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ENVIRONMENTAL RADIOACTIVITY AT 
ARGONNE NATIONAL LABORATORY 

Report for the Years I960 and 1961 

I. SUMMARY 

The r e su l t s of the environmental monitoring p r o g r a m at Argonne 
National Labora to ry for I960 and I96I a r e given in this r epor t . Quar ter ly 
and semiannual s u m m a r i e s of some of these resu l t s have appeared in 
Radiological Health Data, Vol. I, No, 9; Vol. II, Nos. 4, 7, and 12; and 
Vol. Ill, No. 5. This r epor t p re sen t s the complete r e su l t s of the p rogram. 
The purposes of the p r o g r a m a r e to m e a s u r e the natural radioact ive con­
tent of the ANL si te and its sur roundings , and to determine the origin, 
identity, and magnitude of any radioact ivi ty above the natura l leve ls . Of 
p r i m a r y in te res t is the detection of any radioact ive m a t e r i a l s r e leased to 
the environment as a r e su l t of the p r o g r a m at Argonne. 

The radioact ive content of the environment was m e a s u r e d by rad io­
chemical ana lyses , total activity measu re r aen t s , and g a m m a - r a y spec­
t r o m e t r y of seve ra l types of na tura l m a t e r i a l s collected on the ANL site 
and from locations up to 100 mi les from the Labora tory . The frequency of 
sampling dec reased with increas ing distance from the s i te . Since air and 
water a r e the mos t probable media for spreading radioact ive contamina­
tion, the sampling p r o g r a m has concentra ted on these m a t e r i a l s . Argonne 
waste water is d ischarged into Sawmill Creek, which in tu rn flows into the 
Des Pla ines River , and special emphas is was placed on these s t r ea ras . 

The average total act ivi t ies in samples of water , m a t e r i a l from 
the beds of lakes and s t r e a m s (bottom sil t) , soil , and plants during I960 
and 1961 a r e given in F igu r e s 1 through 6. For compar ison purposes , the 
r e su l t s obtained from 1952 through 1961 a r e given in F igures 7 through 12. 

In i960 and the f i rs t th ree qua r t e r s of I96I , fallout activity in the 
environment was at the lowest level since January 1953, since the re was 
no l a r g e - s c a l e nuclear tes t ing in the a tmosphere during 1959 and I96O. 
The par t icu la te beta activity remaining in air filter samples after the de­
cay of radon and thoron daughters averaged approximately 0.1 pc/m^, com­
pared to annual averages ranging from 0.5 to 3.0 pc/m^ between 1953 and 
1959. I nc r ea se s in the total long-lived beta activity and in the concentra­
tions of individual fission products of 20 to 50% were noted from March 
through July I960, and during May and June I96I . These inc reases can be 
a t t r ibuted to a "spr ing maximum" in s t r a tospher i c fallout. A cor respond­
ing inc rease in the fall of I96O was not obvious. Fallout from the F rench 
nuclear t e s t s in the Sahara was not sufficiently large to affect the total beta 
activity in a i r appreciably, but fallout from these t e s t s was detected in p r e ­
cipitation during F e b r u a r y and March I960. 



On September 14, I96I , the beta activity in a i r i nc r ea sed sharply, 
and remained at a re la t ively high level for the r ema inde r of the year , as a 
resu l t of the s e r i e s of a tmospher ic nuclear detonations conducted by the 
USSR beginning on September 1, I96 I . The beta activi ty from September 14, 
1961, to the end of the year averaged 14 p c / m , compared with 0.1 pc/m^ 
during the f i r s t half of September . F i s s ion products from these detonations 
were also found in other types of m a t e r i a l s during the fall and winter of 
1961. The fallout was mos t readi ly detectable in a i r , precipi ta t ion, and 
g r a s s . Concentrat ions of specific f ission products in a i r and precipi ta t ion 
a r e given in Section III of this r epo r t . 

Radioactivity originating at Argonne and leaving the si te was found 
only in a i r during March I96I , and in mos t Sawmill C r e e k wate r samples 
collected during the repor t ing per iod. The a i rborne activi ty was due to 
iodine-131 accidental ly r e l e a s e d to the a tmosphere in the exhaust a i r from 
two of the Argonne buildings. Iodine-131 was found in a i r samples collected 
on the ANL si te during the la t te r half of F e b r u a r y and raost of March I96I . 
In March it was also p resen t at two of the four off-site sampling locations 
(southwest and southeast of the site) at average monthly concentra t ions of 
0.41 and 0.36 pc/m^, or 0.14 and 0.12% of the max imum pe rmis s ib l e con­
centrat ion (MPC),* respec t ive ly . Iodine-131 was not detected in any of the 
off-site a i r samples during F e b r u a r y I96I , the l imi t of detect ion being 
0.035 pc/m^ (0.012% of the MPC). The average concentra t ions on the site 
during F e b r u a r y and March were 1.9 and 3.3 p c / m , respec t ive ly . The 
maximum concentrat ion in any single a ir sample on the site was l 6 . 7 p c / m ^ 
(5.6% of the MPC). The r e l e a s e had essent ia l ly ceased by the end of March, 
and during the r ema inde r of the year only two on-s i te a i r s amples , one 
collected in April and one in May, contained detectable amounts of iodine-131 
originating at Argonne. The iodine content of these samples was equivalent 
to 0.006 and 0.011% of the MPC, respec t ive ly . Except during March I96I , 
no significant or consis tent differences could be detected between the 
radioact ivi ty in a i r samples collected on and off the s i te . 

Iodine-131 from this r e l e a s e was also found in precipi ta t ion, g r a s s , 
and soil on the ANL site and m Sawmill Creek water . The maximum and 
average iodine-131 concentrat ions in Sawmill Creek during the period of 
this r e l e a se were 55 and 14 p c / l , or 2.8 and 0.7% of the MPC for drinking 
water . The iodine-131 concentra t ions in g r a s s on the site during and 

*The maximum permissible concentrations used m this report are those recommended by the National 
Committee on Radiation Protection (NCRP) in National Bureau of Standards Handbook 69 (June 5, 
1959) for uncontrolled areas in the vicinity of a nuclear installation. The values are one-tenth of 
those specified for an occupational exposure of 168 hr/week. In evaluating the effect of a nuclear 
installation on its environment, the NCRP states that concentrations of radionuclides may be aver­
aged over periods up to one year. This suggestion is usually followed in this report in making com­
parisons with the MPC's, although averages over shorter periods and maximum concentrations are 
used at times when such comparisons are of interest. In the latter instances, the percent of MPC 
is overestimated. The MPC's given by the NCRP for water are for drinking water only, and although 
they are applied m this report to Sawmill Creek, it should be pointed out that Sawmill Creek water is 
not used for human consumption. Generally accepted MPC's for other types of water are not available. 
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following the r e l e a s e va r i ed from 15 x 10^ pc /g near the building from 
which mos t of the iodine-131 escaped to l ess than 1 pc /g at the nor thern 
and eas t e rn boundar ies of the si te and to 2 pc /g at the southern and west ­
e rn boundar ies . Iodine-131 concentrat ions in soil we re approximately 
one-hundred t imes l e s s (per gram) than in g ra s s at the same location. 
Radioiodine was not detected in soil m o r e than 150 yards from the point of 
r e l e a s e , while detectable amounts were present in g r a s s 2400 yards from 
the r e l e a s e . The dis t r ibut ion pa t te rn on and off the si te indicated that the 
bulk of the iodine-131 moved in a southerly direct ion. Iodine-131 from the 
r e l ea se was not found in any g r a s s samples collected off the ANL si te , 
even at locations where it was found in air and as close as 2.5 mi les south­
west of the s i te . The a i r concentrat ions off the site were apparent ly too 
low to resu l t in detectable surface deposition. Iodine-131 from this r e l ease 
was not detected in g r a s s or soil after June 1961. The low concentrat ions 
in the off-site a i r s amples and the rapid r a t e of d isappearance from the 
surface , where surface deposit ion was detected, indicate that the iodine-131 
r e l eased by Argonne did not consti tute a health hazard . 

The concentra t ions of radioact ive m a t e r i a l s added to Sawmill Creek 
by Argonne waste water were de termined by comparing the concentrat ions 
in Creek water collected above the si te and below the waste water outfall. 
The pr incipal radioact ive nuclides added to Sawmill Creek by Argonne 
waste water were cobal t -58 , cobal t -60, uranium and the thor ium-
protac t in ium-234 daughters of na tura l u ran ium, s t ron t ium-90, and 
ces ium-137 . The iodine-131 content of Sawmill Creek water from the r e ­
lease ear ly in 1961 was given e a r l i e r . The average concentrat ions of 
cobal t -58, the predominant be ta emi t t e r , were 369 p c / l (0.4% of the MPC) 
in i960 and 59 pc / l (0.06% of the MPC) in I96I . Average concentrat ions of 
the other beta emi t t e r s added by Argonne waste water ranged from 18 pc / l 
for thor ium-234 in I960 to 1 p c / l for s t ront ium-90 in I96I . In t e r m s of the 
M P C ' s , the g rea te s t contribution was made by s t ront ium-90, whose ave r ­
age concentrat ion amounted to 5% of the MPC in I960 and 1% in I96I . 
Each of the other beta emi t t e r s was p resen t in concentrat ions equivalent 
to l e s s than 0.5% of thei r M P C ' s . 

The alpha activity added to the Creek by Argonne waste water was 
due a lmost ent i re ly to normal u ran ium. The average uran ium concentra­
tions below the outfall were 29 pc / l (0.073% of the MPC) in I960 and 
5 pc / l (0.013% of the MPC) in I96I . The natura l concentrat ion of uranium 
in the Creek is about 1.2 p c / l . Small amounts of plutonium and thorium 
were occasional ly added to the Creek in Argonne waste water . The aver ­
age concentra t ions of these e lements were 0.09 p c / l (0.0017% of the MPC) 
for plutonium and 0.12 p c / l (0.01% of the MPC) for thor ium. 

The average total beta activi ty in below-outfall Creek water during 
i960 was 37 p c / l . Approximately 3 pc / l was due to activity natural ly present 
in the Creek , 1 pc / l was due to fallout, and the r ema inde r was added in Ar­
gonne waste wa te r . In I96I the average fallout activity inc reased to 7 pc / l 
and the Argonne contribution dec reased to 20 p c / l . 
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The activity added to Sawmill Creek in Argonne waste water was 
also found in about one- th i rd of the bottom silt samples collected below 
the outfall. At this location the total alpha act ivi t ies var ied frora 19 to 
60 pc /g and the beta act ivi t ies from 34 to 175 pc /g , compared with above-
site act ivi t ies ranging from 16 to 30 pca /g and from 37 to 73 pcjS/g. The 
same nuclides added to the Creek in the waste water were found in the 
bottom silt in abnormal ly high concentra t ions . 

Two other locations on the ANL site contained radioact ive m a t e ­
r i a l s originating at Argonne. Water and bottom silt from a lagoon occa­
sionally used for the s torage of contaminated waste water contained elevated 
concentrat ions of the same nuclides added to Sawmill Creek in Argonne 
waste wa te r , and surface soil and g r a s s near a shed fo rmer ly used for u r a ­
nium s torage contained abnormal amounts of u ran ium. 

The radioact ivi ty in the Des P la ines River was essent ia l ly the same 
both above and below the mouth of Sawmill Creek. This was t rue for the 
total alpha and beta act ivi t ies as well as for u ran ium and the fission prod­
ucts for which analyses were made . Plutonium, thor ium, and the cobalt 
nuclides were not detected at ei ther location. Apparently as the resu l t of 
dilution, the activity in Sawmill Creek had no detectable effect on the rad io­
activity in the Des P la ines River . 

The range of alpha ac t iv i t ies , 0.1 to 4.7 p c / l , in surface water col­
lected off the ANL site was no rma l during both y e a r s . The beta act ivi t ies 
in surface water were re la t ive ly low up to September I96I . The average 
value, about 8 pc / l , is close to the na tura l level, since the fallout contr ibu­
tion was smal l . The beta act ivi t ies in some of the samples collected after 
September I96I inc reased by up to a factor of two as a r esu l t of fallout 
from the USSR tes t s e r i e s , and s imi la r i nc r ea se s were noted in bottom sil t . 

The total act ivi t ies in soil collected off the ANL site were normal , 
averaging about 20 p c a / g and 50 pcj3/g. F i s s ion product fallout activity was 
low compared with the na tura l activity, even after September I96I , and did 
not inc rease the total beta activity appreciably. Several samples were 
analyzed for u ran ium, thor ium, and plutonium. The uran ium content var ied 
from 1.7 to 2.2 pc /g , and the thor ium concentrat ions from 0.016 to 
0.021 pc /g . Similar r e su l t s were obtained in other y e a r s . Plutonium con­
centra t ions were between 0.03 and 0.05 pc /g . The plutonium presumably 
originated in fallout. 

Plant samples collected in October I96I contained beta act ivi t ies 
about five t imes g rea t e r than samples obtained e a r l i e r in I96I or in I960. 
The inc rease was due to f ission products from the USSR tes t s e r i e s begin­
ning September I96I . At other t imes during I960 and 1961, the beta act ivi­
t ies in plants at all sampling locations were re la t ively low and averaged 
about 30 pc /g . Except for g r a s s collected near the u ran ium s torage shed, 
the alpha act ivi t ies at all locations were in the no rma l range of 0.2 to 2 pc /g . 



II. PROGRAM AND PROCEDURES 

The r e su l t s of the environmental monitoring p r o g r a m at Argonne 
National Labora to ry for I960 and I96I a r e given in this r epor t . Quar ter ly 
and semiannual s u m m a r i e s of some of these resu l t s have previously ap­
peared in Radiological Health Data, Volume I, No. 9; Volume II, Nos. 4, 7, 
and 12; and Volume III, No. 5. This r epor t p resen t s the complete resu l t s 
of the p r o g r a m . The purposes of the p rog ram a re to m e a s u r e the natura l 
radioact ive content of the ANL site and its environment, and to de termine 
the identity and magnitude of any radioact ivi ty above the na tura l l eve ls . 
Of p r i m a r y in te res t is the detection of any radioact ive m a t e r i a l s r e l eased 
to the environment by Argonne. 

The radioact ivi ty of the environment was de termined by rad io­
chemical ana lyses , total act ivi ty m e a s u r e m e n t s , and g a m m a - r a y spec t rom­
e t ry on the types and numbers of samples given in Table I. These samples 
were col lected on the ANL site and from locations up to 100 mi les from, 
the s i te . The sampling locat ions a r e shown in F igu re s 13 and 14. Samples 
col lected near ANL a r e intended to indicate the d i rec t ion and extent of con-
taraination in the event significant amounts of radioact ive m a t e r i a l s a re 
accidental ly r e l e a s e d to the environment by Argonne. In genera l , it is ex­
pected that na tu ra l and fallout activi ty will be re la t ive ly uniform on the 
si te and within 25 mi les of the s i te , while activity r e l eased by Argonne 
should be p resen t in higher concentra t ions on the s i te . Thus , higher a c ­
t ivi t ies on the site would indicate a r e l e a s e of activity by Argonne, while 
s imi la r act ivi t ies on, and within 25 mi les of, the site would indicate that 
no significant r e l e a s e has occu r r ed . In terpre ta t ions based on such evidence 
have usual ly been valid, although local ized differences in fallout and natura l 
activity a r e somet imes observed , and conclusions regard ing the origin of 
non-na tura l activity must be reached cautiously. 

TABLE I 

SAMPLES COLLECTED 
IN i960 AND 1961 

Type 

Water 
Prec ip i t a t ion 
Soil 
Bottom Silt 
Plant 
Air F i l t e r 

Number 
I960 

328 
67 
93 
98 
60 

836 

1961 

351 
96 
81 
90 

102 
906 

The samples col lected 100 mi les 
from the Labora to ry ( r e f e r r ed to as " re fe r ­
ence s i tes") were original ly intended to 
se rve p r i m a r i l y as continuous checks for 
contaminat ion during collection, s to rage , 
and ana lys i s , since the i r radioact ivi ty was 
not expected to change with t ime . However, 
because of the widespread occur rence of 
fallout, the beta act ivi t ies in these samples 
have se rved p r i m a r i l y to indicate the ex­
tent and magnitude of fallout activity. Since 
the re is l i t t le non-na tura l alpha activity in 
the environment , the p r i m a r y purpose of the 
r e fe rence site samples has been rea l ized 



for alpha activity. Since fallout activity was found in all environmental 
m a t e r i a l s in varying amounts , beta act ivi t ies have been m o r e difficult to 
in te rp re t in t e r m s of origin than alpha ac t iv i t ies . However, it was usual ly 
poss ible to dist inguish between fallout, na tura l ly occur r ing activity, and 
activity from Argonne operat ions by making the p roper choices of sampling 
locations and types of ana lyses . 

Measu remen t s of total alpha and beta activity were made by count­
ing thick samples (5 to 75 mg/cm^) after a min imum of sample p repara t ion . 

Water and precipi ta t ion samples , acidified with n i t r i c acid after 
collection to p reven t hydro lys i s , w^ere evaporated to d rynes s . Several 
mi l l i g r ams of s i lver iodide were prec ip i ta ted from the ra in and snow^ 
samples p r i o r to evaporat ion to re ta in t r a c e amounts of radioiodine. The 
residue was flamed, ground in a m o r t a r , and spread uniformly on a weighed 
counting planchet w^ith carbon t e t r ach lo r ide . The res idue was counted after 
it had been dr ied and the planchet reweighed. 

Soil and bottom si l t were dr ied at 110°C, ground in a m o r t a r , and 
a weighed port ion spread on a counting planchet. 

P lant samples were washed w^ith water to remove dir t , dr ied at 
110°C, ashed, and a w^eighed port ion mounted for counting. 

Animal samples were a i r dr ied at room t e m p e r a t u r e , ashed, and a 
weighed port ion counted. 

Air f i l ter samples w^ere sprayed with a solution of polys tyrene in 
ethylene dichloride to fix the dust on the paper p r i o r to mounting the fi l ter 
paper on a planchet . The polys tyrene layer •was 0.1 mg/cm^ thick. 

Total alpha counting was done in nylon-window gas-flow propor t ional 
counters or zinc sulfide scinti l lat ion counte rs . Beta pa r t i c l e s w^ere counted 
in nylon-window gas-flow propor t ional counters ins ta l led in a lead and 
anticoincidence shield to reduce the background. The th icknesses of the 
nylon windows ranged from 0.1 to 0,2 mg/cm^. 

F o r a i r f i l t e r s , the co r rec t ion factors used to obtain dis integrat ion 
ra t e s f rom counting r a t e s were those m e a s u r e d for radon daughters . F o r 
the other types of s amples , the counting r a t e s were converted to d i s in tegra ­
tion r a t e s by applying cor rec t ion factors m e a s u r e d for plutonium-239 (for 
alpha pa r t i c l e s ) and thal l ium-204 (for beta pa r t i c l e s ) . The r e su l t s obtained 
in this way r e p r e s e n t the t rue dis integrat ion r a t e s if all the radioact ive 
nuclides in the samples emit ted p a r t i c l e s of the same energ ies as the 
nuclides used in obtaining the cor rec t ion fac tors . These types of c o r r e c ­
tions w^ere used for total alpha and beta counting since the samples were 



thick and contained unknown and var iab le mix tures of radionucl ides . True 
dis integrat ion r a t e s in such samples cannot be obtained by counting total 
activity alone, and a s tandardized but a r b i t r a r y method for obtaining nom­
inal dis integrat ion ra t e s mus t be used. However, m e a s u r e m e n t s of total 
activity were made because l a rge number s of such analyses can be made 
rapidly, and the r e su l t s a re very useful in comparing activity levels and 
in determining which samples should be analyzed fur ther . 

G a m m a - r a y counting w^as done w^ith a 4 x 4-in. sodium iodide c r y s ­
tal connected to a l inear amplif ier and a 256-channel analyzer . The crys ta l 
was shielded by 6 in, of i ron lined with -g- in, of low-activi ty lead to reduce 
backsca t te r ing . Cal ibrat ions of energy and counting efficiency were made 
with s tandardized solutions of the appropr ia te nucl ides . 

