised of about  

equal  p a r t s  of s a n i t a r y  waste water and water  from l a b o r a t o r y  ope ra t ions .  . 

Thi s  y e a r ,  however, t h e  l abo ra to ry  waste  exceeded t h e  s a n i t a r y  waste by a s  

much a s  a  f a c t o r  of two from October t o  December ( s ee  F igure  5) .  The labora-  

t o r y  waste  water i s  held i n  0.26 mega l i t e r  (69,000 g a l l o n s )  tanks  and is  

checked f o r  r a d i o a c t i v i t y  be fo re  r e l e a s e .  The r e l e a s e  of t h e s e  tanks  occurs  

w i th  some p e r i o d i c i t y  a t  a  r a t e  of about 4,200 l i t e r s  (1,100 g a l l o n s )  per  

minute.  The s a n i t a r y  waste  water i s  r e l e a s e d  a t  a  reasonably cons t an t  r a t e  

dur ing  t h e  e n t i r e  24-hour per iod .  Hence, dur ing  some pe r iods  of c o l l e c t i o n ,  

t h e  water samples con ta in  a  h igher  p ropor t ion  of l a b o r a t o r y  waste than  a t  

o t h e r  t imes.  

The performance of t he  s a n i t a r y  waste  t rea tment  p l a n t  was monitored by 

t h e  Reclamation Control  Laboratory of t h e  P l a n t  Operat ions Div is ion .  This  

was done by ana lyz ing  twice weekly samples of t h e  combined s a n i t a r y  and 

l a b o r a t o r y  waste systems f o r  biochemical oxygen demand (B.O.D.), suspended 

s o l i d s , a n d  ammonia nitr .ogen content .  Each sample was a  composite of e i g h t  



TABLE 27 

Water Quality standards and Detection Limits 

(concentrations in mg/l) 

Constituent 
State Standard Analytical 

Stream Effluent Detection Limit 

Ammonia Nitrogen (as N) 1.5 2.5 (Apr.-Oct.) 0.1 
4.0 (Nov.-Mar.) 

Barium 5.0 2.0 0.1 

. Cadmium , 0.05 0.15 0.0002 

Chromium (trivalent) 1.00 1.00 

Copper 

Cyanide 

Fluoride 

Iron 

E ead 

mer ciir ji 

Nickel 

pH 
. . 

S ilvcr 

Total Dissolved Solids 

Z ~ I I C .  

* 
Kevised and adopted in 1976 by the Illinois Pollution Control Board. 



t aken  approximately once per  hour.  A l l  ana lyses  were s e p a r a t e ' g r a b  samples 

performed a s  ou t l i ned  i n  Standard Methods. (15) 

Release o f  chemical p o l l u t a n t $  from t h e  waste t reatment .  p l a n t  was moni- . . 

to red  on a  continuous b a s i s  dur ing  t h e  work week. A flow p ropor t iona l  24-hour 

sample of the:' combined s a n i t a r y  and l abo ra to ry  e f f l u e n t  was obta ined  each day 

and was analyzed . f o r  c o n s t i t u e n t s  of i n t e r e s t .  . 

 here a r e ,  i n  a d d i t i o n ,  s i x  e f f l u e n t  channels from cool ing  water opera- 

t i o n s  which were monitored on a  once-per-week schedule  by grab sampling. 

These channels  c a r r y  blowdown water from va r ious  cool ing  towers.  Add i t i ona l ly ,  

t h e  channel  a t  85 a l s o  c a r r i e s  some m a t e r i a l  from t h e  t rea tment  of S a n i t a r y  

and Ship Canal water  used f o r  cool ing  a t  t h e  ZGS Complex, and t h e  c h a n n e l . a t  

11L con ta ins  some photographic wastes  from t h e  same source.  

The r e s u l t s  ob ta ined  f o r  t h e  s a n i t a r y  waste  parameters  a r e  shown i n  Table 

28. The December average exceeded t h e  S t a t e  of I l l i n o i s  s tandard  f o r  ammonia 

n i t rogen .  I n  a d d i t i o n ,  t h e  five-day biochemical oxygen demand f o r  t h e  l a t t e r  

two weeks i n  A p r i l  exceeded t h e  S t a t e  s tandard .  ~ e v e l s  before  and a f t e r  t h e s e  

samples were w e l l  below t h e  s tandard .  

