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ABSTRACT 

A field sampling program was conducted on Cattaraugus and Buttermilk 
Creeks, New York during November and December 1977 to investigate the trans­
port of radionuclides in surface waters as part of a continuing program to 
provide data for application and verification of Pacific Northwest Labora­
tory's (PNL) sediment and radionuclide transport model, SERATRA. Suspended 
sediment, bed sediment and water samples were collected during mean flow con­

ditions over a 45 mile reach of stream channel. Radiological analysis of 

these samples included primarily gamma ray emitters; however, some plutonium, 

strontium, curium and tritium analyses were also included. The principal 
gamma emitter found during the sampling program was 137 cs where, in some 
cases, levels associated with the sand and clay size fractions of bed sediment 
exceeded 100 pCi/g. Elevated levels of 137 cs and 90sr were found down-
stream of the Nuclear Fuel Services Center, an inactive plutonium reprocessing 
plant and low level nuclear waste disposal site. Based on radionuclide levels 
in upstream control stations, 137 cs was the only radionuclide whose levels 
in the creeks downstream of the site could confidently be attributed to the 

site during this sampling program. This field sampling effort is the first of 
a three phase program to collect data during low, medium and high flow 
conditions . 
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SUMMARY 

One mechanism affecting the dispersal of radioactive materials in water 
bodies is radionuclide adsorption by sediment. Consequently, sediment trans­
port is a major factor to consider when evaluating radionuclide migration. In 
rivers, sorption is important because radionuclides may be concentrated in the 

stream beds. 

As part of a study on sediment and radionuclide transport in rivers, 

Pacific Northwest Laboratory (PNL) is investigating the effect of sediment on 

the transport of radionuclides in Cattaraugus and Buttermilk Creeks, New York, 
during different flow conditions. One source of radioactivity in these creeks 
is the Western New York Nuclear Service Center which consists of a low-level 
waste disposal site and a nuclear fuel reprocessing plant. Reprocessing 

operations were terminated in 1972 and waste disposal was discontinued in 
1975. Other sources of radioactivity include fallout from worldwide weapons 
testing and natural background radioactivity. 

The major objective of the PNL Field Sampling Program is to provide data 
on sediment and radionuclide characteristics in Cattaraugus and Buttermilk 

Creeks to verify the use of the Sediment and Radionuclide Transport model, 
SERATRA, for nontidal rivers. The sampling program has been divided into 
three phases: Phase 1, medium-flow condition; Phase 2, low-flow condition; 
and Phase 3, high-flow condition. This report covers the results of field 
sampling during medium-flow conditions of 30 November to 5 December 1977. 

Suspended sediment, bed sediment and water samples were collected at ten 
transects covering approximately 45 miles of stream channel of Cattaraugus and 
Buttermilk Creeks. Radiological analysis of sand, silt and clay size frac­
tions of suspended and bed sediment, and water were performed. Results of 
these analysis indicate that the principal radionuclides occurring in these 

two water courses, with levels higher than background levels, during the 
Phase 1 sampling program were 137 cs and 90sr. Cesium-137 levels in bed 

sediments, exceeding 100 pCi/g, were found at the mouth of Cattaraugus Creek 
where it enters Lake Erie, and at some locations on Buttermilk Creek. 
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Cesium-137 levels in suspended sediments were highest in Buttermilk Creek and 
Franks Creek, a small tributary of Buttermilk Creek draining the Western New 
York Nuclear Service Center. In these suspended sediment samples 137 cs 
levels greater than 10 pCi/g but less than 15 pCi/g were found. Cesium-137 
levels in water of Cattaraugus and Buttermilk creeks were low and in most 
cases indistinguishable from background 137 cs levels in water. 

Detectable levels of 90sr, greater than background levels, were found 

in the suspended sediment samples of Buttermilk and Cattaraugus Creeks but 
could not be attributed to the NFS facility because of low levels found in 
Franks Creek, just downstream of the facility. One suspended sediment sample 

in Springville Reservoir had a 90 sr value of 10.1 pCi/g. Strontium-90 
levels in bed sediment and water downstream of the Nuclear Service Center were 
indistinguishable from background levels. 