F i s s i on product and radiocobalt analyses were made by separating 
the des i r ed e lement with c a r r i e r added and counting the activity in ant i ­
coincidence shielded beta counte rs . Counting r a t e s were converted to 
dis integrat ion r a t e s by applying cor rec t ion factors exper imental ly de te r ­
mined for each nuclide being counted. 

Uranium analyses •were made •with a f luorophotometer , and the 
r e su l t s converted to dis integrat ion r a t e s , assuming the na tura l isotopic 
composit ion of uranium. 

Plutonium and thor ium (including the thor ium-234 daughters of 
uranium) analyses •were made by coprecipi tat ion with ce r ium fluoride, 
follo^wed by extract ion •with a solution of thenoyltr if luoroacetone in benzene. 
In the extract ion the t̂ wo e lements -were separa ted from, each other and 
from other act ivi t ies by adjusting the acidity of the solution and the oxida­
tion state of the plutonium. The separa ted plutonium and thor ium fractions 
were counted for alpha activity in 271 propor t ional counters . 

Additional detai ls on the sampling p rog ra m, instrumentat ion, count­
ing techniques, and radiochemical ana lyses a re given in the previous repor t s 
in this s e r i e s : ANL-5069, -5289, -5446, -5684, -5808, -5934, -6047, and 
-6282. 



III. RADIOACTIVITY IN ENVIRONMENTAL SAMPLES 

A. Air F i l t e r s 

Airborne par t icula te m a t t e r was sampled at six locations on the 
ANL site and at four locations off the s i te . Samples were collected by 
drawing outside a i r through Hollingsworth and Vose No. 70 filter paper . 
At one on-s i te location the f i l ter paper was changed daily to r eco rd shor t -
t e r m changes in a i r activity, whereas at all other locations the papers 
were changed at weekly in te rva l s . The weekly samples were used p r i ­
mar i ly to compare off-site and on-s i te ac t iv i t ies . The alpha and beta 
act ivi t ies in the weekly on-s i te samples were de termined during the 
f i rs t day after the end of the collection per iod to obtain the radon and 
thoron concentra t ions , and again 3 days (in I960) or 4 days (in 196l) 
and 7 days after collection to obtain the long-lived activity. The off-site 
a i r samples could not be obtained sufficiently ear ly for the m e a s u r e m e n t s 
of radon and thoron daughters , and w e r e counted after 3 (or 4) and 7 days. 
Until September 1961, the daily a i r samples were counted once, after 3 
(in I960) or 4 (in 1961) days. 

After the resumpt ion of nuclear testing in September 1961, the 
daily samples were counted on the same schedule as the weekly samples . 
Such a sequence of counting m e a s u r e m e n t s provides sufficient data for a 
calculation of the age of the f ission product activity from the fourth and 
seventh day counts and for obtaining an approximate value for fallout a c ­
tivity 4 to 6 hr after collection. F r o m the ra t io of alpha to beta act ivi t ies 
after the radon daughter products have decayed, the contribution of the 
thoron daughter to the total beta activity can be subtracted, since this 
ra t io is known for samples containing only thoron daughters . 

The counting schedule was changed in January 1961 from 3 to 
4 days after collection because the amount of decay between 3 and 7 days 
indicated that a significant fraction of the activity remaining after 3 days 
was sti l l due to thoron daughter p roduc ts ; consequently, the thi rd day count 
did not give a c o r r e c t value for the "long-lived" activity. The re la t ive 
contribution of the thoron daughter activity to the total activity depends, of 
course , on the amount of "long-l ived" activity, and was much g rea t e r for 
alpha than for beta activity, as can be seen from the r e su l t s in Tables II 
and III. The p resence of thoron daughters would lower the apparent age of 
fallout activity when the age was calculated from the th i rd and seventh day 
beta counts. The ra t io of the thi rd to fourth day act ivi t ies in six weekly 
samples collected in December I960 va r ied from 1.74 to 1.97 for the alpha 
activity and from 1.06 to 1.16 for the beta activity. In eight daily samples , 
the corresponding ra t io was 1.75 to 4.06 for the alpha activity and 1.09 to 
2.16 for the beta activity. G a m m a - r a y spec t ra were obtained by combining 
and counting as one sample al l the weekly samples col lected each month 
from each location. Additional detai ls on the sampling and counting tech­
niques a r e given in ANL-5808 and ANL-5934. 



TABLE H 

LONG-LIVED ALPHA AND BETA ACTIVITIES IN WEEKLY AIR FILTER SAMPLES, 1960 
(pc;m3) 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 
Summary 

Lxation 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

No of 
Samples 

20 
17 

20 
14 

22 
17 

19 
8 

22 
12 

22 
16 

22 
16 

23 
17 

19 
17 

22 
16 

22 
14 

20 
10 

253 
174 

Alpha Activity 

After 3 days 

Max 

0 0072 
0 0078 

0 0063 
0 0059 

0 0090 
0 0052 

0 013 
0 0066 

0 017 
0 011 

0 012 
0 0079 

0 019 
0 014 

0 041 
0 012 

0 026 
0 0093 

0 024 
0 022 

0 014 
0 017 

0 0097 
0 0093 

0 041 
0 022 

Av 

0 0034 
0 0036 

0 0032 
0 0034 

0 0041 
0 0036 

0 006 
0 0039 

0006 
0 005 

0006 
0 0047 

0 010 
0008 

0 011 
0 007 

0 012 
0 0055 

0 010 
0 010 

0 007 
0 007 

0 0054 
0 0050 

0 007 
0 006 

After 7 days 

Max 

0 0047 
0 0053 

0 0054 
0 0058 

0 0090 
0 0054 

0 0055 
0 0038 

0 0045 
0 0045 

0 0046 
0 0032 

0 0045 
0 0058 

0 0054 
00046 

0 0054 
00046 

0 0060 
0 0057 

0 0064 
0 0059 

0 0072 
0 0045 

0 0090 
0 0059 

Av 

0 0030 
0 0033 

0 0031 
0 0034 

0 0036 
0 0038 

0 0025 
0 0026 

0 0024 
0 0029 

0 0022 
0 0025 

0 0030 
0 0027 

0 0026 
0 0027 

0 0026 
0 0028 

0 0030 
0 0032 

0 0036 
0 0029 

0 0034 
0 0030 

0 0029 
0 0030 

Beta Activity 

After 3 days 

Max 

0 23 
013 

0 13 
016 

0 26 
0 21 

0 23 
0 21 

0 23 
0 23 

0 24 
019 

017 
018 

0 17 
0 15 

0 12 
0 090 

Oi l 
0 095 

0 13 
0 069 

012 
0 081 

0 26 
0 23 

Av 

0 10 
0 09 

0 09 
0 09 

013 
012 

0 15 
0 15 

012 
0 12 

0 13 
0 14 

Oi l 
0 12 

0 09 
0 09 

0 07 
0 055 

0 08 
006 

006 
0 045 

006 
0048 

0 10 
0 09 

After 7 days 

Max 

0 15 
012 

0 13 
0 12 

0 24 
018 

0 21 
0 20 

0 24 
0 22 

0 23 
0 18 

016 
0 18 

0 12 
012 

Oi l 
0 090 

0 080 
0 065 

0 10 
0 062 

0 081 
0 074 

0 24 
0 22 

Av 

0 09 
0 09 

0 09 
0 09 

012 
Oi l 

0 14 
0 14 

Oil 
Oi l 

0 13 
014 

010 
Oi l 

008 
008 

006 
0 052 

0 056 
0 049 

0 05 
0 042 

0 054 
0 045 

0 09 
0 09 

TABLE M 

LONG-LIVED ALPHA AND BETA ACTIVITIES IN WEEKLY AIR FILTER SAMPLES, 1961 
(pc/m3) 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 
Summary 

Location 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

On-site 
Off-site 

No of 
Samples 

25 
14 

24 
13 

24 
16 

28 
17 

27 
17 

23 
16 

21 
15 

26 
17 

26 
17 

27 
17 

23 
13 

27 
10 

301 
182 

Alpha Activity 

After 4 days 

Max 

0 0059 
0 010 

00064 
0 0067 

0 0056 
0 0045 

0 0067 
0 0060 

0 0061 
0 0063 

0 0069 
0 0067 

0 0088 
0 0073 

0 0094 
0 0068 

0 011 
0 012 

0 0085 
0 0062 

0 0061 
0 0058 

0 0065 
0 0054 

0 011 
0 012 

Av 

0 0033 
0 003 

0 0038 
0 0041 

0 0034 
0 0032 

0 0033 
0 0037 

0 0037 
0 0041 

0 0052 
0 0045 

0 0042 
0 0050 

0 0046 
0 0037 

0 005 
0 005 

0 0036 
0 0033 

0 0037 
0 0032 

0 0041 
0 0041 

0004 
0004 

After 7 days 

Max 

0 0044 
0 0058 

0 0046 
0 0059 

0 0048 
0 0045 

0 0059 
0 0052 

0 0046 
0 0059 

0 0054 
0 0059 

0 0042 
0 0057 

0 0O64 
00044 

0 0056 
0 0067 

0 0060 
0 0057 

0 0050 
00044 

0 0068 
0 0062 

0 0068 
0 0067 

Av 

0 0019 
0 0021 

0 0031 
0 0039 

0 0028 
0 0029 

0 0027 
0 0033 

0 0029 
0 0034 

0 0034 
0 0040 

0 0026 
0 0036 

0 0030 
0 0029 

0 0036 
0 0033 

0 0033 
0 0028 

0 0032 
0 0029 

0 0042 
00044 

0 0031 
0 0033 

Beta Activity 

After 4 days 

Max 

0 087 
0 081 

028 
0 067 

0 97 
0 087 

014 
012 

0 32 
0 19 

0 19 
0 17 

0 27 
0 18 

0 090 
0106 

612 
57 8 

12 8 
113 

13 1 
12 9 

99 
63 

612 
57 8 

Av 

0 058 
0 054 

0 09 
0048 

0 16 
0 055 

0 08 
0 07 

014 
012 

013 
0 12 

010 
Oi l 

0 068 
006 

12 3 
10 6 

74 
66 

72 
73 

51 
44 

27 
25 

After 7 days 

Max 

0 085 
0086 

020 
0 063 

0 77 
0 087 

0 13 

on 
030 
019 

0 19 
0 18 

0 13 
0 17 

0 094 
0 092 

49 4 
46 5 

12 7 
98 

118 
12 9 

95 
63 

49 4 
465 

Av 

0 062 
0 053 

0 09 
0 050 

013 
0 052 

0 08 
0 07 

014 
012 

0 13 
012 

0 08 
Oi l 

0068 
0 063 

92 
78 

66 
58 

52 
67 

46 
42 

22 
21 



The long-lived alpha and beta act ivi t ies in the air samples collected 
during I960 and 1961 a r e given in Tables II through V. The alpha activity 
remaining 3 or 4 days after collection was due p r imar i ly to natural activity 
present in dust in the air and to polonium-210 from the decay of radon-222. 
The average monthly or annual alpha act ivi t ies were very s imi la r both on 
and off the s i te , indicating that l i t t le , if any, of the a i rborne alpha activity 
in the environment was due to Argonne opera t ions . The average differences 
between locations were l e s s than the 10 to 20% e r r o r in sample collection 
and counting, although some individual samples differed from the average by 
a factor of up to about t h ree . Such differences occur red at random both on 
and off the site and depend on a number of va r i ab le s , such as the composi­
tion and amount of dust in the air at the t ime of sampling. The average 
seventh day alpha ac t iv i t ies , approximately 0.003 pc/m^ during I960 and 
1961, were very s imi la r to those found e a r l i e r , as indicated in Table VI, 
and a r e considered normal . The effect of an additional day of decay on the 
alpha activity at 3 and 4 days is a lso apparent from Table VI. 

TABLE IV 

LONG-LIVED ALPHA AND BETA ACTIVITIES IN 24-HR 
AIR FILTER SAMPLES ON ANL SITE, I960 

(pc/m^) 

Month 

January 

Feb rua ry 

March 

Apri l 

May 

June 

July 

August 

September 

October 

November 

December 

Summary 

No. of 
Samples 

27 

25 

27 

28 

31 

29 

31 

31 

25 

29 

30 

30 

343 

Alpha Activity* 

Max 

0.018 

0.011 

0.021 

0.037 

0.060 

0.073 

0.078 

0.086 

0.068 

0.086 

0.052 

0.029 

0.086 

Av 

0.005 

0.003 

0.006 

0.015 

0.020 

0.021 

0.025 

0.024 

0.022 

0.040 

0.018 

0.011 

0.018 

Beta Activity* 

Max 

0.24 

0.22 

0.29 

0.33 

0.25 

0.33 

0.22 

0.22 

0.22 

0.38 

0.17 

0.10 

0.38 

Av 

0.07 

0.07 

0.12 

0.14 

0.12 

0.15 

0.12 

0.10 

0.09 

0.13 

0.08 

0.07 

0.11 

*Activity remaining three days after end of sampling period. 



T A B L E V 

LONG-LIVED A L P H A AND BETA ACTIVITIES IN 24-HR 
AIR F I L T E R SAMPLES ON ANL SITE, 1961 

(pc /m^) 

Month 

J a n u a r y 
F e b r u a r y 
M a r c h 
Apr i l 
May 
June 
July 
Augus t 
S e p t e m b e r 
Oc tober 
N o v e m b e r 
D e c e m b e r 

S u m m a r y 

No. of 
S a m p l e s 

31 
28 
30 
30 
29 
30 
30 
31 
30 
31 
30 
29 

359 

Alpha Act ivi ty* 

Max 

0.012 
0.018 
0,018 
0,0094 
0,013 
0,017 
0,018 
0,017 
0,010 
0.009 
0.011 
0.014 

0,018 

Av 

0.004 
0.005 
0.005 
0.0054 
0.007 
0.008 
0.007 
0.008 
0.005 
0.005 
0.004 
0.005 

0.006 

Beta Act ivi ty* 

Max 

0.13 
0.31 
1.5 
0.15 
0.24 
0.23 
0.15 
0.11 

166.2 
31.7 
48.4 
17.0 

166 

Av 

0.08 
0.09 
0.2 
0.09 
0.13 
0.13 
0.09 
0.07 

18.4 
10.2 
11.8 

7.2 

4,1 

* Act iv i ty r e m a i n i n g four days af te r end of sampl ing pe r iod . 

T A B L E VI 

AVERAGE ANNUAL RADIOACTIVITY IN AIR F I L T E R SAMPLES, 1953-1961 
(pc /m^) 

Year 

1953 

1954 

1955 

1956 

1957 

1958 

1959 

I960 

1961 

Loca t ion 

O n - s i t e 

O n - s i t e 

O n - s i t e 

O n - s i t e 

O n - s i t e 
Off - s i t e 

O n - s i t e 
Off -s i te 

O n - s i t e 
Off - s i t e 

O n - s i t e 
Off - s i t e 

O n - s i t e 
Of f - s i t e 

Weekly S a m p l e s 

Alpha Act iv i ty 

3-4 days 

0,010 

0,010 

0,007 

0,010 

0,008 
0.007 

0.007 
0.007 

0.006 
0.006 

0.007 
0.006 

0.004 
0.004 

7 days 

0.006 

0.005 

0.004 

0.006 

0.005 
0.004 

0.003 
0.004 

0.0034 
0.0039 

0.0029 
0.0030 

0.0031 
0.0033 

Be ta Act iv i ty 

3-4 days 

1.2 

0.4 

0,8 

1.3 

2.1 
2,1 

2,8 
3,4 

2,2 
2.3 

0.10 
0.09 

2.7 
2 .5 

7 days 

1.0 

0.3 

0.7 

1.2 

1.7 
1.7 

2.5 
2.7 

2.1 
2.2 

0.09 
0.09 

2.2 
2.1 

Daily Sample s 
3-4 days 

Alpha 
Act iv i ty 

0.03 

0.03 

0.03 

0.03 

0.021 

0.024 

0.021 

0.018 

0.006 

Beta 
Act iv i ty 

1.4 

0.5 

1.0 

1.6 

2.0 

3.0 

2.4 

0.11 

4.1 



In cont ras t with the relat ively constant alpha act ivi t ies found since 
air sampling was begun, the beta act ivi t ies have var ied widely due to va ry ­
ing amounts of fission product fallout. The long-lived beta activity during 
i960, approximately 0.1 pc/m^, was at the lowest level since sample col lec­
tion was begun in 1953, since there was no l a r g e - s c a l e nuclear testing in 
the a tmosphere during 1959 and I960. Fallout froin the F rench nuclear 
detonations in the Sahara was not sufficiently large to affect the total beta 
activity in a i r . As will be seen, activity from this source was detected in 
a few precipi ta t ion samples . The beta activity was relat ively constant from 
October 1959 through Feb rua ry I960, being about 0.09 pc/m^. F r o m March 
through July I960, there was a smal l but definite inc rease (to about 
0.14 p c / m ) in beta activity due to a "spring max imum" in s t ra tospher ic 
fallout. Fal lout activity, as a sce r t a ined from the total beta activity, d e ­
c reased slowly thereaf te r , and then remained fair ly constant during the 
las t qua r t e r of I960 and the f i r s t qua r t e r of I96I . The inc rease in the 
on-s i te beta activity in Feb rua ry and March 196I was due to smal l amounts 
of iodine-131 accidental ly r e l ea sed at ANL and was not due to fallout. This 
r e l ease is d i scussed below. 

A second "spring m a x i m u m " in fallout activity during May and June 
1961 inc reased the beta activity to about the same level as the spring of 
i960. Following this peak, the beta activity dec reased until September 14, 
1961, reaching about the same level as in December I960. Beginning with 
the sample col lected on September 14, 1961, and continuing through the r e ­
mainder of the yea r , the beta activity was a lmos t ent i re ly due to fallout 
from the USSR s e r i e s of nuclear t e s t s that began on September 1, 1961. 
The sample col lected on September 20, 1961, contained 166 pc/m-^ after 
4 days, the highest beta activity thus far found in a single sample . The 
previous maximum was 127 pc/m-' in May 1953. 

The p resence of shor t - l ived fission products at all locations was 
confirmed by be ta-decay r a t e s , g a m m a - r a y spec t rome t ry , and chemical 
fission product analyses of both a i r and precipi ta t ion samples . The age 
of the fission products in the samples collected after September 14, 1961, 
ranged from 6 to 20 days. The s imi la r i ty between the total beta ac t iv i t ies , 
decay r a t e s , and fission product concentrat ions on and off the site indicates 
that this beta activi ty was due to a widespread and re la t ively uniform source 
such as fallout and not to a local ized source such as Argonne. 

Concentrat ions of the pr incipal par t icula te g a m m a - r a y emi t t e r s in 
the a i r f i l ter samples a r e given in Tables VII and VIII. The resu l t s l i s ted 
under the ru then ium-rhod ium'pa i r of nuclides w e r e obtained from the count­
ing ra te of gamma rays with energ ies in the neighborhood of 0.5 Mev after 
subtract ing any activity due to ba r ium- lan thanum-140 . The pr incipal nu­
clides in the a i r samples that emit ted such gamma rays were be ry l l ium-7 , 
rhodium-102 and ru then ium-rhodium-IO6. The ruthenium and rhodi\rm 
nuclides occur in fallout ( ru thenium-rhodium-106 a r e fission products and 
rhodium-102 was added a s a t r a c e r in a nuclear tes t ) and be ry l l ium-7 is 



TABLE VII 

PRINCIPAL GAMMA-RAY ACTIVITY IN AIR FILTER SAMPLES, I960 
(pc/m^) 

Month 

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

Average 

Cerium-144 

On-site 

0.013 
0.020 
0.018 
0.033 
0.025 
0.027 
0.033 
0.021 
0.014 
0.012 
0.0078 
0.0090 

0.019 

Off-site 

0.013 
0.012 
0.017 
0.033 
0.024 
0.027 
0.043 
0.026 
0.013 
0.0098 
0.0081 
0.0081 

0.020 

Ruthenium-
Rhodium-106* 

On-site 

0.010 
0.024 
0.028 
0.036 
0.034 
0.050 
0.044 
0.063 
0.041 
0.078 
0.043 
0.086 

0.045 

Off-site 

0.015 
0.018 
0.022 
0.043 
0.037 
0.053 
0.053 
0.071 
0.042 
0.060 
0.043 
0.073 

0.044 

Cesium-137 

On-site 

0.008 
0.005 
0.007 
0.011 
0.009 
0.011 
0.016 
0.016 
0.0069 
0.0068 
0.0047 
0.0063 

0.0090 

Off-site 

0.004 
0.004 
0.007 
0.012 
0.010 
0.011 
0.021 
0.021 
0.0067 
0.0058 
0.0047 
0.0063 

0.0095 

* Gannma-ray activity •with energies between 0.47 and 0.51 Mev, calculated 
as Ru-Rh'°* (see text). 