The r e s u l t s  ob ta ined  f o r  chemical c o n s t i t u e n t s  i n  t h e  waste  t rea tment  

p l a n t  e f f l u e n t  a r e  shown i n  Table  29. A l l  of t h e  average concent ra t ions  were 

below t h e  S t a t e  s tandards .  The average concen t r a t ion  of mercury was reduced 

from 94% of t h e  S t a t e  s tandard  i n  1975 t o  86% i n  1976, and t h e  frequency wi th  

which t h i s  l e v e l  was exceeded was more than  halved,  from 29% t o  14%. Th i s  

r educ t ion  was t h e  r e s u l t  of a d d t t i o n a l  t rea tment  i n  January,  1976, and would 

have been more e f f e c t i v e  had not two inadvc r t an t  rd leas 'es  oc.ciirred. S teps  

ha.ve been faken t o  prevent  such r e l e a s e s  i n  t h e  f u t u r e .  The average l e v e l s  

of hexavalent  chromium, whi le  we l l  below t h e  S t a t e  s t anda rds ,  were h igher  

than  i n  1975. 

Measured conc.ent.rations of barium were very  much lower than  i n  t h e  p a s t .  

This  was due t o  improvements i n  t he  a n a l y t i c a l  technique,  us ing  t h e  h o t t e r  

n i t r o u s  oxide-acetylene flame, which cons iderably  increased  s e n s i t i v i t y  and 

decreased t h e  i n t e r f e r e n c e  from molecular calcium abso rp t ion .  Levels  f o r  

beryl l ium, cadmium, f l u o r i d e ,  i r o n ,  l e a d ,  n i c k e l ,  s i l v e r ,  and z i n c  remained 

e s s e n t i a l l y  t h e  same a s  i n  t h e  p a s t .  The l e v e l s  of copper were reduced by 

approximately 50% from 1975. This  can be a t t r i b u t e d  to r e p l a c e n n t  of t hc  
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TABLE 28 

Performance of San i t a ry  Waste Treatment P l a n t ,  1976 

. !  Concentrat ion (mg/l) 
Ammonia Suspended 

Month B.O.D. Nitrogen So l ids  

January 

February 

March 

April. 

Ma ;ly 

June 

Ju ly  

August 

September 0.9 0.06 1.56 

October 4.5 2.3.5 3.56 

November 3.8 2.87 0.86 

December 3.0 

S t a t e  
Limit 



TABLE 29 

Chemical Cons t i t uen t s  i n  E f f luen t  From ANL Treatment P l a n t ,  1976 
- - -- 

No, of Concentrat ion (mg/l o r  p g / l )  Percent  of Percent  Exceeding 
Con4 t i t u e n t  . Samples Avg . Min . Max. Standard (Avg . ) S t a t e  Standard 

Barium 

* 
Beryl l ium 

. *  . 
Cadmium 

* 
Copper 

I r o n  55 0.12 + 0.01 0.06 0.27 6.6 0 

* 
Lead 55 2.7 + 0.6 < 2 8.8 2.7 0 

* 
Mercury 2.5 3 0.43 + 0.12 < 0.P 12.03 86 1 4  

- ,  Nickel  4 2 < 0.05 - - < 5 0 

PH 253 - 6.80 8.80 - 0 

* 
. S i l v e r  . 55 1.3 + 0.2 0 .1  3.7 1 . 3  0 

Zinc 55 O.li9 2 0.04 0.03 0.36 19 0 

* 
Concent ra t ions  i n  u g / l .  



propor t iona l  sampling system, which contained some copper components, by an 

a l l  p l a s t i c  system. 

Resu l t s  ob ta ined  f o r  t h e  coo l ing  tower e f f l u e n t s  a r e  shown i n  Table 30. 