Concentrations of 134cs in bed and suspended sediments of Franks Creek 

and Buttermilk Creek were, in most cases, higher than levels measured at 
upstream control stations. 
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INTROOUCTION 

Radionuclides found in Cattaraugus and Buttermilk Creeks~ New York, have 

originated in part from operation of the Western New York Nuclear Service Cen­
ter at West Valley, New York, located about 30 miles south of Buffalo, New 
York. The Center is comprised of a low-level radioactive waste disposal area 
and a facility for the reprocessing of nuclear fuel. N~clear Fuel Services, 

Inc. (NFS), the reprocessing plant operator, was licensed to operate the dis­
posal site in November 1963. The nuclear fuel reprocessing operations were 

discontinued in 1972 and burial of wastes was suspended in March 1975. 

Radioactive waste burial at West Valley has taken place in 25-ft-deep 

trenches. Rising water levels in the trenches during radioactive waste dis­
posal operations became a problem in 1968 due to seepage through the trench 
caps. Radioactive water was pumped from the trenches to a burial site lagoon. 

Radioactivity was monitored in the lagoon and water was released to Franks 
Creek (Erdmans Brook) which flows into Buttermilk Creek about 0.5 miles below 
the site. In November 1972, radioactive water from the burial site lagoon was 

pumped to the NFS main plant lagoon No. 1 where it was treated in the low-level 
waste treatment plant prior to being released to the environment. In 1976, 
rising trench waters from two trenches had broken through the soil cover over 
the trenches. 

Radioactivity in Cattaraugus and Buttermilk Creeks could have originated 

from several sources: directly from the burial trenches by overflow or seep­
age of trench water; indirectly by pumping to the burial site lagoon and later 
from the low-level treatment plant, and by erosion of soil and fill conta­
minated during burial operations; from airborne particulate matter from repro­
cessing plant stacks; from fallout due to weapons testing; and from natural 
background radioactivity. 

Once the radionuclides have reached Buttermilk and Cattaraugus Creeks 
they are dispersed by mixing with the stream water or adsorbed from solution 

onto sediments. Sorption by sediments is an important mechanism affecting 

1 



the migration of radionuclides throughout a water body because radioactive 
materials discharged can eventually accumulate in the stream bed. 

The purpose of the work described in this report is to investigate the 
importance of sediment in the transport of radionuclides in Cattaraugus 

and Buttermilk Creeks, New York, during medium-flow conditions. The Phase 1 
sampling program is the first part of a three-phase program to investigate the 

transport of sediment and radionuclides during medium, low, and high flows on 
Buttermilk and Cattaraugus Creeks. The primary objective of the overall pro­
gram is to provide the necessary field data on flow characteristics, and sedi­

ment and radionuclide transport characteristics in Cattaraugus and Buttermilk 
Creeks for verification of the Pacific Northwest Laboratory's Sediment and 
Radionuclide Tranpsort model, SERATRA, in non-tidal rivers. The modeling 

effort is being accomplished under a separate NRC program (NRC FIN No. 2294). 

The SERATRA model is a transport code capable of simulating the movement 
of sediment and radionuclides by accounting for sediment deposition and ero­
sion, and sediment adsorption and desorption of radionuclides. The model is 
an unsteady two-dimensional code in the longitudinal and vertical directions 
which uses the finite element method of solution. The code has previously 
been applied to the Columbia River(!) and Clinch River. (2) However, 

available field data on sediment and radionuclide transport from these two 
rivers were not of sufficient quantity or proper format for rigorous verifica­
tion of the code. The portion of the code for which there is very little 
existing data for verification is the particulate (those adsorbed by sediment) 
phase of radionuclide transport. Not only does the SERATRA code simulate the 
movement of radionuclides in the dissolved phase and particulate phase, but 
the particulate phase simulation can also be broken down into transport of 
radionuclides by different sediment size fractions, e.g., sand, silt and clay. 