TABLE VIII 

PRINCIPAL GAMMA-RAY ACTIVITY IN AIR FILTER SAMPLES, 1961 
(pc/m^) 

Month 

January 
Feb rua ry 
March 
Apri l 
May 
June 
July 
August 
September 
October 
November 
December 

Average 

September 
October 
November 
December 

September-
December 
Average 

Cer ium-144 

On-si te 

0.0082 
0.0085 
0.0090 
0.0079 
0.017 
0.015 
0.011 
0.0065 
0.21 
0.23 
0.31 
0.47 

0.11 

Off-site 

0.0069 
0.0090 
0.0093 
0.0069 
0.014 
0.014 
0.014 
0.0058 
0.20 
0.30 
0.35 
0.58 

0.13 

Cer ium-141 

0.53 
0.85 
0.69 
0.54 

0.65 

0.33 
0.74 
0.77 
0.76 

0.65 

Ruthenium-
Rhodium-106* 

On-si te 

0.065 
0.0071 
0.059 
0.059 
0.088 
0.078 
0.053 
0.048 
0.096 
0.11 
0.16 
0.17 

0.083 

Off-site 

0.061 
0.066 
0.062 
0.051 
0.068 
0.084 
0.070 
0.043 
0.082 
0.11 
0.16 
0.22 

0.085 

Zirconium-
Niobium-95 

0.91 
1.13 
1.33 
1.50 

1.2 

0.82 
1.08 
1.42 
1.64 

1.3 

Cesium-137 

On-si te 

0.0073 
0.0083 
0.0099 
0.0071 
0.015 
0.014 
0.0092 
0.0058 
0.0075 
0.0094 
0.0090 
0.013 

0.096 

Off-site 

0.0066 
0.0081 
0.0093 
0.0056 
0.011 
0.011 
0.0117 
0.0051 
0.0062 
0.0080 
0.010 
0.014 

0.0089 

Bar ium-
Lanthanum-140 

7.5 
3.2 
1.9 
0.58 

3.3 

6.4 
2.7 
1.7 
0.67 

2.9 

* Gamma- ray activity with energ ies between 0.47 and 0.51 Mev, calculated 
as Ru-Rh'"^ (see text). 



produced in the upper a tmosphere by cosmic r ays . Thus, all three nuclides 
occur widely. Since the concentrat ion of each of these nuclides in a complex 
mix ture is difficult to de termine by g a m m a - r a y counting alone, the d is in te ­
grat ion ra te of this mix ture was calculated as ru thenium-rhodium-106. 
Valid compar i sons between the on-s i te and off-site samples may be made 
with r e su l t s obtained in this way since the concentrat ions of all three nu­
clides a r e expected to be s imi l a r at a l l sampling locations in the absence 
of a local ized r e l e a s e . 

As shown in the t ab les , significant differences w e r e found between 
the off-site and on-s i te samples for some of the nuclides during some 
months . However, these differences occu r r ed at random in both d i rec t ions , 
and w e r e due to exper imenta l e r r o r in resolving the complex g a m m a - r a y 
spec t ra , e r r o r s in sample collection (pr imar i ly m e a s u r e m e n t of flow ra te) , 
and probably to sma l l localized differences in the amount of fallout. The 
random differences in the monthly values and the smal l differences in the 
annual ave rages indicate that these gamma emi t t e r s or iginated in fallout 
or occu r r ed natural ly , and were not added to the a i r by Argonne. The in­
c r e a s e s in fallout ra te during the spr ing, noted for the total beta activity, 
and the p re sence of shor t - l ived fission products beginning in September 
1961 a r e a lso evident in the gamma activity. The sho r t e r - l i ved fission 
products , cer iuxn-141, z i rcon ium-n iob ium-95 , and bar ium- lan thanum-140, 
were detected only after September 14, 1961. Concentrat ions of the longer-
lived f ission produc ts , ce r ium-144 , ru then ium-rhodium-106, and ces ium-137 
inc reased at the same t ime . There was l i t t le indication in the beta or gam­
m a activity for a max imum in the fall of I960 s imi la r to that observed in 
the spr ing. 

During F e b r u a r y and March 1961, the beta act ivi t ies on the ANL 
site were two to th ree t imes higher than those off-site. This inc rease on 
the site was due to iodine-131 removed from i r rad ia ted fuel e lements by 
heating and accidental ly r e l eased to the a tmosphere in the exhaust a i r from 
two Argonne buildings. Iodine-131 produced in this way is general ly con­
s idered to be gaseous and not pa r t i cu la te . However, 8% of the radioiodine 
was col lected by the fi l ter paper used. This collection efficiency was de­
t e rmined by field m e a s u r e m e n t s , during this r e l e a s e , with charcoal t r aps in 
s e r i e s with the f i l ter paper and an assiomption that the cha rcoa l was com­
pletely efficient for the iodine. In exper iments with s eve ra l collection 
devices , including bas ic aqueous solutions and s i lve r - loaded paper , charcoal 
proved to be the m o s t efficient and reproducible iodine col lector . 

The iodine-131 concentra t ions found in the air samples during this 
per iod a r e given in Table IX. These values were obtained from g a m m a - r a y 
spec t ra of the a i r f i l t e r s , based on a collection efficiency of 8%, and were 
c o r r e c t e d for decay to the midpoint of the collection period, it being a s ­
sumed that the iodine was added to the a i r at a constant ra te during the 
collection. 



TABLE IX 

IODINE-131 IN AIR FILTER SAMPLES, 
FEBRUARY-MARCH, 1961 

(pc/m^) 

Month 

Feb rua ry 

March 

Location 

On-si te 
Off-site 

On-si te 
Off-site 

No. of 
Samples 

20 
14 

22 
17 

Iodine-131 
Concentration 

Av 

1.9 
<0.035 

3.3 
0.20 

Max 

15.4 
< 0.035 

16.7 
0.41 

The iodine was f i r s t detected in some of the on-s i te a i r f i l ters dur ­
ing the l a t t e r half of Februa ry , and was present during mos t of March at 
al l sampling locations on the s i te . In March, it was also presen t at two of 
the four off-site locations (southwest and southeast of the site) at average 
concentra t ions of 0.41 and 0.36 pc/m^ (0.14 and 0.12% of the MPC). The 
presence of iodine-131 is not apparent from the total beta activitiy in the 
off-site samples because both the concentrat ion and collection efficiency 
were low. The maximum iodine-131 concentrat ion on the si te , 16.7 pc/m'*, 
is equivalent to 5.6% of the MPC; the average concentration on the site 
during Feb rua ry and March, 2.6 pc/m^, amounted to 0.9% of the MPC. 
The beta act ivi t ies in the daily a i r samples collected on the site (see 
Table V) a lso inc reased and va r ied with the iodine concentrat ion during 
this period, and showed that the iodine was f i r s t noticeable in the air fi l ter 
samples on Feb rua ry 17 and that the highest concentrat ions occur red from 
March 16 to 21 . 

The iodine r e l ea se was essent ia l ly el iminated by the end of March. 
During the r e s t of the year only two on-s i te a i r samples contained detect ­
able amounts of iodine-131 originat ing at Argonne. One sample , collected 
in April , contained 0.018 pc/m^ (0.006% of the MPC) and one collected in 
May contained 0.034 pc/m^ (0.011% of the MPC). None was detected in any 
of the off-site samples during this period. 

Iodine-131 was , of cour se , detected in the air during the la t ter par t 
of 1961. However, the concentra t ions were relat ively low compared with 
the other shor t - l ived fission products , and were essent ia l ly the same both 
on and off the si te . This iodine apparent ly resul ted from the USSR nuclear 
t es t s e r i e s ; there was no evidence to indicate that it originated at Argonne, 
The iodine r e l eased by Argonne was a lso detected in soil, g r a s s , surface 
wa te r , and ra in on the ANL si te . These r e su l t s a r e given in the appropr ia te 
sect ions of this r epor t . 



B. Precipi ta t ion 

Precipi ta t ion was collected on the ANL site at location 8F in Fig­
ure 13, The ra in collector was a r ranged to collect two success ive one-
gallon port ions when the rainfall was sufficiently la rge , each portion being 
equivalent to 0.48 in. of rain. A collector of this size is sufficient to col­
lect mos t of the ra in during the year and st i l l provide samples sufficiently 
large for analysis from rainfalls totaling only a few hundreths of an inch or 
from rainfal ls containing little activity. Snow was also collected from the 
ra in t ray whenever possible in o rde r to obtain a sample from a known a r ea 
When two portions were collected, they were analyzed as separa te samples 

The total alpha and beta act ivi t ies during I960 and 1961 a re given 
in Tables X and XI. The alpha act ivi t ies were s imi lar to those normally 

TABLE X 

NONVOLATILE RADIOACTIVITY IN PRECIPITATION AT ANL, I960 

Month 

J a n u a r y 

F e b r u a r y 

March 

April 

M a y 

June 

July 

August 

September 

October 

November 

December 

Annual 
Summary 

No. of 
Samples 

3 
3 

2 
4 

4 
3 

7 
7 

6 
6 

9 
9 

4 
6 

4 
5 

6 
6 

4 
5 

6 
6 

2 
2 

57 
62 

Time 
(days)* 

1 
7 

1 
7 

1 
7 

1 
7 

1 
7 

1 
7 

1 
7 

1 
7 

1 
7 

1 
7 

1 
7 

1 
7 

1 
7 

Alpha 
Activity 

(pc / l i t e r ) 

M a x 

1.9 
1.7 

6 .9 
5 .1 

14.1 
8.8 

41.9 
3 .5 

9.7 
1.0 

17.9 
6.4 

12.8 
0.9 

11.2 
0.7 

42.0 
15.0 

16.6 
4 . 9 

8.5 
4 . 3 

1.9 
1.8 

42.0 
15.0 

A v 

1.8 
0 .9 

4 .1 
3 .5 

5.0 
3 .8 

10.8 
2 .0 

4 . 2 
0 .8 

6 .0 
1.5 

5 .2 
0.6 

7 .5 
0 .5 

10.0 
2 .9 

8.3 
1.8 

3.7 
1.2 

1.9 
1.2 

6 .3 
1.7 

Beta Activity 

(pc / l i t e r ) 

M a x 

52 
51 

74 
4 3 4 

350 
340 

220 
173 

95 
84 

275 
246 

56 
35 

56 
35 

237 
183 

96 

49 

47 
41 

18 
17 

350 
4 3 4 

Av 

35 
33 

6 
151 

112 
127 

96 
83 

56 
49 

85 
71 

34 
22 

44 
26 

58 
42 

52 
24 

23 
16 

15 
11 

59 
54 

Total 
( m c / s q mi) 

_ 
2.7 

-
10.0 

-
13.9 

-
11.0 

-
8.1 

-
6.7 

-
3.3 

-
2.7 

-
1.5 

-
2 .4 

-
1.3 

-
0.3 

-
63.9 

*Time after end of p rec ip i t a t ion (approximate ly) . 



T A B L E XI 

A L P H A AND B E T A ACTIVITIES IN PRECIPITATION AT ANL, 1961 

Month 

J a n u a r y 

F e b r u a r y 

M a r c h 

A p r i l 

May 

June 

Ju ly 

Augus t 

S e p t e m b e r 

Oc tobe r 

N o v e m b e r 

D e c e m b e r 

Annual 
S u m m a r y 

No. of 
S a m p l e s 

1 
2 

2 
2 

10 
10 

7 
7 

6 
6 

7 
7 

8 
8 

7 
9 

14 
16 

8 
8 

8 
8 

5 
5 

83 
88 

T i m e ^ 
(days) 

1 
7 

Alpha Act iv i ty 
( p c / l i t e r ) 

Max 

3.4 
7.2 

2.9 
0.9 

53 
6.1 

17 
3.3 

23 
4.6 

21 
2.6 

35 
4.2 

12 
3.3 

17 
1.7 

6.7 
5.1 

23 
1.8 

7.5 
2.4 

53 
7.2 

Av 

3.4 
5.2 

1.6 
0.6 

11 
2.3 

5 
1.9 

11 
7.2 

8 
1.4 

6 
1.0 

4 
1.3 

4 
0.7 

4.1 
1.5 

6 
0.8 

3.2 
1.6 

6 
1.8 

Beta Act iv i ty 

( p c / l i t e r ) X 10"^ 

Max 

2.05 
2.78 

0.15 
0.15 

1.92 
1.63 

1.09 
0.66 

1.18 
0.80 

0.88 
0.75 

1.10 
0.58 

0.37 
0.29 

70.1 
56.9 

51.6 
41.0 

52.8 
50.8 

38.2 
33.7 

70.1 
56.9 

Av 

2.05 
2.46 

0.09 
0.09 

0.71 
0.57 

0.61 
0.44 

0.67 
0.55 

0.50 
0.41 

0.28 
0.17 

0.23 
0.19 

6.50 
4.90 

19.7 
15.9 

29.7 
25.0 

26.8 
22.7 

7.8 
6.2 

Tota l 
( m c / s q m i ) 

1.6 

0.1 

16.3 

6.4 

5.6 

4.5 

3.2 

3.4 

75.7 

305 

289 

241 

952 

Age Range 
(days) 

-

-

-

-

-

_ 

_ 

_ 

15->300 

18-37 

17-50 

15-50 

-

Days a f t e r end of p r e c i p i t a t i o n ( a p p r o x i m a t e l y ) . 

Ca l cu l a t ed a s s u m i n g a b e t a - d e c a y r a t e p r o p o r t i o n a l to T"^'^. 

found in ra in during other y e a r s . In 1959, for example, the monthly a v e r ­
age alpha act ivi t ies var ied from 0.3 to 13.8 pc / l i t e r and averaged 2.1 p c / 
l i te r after 7 days of decay. The alpha activity was due p r imar i ly to natu­
ra l ly occurr ing radioact ive nuclides p resen t in the a i r . 

The beta activity was due p r imar i l y to fallout from nuclear detona­
t ions. The monthly var ia t ions in beta activity can be cor re la ted approxi­
mately with the beta activity in the a i r fi l ter samples , although quantitative 



correspondence cannot be expected since the air fi l ter samples were col­
lected continuously and precipi tat ion is an in termit tant sample r of the 
a tmospher ic radioactivi ty. Precipi ta t ion, however, is a m o r e sensit ive 
indicator of a i rborne activity, since it samples a much l a rge r volume of 
a i r than the a i r f i l t e r s . The beta act ivi t ies in the a i r f i l ter and p rec ip i ­
tation samples a r e compared in Figure 15. The spring max ima observed 
in the a i r f i l ter act ivi t ies a re not as obvious in the precipi tat ion r e su l t s , 
and the fluctuations in precipi ta t ion act ivi t ies were m o r e pronounced and 
i r r egu la r than in a i r . 

Fallout from the F rench nuclear t es t s conducted in the Sahara in 
Feb rua ry I960 was detected in precipi tat ion during Feb rua ry and March 
i960. A sample collected on Feb rua ry 22, I960 contained 430 pc / l i t e r 
of beta activity, about 10 t imes the average activity during the previous 
5 months . Short- l ived fission products (bar ium-140 and s t ront ium-89) 
were detected in this sample , and the beta-decay ra te indicated a detonation 
date of Feb rua ry 12, I960. The bulk of the fission products in this sample 
evidently or iginated in the tes t on Feb rua ry 13, I960. A rainfall on 
March 9 a lso contained shor t - l ived fission products . 

The other samples collected during I960 contained l i t t le , if any, 
fallout from the F rench t e s t s , as shown by the beta decay ra te . Notably, 
a sample collected on March 30 contained an abnormal amount of beta 
activity, 340 p c / l i t e r after 7 days. Short- l ived fission products were not 
found in this sample , and the decay ra te indicated an age g rea te r than 
1 year . There was no precipi ta t ion between Februa ry 22 and March 6, 
and it is likely that additional fallout from the French t e s t s would have 
been p re sen t in precipi ta t ion during this period. 

F iss ion products from the F rench tes t s were not detected in the 
a i r f i l ter s amples . Apparently, the concentrat ion in surface a i r was too 
low, and the fallout was removed from the a i r at higher al t i tudes by the 
precipi tat ion. 

F r o m Feb rua ry I960 through December I960, the beta activity in 
precipi ta t ion general ly dec reased . Occasional samples contained g rea t e r 
than 100 pc / l i t e r (two in June and one in September) , and these few s a m ­
ples caused peaks in the monthly ave rages during this period. The be ta-
decay r a t e s during this per iod indicated that the age of the fission products 
in these samples was g r e a t e r than 1 yea r .* The beta activity increased 
sharply in January 1961; the two samples during this month each contained 
more than 200 p c / l i t e r . Both samples , however, contained only long-lived 

*The ages cannot be calculated from the f i rs t and seventh day ac t iv i ­
t ies given in the tables since radon and thoron decay products were 
p resen t in some of the samples at the t ime of the f i r s t count. Other 
counts not given in the tables were used for age calculat ions. 



fission products . The average beta activity increased again in March, 
p r imar i ly because of iodine-131 result ing from the re lease discussed in 
Section III-A. 

On-si te surface water also contained iodine-131 washed out of the 
air by rainfall during this period. After March, the beta activity showed 
the maximum observed in the air fi l ter samples and, beginning in Septem­
ber , the effect of fallout from the USSR tes t s e r i e s . 

The total amount of beta activity ca r r i ed down by precipitation, 
as determined from the seventh day activity, was only 64 m c / m i in I960. 
During 1961, the total deposition of beta activity increased to 952 mc/mi^ , 
and 95% of this activity resul ted from the nuclear testing beginning in 
September. During previous yea r s the total beta deposition varied from 
about 600 m c / m i ^ in 1953, 1954, and 1956 to 11,000 mc /mi^ in 1952. It 
is in teres t ing to note that the alpha act ivi t ies during I960 and 1961 showed 
the same general t rends as the beta activit ies except for the sharp in­
c rease in beta activity from September to December 1961. In the absence 
of t ropospher ic fallout, apparently many of the same var iables influence 
both the alpha and beta act iv i t ies . 

F iss ion product activity in se lected precipitat ion samples collected 
after the resumption of a tmospher ic testing in September 1961 is shown in 
Table XII. For compar ison purposes , the concentrations of s t ront ium-90 
and cesium-137 pr ior to the appearance of fallout from the 1961 test s e r i e s 
were 0.2-0.3 pc / l i t e r , and the shor t e r - l ived iodine-131, bar ium-140, and 
s t ront ium-89 could not be detected. Based on rat ios of the s trontium-89 

TABLE XII 

FISSION PRODUCT ACTIVITY IN SELECTED PRECIPITATION 
SAMPLES , SEPTEMBER-DECEMBER, 1961 

(pc/ l i ter) 

Date of 
Precipitation 

September 23-25 
(first portion) 

October 13 

October 20 
(first portion) 

October 27-29 
(first portion) 
(second portion) 

November 2-3 
(first portion) 
(second portion) 

November 13 

November 16 

December 16 

December 22-23 

Amount of 
Precipi tat ion 

(in.) 