The sampling s i t e  a t  11L contained t r i v a l e n t  chromium a s  w e l l  a s  s i l v e r .  The 

chromium(111) r e s u l t s  from reduc t ion  of hexavalent  chr,omium by f i l m  process ing  

chemicals ,  which a r e  i n t e r m i t t e n t l y  discharged toge the r  w i th  s i l v e r ,  from f i l m  
. . 

process ing  a r e a s  of t h e  ZGS Complex. Samples a t  t h i s  l o c a t i o n  exceeded the  

S t a t e  s tandard  f o r  hexavalent  chromium 52% of t h e  time. The average concen- 

t r a t i o n  was 260% of t h e  S t a t e  s tandard .  Average va lues  f o r  t r ivalent  chromium 

and f o r  s i l v e r  a t  t h i s  l o c a t i o n  were w e l l  below S t a t e  s t anda rds .  The chromium 

(111) s tandard  was never exceeded, and t h e  s i l v e r  s tandard  was exceeded only  

i n  two samples. The average v a l u e  f o r  hexavalent  chrvmium a t  85 exceeded t h e  

S t a t e  s tandard  by about 80%. The average v a l u e  f o r  hexavalent  chromium a t  
' 

145 was 0.38 mg/l, which i s  about 30% above t h e  S t a t e  s t anda rd ;  35% of  t he  

v a l u e s  a t  t h i s  l o c a t i o n  exceeded t h e  S t a t e  s tandard . '  

Samples were c o l l e c t e d  f o r  hexavalent  chromium ana lyses  a t  t h r e e  addi- 

t i o n a l  e f f l u e n t  p o i n t s ,  12L, 14G, and 14H, which were not  sampled in ' 1975 .  

The sampling s i t e  a t  14H was t h e  only  one where app rec i ab le  chromium was 

found, and t h i s  average was w e l l  below t h e  S t a t e  s tandard .  Future  p l ans  c a l l  

f o r  r e d i r e c t i n g  t h e  e f f l u e n t s  con ta in ing  high chromium l e v e l s  i n t o  o t h e r  

channels ,  which should reduce t h e  l e v e l s  s u b s t a n t i a l l y .  

2. sawmill Creek 

Samples c o l l e c t e d  . f o r  eva lua t ion  of t h e  e f fec t ,  nf the sani . ta . ry  r,mste.s on 

s t ream q u a l i t y  were obta ined  once per  week us ing  s p e c i i l i y .  cons t ruc ted  sampling 

b o t t l e s .  The sampling b o t t l e s  were designed t o  provide temperature measurement 

a s  w e l l  a s  t o  minimize changes i n  oxygen content  du r ing  c o l l e c t i o n .  

,These  samples were c o l l e c t e d  1 5  m (XI tt) upstream of t h e  Argonne o u t f a i l  

[7M (up)]  and 60 m (200 f t )  downstream of t h e  o u t f a l l  [7M (down)]. Addition- 

a l l y ,  samples t o  be examined f o r  f e c a l  co l i form were c o l l e c t e d  a t  l e a s t  f i v e  

t imco pc r  month us ing  t h e  7M (up) locaLiun,  bu t  downstream t h e  sample was 

c o l l e c t e d  immediately i n  f r o n t  of t h e  o u t f a l l  g r a t i n g ' t o  minimize contamina- 

t i o n  from t h e  r ece iv ing  s t ream. Once pe r  month a  sample was obta ined  a s  t h e  

wa te r  e n t e r s  t h e  s i t e  (16K), which is  downstream of t h e  Marion Brook Treatment 

P l a n t .  



TABLE 30 

Cooling Tower Effluents, 1976 . 