This report discusses the results of the Phase 1 sampling program -

medium-flow conditions, conducted in November 1977. Included in the report is 
a brief site description, summary of previous radiological monitoring in 

• 

• 

Cattaraugus and Buttermilk Creeks, sampling methods and procedures, results of • 

the Phase 1 sampling program, and discussion of results and conclusions. 

• 
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SITE DESCRIPTION 

The Western New York Nuclear Service Center, shown in Figure 1, is 
located about 30 miles south of Buffalo, New York . The Center consists of a 
3345-acre site in the north central portion of Cattaraugus County. The Center 
is situated along an elongated rolling plain with glaciated bedrock hills 
along the eastern, western and southern boundaries, and Buttermilk Valley 
along the northern boundary. All surface drainage of the Center discharges 
into Buttermilk Creek. At the northwest end of the property, Buttermilk Creek 
joins Cattaraugus Creek which flows in a westerly direction into Lake Erie, 39 
miles away. Cattaraugus Creek flows in a general westerly direction through 
Zoar Valley, Gowanda, and Cattaraugus Indian Reservation and empties into Lake 
Erie, 27 miles southwest of Buffalo. It is 20 stream miles from the confluence 
of Buttermilk and Cattaraugus Creeks to Gowanda and another 19 miles to the 
mouth of Cattaraugus Creek at Lake Erie. Franks Creek (Erdmans Brook), a 
tributary of Buttermilk Creek, serves as a receptor for runoff from the 
Center's burial site. 

FIGURE 1. Map of Cattaraugus, Buttermilk and Franks Creeks 
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Three water courses, Franks Creek, Buttermilk Creek and Cattaraugus 
Creek, are the principal water courses of interest in the study of radionuc­
lide transport in surface waters from the Western New York Nuclear Service 
Center. The following is a brief description of each of these water courses. 

Franks Creek, commonly referred to as Erdmans Brook, includes the drain­
age area for both the low- and high-level nuclear burial sites. The creek 
flows into Buttermilk Creek about 0.5 miles downstream of the burial sites. 

The stream flow in the creek is intermittent, varying between 0 and 100 cubic 
feet per second (cfs). The creek is very narrow, varying in width from 2 to 

10ft. The creek is comprised of chutes and pools, and flows in some places 
through swampy areas. Stream gradients are moderately steep, and the creek 
shows active down-cutting through previously undisturbed glacial till which is 
comprised of a very stiff clayey material. This clayey material appears to be 
fairly resistant to erosion. The creek flows through a narrow and steep, 

V-shaped valley. 

Buttermilk Creek has a drainage area of approximately 29.4 mi 2. For 
the period of record from October 1961 to September 1968, the average dis­
charge of Buttermilk Creek was 46.5 cfs. The extreme maximum and minimum dis­

charges during the period of record were 3,910 cfs on 28 September 1967 and 
2.1 cfs on 10 October 1963, respectively. Buttermilk Creek flows into Catta­

raugus Creek about 2.25 miles downstream of the confluence with Franks Creek. 
The creek width under normal conditions varies from about 20 ft at the upper 
end to about 75 ft near the confluence with Cattaraugus Creek. The channel 
bed is comprised of sand, gravel and cobbles with minor amounts of silt and 
clay size material. Water frequently overflows the channel banks leaving 
deposits of fine clayey silt along the flood plain. The flood plain varies 
from 300 to 500 ft wide with sparse to moderate vegetation. 