3.86 

0.40 

1.03 

0.86 

0.76 

0.10 

0.48 

0.11 

1.06 

Total 
Beta Activity 

(x 10') 

5.7 

15.9 

17.3 

41.0 
16.5 

30.5 
31.8 

30.2 

10.6 

18.8 

28.2 

(x 10') 

1.3 

0.97 

1.4 

-

4.2 

1.5 

-

-

0.10 

B a ' " 
(x 10') 

1.5 

2.9 

4.0 

5.6 
4.5 

9.2 
12.1 

11.1 

1.9 

2.2 

1.2 

Sr89 
(x 10') 

0.5 

1.8 

1.9 

2.7 
2.0 

5.6 
6.7 

10.4 

1.6 

4 .8 

3.6 

Sr'° 

0.5 

1.5 

1.5 

2.7 
2.3 

4.7 
5.4 

11.2 

1.6 

6.3 

6.2 

C s ' " 

4.3 

2.7 

1.4 

3.9 

2.9 

-

-

-

-



to s t ront ium-90 and of the bar ium-140 to s t ront ium-89 concentrat ions in 
the table, the ages of the fission products in the precipi ta t ion from Sep­
tember 23 through November 16 var ied froni about 20 to 45 days. In the 
December precipi ta t ion the age appeared to be about 80 days, indicating 
the p resence of f ission products produced, on the average , late in Septem­
ber , although a preponderance of fission products from the mult imegaton 
tes t s conducted on October 23 and 30 might have been expected. Fallout 
from the la t te r t e s t s appeared to be presen t in the air during the middle 
of November. However, al l samples probably contained fission products 
from a number of detonations c a r r i e d out at different t imes , so that only 
average fission product ages can be calculated from the data. 

C. Water 

1. Sawmill Creek and Des Pla ines River 

Argonne waste water is d ischarged into Sawmill Creek at 
location 7M in Figure 13, and this s t r e a m was sampled before it passed 
any of the ANL buildings (location 13L) and below the waste water outfall 
(location 7M) to de te rmine if radioact ive m a t e r i a l s were added to the 
s t r eam in the waste wa te r . Samples were collected below the outfall 
three t imes weekly. During I960 each below-outfall sample was analyzed 
individually for some or a l l of the nuclides of in te res t . In I96I equal por ­
tions of each of the three below-outfall samples col lected each week were 
combined pr ior to ana lys i s . In this way the average activity in the 
three samples was obtained. Since the activity in the below-outfall s a m ­
ples general ly var ied widely from day to day, a r epresen ta t ive average 
activity could be obtained only if all the samples were analyzed separa te ly , 
or if the samples -were combined p r io r to ana lys is . The la t ter prac t ice 
was adopted in I96I since it was imprac t i ca l to analyze all the samples 
for al l nuclides of in te res t . 

Above-si te samples were collected at weekly in tervals , and at l eas t 
one sample each month was analyzed for each nuclide of in te res t . When 
the s t r e a m contains little fallout act ivi ty , the radioact ivi ty above the outfall 
consis ts p r imar i l y of na tu ra l act ivi t ies and r ema ins fair ly constant with 
t ime , and the average activity during any period is close to the activity 
found in a few samples col lected during the same period. When the amount 
of fallout is low, the r e s u l t s obtained from such a sampling and analyt ical 
schedule can be compared di rect ly to determine the Argonne contribution 
to the below-outfall wa te r . 

F r o m the middle of September 1961 to the end of the yea r , when 
fallout activity in the c r eek var ied great ly and contr ibuted a significant 
share of the total beta activity, the number of fission product analyses p e r ­
formed on above-s i te wa te r was inc reased to obtain a be t ter value for the 
average beta activity at that location. However, during such periods d i rec t 



coinparisons of above- and below-outfall beta activit ies cannot solely be 
used to evaluate the Argonne contribution to the s t r eam, since fallout is 
added to the s t r eam below the outfall direct ly from the a i r (pr imar i ly by 
precipitation) as well as by above-s i te water . Under these conditions it is 
difficult to evaluate the Argonne contribution accurately, and additional 
evidence, such as detonation dates and a i r and precipitat ion act ivi t ies , a re 
useful. 

The alpha act ivi t ies found in Sawmill Creek water during I960 
and 1961 a r e given in Tables XIII and XIV. The average alpha activity 
above the outfall, approximately 1.9 pc / l i t e r during both y e a r s , was due 
p r imar i ly to radioactive nuclides that occur natural ly in the s t r eam. The 
additional alpha activity below the outfall was evidently added to the s t r eam 
in Argonne waste water . Since c reek water is diluted on the average a p ­
proximately in half by Argonne waste water , the average alpha activity 
below the outfall due to natura l c reek water was about 0,9 pc / l i t e r , or 
one-half of the above-s i te concentrat ion. The additional activity below 
the outfall, about 29 p c / l i t e r in I960 and 6 pc / l i t e r in 1961, resul ted 
from Argonne waste wate r . 

TABLE X m 

NONVOLATILE ALPHA ACTIVITY IN SAWMILL CREEK WATER, 1960 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 
Summary 

Location' 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

Total Alpha Activity 
(pc/liter) 

No. of 
Samples 

3 
12 

2 
12 

3 
11 

4 
13 

4 
12 

5 
13 

4 
11 

5 
14 

4 
12 

4 
13 

5 
12 

3 
11 

46 
146 

Max 

6.1 
366 

2.4 
850 

3.2 
61.6 

3.2 
49.0 

2.1 
74.9 

2.5 
233 

2.7 
55.1 

1.3 
15.1 

4.9 
45.6 

1.4 
20.6 

2.4 
13.3 

1.9 
24.1 

6.1 
850 

Av 

3.1 
81.7 

2.0 
132 

2.7 
20.2 

2.3 
16.1 

1.5 
22.3 

2.1 
35 

2.0 
9.3 

1.1 
6.6 

1.8 
10.4 

1.0 
7.0 

1.7 
7.5 

1.4 
8.1 

1.8 
30 

Uranium 
(pc/l Iter) 

No. of 
Samples 

3 
7 

2 
7 

3 
7 

4 
7 

4 
8 

5 

^ 
4 
7 

5 
9 

4 
6 

4 
6 

5 
6 

2 
6 

45 
83 

Max 

3.5 
418 

2.0 
863 

1.8 
54.3 

1.4 
37.2 

1.8 
81.9 

1.6 
249 

2.0 
50.3 

0.8 
19.2 

0.7 
17.5 

0.9 
18.9 

1.8 
9.8 

1.5 
20.0 

3.5 
863 

Av 

2.0 
156 

1.7 
209 

1.3 
22.4 

1.1 
16.1 

1.4 
32.1 

1.4 
64 

1.5 
12.5 

0.7 
7.0 

0.6 
7.3 

0.7 
8.0 

1.1 
4.6 

1.0 
7.1 

1.2 
46 

Plutonium 
(pc/literl 

No. of 
Samples 

1 
2 

1 
4 

1 
5 

3 
6 

2 
3 

2 
4 

2 
4 

2 
5 

3 
5 

2 
3 

2 
3 

1 
3 

22 
47 

Max 

<D.05 
<0.05 

<D.05 
0.50 

<0.05 
0.54 

<0.05 
0.27 

<D.05 
0.08 

<0.05 
0.15 

<D.05 
0.13 

<0.05 
0.48 

<3).05 
0.09 

<0.05 
0.11 

<0.05. 
<D.05 

<0.05 
0.06 

<0.05 
0.54 

Av2 

-

0.20 

016 

0.13 

0.04 

0.06 

0.06 

0.14 

0.06 

0.08 

-

0.04 

<0.05 
0.09 

Thorium 
(pc/l Iter) 

No. of 
Samples 

1 
2 

1 
4 

1 
4 

3 
6 

2 
3 

2 
4 

2 
4 

2 
5 

3 
5 

2 
3 

2 
3 

1 
3 

22 
47 

Max 

0.23 
<0.05 

<0.05 
0.21 

<0.05 
<0.05 

0.26 
0.05 

<0.05 
<0.05 

<0.05 
1.1 

<0.05 
0.26 

<0.05 
0.50 

<0.05 
1.5 

<0.05 
0.69 

<0.05 
<0.05 

<0.05 
0.45 

0.26 
1.1 

Av2 

-

0.07 

-

0.10 
0.03 

-

0.44 

0.13 

0.17 

0.60 

0.34 

-

0.18 

0.05 
0.18 

iLocation 13L is upstream from the ANL site. Location 7M is downstream from the waste water outfall. See Figure 13. 

^Averages were calculated assuming a concentration of 0.025 pc/liter, one-half of the minimum detectable concentration, for those samples in which 
plutonium or thorium were not detected. 



TABLE ZEE 

NONVOLATILE ALPHA ACTIVITY IN SAWMILL CREEK WATER, 1961 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 
Summary 

Location 1 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

Total Alpha Activity 
(pc/liter) 

No. of 
Samples 

4 
12 

4 
12 

5 
15 

4 
12 

5 
12 

4 
15 

4 
12 

5 
15 

4 
9 

4 
15 

5 
12 

4 
15 

52 
156 

Max 

1.4 
13.8 

3.9 
11.9 

5.5 
7.4 

2.6 
5.9 

1.7 
5.4 

4.0 
64.1 

1.7 
8.1 

3.4 
17.4 

1.6 
7.1 

1.8 
3.9 

2.2 
8.1 

3.1 
10.6 

5.5 
64.1 

Av 

0.9 
9.7 

2.1 
9.0 

3.7 
5.1 

2.1 
4.2 

1.4 
3.4 

2.6 
18.4 

1.4 
5.2 

1.9 
7.7 

1.2 
5.7 

1.4 
2.9 

1.8 
4.0 

2.6 
6.4 

1.9 
7.0 

Uranium 
(pc/liter) 

No. of 
Samples 

2 
12 

2 
12 

3 
15 

2 
12 

2 
12 

2 
15 

2 
12 

2 
15 

2 
9 

2 
15 

2 
12 

2 
15 

25 
156 

Max 

0.54 
10.5 

1.9 
10.6 

2.0 
4.9 

1.5 
5.1 

1.6 
2.9 

1.4 
52.1 

1.0 
6.0 

1.4 
16.9 

1.7 
7.1 

0.93 
3.0 

1.1 
6.4 

1.3 
9.1 

2.0 
52.1 

Av 

0.47 
8.4 

1.2 
8.1 

1.9 
3.5 

1.4 
3.4 

1.4 
2.4 

1.2 
14.8 

1.0 
4.4 

1.3 
8.0 

1.5 
4.8 

0.92 
2.1 

1.0 
2.8 

1.2 
4.8 

1.2 
5.7 

Plutonium 
(pc/llterl 

No. of 
Samples 

153 

Max 

<0.05 
0.20 

<0.05 
0.24 

<0.05 
0.06 

<0.05 
0.05 

<0.05 
0.21 

<0.05 
0.11 

<0.05 
0.70 

<0.05 
<D.05 

<D.05 
0.10 

<0.05 
<0.05 

<0.05 
0.17 

<0.05 
0.27 

<0.05 
0.70 

Av2 

0.10 

0.13 

0.04 

0.04 

0.09 

0.06 

0.33 

-

0.06 

-

0.06 

0.05 

0.08 

Thorium 
(pc/liter) 

No. of 
Samples 

1 
12 

1 
12 

1 
12 

1 
12 

1 
12 

1 
14 

1 
12 

1 
14 

1 
9 

1 
15 

1 
12 

1 
14 

12 
153 

Max 

0.08 
0.25 

<0.05 
0.13 

<0.05 
<0.05 

<0.05 
<0.05 

<0.05 
0.25 

<0.05 
0.25 

<0.05 
<0.05 

<0.05 
0.08 

<0.05 
<0.05 

<0.05 
0.08 

<0.05 
<0.05 

<0.05 
0.58 

0.08 
0.58 

Av2 

0.11 

0.06 

-
-

0.10 

0.05 

-

0.04 

_ 

0.04 

-

0.08 

0.03 
0.05 

iLocation 13L is upstream from the ANL site. Location 7M is downstream from the waste 

^Averages were calculated assuming a concentration of 0.025 pc/liter, one-half of the mi 
which Plutonium or thorium were not detected. 

water outfall. See Figure 13. 

nimum detectable concentration. for those samples in 

A comparison of the total alpha act ivi t ies and uranium concen­
t ra t ions shows that mos t of the activity added by Argonne was due to normal 
uranium. The uranium concentrat ion added to the c reek in Argonne waste 
water , assximing a dilution of one-half below the outfall, was about 45 p c / 
l i te r in I960 and 5 pc / l i t e r in 1961. These concentrat ions a r e equivalent 
to only 0.11 and 0.013% of the MPC, respect ively .* Since some of the 
i960 below-outfall samples that contained below average amounts of total 
alpha activity were not analyzed for uranium, while al l samples were ana­
lyzed for total alpha activity, the average uranium concentrat ions (46 p c / 
l i ter) was g rea t e r than the average total alpha activity (30 pc / l i t e r ) . If 
the average total alpha activity is taken as the average uranium concentration 

•The MPC given by the ICRP for uranium and thorium is based upon a 
special definition of the cur ie such that one "cur i e" of recent ly ex­
t rac ted uranium or thorium is actually equivalent to (very nearly) 
2c of uranium (u"^ + U^^* + U^^ )̂ and thorium (Th^^^ + Th"^). Thus, the 
MPC given by the ICRP mus t be mult ipl ied by two for compar ison with 
the concentrat ions given in this repor t , since these concentrat ions 
were obtained with use of the conventional definition of the cur ie . 



in al l below-outfall samples collected (this is very near ly c o r r e c t since a 
compar ison of individual samples shows that uranium accounts for e s s e n ­
tially all the alpha activity in samples analyzed for both total alpha activity 
and uranium and since significant concentrat ions of other alpha emi t t e r s 
were not detected), the average uranium concentration contributed by the 
waste water was approximately 29 pc / l i t e r , or 0.073% of the MPC. In 
previous y e a r s the average annual alpha activity var ied from 9.6 to 
33 pc / l i t e r , and in each year mos t of the alpha activity was due to u r a ­
nium. Thus, the alpha activity (and uranium concentration) in I960 was 
about the same as the highest average previously found, whereas in 1961 
it was the lowest thus far obtained. 

Exact cor respondence between the total alpha and uranium a c ­
tivit ies cannot be expected even when uranium is the only alpha emit ter 
present , because of the e r r o r s inherent in determining the total alpha a c ­
tivity by counting thick samples and because the uranium isotopic composition 
is unknown. The uranium concentrat ion was determined f luorometr ical ly 
(because of its speed and accuracy for smal l amounts of na tura l or depleted 
uranium) and converted to activity through use of the specific activity of 
natural uranium, the mos t commonly encountered isotopic mix ture . How­
ever , a var ie ty of isotopic mix tu res is used at Argonne, and the alpha a c ­
tivity due to uranium in a given sample can be l a rge r or smal le r than the 
activity calculated fronn the f luorometr ic analysis if the sample contains 
enr iched or depleted uranium. It was imprac t ica l to determine for each 
sample the isotopic composit ion or the uranium activity by separat ion 
and counting. However, samples in which large differences were found be ­
tween the total alpha and uranium act ivi t ies received additional study to 
determine the t rue uranium content. In 1959 a large number of such s a m ­
ples were found, but in I960 and 1961 this problem was encountered only 
r a re ly , and the effect of these samples on the average uranium concentra­
tion was smal l . 

Small amounts of plutonium and thorium were also found in 
about one-half of the below-outfall samples as a resu l t of their presence 
in Argonne waste wa te r . Plutonium in concentrat ions g rea te r than 
0.05 p c / l i t e r was not detected above the site and thorium was found in 
g rea t e r average concentrat ions below the outfall than above. The average 
Argonne contributions during both y e a r s , from the values given in the 
tables , amounted to only 0.0017 and 0.010% of the MPC for plutonium and 
thorium, respect ive ly . If the average concentrat ions a re calculated based 
on an assumpt ion that there existed a concentrat ion of ze ro instead of 
0.025 p c / l i t e r in those samples containing less than the minimum detectable 
concentra t ions , the average plutonium and thorium concentrat ions a re r e ­
duced by 15 and 40%, respect ive ly . The isotopic coinposition of the thorium 
was not specifically investigated, but the growth of alpha activity in the 
separa ted thorium fract ions indicated the presence of equal act ivi t ies of 
thorium-232 and thor ium-228. 



The distr ibution of alpha activity in Sawmill Creek during I960 
and 1961 followed the same pat tern found in previous y e a r s . Below the 
outfall the c reek has usually contained some uranium resul t ing from 
Argonne waste wate r . Plutonium, thorium, and other alpha emi t t e r s have 
been found much l e s s frequently and inmuch smal le r concentrat ions . 

The total beta act ivi t ies and the concentrat ions of the mos t f r e ­
quently encountered beta e m i t t e r s , except thor ium-234 (UXj), a re given 
in Tables XV and XVI. The beta activity above the si te pr ior to Septem­
ber 15, 1961, usually ranged between 5 and 10 p c / l i t e r , although a few 
samples were as high as 15 p c / l i t e r . This is the normal range at this 
location when the fallout activity is smal l compared with the natural beta 
activity. The additional activity below the outfall pr ior to September 15, 
1961, can be a t t r ibuted to contamination in Argonne waste water , and the 
Argonne contribution, principal ly due to s t ron t ium-90, ces ium-137, 
cobal t -58, cobal t -60, and thor ium-234, can be calculated as was done for 
the alpha activity. A method for es t imat ing thor ium-234 is given below; 
concentrat ions of the other nuclides a re given in the tab les . However, 
for the f ission products , s t ront ium-90 and ces ium-137, the total concen­
t ra t ions , r e g a r d l e s s of source (fallout or Argonne), mus t be used for 
compar isons with the MPC' s since these nuclides a r e not natural ly p resen t 
in the environment. 

During the las t qua r t e r of 1961, when fallout from USSR tes t s 
contributed m o s t of the beta activity in the creek, the amount of fission 
products originating in Argonne waste water was more difficult to de t e r ­
mine. By comparing re su l t s for individual samples from all locations 
collected at about the same t ime, from the ra t ios of f ission products of 
different half- l ives and from the fallout activity in precipi tat ion, it is pos­
sible to draw the following conclusions. The s t ron t ium-89 , s t ront ium-90, 
ba r ium-140 , and iodine-131 in the below-outfall samples during this period 
resu l ted p r ima r i l y from fallout, while ces ium-137 was added by both 
Argonne waste wa te r and fallout. Concentrat ions of ces ium-137 in excess 
of 1.5 to 2 p c / l i t e r may be a t t r ibuted ent i re ly to Argonne waste water . For 
example, the below-si te sample containing the l a rges t concentrat ion of 
beta activity during this period, 91 pc / l i t e r , was collected on November 1, 
3, and 6. The b a r i u m - 1 4 o / s t r o n t i u m - 8 9 , s t ron t ium-89 / s t ron t ium-90 , and 
s t ron t ium-90 /ces lum-137 ra t ios in this sample were approximately the 
same as those in an above-s i te sample collected on November 1, although 
the above-s i te sample contained about 3.5 t imes less activity. However, a 
heavy rainfall , totaling 0.76 in. and containing about 3000 pc / l i t e r of total 
beta activity, occu r r ed on November 2 and 3, and the inc reased total activity 
below the site can be a t t r ibuted to this source . 