No. of Concentration (mg/l or pg/l) Percent of Percent Exceeding 
Cons ti tuent Location Samples Avg . Min . Max. Standard (Avg.) State Standard 

Chromium(II1) H L  4 6 0.26 '+  0.12 < 0.01 1.50 3 2 

* 
11L Silver 4 6 8.4 r 5.4 0.6 125 8.4 

* 
Concentrations in pg/l. 



samples t o  e v a l u a t e  t h e  e f f e c t  of combined s a n i t a r y  and l a b o r a t o r y  waste 

on t h e  concen t r a t ions  of chemical c o n s t i t u e n t s  i n  Sawmill Creek were c o l l e c t e d  

t h r e e  t imes p e r  week. These were t h e  same samples taken f o r  r a d i o a c t i v i t y  

ana lyses  (Sec t ion  1 I I . A .  2. ) 

The d a t a  from t h e s e  s t u d i e s  a r e  i n  Tables  31 and 32. The average l e v e l s  

f o r  ammonia n i t r o g e n  upstream a r e  3.5 t imes t h e  S t a t e  of I l l i n o i s  s tandard  and 

i n d i v i d u a l  samples exceeded t h i s  va lue  66% of t h e  t ime. The downstream sample 

averaged twice  t h e  S t a t e  s tandard  and exceeded t h i s  va lue  60% of t h e  t ime. 

A l l  of t he  samples obta ined  downstream t h a t  exceeded t h e  standard rniild he 

shown t o  be due t o  upstream contamination. These l e v e l s  r ep re sen t  a  s eve re  

degrada t ion  of  water  q u a l i t y  from t h e  r ecen t  p a s t  and a r e ,  i n  p a r t ,  a t t r i b u t -  

a b l e  t o  s eve re  co ld  weather ,  s i n c e  ammonia is  apprec iab ly  more soluble a t  

lower temperatures .  The d isso lved  oxygen l e v e l s  obtained dur ing  1976 averaged 

104% and 105% s a t u r a t i o n  f o r  7M (up) and 7M (down) samples. The f a c t  t h a t  

va lues  exceeded 100% s a t u r a t i o n  i s  due p r imar i ly  t o  pho tosyn the t i c  a c t i v i t y .  

The f e c a l  co l i form s t anda rds  r e q u i r e  t h a t  t h e  monthly geometric mean not 

exceed 200 organisms/100 m l  and t h a t  no s i n g l e  sample exceed 400 organisms/ 

100 m l .  Samples obta ined  above t h e  7M o u t f a l l  exceeded t h e  200 organisms/100 

ml s tandard  i n  May and June and t h e r e  were e i g h t  i n s t a n c e s  when t h e  400 organ- 

isms/100 ml s tandard  was exceeded. Samples obta ined  a t  16K exceeded t h e  

400 org&isms/lOO m l  s tandard  54% of t h e  time. samplEs obtained a t  t h e  Argonne 

o u t f a l l  never exceeded t h e  200 organisms/100 ml monthly s t anda rd ,  bu t  d id  

exceed t h e  400 organisms/100 m l  s tandard  on f o u r  occas iqns .  These l a t t e r  high 

l e v e l s  were due t o  excess ive  c h l o r i n e  demand (or requirements)  a t  t h e  t r e a t -  

ment p l a n t ,  and t h e  cause was loca t ed  and remedial a c t i o n  taken.  The t o t a l  

d i s so lved  s o l i d s  above t h e  o u t f a l l  exceeded t h e  S t a t e  s tandard  f r equen t ly ,  and 

inc reased  t h e  s o l i d s  conten t  of t h e  downstream samples. 

The average r e s u l t s  f o r  t h e  chemical c o n s t i t u e n t s  i n  Sawmill+ Creek are 

given i n  Table 32. Ind iv idua l  samples f o r  hexavalent  chromium a t  7M (down) 

exceeded the  S t a t e  s tandard  14% of t h e  t ime, whi le  t h e  s tandard  was n o t  ex- 

ceeded i n  samples upstream of t h e  o u t f a l l .  The l a t t e r  samples con ta in  

c o n t r i b u t i o n s  from e f f l u e n t s  11L, 12L, 145, and 14G, which were descr ibed  

e a r l i e r .  I nd iv idua l  samples exceeded t h e . S t a t e  s t anda rd  f o r  mercury 8% of t h e  

t i m e  a t  the  7M (down) l o c a t i o n .  The S t a t e  s tandard  f o r  s i l v e r  was exceeded 

i n  14% of  the  samples. The l i k e l y  source i s  t h e  11L e f f l u e n t  channel which 