TABLE 22: 

BETA ACTIVITY IN SAWMILL CREEK WATER, 1960 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 
Summary 

Location! 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

DL 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

Total Beta Activity 
(pc/liter) 

No. of 
Samples 

3 
12 

2 
10 

3 
11 

4 
13 

4 
12 

5 
13 

4 
11 

5 
14 

4 
12 

4 
13 

5 
12 

3 
11 

46 
144 

Max 

15.0 
120 

4.5 
201 

10.1 
155 

8.2 
47.1 

5.4 
79.9 

5.3 
177 

9.1 
424 

6.7 
158 

5.8 
76.1 

5.6 
35.5 

10.8 
32.1 

5.8 
472 

15.0 
424 

Av 

9.3 
36 

4.5 
47 

6.8 
65 

6.0 
28.7 

4.3 
26.8 

4.4 
32.8 

6.7 
57 

5.6 
41 

4.4 
26.3 

4.8 
17.1 

7.0 
15.9 

5.5 
66.4 

5.8 
37 

Strontium-90 
(pc/liter) 

No. of 
Samples 

2 
5 

1 
2 

2 
4 

2 
7 

2 
7 

2 
5 

2 
4 

2 
7 

2 
4 

2 
5 

2 
6 

2 
6 

23 
62 

Max 

1.3 
1.4 

1.1 
0.5 

1.3 
3.4 

1.6 
3.7 

2.0 
2.0 

1.0 
2.0 

0.8 
7.0 

<0.5 
4.6 

0.8 
7.1 

1.0 
1.5 

0.8 
2.6 

<0.5 
182 

2.0 
182 

Av2 

1.2 
1.1 

0.5 

0.9 
1.5 

1.2 
3.2 

1.1 
1.3 

0.8 
1.5 

0.7 
3.5 

2.2 

0.6 
3.1 

0.6 
0.8 

0.5 
1.6 

32 

0.8 
5 

Cobalt-58 
(pc/liter) 

No. of 
Samples 

1 
2 

13 
40 

Max 

<5 
884 

<5 
2500 

<5 
1970 

<5 
344 

<5 
196 

<5 
540 

<5 
2650 

<5 
1580 

<5 
47.8 

<5 
<5 

<5 
68 

<5 
<5 

<5 
2650 

Av2 

495 

850 

855 

262 

105 

185 

815 

655 

28.3 

-

45 

-

369 

Cobalt-60 
(pc/liter) 

No. of 
Samples 

3 

13 
40 

Max 

<2 
<2 

<2 
171 

<2 
22 

<2 
64 

<2 
7.7 

<2 
<2 

<2 
8.5 

<2 
130 

<2. 
2.5 

<2 
<2 

<2 
21 

<2 
<2 

<2 
171 

Av2 

_ 

87 

14 

20 

4.5 

-

3.9 

49 

1.7 

-

11 

-

13 

Cesium-137 
(pc/liter) 

No. of 
Samples 

1 
3 

0 
1 

1 
2 

3 
8 

2 
6 

1 
4 

2 
5 

1 
7 

1 
6 

1 
3 

1 

2 
2 
3 

16 
50 

Max 

<0.5 
17 

1.2 

<0.5 
10.3 

0.9 
6.2 

0.5 
4.7 

<0.5 
4.2 

0.6 
83 

<0.5 
18.5 

<0.5 
11.3 

<0.5 
8.6 

<0.5 
5.3 

<0.5 
8.3 

0.9 
83 

Av2 

7 

-

5.7 

0.4 
2.1 

0.5 
2.7 

2.0 

0.5 
26 

8.7 

5.1 

5.9 

3.4 

5.3 

0.3 
7 

^Location 13L is upstream from the ANL site. Location 7M is downstream from the waste water outfall. See Figure 13. 

^Averages were calculated assuming a concentration of one-half of the minimum detectable concentration for those samples in which a given nuclide was not detected. 
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TABLE 2 E I 

BETA ACTIVITY IN SAWMILL CREEK WATER, 1961 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 
Summary 

Location 1 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

13L 
7M 

Total Beta Activity 
(pc/liter) 

No. of 
Samples 

4 
12 

4 
12 

5 
15 

4 
12 

5 
12 

4 
15 

4 
12 

5 
15 

4 
9 

1^ 

5 
12 

4 
15 

52 
156 

Max 

5.4 
23.2 

8.3 
29.8 

14.3 
33.5 

6.8 
22.6 

8.7 
22.2 

8.3 
59.6 

8.1 
127 

7.4 
72.5 

14.7 
45.7 

19.1 
70.7 

34.1 
90.5 

29.8 
55.3 

34.1 
127 

Av 

4.7 
19.5 

6.6 
26.5 

8.9 
16.6 

6.0 
15.8 

7.3 
17.6 

6.5 
38.6 

6.8 
43.7 

5.8 
36.3 

10.4 
29.6 

13.1 
33.6 

26.5 
50.9 

22.4 
36.8 

10.6 
30.7 

Strontium-90 
(pc/liter) 

No. of 
Samples 

1 
12 

1 
12 

1 
15 

1 
12 

1 
12 

1 
15 

1 
12 

1 
15 

2 
9 

2 
15 

2 
12 

4 

15 

18 
156 

Max 

<0.5 
2.6 

<0.5 
1.5 

0.65 
4.1 

<0.5 
1.0 

0.70 
1.9 

<0.5 
4.6 

0.91 
0.7 

1.2 
9.8 

1.1 
1.1 

0.65 
1.1 

0.80 
1.5 

1.0 
1.1 

1.2 
9.8 

Av2 

1.8 

1.2 

1.8 

0.8 

0.9 

2.3 

0.5 

3.0 

1.0 

0.9 

1.1 

0.7 
0.7 

0.6 
1.4 

Strontium-89 
(pc/liter) 

No. of 
Samples 

1 
12 

1 
12 

1 
15 

1 
12 

1 
12 

1 
15 

1 
12 

1 
15 

2 
9 

2 
15 

2 
12 

4 
15 

18 
156 

Max 

<1 
<1 

<1 
<1 

<1 
<1 

<1 
1.6 

< 1 . 
2.0 

<1 
<1 

<1 
<1 

<1 
<1 

<1 
3.7 

4.4 
8.0 

8.1 
29.2 

12.7 
7.9 

12.7 
29.2 

Av2 

-

-
-

1.0 

0.9 

-

-
-

1.6 

5.4 

17.4 

9.9 
6.6 

2.2 
3.0 

Cobalt-58 
(pc/liter) 

No. of 
Samples 

0 
3 

1 
6 

1 
6 

1 
6 

1 
6 

1 
15 

1 
12 

1 
15 

1 
9 

1 
15 

1 
12 

1 
15 

11 
120 

Max 

<5 

<5 
<5 

<5 
6.7 

<5 
9.0 

<5 
39 

<5 
231 

<5 
735 

<5 
101 

<5 
50 

<5 
616 

<5 
52 

<5 
13.4 

<5 
735 

Av2 

-

-

4.6 

7.5 

36 

88 

202 

46 

2.3 

130 

20 

6.3 

59 

Cobalt-60 
(pc/liter) 

No. of 
Samples 

0 
3 

1 
6 

1 
6 

1 
6 

1 
6 

1 
15 

1 
12 

1 
15 

1 
9 

1 
15 

1 
12 

1 
15 

11 
120 

Max 

1.2 

<2 
1.3 

<2 
<2 

<2 
<2 

1.0 
<2 

8.8 

<2 
26 

<2 
1.6 

<2 
218 

<2 
13 

<2 
1.5 

<2 
2.3 

<2 
218 

Av2 

-

1.0 

-

_ 

1.3 

5.1 

8 

1.1 

79 

3.7 

0.9 

1.6 

8 

Cesium-137 
(pc/liter) 

No. of 
Samples 

1 
12 

1 
12 

1 
15 

1 
12 

1 
12 

1 
15 

1 
12 

1 
15 

1 
9 

2 
15 

2 
12 

2 
15 

15 
156 

Max 

<0.5 
3.7 

<0.5 
3.2 

<0.5 
1.6 

<0.5 
11.3 

<0.5 
3.8 

<0.5 
4.1 

0.5 
2.3 

<0.5 
11.0 

1.0 
1.8 

1.0 
3.2 

1.0 
2.1 

<0.5 
6.5 

1.0 
11.3 

Av2 

2.8 

1.8 

0.8 

3.5 

2.4 

2.3 

1.7 

3.6 

1.0 

1.6 

1.0 

2.8 

0.5 
2.1 

Barium-140 
(pc/liter) 

No. of 
Samples 

15 

12 

12 

15 

12 

15 

15 

12 

15 

13 
153 

Max 

<2 
5.6 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

2.5 
2.5 

4.2 
6.4 

4.2 
11 

<2 
5.0 

4.2 
11 

Av2 

2.9 

-

-

-

-
-

-

-

1.6 

3.4 
4.2 

3.5 
7 

2.4 

1.8 
2 

Iodine-131 
(pc/liter) 

No. of 
Samples 

2 
12 

0 
12 

2 
15 

1 
12 

0 
9 

1 
15 

1 
12 

0 
3 

0 
0 

2 
15 

2 
12 

1 
15 

12 
132 

Max 

<2 
<2 

2 

2.5 
55 

<2 
2.4 

<2 

<2 
3 

<2 
<2 

<2 
<2 

<2 
<2 

5 
8 

9 
11 

<2 
<2 

9 
55 

Av2 

-

1 

1.8 
26 

1.8 

-

1.4 

-

-

-

4 
4 

8 
5 

-
2.8 
5 

location 13L is upstream from the ANL site. Location 7M is downstream from the waste water outfall. See 

^Averages were calculated assuming a concentration of one-half of the minimum detectable concentration 
given nuclide was not detected. 

Figure 13. 

for those samples in which a 



The Argonne contribution of the cobalt nuclides and uranium 
daughters ( thorium-234 and protactinium-234) during periods of fallout 
can be readi ly obtained as before, since fallout contains l i t t le, if any, of 
these nuclides. The uranium-daughter contribution can be es t imated from 
the uranium concentrat ions and total alpha act ivi t ies given in Tables XIII 
and XIV as follows. The m e a s u r e d beta-dis integrat ion ra te (as thal l ium-204, 
the nuclide on which the total beta analysis is based) due to thorium-234 
and protact in ium-234 in equil ibrium with the parent uranium is equivalent 
to about 90% of the uranium concentrat ion with the type of sample p r e p a r a ­
tion, counting, and self -absorpt ion and other correct ion factors used in ob­
taining total beta act ivi t ies in water . Analyses for thorium-234 in some 
of the below-outfall samples indicated that about 70% of the equilibrium 
amount was p resen t on the average in the water . Thus, the average 
thor ium-234 and protact inium-234 act ivi t ies a re equal to approximately 
60% of the uranium activity. 

The average and maximum concentrat ions of beta emi t t e r s , t o ­
gether with the corresponding percentages of the MPC's , in below-outfall 
c r eek water a re given in Table XVII. The mos t abundant beta emit ter in 
the creek, in t e r m s of activity, was cobalt-58. The total beta activit ies in 
the c reek (see Tables XV and XVl) a re considerably less than the cobalt-58 
concentrat ions for two r easons . In the decay of cobalt-58, only 15% 
occurs by posi t ron emiss ion . The portion that decays by electron capture, 
85%, contr ibutes little to the m e a s u r e d beta activity. In addition, during 
i960 many of the samples containing below-average amounts of beta activity 
were not analyzed for cobalt, and thus the observed average cobalt-58 (and 
cobalt-60) activity is g rea t e r than the average that would have been obtained 
if all samples were analyzed for cobalt, or if the samples analyzed were 
selected at random. During I96I all Sawmill Creek samples were analyzed, 
in the form of weekly combined samples , and the average total beta activity 

T A B L E XVII 

B E T A EMITTING NUCLIDES IN B E L O W - O U T F A L L 
SAWMILL C R E E K WATER, 1960-1961 

Nucl ide 

Coba l t -58 
Coba l t -60 
T h o r i u m - 2 3 4 
C e s i u m - 137 
Iod ine -131 
S t r o n t i u m - 9 0 
S t r o n t i u m - 8 9 
Bar iunn-140 

C o n c e n t r a t i o n ( p c / l i t e r ) 

M a x i m u m 

1960 

2650 
171 
200 

83 
<2 

182 
<1 
<2 

1961 

735 
218 

42 
11.3 
55 

9.8 
29.2 
11 

A v e r a g e 

1960 

369 
13 
18 

7 
< 2 

5 
< 1 
< 2 

1961 

59 
8 
4 
2.1 
5 
1.4 
3.0 
2 

P e r c e n t MPC 

M a x i m u m 

1960 

2.7 
0.34 
1 
0.4 

<0 .1 
182 
<0 .01 
<0 .007 

1961 

0.7 
0.4 
0.2 
0.06 
2.8 
9.8 
0.3 
0.04 

Ave rage 

I960 

0.4 
0.03 
0.09 
0.04 

<0 .1 
5 

<0 .01 
<0.007 

1961 

0.06 
0.02 
0.02 
0.01 
0.3 
1.4 
0.03 
0.007 



can be compared direct ly to 15% of the cobalt-58 activity to obtain the 
fraction due to this nuclide. The cobalt nuclides a r e bel ieved to originate 
p r imar i l y in the EBWR reac to r at ANL and a re produced by neutron i r ­
radiat ion of some of the m a t e r i a l s of construct ion (iron, cobalt, and nickel). 

In t e r m s of percent of MPC, the only significant contribution to 
the beta activity was made by s t ron t ium-90, an average of 5% in I960 and 
1.4% in 1961. In I96O about 60% of the s t ront ium-90 was found in one sample 
collected on December 9- Excluding this sample, the maximum and average 
concentrat ions were 7.0 and 2.1 p c / l i t e r , or 7 and 2.1% of the MPC, r e s p e c ­
tively. No unusually high s t ront ium-90 concentrat ions were encountered in 
1961, and the average s t ront ium-90 content was correspondingly lower. 

The iodine-131 found below the outfall f rom the middle of 
F e b r u a r y to ear ly Apri l I96I and above the site in March 1961 was due to 
the iodine r e l ea se d i scussed e a r l i e r . Some of this iodine may have entered 
the c r eek in ANL waste wate r . However, some was added direct ly to the 
waste water from the a tmosphere , since iodine-131 was also found in a i r , 
ra in, and above-s i te water during this period. 

It should be pointed out that the average values for nuclides 
found only infrequently in the c reek and in concentra t ions close to the mini ­
mum detectable amount may be g rea t e r than the t rue values because of the 
method used in computing the ave rages . The nuclides for which this con­
s idera t ion apply, e.g., ba r ium-140 and ces ium-137 above the s i te , can be 
de termined by compar ing the max imum and average values in the tab les . 
However, it is probable that the average concentrat ions of nuclides in 
samples in which they were not detected is not g rea t e r than one-half of 
the minimum detectable amount, so the average concentra t ion is not 
underes t imated . 

As was mentioned previously, the s t ront ium-89 and bar ium-140 
found below the outfall in I96I were added p r ima r i l y as fallout. For the 
other f ission products , it is es t imated that 20-25% of the iodine-131, 
ces ium-137 , and s t ron t ium-90 during the year resu l ted from fallout and 
that the remainder was added in Argonne waste wa te r . The cobalt nuclides 
were not detected above the s i te , so that they were essent ia l ly all added 
in the waste water . During I96O Argonne added an average of about 33 pcjS/ 
l i ter to below site wate r . The r ema inde r was due to fallout (about 1 p c / 
l i ter ) and natural activity (about 3 p c / l i t e r ) . During I96I the Argonne con­
tr ibut ion averaged about 20 p c / l i t e r . The dec rease resu l t ed pr incipal ly 
from a dec rease in the amounts of cobal t -58 and thor ium-234 . The fallout 
and natura l activity contr ibut ions in I96I were about 7 and 3 p c / l i t e r , 
respect ive ly . 



As a resu l t of dilution by ANL waste water , it is possible for 
the concentrat ions of some fission products to be lower below the outfall 
than above. This has been observed in other ye a r s and occur red for 
s t ront ium-89 in December , when the waste water evidently contained less 
than natural c r eek water . 

The fission product activity during I960 may be evaluated from 
the s t ront ium-90 and ces ium-137 concentrat ions in above-s i te water . The 
abundances of these nuclides were about the same ear ly in I960 as in the 
las t quar te r of 1959. A slight inc rease was observed in the spring, prob­
ably for the same reasons that the air act ivi t ies increased, after which a 
dec rease was general ly observed. There was little change in the average 
concentrat ions of these long-lived nuclides during 1961, in spite of the large 
increase in shor t - l ived fission products from the I96I USSR te s t s , although 
the fraction of samples giving positive resul ts increased substantially in 
the las t quar te r of 1961. F i ss ion products other than those l isted in the 
tab les , notably z i rcon ium-95-n iob ium-95 , ce r ium-141 , and cer ium-144, 
were also p resen t at both locations in the creek after September 15, 1961, 
but since analyses for these nuclides were not done routinely, except 
qualitatively, the r e su l t s a re not included. 

On two occasions water samples were collected at severa l lo ­
cations between the outfall and 335 yards downstream to determine if any 
loss of activity occu r r ed as the water moved downstream. The resu l t s 
a r e tabulated in Table XVIII. Although the resu l t s a re not conclusive be ­
cause the total act ivi t ies were re la t ively low, it appears that the losses 
were smal l . The dec rease in alpha activity in the f i rs t 50 yards on Octo­
ber 27, 1961, indicates that any losses occur red ear ly . Unfortunately, the 
activity at 50 ya rds (2.4 p e a / l i t e r ) was very near ly the same as the natural 
activity. Studies of the c reek bed m a t e r i a l in this region of the s t r eam 
(see Section III-D) show that some activity is absorbed from the water . 
The ra te of remova l will cer ta inly vary , even for the same nuclide, with 
pH, the amount and nature of the c reek bed, and other va r iab les . It is 
planned to repea t this type of sampling and, if losses occur , to determine 
the identity of the active nuclides in the water and the bed. 

2. Des Pla ines River 

Since Sawmill Creek empties into the Des Plaines River about 
500 yards downstream from the was te -wa te r outfall, the r iver was sampled 
regular ly above and below the mouth of Sawmill Creek to determine if the 
activity in the c reek had any effect on the activity in the Des Plaines River. 
P r i o r to May I960, samples were collected at monthly in terva ls . Beginning 
in May, collections were made at weekly intervals when water was available. 



TABLE XVIII 

TOTAL ACTIVITY IN SAWMILL CREEK AS A FUNCTION OF 
DISTANCE DOWNSTREAM FROM THE 

WASTE-WATER OUTFALL 

Distance from 
Outfall (yards) 

0 
30 
50 
80 

135 
155 
220 

1 335 

Nov. 14, I960 

p e a / l i t e r 

3.6 
4.6 

5.0 
4.9 

4.9 
4.8 

pcjS/liter 

10.9 
10.4 

11.4 
12.8 

13.7 
11.7 

Oct. 27, 1961 

p e a / l i t e r 

6.2 

2.4 

3.1 

3.5 

pc]3/li ter 

19.4 

13.6 

12.8 

14.3 

All samples were analyzed for total activity. Analyses for 
specific e lements and nuclides were performed l e s s frequently, as indi­
cated in the t ab les . 

Alpha and beta ac t iv i t ies , and concentrat ions of uranium and 
some of the fission products a r e given in Tables XIX and XX. The ac t iv­
ities were very s imi l a r at both locat ions, and no significant or consistent 
differences could be found. 

In addition to the r e su l t s in the tables , thor ium and plutonium 
analyses were per formed monthly; the samples collected in Februa ry , 
March, and Apri l (when iodine-131 r e l eased at Argonne was found in air 
and in Sawmill Creek water) were analyzed for iodine-131. None of the 
samples analyzed contained detectable amounts of these act iv i t ies . 

G a m m a - r a y spec t r a were taken on all s amples , and cobalt 
separat ions w e r e per formed occasional ly. Cobalt act ivi t ies were not 
detected, and the g a m m a - r a y spec t r a were very s imi l a r at both locat ions. 

All of the r e su l t s indicate that the activity in Sawmill Creek 
had no effect on the radioact ivi ty in the Des Plaines River. This is r e a ­
sonable in view of the large dilution of Sawmill Creek water by the much 
g rea te r volume of water in the r ive r . 

The alpha act ivi t ies and uranium concentrat ions throughout 
both y e a r s were s imi la r to those found e a r l i e r in the r ive r and a r e con­
s idered normal . The beta act ivi t ies during I960 and the f i rs t eight months 
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of 1961 var ied between about 5 and 15 pc / l i t e r and averaged approximately 
8 pc / l i t e r . Beta act ivi t ies of this magnitude have been found in the past 
when fallout activity was smal l compared with the natural activity, and 
are considered to be essent ia l ly normal for the r ive r . 