TABLE 31  

Sawmill Creek - E f f e c t  of San i t a ry  Waste, 1976 

Percent  
No. of Concentrat ion (mg/l) Percent  of Exceeding 

c o n s t i t u e n t  ' Locat ion Samples Avg . Min. Max. Standard (Avg.) S t a t e  Standard 

Ammonia N 7K (up) 5 0 
7M (down) 5 0 

Dissolved Oxygen 7M (up) 50 
7M (down) 5 0 

T o t a l  Dissolved 7Ff (up) 5 6 
S o l i d s  7M (down) 50 

F e c a l C o l i f o r m  7M(up) 4 0 
7M (down) 5 0 
16X 1 0 

* 
Percent  s a t u r a t i o n  is  computed t y  comparing t h e  va lue  ob ta ined  a t  t h e  temperature  measured t o  t h e  
oxygen equ i l i b r ium va lue  of water  a t  t h a t  temperature.  

* * 
Average of  monthly geometric mean. 



TABLE 32 

C'nemical Cons t i t uen t s  i n  Sawmill Creek,, ,1976 

A No. of  Concentrat ion (mg/l o r  v g / l )  Percent  of . Percen t  Exceeding 
Cons t i t uen t  Loca t icx  Samplzs Avg . Min . Max. Standard (Avg . ) S t a t e  Standard 

Barium 7 M  

** 
Beryllium 7 M  

* * 
Cadmium 7M 

Cliromium(V1) 7 M  (up) 
7M (down') 

* * 
Copper 7M 

F luo r ide  7M 50 0.51 2 0.03 0.32 0.83 3 6 

I r o n  7 M 50 0.46 r 0.11 0.15 ' 2.65 4 6 

* * 
Mercury 7M (up)  5 0 < 0.1  < 0.1 . 0.1 < 20 

7 M  ( d o m )  145 0,38 t 0.33 < 0 .1  23.71 . 7 6 

pH 
** 

S i l v e r '  

Zinc 

* 
Locat ion  7N (up) i s  15  TI (50 f t )  ups t r eau  from the waste-water o u t f a l l .  A l l  o t h e r  samples were 

".ected 60 m (200 f t )  downstr,eam from t h e  o u t f a l l .  * % 
e n t r a t i o n s  i n  u g / l .  



con ta ins  photographic waste.  The i r o n  s tandard  was exceeded i n  4% of t h e  

samples. Much of  t h i s  i r o n  r e s u l t e d  from s o i l  e ros ion  dur ing  pe r iods  of heavy 

p r e c i p i t a t i o n .  A s  can be seen from t h e  Argonne e f f l u e n t  l e v e l s  i n  Table 2 9 <  

t h e  i r o n  source  must be i n  t h e  s t ream a r e a  s i n c e  e f f l u e n t  l e v e l s  f o r  i r o n  were 

much lower. Ind iv idua l  samples exceeded t h e  s tandard  f o r  copper 10% of t h e  

t ime,  and i t  is be l ieved  t h a t  t h e  copper is  con t r ibu ted  l a r g e l y  by plumbing. 

Levels f o r  o t h e r  c o n s t i t u e n t s  d id  not  exceed S t a t e  s t anda rds  i n  any i n d i v i d u a l  

sample. The annual  average d id  no t  exceed t h e  S t a t e  s tandard  f o r  any of t h e s e  

c o n s t i t u e n t s .  

3.  Des P l a i n e s  River  

The e f f e c t  of Sawmill Creek on t h e  Des P l a i n e s  River  was eva lua ted  by , 

c o l l e c t i n g  samples a t  Willow Springs (upstream of Argonne) and a t  ~ e m o n t  

(downstream of Argonne) . ~ h e s e  samples were analyzed f o r  t o t a l  mercury, 

hexavalent  chromium, t o t a l  i r o n ,  and t o t a l  z inc .  The r e s u l t s .  a r e  i n    able 3'3d 

Two of t h e  samples had very  high l e v e l s  of  suspended mace r i a l ,  as eviden,ced by' 

i r o n  l e v e l s  of ,  4 .1 and 6.5 mg/l. 

TABLE 33 

Chemical Cons t i t uen t s  i n  t h e  Des P l a i n e s  River ,  1976  
- - 

* No. of Concentrat ion (mg/l o r  pg l l ) '  
Cons t i tuent  Locat ion Samples Avg . Min . Max. 

Chromium (IV) A 1 2  < 0.01 < 0.01 <. 0.61 
B 24 < 0 .01  < 0.01 < 0.01 

I r o n  

* * 
Mercury 

* 
Locat ion A, near  Route 45, i s  upstream and l o c a t i o n  B ,  near  ' ~ e m o n t ,  is 
downstream from t h e  mouth of Sawmill Creek. See F igure  2. 

* * 
Concentrat ions i n  v g l l .  



In no case was there any indication that hexavalent.chromium or mercury 

levels were affected by the Argonne effluent. Total iron and zinc are analyzed 

by this laboratory in an effort to "normalize" the water samples since both 
I 

elements are naturally occurring in. reasonably' conStant amounts. 
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B. Environmental Qua l i t y  Standards,  Detec t ion  Limi ts ,  A n a l y t i c a l  E r ro r s ,  and 

Qual i ty  Ascurance 

1. Standards 

A l l  of t h e  s t anda rds  and d e t e c t i o n  l i m i t s  f o r  chemical c o n s t i t u e n t s ,  and 

some of ' those f o r  r ad ionuc l ides  a r e  given i n  t he ,ma in  body of t h e  r e p o r t .  I n  

a d d i t i o n ,  i n  Table 34 a r e  c o l l e c t e d  the  a i r  and water  environmental q u a l i t y  

s t a n d a r d s  and d e t e c t i o n  1 . i m i t s  (minimum d e t e c t a b l e  amounts) f o r  a l l  rad io-  

n u c l i d e s ,  and f o r  those  m a t e r i a l s ,  f o r  which measuren~ei~ts  were made. These 

s t a n d a r d s  a r e  t h e  Concentrat ion Guides given I n  ERDA Manual Chapter 0524, and 

a r e  used i n  t h i s  r e p o r t  t o  a s s e s s  t h e  hazard of a  measured concen t r a t ion  of a  

r a d i o a c t i v e  'nucl ide.  Chapter 0524 d i s t i n g u i s h e s  two C G s ,  one f o r  occupat iona l  

exposure i n  c o n t r o l l e d  a r e a s  and one f o r  uncont ro l led  a r e a s ,  beyond t h e  s i t e  

boundary where i n d i v i d u a l s  can be exposed nonoccupat ional ly,  f o r  168 hours  

pe r  week. The CGs  i n  t h e  t a b l e  a r e  f o r  uncont ro l led  a r e a s .  For water t h e  

s t anda rd  s e l e c t e d  was f o r  t h e  s o l u b l e  form of t h e  r ad ionuc l ide ;  f o r  a i r  t h e  ' 

s t anda rd  f o r  t h e  i n s o l u b l e  form was s e l e c t e d  (except  f o r  iodine-131, f o r  which 

t h e  s o l u b l e  form was chosen a s  a  more conse rva t ive  s t anda rd ) .  



TABLE 34 

. ,Concentration Guides and Detection Limits 

(vCi/ml) - -- 
Nuclide or Concentration Guide Detection Limit 
~ctivity Water Air Water Air 

Uranium-238 * 
Uranium - .natural 
Zirconium-95 

* * 
Alpha . 

* * 
Beta 

* 
concentration Guides converted from the "special curie" used in ERDAM 0524 to 

- the standard curie. . 
** 

, . The Concentration Guides for u~~knuwn mixtures depend, within the range given, 
on whether certain radionuclides are known to be present in concentrations 
1066 than 0.1 of thcip CC3,  and the sum of the EriicLlul~ US Llle CGs iur all 
such nuclides is less than 0.25. For most total alpha and beta results given 
in this report, the largest CG is applicable. 