TABLE XIX 

RADIOACTIVITY IN DES PLAINES RIVER WATER, I960 
(pc/l i ter) 

Date 
Collected^ 

February 28 

March 30 

April 27 

May 

June 

July 

August 

September 

October 

November 

December 

Average 

Location^ 

B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

Alpha 
Activity 

2.0 

2.4 
2.3 

1.8 
1.9 

2.5 
2.5 

2.7 
2.6 

2.4 
2.3 

2.8 
2.1 

1.5 
1.5 

1.2 
1.7 

3.1 
2.6 

3.2 
2.6 

2.4 
2.2 

Beta 
Activity 

5.9 

7.5 
7.5 

3.7 
6.4 

8.3 
8.5 

7.3 
8.9 

7.4 
7.8 

7.6 
8.2 

9.4 
10.1 

11.7 
10.6 

11.6 
11.2 

9.3 
7.9 

8.4 
8.5 

Uranium 

2.1 

1.0 
0.94 

1.3 
1.3 

1.3 
1.4 

1.5 
1.6 

1.5 
1.8 

1.6 
1.6 

1.2 
1.3 

1.6 
1.0 

1.5 
1.5 

1.5 
1.6 

1.4 
1.5 

Cesium-137 

-

-
-

<0.5 
<0.5 

-
<0.5 

0.7 
<0.5 

<0.5 
<0.5 

-
-

<0.5 
<0.5 

1.1 
-
_ 
-

-
-

0.5 
0.3 

Strontium-90 

0.8 

-
-

-
-

1.1 
1.1 

-
1.3 

< 0.5 
< 0.5 

_ 
-

< 0.5 
1.0 

_ 
< 0.5 

0.9 
0.8 

-
-

0.6 
0.9 

1 From May through December samples were collected weekly. All samples 
were analyzed for total alpha, beta, and uranium activities. The averages 
a re given in the table. The maximum values from May through December were: 

Location A 
Location B 

Alpha 
Activity 

4.2 
3.5 

Beta 
Activity 

15.9 
13.5 

Uranium 

2.3 
2.2 

The other analyses were performed on one sample each month and are listed 
individually in the table. 

^ Location A is approximately 5 miles above the mouth of Sawmill Creek, 
Location B is approximately 2.3 miles below the mouth of Sawmill Creek. 



TABLE 2XL 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 
Summary 

Location 1 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

Alpha Activity 
(pc/liter) 

No. of 
Samples 

1 
1 

2 
2 

5 
5 

4 
4 

5 
5 

3 
4 

4 
4 

5 
5 

4 
4 

4 
4 

5 
5 

3 
4 

45 
47 

Max 

2.2 
2.6 

1.9 
2.2 

4.1 
2.8 

2.5 
3.2 

2.8 
3.3 

5.0 
3.2 

2.4 
2.0 

5.1 
2.7 

3.8 
3.7 

4.4 
5.5 

3.8 
3.1 

5.1 
3.8 

5.1 
5.5 

Av 

-

1.6 
1.7 

2.5 
2.3 

2.2 
2.4 

2.3 
1.9 

2.4 
2.5 

1.9 
1.4 

2.6 
2.0 

2.2 
2.6 

3.3 
3.5 

2.5 
2.3 

4.2 
3.3 

2.5 
2.4 

NONVOLATILE RADIOACTIVITY IN DES PLAINES RIVER WATER, 1961 

Beta Activity 
(pc/liter) 

No. of 
Samples 

1 
1 

2 
2 

45 
47 

Max 

10.5 
10.4 

13.8 
14.0 

11.8 
11.0 

10.6 
9.8 

9.3 
11.3 

16.0 
13.3 

14.2 
12.2 

15.8 
11.7 

22.5 
21.3 

22.5 
26.3 

48.1 
54.0 

66.0 
56.1 

66.0 
56.1 

Av 

-

12.4 
12.3 

8.0 
8.2 

8.4 
7.4 

7.7 
9.2 

11.5 
10.3 

11.6 
10.9 

12.3 
10.4 

14.6 
16.1 

18.9 
21.2 

37.0 
40.5 

57.1 
47.8 

17.5 
17.1 

Uranium 
(pc/liter) 

No. of 
Samples 

1 
1 

1 
2 

2 
5 

3 
4 

2 
5 

1 
1 

2 
3 

1 
5 

2 
4 

2 
4 

2 
5 

2 
4 

21 
43 

Max 

1.7 
2.2 

1.0 
1.5 

1.3 
1.6 

2.1 
2.3 

1.9 
1.7 

1.2 
2.2 

1.4 
1.2 

1.0 
1.2 

1.1 
2.6 

2.2 
2.3 

1.7 
1.7 

2.0 
2.1 

2.2 
2.3 

Av 

_ 

1.5 

1.2 
1.3 

1.9 
2.0 

1.7 
1.5 

1.5 

1.1 
1.1 

0.9 

0.9 
1.2 

1.9 
1.8 

1.6 
1.5 

1.9 
1.9 

1.5 
1.5 

Strontium-90 
(pc/liter) 

No. of 
Samples 

0 
0 

2 
1 

1 

12 
11 

Max 

-

<0.5 
0.6 

0.5 
0.8 

0.8 
0.7 

<0.5 
<0.5 

0.9 
0.8 

0.9 
1.3 

1.0 
1.4 

0.6 
0.5 

0.5 
0.6 

0.8 
0.5 

0.8 
0.8 

1.0 
1.4 

Av2 

-

-

-

_ 

-

_ 

_ 

-

_ 

-

-

_ 

0.7 
0.8 

Strontium-89 
(pc/literl 

No. of 
Samples 

0 
0 

2 
1 

12 
11 

Max 

-

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

5.5 
4.8 

2.2 
4.7 

14.2 
13.5 

10.2 
13.6 

14.2 
13.6 

Av2 

_ 

-

-

-

-

_ 

_ 

-

_ 

-

_ 

-

3.0 
3.6 

Barium-140 
(pc/iiter) 

No. of 
Samples 

0 
0 

2 
1 

12 
11 

Max 

-

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

4.3 
4.2 

3.9 
4.3 

11.1 
6.3 

3.3 
3.7 

11.1 
6.3 

Av2 

-

-

-

-

_ 

-

-

_ 

_ 

_ 

-

-

2.2 
2.0 

Cesium-137 
(pc/liter) 

No. of 
Samples 

12 
12 

Max 

<0.5 
<0.5 

<0.5 
<0.5 

<0.5 
<0.5 

<0.5 
<0.5 

<0.5 
<0.5 

0.5 
0.6 

<0.5 
<0.5 

<0.5 
0.6 

0.9 
<0.5 

1.0 
2.5 

0.9 
0.5 

0.5 
1.7 

1.0 
2.5 

Av2 

-

_ 

-

_ 

-

-

-

_ 

_ 

-

-

-

0.5 
0.6 

iLocation A is approximately 5 
Location B is approximately 2. 

^The averages were calculated 
in which a given nuclide was 

miles above the mouth of Sawmill Creek. 
3 miles below the mouth of Sawmill Creek. 

assuming a concentration of one-half of the minimum detectable concentration for those samples 
not detected. 



The effect of the p resence of recently produced fission product 
fallout on the total beta, ba r ium-140 , and s t ront ium-89 concentrat ions 
after September 1961 can be seen from Table XX. Short-l ived fission 
products could not be detected p r io r to September 1961. The average f i s ­
sion product concentrat ions were calculated as indicated previously for 
Sawmill Creek, using one-half of the minimum detectable amount as the 
concentrat ion in samples containing l e s s than this minimum. This resu l t s 
in an overes t imated average for the shor t - l ived fission products , bar ium-140 
and s t ron t ium-89 , since their concentrat ions were probably much less than 
the one-half value p r io r to September. If the concentrations of these nuclides 
a r e a s sumed to have been ze ro p r io r to September, the annual averages a r e 
about 10% lower than those in the table . During the four months in which 
these nuclides were detected, the concentrat ions were 8.0 and 5.7 pc / l i t e r 
for s t ront ium-89 and ba r ium-140 , respect ively , above the creek, and 9.2 
and 4.7 p c / l i t e r , respect ive ly , below the creek. 

3. Other Waters 

The total act ivi t ies in other s t r eams and ponds on the ANL 
site a r e given in Table XXI. The above-average activity in the s to r ­
age lagoon for contaminated waste water resul ted from the activity in 
the waste water s to red occasionally in the lagoon and from activity 

TABLE XXI 

NONVOLATILE RvVDIOACTIVITY IN PONDS AND STREAMS ON ANL SITE, 1960-61 

Date Collected 

April 29, I960 

July 29, I960 

September 30, I960 

November 2 1 , I960 

December 7, I960 

August 29, 1961 

September 22, 1961 

Summary 

No. of 
Samples 

3 
2b 

3 

2 

4 
3b 

1 

3 
2b 

4 

20 
17b 

Alpha Activity 
(pc/ l i te r ) 

Max 

4.4^ 
2.8 

1.9 

5.2 

5.8 
5.8 

2.1 

3.9^ 
2.3 

1.9 

5.8 
5.8 

Av 

3.1 
2.5 

1.2 

3.0 

2.9 
2.5 

-

2.4 
1.7 

1.5 

2.3 
1.9 

Beta Activity 
(pc/ l i ter) 

M a x 

105^ 
7.7 

8.5 

7.7 

21.4a 
9.3 

5.7 

61.5a 
8.4 

16.3 

105 
16.3 

Av 

40 
7.5 

6.9 

7.5 

10.8 
7.3 

-

38,8 
8.1 

13.5 

19 
8.7 

Collected from lagoon used for the s torage of contaminated waste water . 

'Excluding s torage lagoon for contaminated waste water . 



leached from the bed of the lagoon. The bed contains activity absorbed 
from waste water s tored in previous y e a r s , so that lagoon water be ­
comes contaminated when only ra in is p resen t in the lagoon. The same 
nuclides found in Sawmill Creek due to waste water were found in the 
lagoon (cobalt-58, cobalt-60, s t ron t ium-90, ces ium-137, uranium, and 
plutonium). 

Similar r esu l t s were obtained in other y e a r s . The total ac t iv i ­
t ies in the natural ponds were s imi la r to those found e a r l i e r at the same 
locat ions. Samples from one lagoon, at location I IG in Figure 13, contained 
up to about 6 pc / l i t e r of alpha activity. This activity was due principally 
to uranium. The average alpha activity in surface water is approximately 
2 p e a / l i t e r . The beta act ivi t ies in the natura l ponds p r io r to September 
1961,5-10 pc / l i t e r , were uniformly low and close to natura l levels . The 
inc rease in the samples collected on September 22, 1961, was due to fal l­
out from the USSR t e s t s . The beta activity in these samples decayed as 
expected. 

The total act ivi t ies in lakes and s t r eams within 25 mi les of 
the ANL, site a re l is ted individually in Tables XXII and XXIII and suinma-
r ized in Table XXIV. The average and range (0.3 to 4.7 pc / l i t e r ) of alpha 
act ivi t ies were normal through both y e a r s . Except for one sample col­
lected from Lake Calumet in July I960, the beta act ivi t ies were relat ively 
low pr io r to September I96I and were s imi lar to those found in the Des 
Plaines River. The average beta activity, about 8 pc / l i t e r , was smal le r 
than for any year since sample collection was begun in 1952. Previous 
annual averages ranged from 15 p c / l i t e r in 1954 to 43 p c / l i t e r in 1953. 
These fluctuations were due to varying amounts of fission product activity, 

TABLE 2 Z E 

NONVOLATILE RADIOACTIVITY IN SURFACE WATER NEAR ANL, 1960 

Location 

Des Plaines River, Brookfield 
Des Plaines River, Willow Springs 
Des Plaines River, Lemont 
Des Plaines River, Romeoville 
Illinois River, Morris 
Confluence - Illinois, Kankakee, and 

Des Plaines Rivers 
Du Page River, Naperville 
Du Page River, Channahon 
Flag Creek,German Church and Wolf Roads 
Salt Creek, Wolf Road, Western Springs 
McGinnis Slough, U. S. Route 45 and 

III. Route 7 
Saganashkee Slough, 104th Ave. and Sag Canal 
Sanitary and Ship Canal, Lemont 
Fox River, Aurora 
Uke Calumet, 111th St., Chicago 
Lake Michigan, lUth St., Chicago 
Cal-Sag Canal, 109th and Willow Springs Road 
Average 

April 

pca/g 

1.5 
1.8 
1.9 
-
1.8 
-

2.5 
-
-
-
-

0.7 
-
-
-
-
-
1.7 

pcp/g 

6.1 
3.7 
6.4 
-

4.9 
-

4.8 
-
-
-
-

8.6 
-
-
-
-
-

5.8 

May 

pca/g 

_ 
2.5 
2.4 
-
1.4 
2.7 

-
-
-
-
-

-
-
-
-
-
-
2.3 

pcP/g 

_ 
9.7 
9.4 
-

4.7 
8.3 

-
-
-
-
-

-
-
-
-
-
-

8.0 

JL 

pca/g 

_ 
1.9 
1.8 
1.9 
-

4.6 

-
-
1.0 
-
-

-
0.7 
-

0.9 
0.3 
-
1.6 

ly 

pcP/g 

_ 
7.8 
8.2 
7.7 
-

14.2 

-
-

10.0 

-
-

-
5.8 
-

76.1 
1.3 
-

16.4 

September 

pca/g 

2.0 
1.5 
1.6 
1.3 
-
1.6 

1.7 
1.5 
-
-
-

-
-
-
-
-
-
1.6 

pcp/g 

7.0 
7.8 

10.4 
8.1 
-
6.7 

12.6 
7.6 
-
-
-

-
-
-
-
-
-
8.6 

November 

pca/g 

3.8 
3.4 
2.7 
2.6 
2.3 
1.6 

3.1 
2.3 
-

4.7 
1.9 

-
0.4 
1.0 
1.6 
0.4 
1.1 
2.2 

pcp/g 

6.0 
10.0 
7.1 
8.3 
5.9 
6.5 

14.9 
6.8 
-

12.8 
14.8 

-
4.5 
3.0 
5.2 
1.4 
5.0 
7.5 



TABLE urn. 

NONVOLATILE RADIOACTIVITY IN LAKES AND STREAMS NEAR ANL, 1961 

Location 

Des Plaines River, Brookfield 
Des Plaines River, Willow Springs 
Des Plaines River, Lemont 
Des Plaines River, Romeoville 
Illinois River, Morris 
Confluence- Illinois, Kankakee, and 

Des Plaines Rivers 
Du Page River, Naperville 
Du Page River, Channahon 
Flag Creek, German Church and Wolf Roads 
Salt Creek, Wolf Road, Western Springs 
McGinnis Slough, U. S.Route45 & IM. Route7 
Cal-Sag Canal 
Saganashkee Slough, 104th Ave. and Sag Canal 
Sanitary and Ship Canal, Lemont 
Fox River, Aurora 
Sauk Lake, Park Forest 
Lake Michigan, 111th St, Chicago 
Long Run Creek 
Average 

April 

pca/g 

2.0 
2.2 
2.4 
1.3 
-

2.4 

2.2 
-
-

2.3 
1.5 
-
-
-

0.3 
-
-
-
1.8 

pcP/g 

7.2 
8.4 
7.4 
6.0 
-
8.2 

6.9 
-
-
7.6 

14.1 

-
-
-
4.1 
-
-
-
7.8 

May 

pca/g 

-
2.3 
1.9 
-
1.3 
1.0 

-
-
-
-
-
-
-
-
-
-
-
-
1.6 

pcp/g 

-
7.7 
9.2 
-

3.8 
5.4 

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

6.5 

August 

pca/g 

1.2 
2.6 
2.0 
1.1 
-
1.4 

-
1.2 
1.0 
-
-
-
-

0.3 
-
-
-
-
1.4 

pcP/g 

11.9 
12.3 
10.4 
8.9 
-
5.8 

-
8.1 

20.2 

-
-
-
-
4.5 
-
-
-
-

10.3 

September 

pca/g 

-
2.2 
2.6 
2.5 
-

2.0 

-
-
-
-
-
1.3 
0.3 
-
-

0.3 
0.2 
1.3 
1.4 

pcP/g 

. 
14.6 
16.1 
11.3 

-
8.5 

-
-
-
-
-

10.7 
6.8 
-
-
5.8 
1.9 
5.4 
9.0 

October 

pca/g 

-
3.3 
3.5 
-

3.0 
-

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

3.3 

pcp/g 

-
18.9 
21.2 
-

19.8 
-

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

20.0 

TABLE XXIV 

NONVOLATILE RADIOACTIVITY IN SURFACE WATER NEAR ANL, 1960-61 

Month 

April , 1960 

May, I960 

July, 1960 

September, I960 

November, I960 

I960 
Summary 

Apri l , 1961 

May, 1961 

August, 1961 

September, 1961 

October, 1961 

1961 
Summary 

Distance from 
ANL (miles) 

10 
25 

10 
25 

10 
25 

10 
25 

10 
25 

10 
25 

10 and 25 

10 
25 

25 

10 
25 

10 
25 

25 

10 
25 

No. of 
Samples 

4 
2 

2 
2 

5 
3 

4 
3 

8 
7 

23 
17 

40 

4 
3 

2 

3 
3 

3 
4 

1 

10 
13 

Alpha 
Activity 

(pc/ l i ter) 

M a x 

2.5 
1.8 

2.5 
2.7 

1.9 
4.6 

1.7 
2.0 

4.7 
3.8 

4.7 
4.6 

4.7 

2.3 
2,4 

1.3 

1.2 
1.4 

1.3 
2.5 

3.1 

2.3 
3.1 

Av 

1.7 
1.7 

2.4 
2.1 

1.5 
1.9 

1.5 
1.7 

2.5 
1.9 

2.0 
1.9 

2 .0 

2.0 
1.3 

1.2 

0.8 
1.2 

1.0 
1.3 

-

1.5 
1.4 

Beta 
Activity 

(pc/ l i ter) 

M a x 

6.4 
6.1 

9.7 
8.3 

10.0 
76.1 

12.6 
7.6 

14.9 
6.8 

14.9 
76.1 

76.1 

14.1 
8.2 

5.4 

20.2 
8.1 

10.7 
11.3 

19.8 

20.2 
19.8 

Av 

5.9 
5.5 

9.6 
6.5 

7.9 
30.2 

9.7 
7.1 

9.7 
5.0 

8.6 
10.1 

9.0 

9.0 
6.1 

4.6 

12.3 
7.6 

7.6 
6.9 

-

9.6 
7.5 



and the exact average obtained depends on the t imes of sample collection 
and nuclear test ing, since these samples a r e collected only at severa l 
month in te rva l s . Samples collected in September and October 1961 showed 
the effect of fallout from the I96I t e s t s . The beta activit ies in some of the 
samples increased by up to a factor of two, and the beta activity decayed 
by about a factor of two in four months . The amount of f resh fallout var ied 
considerably between samples . At some locations the presence of shor t ­
lived fission products could not be detected from the total beta activity 
and the ra te of beta decay. 

The Lake Calumet sample taken in July I960 contained 
76 pc / l i t e r of beta activity, about 10 t imes the normal value for this loca­
tion. This sample showed no beta decay over a period of eight months 
and did not contain s t ront ium-90 or any detectable amounts of gamma-
emitting nuclides. The source and identity of the activity in this sample 
is not known. 

Additional analyses were performed on about one- thi rd of the 
Illinois River samples with the following r e su l t s . Strontium-90 and 
cesium-137 concentrat ions ranged from 0.5 to 0.7 pc / l i t e r , uranium from 
0.8 to 2.2 pc / l i t e r , thorium from less than 0.05 to O.I6 pc / l i t e r , and the 
plutonium concentrat ions were all l e ss than 0.05 pc / l i t e r . The Illinois 
River samples a re of i n t e re s t because the Des Pla ines River (containing 
Sawmill Creek water) mee t s the Kankakee River to form the Illinois, and 
the Dresden Nuclear Power Plant is located at this junction. No activity 
other than fallout and natural activity was found in any of these samples . 

The total act ivi t ies in the reference site samples a r e given in 
Table XXV. The alpha act ivi t ies were uniformly low and normal . The 
variat ions in beta activity were s imi la r to those found in water collected 
near ANL. The beta act ivi t ies were low in, May and November I960 and 
in May I96I . The effect of fallout on the October 1961 samples is evident 
from the total beta act ivi t ies in al l samples , including those from Lake 
Michigan. The beta activity in all of these samples decayed appreciably 
in a few months, confirming the p resence of shor t - l ived fission products . 

TABLE X S t 

NONVOLATILE RADIOACTIVITY IN SURFACE WATER FROM REFERENCE SITES, 1960-61 

Location 

Lake Delavan, Wisconsin 
Fox River, Oak Point State Park, Wisconsin 
Lake Michigan, St Joseph, Michigan 

near shore 
1500 ft from shore 

Magician Lake, Michigan 
Illinois River, Starved Rock State Park, 

Illinois 
Shafer Lake, Monticello, Indiana 
Kankakee River, Kankakee River State 

Park, Indiana 
Average 

May 25-26, 1960 

pca/liter 

05 
06 

02 
-

01 
14 

12 
07 

07 

pcP/hter 

50 
49 

16 
-

42 
42 

28 
20 

35 

November 16-17, 1960 

pca/liter 

18 
21 

03 
-

04 
17 

16 
-

13 

pcP/liter 

48 
66 

08 
-

35 
74 

23 
-

42 

May 25-26 1961 

pca/liter 

07 
03 

02 
0 09 
01 
09 

12 
09 

05 

pcP/hter 

32 
20 

12 
12 
31 
48 

19 
23 

25 

October 24-26 1%1 

pea/liter 

06 
09 

01 
01 
01 
31 

09 

08 

pcp/liter 

19 3 
13 5 

32 
25 
97 

16 4 

92 

10 5 



39 

The activity due to fallout has been appreciably higher in other y e a r s . For 
example, in 1958 and 1959 the beta activit ies in Lake Michigan var ied from 
7 to 21 pc / l i t e r and in Lake Delavan from 7 to 50 pc / l i t e r as a resul t of 
fallout. 

D. Bottom Silt 

The activity in the beds of lakes and s t r eams is of in teres t for 
severa l r easons . Where the conditions a re appropriate for removing and 
concentrating activity from wate r , plant and animal life may be exposed 
to higher radiat ion doses than expected from water act ivi t ies alone. The 
bed, by concentrating activity, may show low-level s t r eam contamination 
when water analyses do not. The bed can also retain activity for a con­
siderable length of t ime , and indicate water contamination that was unde­
tected in the past . 

The total act ivi t ies in samples of bottom silt collected monthly from 
Sawmill Creek and the Des Plaines River a re given in Tables XXVI and 
XXVII. Although total act ivi t ies in bottom silt vary considerably between 
locations and between samples collected at different t imes at the same 
location, alpha act ivi t ies in excess of 35 pc/g and beta act ivi t ies in excess 
of 90 pc /g a r e abnormally high. In borderl ine cases , specific analyses a re 

TABLE "yWT 

NONVOLATILE RADIOACTIVITY IN BOHOM SILT FROM 
SAWMILL CREEK AND DES PLAINES RIVER 1950 

Date 
Collected 

January 21 

March 30 

April 6 

May 4 

July6 

August 3 

September 7 

October 7 

November 2 

December 7 

Average 

Location' 

B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

Sawmill Creek 

pca/g 

51 

23 
26 

22 
30 

20 
26 

22 
20 

26 
25 

23 
50 

27 
17 

26 
16 

27 
17 

24 
28 

pcU/g 

113 

65 
47 

73 
106 

53 
74 

60 
67 

66 
52 

65 
173 

64 
34 

59 
33 

60 
35 

63 
86 

Des Plaines River 

pca/g 

-
21 
22 

22 
37 

21 
24 

21 
23 

24 
25 

20 
25 

21 
25 

20 
26 

18 
26 

21 
26 

pcP/g 

-
72 
87 

64 
65 

67 
86 

64 
87 

89 
68 

64 
75 

61 
65 

59 
61 

37 
50 

64 
72 

•Sawmill Creek Locations were 
A - Above ANL Site (location 13L m Figure 13) 
B - Below the waste water outfall (location 7M m Figure 13) 

Des Plaines River Locations were 
A - Willow Springs approximately 5 miles above the mouth of Sawmill Creek 
B - Lemont approximately 2 3 miles below the mouth of Sawmill Creek 



TABLE ZHZH 

NONVOLATILE RADIOACTIVITY IN BOHOM SILT FROM 
SAWMILL CREEK AND DES PLAINES RIVER, 1961 

Date 
Collected 

February 22 

March 7 

April 5 

June? 

Ju lys 

August 2 

September 6 

October 4 

November 1 

December 6 

Average 

Location* 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

A 
B 

Sawmill Creek 

pca/g 

24 
24 

24 
26 

16 
25 

23 
55 

26 
60 

29 
51 

30 
23 

29 
19 

29 
29 

24 
29 

25 
34 

pcP/g 

51 
41 

57 
54 

37 
41 

51 
106 

60 
104 

53 
175 

55 
67 

50 
40 

49 
69 

59 
78 

52 
78 

Des Plaines River 

pca/g 

23 
24 

17 
26 

20 
21 

23 
28 

27 
28 

19 
30 

19 
25 

34 
28 

22 
28 

25 
28 

23 
27 

pcp/g 

47 
56 

S 
48 
65 

46 
58 

45 
56 

32 
61 

35 
46 

112 
68 

53 
77 

69 
216 

52 
77 

'Sawmill Creek Locations were: 
A - Above ANL Site (location 13L in Figure 13). 
B - Below the waste water outfall (location 7M in Figure 13). 

Des Plaines River Locations were: 
A - Willow Springs, approximately 5 miles above the mouth of Sawmill Creek. 
B - Lemont, approximately 2.3 miles below the mouth of Sawmill Creek. 

requi red to de termine the absence or p resence of non-natura l act ivi t ies . 
About one-fourth of the monthly samples collected from Sawmill Creek 
below the outfall contained above-normal alpha and beta activit ies due to 
radioactive contamination in Argonne waste wate r . 

The monthly samples were collected about 10 yards from the out­
fall. The c reek bed was also sampled in the f i rs t 335 yards below the 
outfall to determine the extent of the contamination. The resu l t s a re 
given in Table XXVIII. These act ivi t ies var ied great ly with t ime and lo ­
cation, indicating that activity in the c reek water can be ca r r i ed con­
siderable dis tances before it is adsorbed and that the nature of the bed 
ma te r i a l differs from place to place. The samples collected on October 27, 
1961, gave uniformly normal r e su l t s , while the survey made in I960 showed 
severa l peaks . A s imi la r var iat ion with distance was found in a survey 
made in 1958. 



TABLE XXVIII 

NONVOLATILE RADIOACTIVITY IN BED OF SAWMILL CREEK 

Distance Downstream 
from Waste Water 

Outfall (yards) 

0 
10 
20 
30 
40 
50 
60 

100 
135 
155 
220 
260 
295 
310 
335 

Alpha Activity (pc/g) 

Nov. 14, I960 

19 
209 

82 
63 
17 

242 
247 

20 
19 

197 
20 
78 
38 
29 
26 

Oct. 27, 1961 

20 
28 
30 
16 
12 
23 
27 
10 
23 
14 
16 

9 
14 
25 
21 

Beta Activity (pc/g) 

Nov. 14, I960 

46 
502 
197 
123 

46 
479 
439 

42 
45 

250 
38 

109 
66 
47 
42 

Oct. 27, 1961 

51 
45 
41 
34 
24 
44 
41 
21 
61 
28 
32 
23 
28 
46 
44 

The same nuclides added to the c reek in Argonne waste water con­
tr ibuted to the inc reased activity in below-outfall bottom silt samples , as 
shown in Table XXIV. Normal concentrat ions of uranium and thorium in 
bottom silt from the Chicago a r e a a r e 1-3 pc /g based on previous analyses . 
The plutonium, s t ron t ium-90, and cesium-137 contents of bottom silt co-
lected in 1959 from the Chicago a r e a were < 0.1, 0.2-0.5, and 2-4 pc /g , 
respect ively. Since the amount of fallout decreased sharply in I960, 
these plutonium, s t ront ium-90, and cesium-137 concentrations may be 
considered as p resen t in the I960 samples due to fallout. Thus, concentra­
tions in excess of those given above were derived from Argonne waste 
water , and, as shown in Table XXIX, samples containing abnormally high 
alpha and beta act ivi t ies also contained high concentrat ions of these 
nucl ides. 

TABLE Y7T7 

RADIOACTIVITY (pc/g) IN SELECTED BOTTOM SILT SAMPLES, 1960 

Location 

Sawmill Creek, 10 yards below outfall 
Sawmill Creek, 10 yards below outfall 
Sawmill Creek, 80 yards below outfall 
Sawmill Creek, 155 yards below outfall 
Sawmill Creek, 295 yardsbelowoutfall 
Des Plaines River, Lemont (below 

Sawmill Creek) 
Illinois River, Morris 
Lake Calumet, Chicago 
Storage Lagoon, ANL 

Date 

September 7 
November 14 
November 14 
November 14 
November 14 
April 6 

April 28 
November 17 
November 21 

Alpha 

50 
209 
247 
197 
38 
37 

19 
32 

242 

Beta 

173 
502 
493 
250 
66 
65 

35 
65 

775 

Uranium 

11 
49 
40 
26 
3.6 
2.3 

1.1 
3,1 

25 

Thorium 

-
11 

-
-

0.85 

-

. 

Plutonium 

-
20 

-
12 
2.7 

-

-
-
-

Strontium-90 

-
2.7 
3.9 
2.2 

<0.2 

-

-
-
-

Cesium-137 

-
5.4 
2.7 
1.7 
1.6 

-

-
-
-



Bottom silt from Sawmill Creek above the site contained normal 
alpha and beta ac t iv i t ies . Previous annual ave rages , 22-29 pcct/g and 
60-93 pc/3/g, were s imi la r to those in I960 and 1961. Inc reases in the 
fall of 1961 due to fallout were smal l . Total alpha and beta act ivi t ies in 
the Des Plaines River samples were in the normal range except during 
the last three months of 1961, when inc reases in beta activity due to r e ­
cently produced fallout were detected. Differences between the two loca­
tions occur red in both direct ions in a random manner and could not be 
at t r ibuted to activity enter ing the r ive r from Sawmill Creek. Thus, the 
sample collected on April 6, I960, below Sawmill Creek contained 
37 p c a / g , slightly higher than the usual alpha activity. However, the 
uranium content (2.3 pc/g) was in the normal range, plutonium and 
thorium were not detected, and the rat io of alpha activity to uranium con­
centrat ion was normal . In addition, the sample contained nornnal amounts 
of beta activity, and since Sawmill Creek samples containing alpha activity 
from Argonne waste water have also contained elevated beta act ivi t ies , 
Des Plaines River samples should behave s imi la r ly . The radioactivity 
in the April 6 Des Pla ines River sample must , therefore , be considered 
normal . The high beta act ivi t ies in October and December samples were 
due to above-normal amounts of fallout at the par t icu la r locations 
sampled. These samples contained the same fission products found in 
air during this period. 

Table XXX gives the total act ivi t ies found in other ponds and 
s t r e a m s on the ANL si te . Abnormally high act ivi t ies were consistently 
found in samples from the s torage lagoon for contaminated waste wa te r . 

T A B L E XXX 

N O N V O L A T I L E RADIOACTIVITY IN B O T T O M SILT F R O M 
O T H E R PONDS AND S T R E A M S ON ANL S I T E , 1960-61 

Date C o l l e c t e d 

A p r i l 29 , I960 

Ju ly 28 , I960 

S e p t e m b e r 30 , I960 

N o v e m b e r 2 1 , I960 

Augus t 29 , 1961 

S e p t e m b e r 22 , 1961 

S u m m a r y 

No. of 
S a m p l e s 

3 
2^̂  

3 

2 

4 
3b 

3 

4 

19 
17 

Alpha Act iv i ty ( p c / g ) 

Max 

325^ 
26 

26 

28 

242* 
23 

30 

46 

3253-
46 

Av 

124 
24 

25 

25 

77 
22 

29 

31 

53 
26 

B e t a Act iv i ty ( p c / g ) 

M a x 

392* 
75 

54 

63 

7 7 5 * 
48 

54 

58 

775 
75 

Av 

179 
73 

48 

58 

228 
46 

51 

47 

108 
52 

* S a m p l e c o l l e c t e d f r o m s t o r a g e l agoon for c o n t a m i n a t e d w a s t e w a t e r . 

" E x c l u d i n g s a m p l e s c o l l e c t e d f r o m s t o r a g e l agoon . 



One sample , collected from a pond on the southern edge of the ANL site 
on September 22, 1961, contained an above-average alpha activity, 46 pc /g . 
Some of the previous samples from this pond gave s imi lar r e su l t s , and 
these samples contained above average concentrations of thorium-232. 
The thorium probably occurs natural ly and cannot be cor re la ted with the 
thorium usage at Argonne. Fallout from the USSR tes t s in 1961 did not in­
c rease the beta activity in the September 1961 samples significantly. 

The total act ivi t ies in bottom sil t within 25 mi les of the Laboratory 
and at the reference s i tes a r e given in Tables XXXI to XXXIV. The alpha 
and beta act ivi t ies were normal and in the range found previously at each 
location. The beta act ivi t ies in the samples collected in the fall of 1961 
were not significantly affected by fallout from the 1961 nuclear t e s t s , a l ­
though this fallout was found in water samples from some of these locations. 

TABLE 2 X X I 

NONVOLATILE RADIOACTIVITY IN BOTTOM SILT NEAR ANL, 1960 

Location 

Des Plaines River, Brookfield 
Des Plaines River, Willow Springs 
Des Plaines River, Lemont 
Des Plaines River, Romeoville 
Illinois River, Morris 
Du Page River, Naperville 
Du Page River, Channahon 
Flag Creek, German Church and Wolf Roads 
Salt Creek, Wolf Road, Western Springs 
McGmnis Slough, L) S Route45and 

Illinois Route 7 
Saganashkee Slough, 104th Ave and Sag Canal 
Fox River, Aurora 
Lake Calumet, l U t h St , Chicago 
Average 

April 

pca/g 

20 
22 
37 
17 
19 

-
-
-
-
-

20 

-
-

23 

pcp/g 

75 
64 
65 
50 
35 

-
-
-
-

49 

-
-

56 

May 

pca/g 

-
21 
24 

-
55 

-
-
-
-
-

-
-
-

17 

pci3/g 

-
67 
86 

-
27 

-
-
-
-

-
-
-

60 

July 

pcD/g 

-
21 
23 
19 

-
-
-

30 

-
-

-
-

25 
24 

pc|3/g 

_ 
64 
87 
60 

-
-
-

58 

-
-

-
-

31 
60 

September 

pca/g 

18 
20 
25 
22 

-
-

20 

-
-
-

-
-
-

21 

pcP/g 

40 
64 
75 
58 

-
-

36 

-
-
-

-
-
-

55 

November 

pcQ/g 

26 
20 
26 
22 
41 

50 
25 

-
32 
27 

-
72 

32 
25 

pc|3/g 

51 
59 
61 
54 
17 
70 
43 

-
60 
44 

-
20 
65 
49 

TARIF XXXI I 

NONVOLATILE RADIOACTIVITY IN BOTTOM SILT NEAR ANL, 1961 

Location 

Des Plaines River, Brookfield 
Des Plaines River, Willow Springs 
Des Plaines River, Lemont 
Des Plaines River, Romeoville 
Ill inois River, Morris 
Du Page River, West Chicago 
Du Page River, Naperville 
Flag Creek, German Church and Wolf Roads 
Salt Creek, Wolf Road, Western Springs 
McGmnis Slough, U S Route 45 and III Route 7 
Saganashkee Slough, 104th Ave and Sag Canal 
Fox River, Aurora 
Long Run Creek, 135th Ave and III Route 4A 
Average 

March 

pca/g 

_ 
17 
26 
-
-

28 

-
-
-
-
-
-
-

24 

pcp/g 

-
35 
62 

-
-

32 

-
-
-
-
-
-
-

43 

April 

pca/g 

25 
20 
21 
28 
11 
-

40 

-
22 
29 

-
18 

-
24 

pc3/g 

53 
48 
65 
51 
22 

-
51 

-
46 
53 

-
29 

-
46 

August 

pca/g 

18 
19 
30 
26 

-
-

34 
32 

-
-
-
-
-

27 

pcP/g 

42 
32 
61 
45 
-
-

45 
44 

-
-
-
-
-

45 

September 

pca/g 

22 

-
-
-
37 
-
-
-
-
-

40 

21 
22 

pc|3/g 

48 

-
-
-

20 
-
-
-
-
-

42 

-
50 
40 



TABLE XXXIII 

NONVOLATILE RADIOACTIVITY IN BOHOM SILT NEAR ANL, 1960-61 

Month 

April, 1960 

May, 1960 

July, 1960 

September, 1960 

November, 1960 

1960 
Summary 

March,1961 

April, 1961 

August, 1961 

September, 1961 

1%1 
Summary 

Distance from 
ANLImilesI 

10 
25 

10 
25 

10 
25 

10 
25 

10 
25 

10 
25 

10 and 25 

10 
25 

10 
25 

10 
25 

10 
25 

10 
25 

10 and 25 

No. of 
Samples 

3 
3 

2 
1 

3 
2 

3 
2 

6 
5 

17 
14 

31 

2 
2 

5 
4 

4 
2 

2 
2 

13 
10 

23 

Alpha Activity 
(pc/g) 

Max 

37 
20 

24 
55 

30 
25 

25 
22 

32 
50 

37 
50 

50 

26 
36 

29 
40 

30 
61 

40 
22 

40 
61 

61 

Av 

21 
20 

23 

25 
22 

21 
21 

26 
24 

23 
21 

22 

22 
28 

22 
27 

27 
45 

31 
13 

25 

28 

26 

Beta Activity 
Ipc/g) 

Max 

65 
75 

86 
27 

87 
60 

75 
58 

61 
70 

87 
70 

87 

62 
37 

65 
53 

34 
45 

48 
48 

65 
53 

65 

Av 

53 
53 

77 

70 
46 

60 
47 

55 
43 

61 
46 

55 

48 
32 

53 
39 

26 
44 

45 
34 

43 

38 

41 

TABLE XXXIV 

RADIOACTIVITY IN BOHOM SILT FROM REFERENCE SITES, 1960-61 

Location 

Lake Delavan Wisconsin 
Fox River, Oak Point State Park, Wisconsin 
Magician Lake, Michigan 
Lake Michigan, St Joseph, Michigan 
Starved Rock State Park Illinois 
Shafer Lake, Indiana 
Kankakee River, Kankakee River State Park, Indiana 
Average 

May 25-26, 
1960 

pca/g 

25 
66 
55 

10 
80 

15 
67 

pcp/g 

25 
32 
26 

29 
36 
34 
26 

November 16-18, 
1960 

pca/g 

30 
19 
4 0 
17 
26 
55 

60 

pc|3/g 

15 
37 
18 
19 
17 

21 

19 

May 24-25, 
1%1 

pca/g 

14 
19 
6 0 

57 
4 0 

10 

pcP/g 

26 
40 
29 

4 
18 

23 

October 24-25, 
1961 

pca/g 

2 1 
46 
4 1 

12 
4 4 

35 

pcp/g 

19 
26 
25 

46 
27 

20 

The above-average act ivi t ies in the bed of the Du Page River at 
Naperville have been observed previously and a re due to thor ium-232. 
The uranium concentrat ions in this bed have always been normal . The 
wide variat ion in both alpha and beta activit ies shown in the tables i l lus ­
t ra te the large natural range of act ivi t ies in bottom silt . In genera l , 
samples composed largely of sand or organic ma t t e r contain l ess activity 
than samples composed largely of clay. 



E. Surface Soil 

The total act ivi t ies in soil on the ANL site during I960 and 1961 
a r e given in Table XXXV. Normal act ivi t ies range from approximately 10 
to 30 pc /g for alpha activity and from 20 to 80 pc /g for beta activity. The 
lower values a r e general ly encountered in sandy soils while soils contain­
ing clay and loam a r e m o r e act ive. As indicated in the table, abnormally 
high act ivi t ies were p resen t in samples collected near a u ran ium-s torage 
shed and near the s torage lagoon for contaminated waste wate r . These 
act ivi t ies r e su l t from the use made of these a r e a s . 