2 .  Detec t ion  Limi ts  

The d e t e c t i o n  l i m i t s  were chosen so  t h a t  t h e  e r r o r  a t  t he  95% confidence 

l e v e l  is  equal  t o  t h e  d e t e c t i o n  l i m i t .  The e r r o r  i n  a  r e s u l t  dec reases  wi th  

i n c r e a s i n g  concen t r a t ion .  A t  twice  t h e  d e t e c t i o n  l i m i t ,  t h e  e r r o r  i s  about 

50% of t h e  measured v a l u e ,  and a t  1 0  t imes t h e  d e t e c t i o n  l i m i t ,  t h e  e r r o r  i s  

about  10%. 

3 .  Qua l i ty  Assurance 

a .  Radiochemical Analys is  and Rad ioac t iv i ty  Measurements 

A l l  nuc l ea r  i n s t rumen ta t ion  is  c a l i b r a t e d  wi th  s tandard  sources  obtained 

from t h e  U.  S. Nat iona l  Bureau of Standards (NBS), i f  poss ib l e .  I f  NBS stand-  

ard's were n o t  a v a i l a b l e  f o r  p a r t i c u l a r  nuc l ides ,  s t anda rds  from t h e  Amersham- 

S e a r l e  Co. were used. The equipment is  u s u a l l y  checked on a  d a i l y  b a s i s  wi th  

secondary counting s t anda rds '  t o  i n s u r e  proper  ope ra t ion .  samples a r e  pe r iod i -  

c a l l y  run  i n  d u p l i c a t e  o r  wi th  t h e  a d d i t i o n  of  known amounts of a , r a d i o n u c l i d e  

t o  check p r e c i s i o n  and accuracy. I n  a d d i t i o n ,  s tandard  and intercomparison 

samples d i s t r i b u t e d  by t h e  ERDA Heal th and Sa fe ty  Laboratory (HASL), t h e  

Qua l i t y  Assurance Branch of t h e  U .  S. Environmental P r o t e c t i o n  Agency (EPA-QA) 

a t  Las Vegas, and t h e  I n t e r n a t i o n a l  Atomic Energy Agency (IAEA).are analyzed 

r e g u l a r l y ;  and t h e  l a b o r a t o r y  p a r t i c i p a t e d  i n  t he  Second I n t e r n a t i o n a l  I n t e r -  

comparison of Environmental Dosimeters sponsored by HASL and t h e  Univers i ty  

of Texas.. Typica l  r e s u l t s  ob ta ined  t h e  intercomparison programs a r e  shown i n  

Table  35,. which i s  a summary of a l l  t h e  EPA-QA samples analyzed i n  t h i s  

l a b o r a t o r y  i n  1976. To judge t h e  d i f f e r e n c e s  between t h e  added and measured 

amounts, t y p i c a l  e r r p r s  f o r  our  ana lyses  a r e  about  10% and the  e r r o r  i n  t h e  

amount added i s  2-5% (our e s t i m a t e ) .  

b. Chemical Analysis  

' With each s e t  of a tomic abso rp t ion  ana lyses ,  s tandard  amounts of t r a c e  

me ta l s  were analyzed i n  blank s o l u t i o n s  a t  concen t r a t ions  corresponding t o  

50 and 100% of t h e  c u r r e n t  S t a t e  s t anda rds .  Recoveries were determined by 

comparing t h e s e  r e s u l t s  t o  r e s u l t s  ob ta ined  by ana lyz ing  s t ream and e f f l u e n t  

samples t o  which i d e n t i c a l  concen t r a t ions  were added. Average r e c o v e r i e s  

ranged from about  85-loo%, wi th  a  s tandard  d e v i a t i o n  of about 10%. 



TABLE 35 

. . 

Summary of EPA-.QA Samples, 1976 

Type of Number Avg . Difference 
Sample ~ n a l ~ k i s  Analyzed ~ r d m  Added 

Air Filter 

Water 

Total Alpha 

Total Beta 

Strontium-90 

Cesium-137 

Total Alpha 

Total Beta 

Hydrogen-3 

Chromium-51 

cobalt-60 

Zinc-65 

Ruthenium-106 . 