TABLE XXXV 

NONVOLATILE RADIOACTIVITY IN SURFACE 
SOIL ON ANL SITE, 1960-61 

Date 
Collected 

April 29, I960 
July 26, I960 
July 28, I960 
August 16, I960 
August 19, I960 
October 3, I960 
November 21, I960 

1960 
Summary 

March 10, 1961 
March 29, 1961 
March 30, 1961 
May 11, 1961 
June 23, 1961 
August 29, 1961 
September 22, 1961 
1961 
Summary 

No. of 
Samples 

3 
12a 

1 
8b 
i c 

12c 
6 
1 = 

44 
3 l d 

4 
5 

11 
4 
5a 
9 
2 

40 

Alpha Activity 
(pc/g) 

Max 

24 
6100 

25 
26 
31 
47 
28 
74 

6100 
47 

38 
31 
27 
32 
40 
41C 
25 
41 

Av 

20 
606 

-
22 
-
26 
22 
-

187 
24 

27 
27 
23 
23 
26 
26 
23 
25 

Beta Activity 
(pc/g) 

Max 

69 
4340 

61 
81 
55 
82 
55 

248 

4340 
82 

70 
70 
62 
54 
91 
75 
62 
86 

Av 

57 
483 

-
54 
-
55 
47 
-

178 
53 

57 
62 
53 
45 
63 
56 
56 
56 

^-Collected near u ran ium-s to rage shed. 
bCollected near EBWR and CP-5 Reactor Buildings. 
cCoUected near s torage lagoon for contaminated waste water . 
uExcluding uraniumi-storage a rea and November 21 sample from lagoon area . 

Additional analyses confirmed the presence of uranium in soil col­
lected near the s torage shed. Surface soil in the Chicago a r e a normally 
contains about 2 pc of uranium per g ram, while the uranium content of the 
soil near the s torage shed ranged from normal amounts to about 6OOO pc/g 



46 

Abnormal uranium concentrat ions were detected up to 75 ft from the shed, 
an inc rease over the 40-ft radius of contamination found e a r l i e r . 

The abnormally high act ivi t ies in soil collected near the s torage 
lagoon were due to the same nuclides added to Sawmill Creek in Argonne 
waste wa te r . The contamination was confined to an a r e a that c a r r i e s over ­
flow lagoon water to Sawmill Creek. At other locations near the lagoon 
the soil ac t iv i t ies were normal . 

Iodine-131 was detected in surface soil collected near the building 
from which the bulk of the iodine was r e l eased during Feb rua ry and March 
1961. This r e l e a s e , and the resul t ing a i rborne iodine-131 concentrat ions, 
a re d i scussed in Section II-A. The radioiodine concentrat ions in soil 
ranged from less than 0.3 to 104 pc/g at the t ime of collection, March 29-'30. 
The resu l t s a r e tabulated in Section F in o rde r to compare them with the 
concentrat ions in g r a s s collected at the same t ime. The presence of 
iodine-131 is not apparent from the r e su l t s given in Table XXXV since 
these act ivi t ies were de te rmined after the samples were dr ied at 110°C. 
Drying for seve ra l hours at this t empera tu re removed essent ia l ly all of 
the iodine-131. The iodine-131 concentrat ions were de termined on sepa­
ra te , undried port ions of the samples . 

Other samples collected on the ANL site during I960 and 1961 con­
tained normal amounts of activity. Recent fallout activity was not appareht 
in the samples collected on September 22, I96I . 

The total act ivi t ies in soil collected within 25 mi les of the ANL site 
a r e given in Table XXXVI. The average alpha activity, about 20 pc /g , was 
normal , and the average beta activity, about 50 pc /g , was very s imi la r to 
that found in other y e a r s when fallout activity was low. 

Several samples were analyzed for uranium, plutonium, and thorium. 
The uranium content va r i ed from 1.7 to 2.2 pc /g and thor ium concentrat ions 
ranged from O.OI6 to 0.021 pc /g . These values a r e s imi l a r to those ob­
tained in other y e a r s . Plutonium concentrat ions were between 0.03 and 
0.05 pc /g , and a r e a t t r ibuted to fallout. 

The total act ivi t ies in samples collected from the reference s i tes 
a r e given in Table XXXVII. The resu l t s were very s imi l a r to those obtained 
e a r l i e r . As was noted for the on-s i te samples , the total beta act ivi t ies in 
the -off-site samples collected after September I96I did not show any s ig­
nificant inc rease from the a tmospher ic nuclear testing during this period. 



TABLE XXXVI 

NONVOLATILE RADIOACTIVITY IN SURFACE SOIL NEAR ANL, 1960-61 

Date Collected 

April 28, I960 

May 26, I960 

July 28, I960 

August 17, I960 

August 31, 1960 

November 16, I960 

I960 
Summary 

March 30, 1961 

April 27,28, 1961 

May 24, 1961 

August 29, 1961 

September 21,22, 1961 

1961 
Summary 

Distance from 
ANL (miles) 

10 
25 

25 

10 
25 

10 

10 
25 

10 
25 

10 
25 

10 and 25 

10 

10 
25 

25 

10 
25 

10 
25 

10 
25 

10 and 25 

No. of 
Samples 

3 
2 

2 

3 
2 

2 

3 
2 

7 
6 

18 
14 

32 

2 

4 
2 

1 

3 
2 

4 
2 

13 
7 

21 

Alpha 
Activity 

(pc/g) 

Max 

19 
22 

21 

27 
31 

28 

27 
19 

32 
26 

32 
31 

32 

21 

27 
33 

17 

22 
22 

22 
20 

27 
33 

33 

Av 

17 
19 

18 

23 
27 

23 

18 
16 

22 
20 

21 
20 

21 

18 

24 
27 

-

18 
22 

14 
17 

19 
21 

20 

Beta 
Activity 

(pc/g) 

Max 

54 
49 

65 

51 
62 

82 

59 
63 

85 
59 

85 
65 

85 

49 

61 
60 

42 

55 
54 

51 
53 

61 
60 

61 

Av 

46 
45 

52 

44 
55 

72 

43 
56 

60 
48 

54 
50 

52 

46 

54 
50 

-

42 
52 

33 
50 

44 
51 

46 

TABLE y y y m i 

NONVOLATILE RADIOACTIVITY IN SURFACE SOIL AT REFERENCE SITES, 1960-61 

Location 

Oak Point State Park, Wisconsin 
Delavan, Wisconsin 
Starved Rock State Park, Illinois 
Monticello, Indiana 
St. Joseph, Michigan 
Magician Lake, Michigan 
Kankakee River State Park, Indiana 
Average 

May 25-26, 
1960 

pca/g 

16 
16 
25 
16 
14 
12 
16 
16 

pcp/g 

50 
37 
38 
44 
40 
50 
35 
42 

November 16-18, 
1960 

pca/g 

18 
20 
18 
19 
5 

14 

16 

pcP/g 

43 
46 
34 
44 
19 
30 

36 

May 24-26, 
1961 

pca/g 

18 
16 
20 
20 
7.8 

11 
8.3 

14 

pcp/g 

44 
38 
32 
38 
21 
30 
16 
31 

October 24, 
1961 

pco/g 

15 
17 
17 
14 
8.0 

17 

15 

pcp/g 

41 
33 
29 
29 
17 
55 

34 

F. Plants 

Plant sampling was l imited to g r a s s because it was available at all 
locat ions, and in te rcompar i son of resu l t s is more rel iable if the same 
type of plants a r e collected at all locations. Total act ivi t ies were 



determined by counting ashed plant samples . The resu l t s a r e given in 
Tables XXXVIII, XXXIX, and XL in t e r m s of the oven-dr ied sample . 

TABLE XXXVIII 

NONVOUTILE RADIOACTIVITY IN GRASS COLLECTED ON ANL SITE, 1960-61 

Date Collected 

April 29, 1960 
July 26, 1960 
August 16,1%0 
August 19, 1960 
November 18,1960 

1960 Summary 

March 29, 1961 
March 30, 1961 
May 12,1%1 
Junes, 1961 
June 23, 1961 
June 28, 1961 
August 29, 1961 
September 19, 1961 

1961 Summary 

No. of 
Samples 

3 
la 
8b 
1 
6 

18 

2 
6 
3 
3 
63 
1 
1 
6 

28 

Alpha Activity 
(pc/g) 

Max 

0.99 
1.5 
0.77 
0.33 
0.81 

0.99 

2.2 
1.3 
1.9 
0.70 

21.5 
0.52 
1.0 
1.1 

21.5 

Av 

0.50 

-
0.39 

-
0.54 

0.46 

2.0 
1.1 
1.0 
0.53 
4.6 
-
-

0.6 

1.7 

Beta Activity 
(pc/g) 

Max 

52 
36 
54 
35 
45 

54 

38 
27 
57 
21 
90 
37 
27 
64 

90 

Av 

41 
-
28 
-
27 

30 

31 
22 
42 
19 
53 
-
-
39 

36 

^Collected near uranium-storage shed. 

^Collected near EBWR and CP-5 Reactor Buildings. 

TABLE YTYTY 

NONVOLATILE RADIOACTIVITY IN GRASS NEAR ANL, 1960-61 

Date Collected 

April 28,29,1960 

May 26, 1960 

July 17,1960 

September 29,1960 

November 16,18,1960 

1960 
Summary 

April 3,1961 

April 27,1961 

May 24, 1961 

August 29,1961 

September 21,1961 

1961 
Summary 

Distance from 
ANL (miles) 

10 
25 

25 

10 

10 
25 

10 
25 

10 
25 

10 and 25 

10 
25 

10 
25 

25 

10 
25 

10 
25 

10 
25 

10 and 25 

No. of 
Samples 

4 
2 

2 

2 

3 
2 

4 
4 

13 
10 

23 

2 
2 

1 
1 

1 

3 
2 

2 
3 

8 
9 

17 

Alpha Activity 
(pc/g) 

Max 

0.91 
0.42 

0.24 

0.21 

1.1 
0.65 

0.86 
1.4 

1.1 
1.4 

1.4 

1.1 
1.2 

0.62 
1.7 

0.72 

0.82 
1.2 

0.39 
0.45 

1.1 
1.7 

1.7 

Av 

0.37 
0.40 

0.17 

0.17 

0.68 
0.45 

0.65 
1.3 

0.40 
0.72 

0.54 

0.9 
0.9 

-

-
0.49 
0.90 

0.38 
0.42 

0.6 
0.8 

0.7 

Beta Activity 
(pc/g) 

Max 

52 
46 

29 

60 

35 
21 

39 
34 

60 
46 

60 

30 
34 

61 
17 

39 

52 
26 

37 
56 

61 
56 

61 

Av 

44 
43 

28 

50 

28 
21 

21 
26 

34 
29 

32 

22 
31 

-

-
33 
25 

28 
37 

33 
33 

33 



TABLE XL 

NONVOLATILE RADIOACTIVITY IN GRASS FROM REFERENCE SITES, 1960-61 

Location 

Delavan, Wisconsin 
Oak Point State Park, Wisconsin 
St. Joseph, Mictiigan 
Magician Lake, Michigan 
Starved Rock State Park, Illinois 
Monticello, Indiana 
Kankakee River State Park, Indiana 
Average 

May 25-26, 
1960 

pca/g 

0.15 

0.36 
0.25 
0.29 
0.08 
0,23 
0.23 

pc3/g 

31 

43 
37 
37 
23 
37 
35 

November 16-17, 
1960 

pca/g 

0.76 
0.86 
0.55 

1.1 
1.1 

0.87 

pcp/g 

22 
27 
12 

20 
27 

22 

May 24-25, 
1961 

pca/g 

0.21 

0.24 
0.63 

0.92 
0.50 

pcp/g 

44 

23 
46 

91 
51 

October 24-26, 
1961 

pca/g 

0.40 

1.2 
0.42 
0.89 
0.66 

0.71 

pcp/g 

163 

91 
93 

193 
90 

126 

The only abnormally high on-si te total activity concentrations 
determined in this way were found in some of the samples collected near 
the uranium storage shed. The highest of these samples was collected on 
June 23, 1961. The bulk of the alpha activity in this sample was due to 
uranium. However, this g r a s s a lso contained 0.64 pc of thorium and 0.14 pc 
of plutonium per g ram, respect ively, about ten and three t imes g rea t e r 
than the concentrat ions normal ly found in g r a s s . The thorium activity 
was due to thor ium-232 and thor ium-228. The plutonium and thorium con­
tent of this a r e a will be investigated fur ther , but until additional informa­
tion is available, it mus t be assumed that the plutonium and thorium in this 
sample, as well as the uranium, originated at Argonne. 

At other locations, both on and off the si te , except at the reference 
si tes in October 1961, the total act ivi t ies were normal and in the range 
found ea r l i e r . In October 1961, the re fe rence-s i t e samples contained 
about five t imes their normal beta activity. These samples contained 
shor t - l ived fission products , and the increased beta activity was due to 
fallout from the nuclear test ing conducted in the fall of 1961. Soil collected 
at the same time contained much smal le r concentrat ions of fallout, indicat­
ing that g r a s s is a much m o r e sensi t ive fallout detector than soil. 

Additional analyses on some of the samples gave the following r e ­
sul t s . Uranium concentrat ions var ied between 0.015 and 0.15 pc /g , 
thorium concentrat ions between 0.004 and 0.08 pc /g , and plutonium con­
centrat ions between 0.006 and 0.05 pc /g . These values a r e in the range 
found during 1959. Cesium-137 concentrat ions were 0.1 to 0.2 pc /g , 10 
to 50 t imes l ess than in 1959. 

The concentrat ions of iodine-131 in soil and g r a s s following the r e ­
lease beginning in Feb rua ry 1961 (see Section III-A) a re given in Table XLI. 
The bulk of the iodine was r e l eased from a point in the southeast corner of 
square 12G (Figure 13). The concentrat ions in g r a s s and soil dec reased 
rapidly with distance from the point of r e l ease . Radibiodine was not de ­
tected in soil m o r e than 150 ya rds from the point of r e l e a s e , while detect­
able amounts were p resen t in g r a s s 2400 yards from the r e l ea se . The 



concentrations in g r a s s were approximately one hundred t imes g rea te r 
than in soil from the same location, so that g r a s s is a m o r e sensit ive in­
dicator of surface iodine contamination than soil. Similar resu l t s were 
noted in the case of surface deposition of fallout from nuclear detonations. 
Small amounts of iodine-131 were detected in g ra s s collected at the 
southern and wes te rn boundaries of the s i te , but none was detected near 
the nor thern and eas t e rn per iphery . This is consistent with the concent ra­
tions found in the off-site a i r samples , since in these samples iodine-131 
was found only southeast and southwest of the s i te . These resu l t s indicate 
that the concept of prevail ing wes te r ly winds in this a r e a cannot be re l ied 
upon to indicate the direct ion of t r ave l of a i rborne contaminants . 

TABLE XLI 

IODINE-131 IN SURFACE SOIL AND GRASS, lv[ARCH-JUNE, 1961 

Location 

ANL Site 12G 

ANL Site 12H 

ANL Site I I G 

ANL Site lOH 

ANL Site F8 

ANL Site 11B 

ANL Site 15F 

ANL Site 15L 

ANL Site 12-0 

ANL Site 6K 

ANL Site 12E 

Lemont 

Jol ie t 

Downers Grove 

Lombard 

Tinley P a r k 

Date 

March 29 
May 11 
June 5 
June 28 
July 26 

March 29 
July 26 

March 29 
July 26 

March 29 
June 5 
June 28 
July 26 

March 30 

March 30 

March 30 

March 30 

March 30 

March 30 

March 30 

Apr i l 2 

Apr i l 2 

Apr i l 2 

Apr i l 2 

Apr i l 2 

No. of 
Samples 

4 
4 
4 
1 
2 

4 
1 

1 
1 

1 
4 
4 
3 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Picocu r i e s pe 

Surface Soil 

M a x 

104 
-
-
-
-

28 
-

6.5 
-

<0.3 
-
-
-

<0.3 

<0 .3 

<0 .3 

<0 .3 

<0 .3 

<0 .3 

<0 .3 

-

-

-

-

-

Av 

27 
-
-
^ 

-

10 
-

-

-

-
-
-
-

-

-

-

-

-

-

-

-

-

-

-

-

r g r a m at Collection Time 

G r a s s 

M a x 

14.8 X 10^ 
11.4 

7.8 
<1 
<1 

1.8 X 10^ 
<1 

0.62 X 10^ 
<1 

0.38 X 10^ 
7.8 
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Because of the re la t ive amounts of iodine-131 found in soil and g r a s s 
on the s i te , off-site sampling for surface iodine was l imited to g r a s s . As 
indicated in Table XLI, iodine-131 was not detected in any of the off-site 
g r a s s samples . Although iodine-131 was found in some a i r samples off the 
s i te , the concentrat ions apparently were too low to resu l t in the deposition 
of detectable amounts on the g r a s s . In this respect , the absence of 
iodine-131 in g r a s s from Lemont, only 2.5 mi les southwest of the point of 
r e l e a s e , should be noted. The ra te of disappearance of iodine-131 from 
g r a s s was appreciably g rea t e r than the 8-day half-life, as would be expected 
for a var ie ty of chemical and physical r ea sons . Iodine-131 from this r e l ease 
was not detected in g r a s s after June 1961. These r e s u l t s , together with the 
low concentrat ions found in off-site a i r samples , indicate that the iodine r e ­
leased by Argonne did not constitute a health hazard. 

Since a i r , soil , and g r a s s contained iodine-131, it was of in teres t to 
de te rmine if iodine-131 could also be detected in animal life in the a rea . A 
fox and skunk collected in March 1961 near the point of major iodine-131 
re l ease contained detectable amounts (25-50 pc/g) of iodine-131 in their 
thyroids . Radioiodine could not be detected in fish obtained from severa l 
lagoons on the site during this period. 

G. Site A Samples 

A former portion of Argonne National Laboratory, known as Site A, 
was located about 4 mi les eas t of the p resen t s i te . An a r e a of about 
16,000 ft at Site A was used for the bur ia l of contaminated waste ma te r i a l . 
In 1954 as much as possible of this waste was removed and the a r ea covered 
with a concrete cap, one foot thick and eight feet deep, along the s ides . The 
a r e a is drained by an in termi t tent s t r e a m , and samples of water and bottom 
sil t were collected from this s t r eam in 1954 to determine if activity had 
been leached from the bur ia l a r ea . Soil borings were a lso taken on the 
downstream side of the bur ia l a r e a for the saine purpose. No contamina­
tion from the buria l a r e a was found in any of the samples . The resul ts 
a r e given in ANL-5446. 

The same locations were resampled in August of I960 and 1961. 
Water was not p resen t in the s t r e a m at the t imes of sampling. The soil 
borings in I960 and 1961 contained from 22 to 35 p c a / g and from 52 to 
68 pcjS/g, compared to act ivi t ies of 1 9 to 33 p c a / g and 50 to 86 pc jS/g in 
1954. Thus, no inc rease in activity was detected adjacent to the burial 
s i te . Additional sampling of the a r ea will be done periodically. 



Figure 1 

AVERAGE RADIOACTIVITY IN SURFACE WATER, I960 

Picocur ies per Liter 

0 10 20 30 40 

Sawmill Creek, Above Site 
Sawmill Creek, Below Site 
ANL Ponds (All Samples) 
ANL Ponds (Exc Storage Pond) 
Des P lames R (Above Sawmill Cr ) 
Des F lames R (Below Sawmill Cr ) 
10 and 25 Mile Locations 
100 Mile Locations 

Figure 2 

AVERAGE RADIOACTIVITY IN BOTTOM SILT, I960 
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Figure 3 

AVERAGE RADIOACTIVITY IN SOIL AND PLANTS, I960 
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F i g u r e 4 

AVERAGE RADIOACTIVITY IN SURFACE "WATER, 1961 
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F i g u r e 5 

AVERAGE RADIOACTIVITY IN BOTTOM SILT, 1961 
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F i g u r e 6 

AVERAGE RADIOACTIVITY IN SOIL AND PLANTS, 1961 
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Figure 7 

AVERAGE RADIOACTIVITY IN SURFACE WATER, 1952-61 
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Figure 8 

AVERAGE RADIOACTIVITY IN BOTTOM SILT, 1952-61 
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Figure 9 

AVERAGE RADIOACTIVITY IN SOIL, 1952-61 
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Figure 10 

AVERAGE RADIOACTIVITY IN PLANTS, 1952-61 
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Figure 11 

AVERAGE ALPHA ACTIVITY IN WEEKLY AIR 
FILTER SAMPLES, 1953-61 
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F igure 12 

AVERAGE BETA ACTIVITY IN WEEKLY AIR 
FILTER SAMPLES, 1953-61 
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Figure 13 

SAMPLING LOCATIONS ON THE SITE OF 
ARGONNE NATIONAL LABORATORY 
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F i g u r e 14 

SAMPLING LOCATIONS N E A R ARGONNE NATIONAL LABORATORY 
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