Cesium-134 

Cesium-137 

Milk 



Recovery s t u d i e s  were a l s o  performed f o r  ammonia n i t rogen ,  f l u o r i d e ,  and 

hexavalen t  chromium ana lyses ,  and s i m i l a r  r e s u l t s  were obta ined .  

The l a b o r a t o r y  a l s o  p a r t i c i p a t e d  i n  t h e  intercomparison program f o r  t h e  

a n a l y s i s  of t r a c e  elements  i n  water sponsored by t h e  EPA , ( ~ i n c i n n a t i  Labora- 

t o r y ) .  

c .  Sampling, Sample S torage ,  e t c .  

Many f a c t o r s  e n t e r  i n t o  an  o v e r a l l  q u a l i t y  assurance  program o the r  than  

t h e  a n a l y t i c a l  q u a l i t y  c o n t r o l  d i scussed  above. Represen ta t ive  sampling i s  

of prime importance. The i n s t a l l a t i o n  of a  cont inuous wa te r ' s ample r  i n  

Sawmill Creek dur ing  t h e  year  provides  a  r e p r e s e n t a t i v e  sample f o r  a  c r i t i c a l  

sampling l o c a t i o n  s i n c e  t h e  r a t e  of d i scharge  of was te  water v a r i e s  appreci-  
. . 

a b l y  dur ing  each 24-hour per iod  .' 
The accuracy of t h e  flowmeters i n  t h e  a i r  sampling equipment i s  v e r i f i e d  

p e r i o d i c a l l y  w i t h  a  c a l i b r a t e d  ro tameter .  

Samples a r e  p re - t r ea t ed  i n  a manner designed t o  main ta in  t h e  i n t e g r i t y  of 

. t h e  c o n s i t u e n t  sought .  For example, samples f o r  t r a c e  r ad ionuc l ide  a n a l y s i s  

a r e  a c i d i f i e d  immediately a f t e r  c o l l e c t i o n  t o  prevent  h y d r o l y t i c  l o s s  of meta l  

f6iIS, but  a l i q u o t s  f o r  r a d i o i o d i n e  and t r i t i u m  ana lyses  were withdrawn f i r s t ,  

s i n c e  t r a c e  i o d i n e  i s  u n s t a b l e  i n  a c i d  s o l u t i o n .  
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ERDA Technica l  Information Center 
f o r  d i s t r i b u t i o n  pe r  UC-41 

'ERDA Divis ion  of.  Sa fe ty ,  S t anda rds ,  and Compliance 

ERDA Chicago Operat ions O f f i c e  (Safe ty  Div is ion)  

DuPage County (IL)  Heal th  Department 

I l l i n o i s  Department of Pub l i c  Heal th  
' 

DuPage County Fores t  P re se rve  D i s t r i c t  

. Commonwealth Edison Co., Dresden Nuclear Power P l a n t  

We a r e  indebted t o  W i l l i a m  H. Kl ine and Warren T y r r e l l  of t h e  ANL P l a n t  

Opera t ions  Div is ion  f o r  supply ing  t h e  d a t a  i n  Table 28 on t h e  Sewage Treatment 

P l a n t  E f f l u e n t  Water, and t o  t h e  Atmospheric Physics  Sec t ion  of t h e  ABL Radio- 

l o g i c a l  and Environmental Research Div is ion  f o r  t h e  meteoro logica l  da t a .  

. Charles  L. Cheever of  ANL and J . N e l s e n  and R.  Mays of ERDA-Chicago 

Opera t ions  O f f i c e  reviewed the  r e p o r t  and provided a  number o f ' h e l p f u l  comments 

and sugges t ions .  

-- 
'I'he dose r a t e  c a l c u l a t i o n s  f o r  argon-41 and hydrogen-3 by t h e  ARIP pro- 

gram were made by Norman Yr iger io  and Keith Eckerman, and permission t o  u s e  

t h e i r  in format ion  is  g r e a t l y  app rec i a t ed .  