Cattaraugus Creek has an estimated drainage area of 555 mi 2 at Lake 

Erie, 432 mi 2 at Gowanda and 218 mi 2 at the confluence with Buttermilk 
Creek. Based on the United States Geological Survey (USGS) flow data records 
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for Cattaraugus Creek at Gowanda, New York, the average discharge for the 
period of record, 1940-1976, is 731 cfs. The extreme maximum and minimum 
daily discharges during the period of record were 34,600 cfs on 7 March 1956, 
and 6 cfs, respectively, on 21 August 1941 • 

Peak discharges generally occur on Cattaraugus Creek in October and 
November, prior to the onset of winter snowfall and again in February and 
March as a result of snowmelt. Low discharges generally occur during the 
summer months of July through September when rainfall is less and again during 
the winter months of December and January when persistent freezing conditions 
exist. Figure 2 is a summary of the 1975 and 1976 water year monthly dis­
charge records of Cattaraugus Creek at Gowanda, New York. Cattaraugus Creek, 
as well as Buttermilk Creek, can be categorized as 11 flashy 11 due to their very 
rapid changes in discharge. Figure 3 is an excerpt from the 1976 water year 
discharge records showing the September daily discharges of Cattaraugus Creek 
at Gowanda. Discharges can be seen to vary by more than 5000 cfs in a period 
of one day. 

FIGURE 2. 
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FIGURE 3. September Daily Discharges of Cattaraugus Creek 
at Gowanda 

Cattaraugus Creek is generally free flowing except for a small impound­
ment (Springville Dam) near the Village of Springville. Water flow in the 
creek is confined to a fairly well-defined channel under normal discharge 

conditions and cuts through a series of bedrock gorges which are connected by 
shallow valley deposits of sand, silt and gravel. Bed deposits in the gorges 
appear to be slight and have well defined cross-section profiles. Little bank 
interaction appears to occur during average- or low-flow conditions. 

Springville Dam, located about 2.5 miles downstream of the confluence 
with Buttermilk Creek, is a weir type dam and is less than 20 ft high . The 
pool behind the dam is only a few acres in size, is narrow and is surrounded 

by nearly vertical walls of a deep gorge. The Village of Springville operates 

a hydroelectric plant at the dam which supplies approximately 20% of the 

electric power requirements of the village . 
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PREVIOUS RADIOACTIVITY SURVEYS IN CATTARAUGUS AND BUTTERMILK CREEKS 

Numerous studies of radioactivity levels in the surface-water drainage 
area of the Western New York Nuclear Service Center have been conducted since 

1965. The following paragraphs summarize this work. 

NEW YORK STATE HEALTH DEPARTMENT- GENERAL SURVEILLANCE PROGRAM 1965-1967( 3) 

The New York State Health Department conducted a 3-year surveillance pro­

gram before, during and after startup of the Nucleao Fuel Services Reprocess­
ing Plant. Included in the program were water and stream-bed samples on 

Buttermilk Creek, upstream of the confluence with Franks Creek; Cattaraugus 

Creek, upstream of the confluence with Buttermilk Creek; Thomas Corners Bridge 

on Buttermilk Creek; and, on Cattaraugus Creek at Felton Bridge, Springville 

Dam, Gowanda and Irving Bridge. Some samples were also taken from the waste 

lagoons at the site. Radiological analysis included 90sr, gross S, 137cs, 
106Ru, 95 zr-Nb, 60co and 134cs. A number of analyses for plutonium 

and uranium were also conducted. Tables 1, 2, and 3 are the reported analysis 
data for water and silt. (3) 

Radionuclide levels in water samples of Buttermilk Creek at Thomas 

Corners Bridge (Table 1) were substantially above background levels in 1967. 

Average 90sr, 137 cs, gross S and tritium levels were 335 pCi/~. 112 pCi/~, 
970 pCi/~ and 320,430 pCi/~. respectively. These radionuclide levels in water 

decreased by at least an order of magnitude at Springville Dam. Gross and 
tritium levels decreased further in Cattaraugus Creek water samples at Gowanda 

and Irving Bridge. These decreases, however, were slight when compared to the 

initial decreases encountered when Buttermilk Creek samples are first diluted 
with water from Cattaraugus Creek. Comparison of 1966 and 1967 average and 

maximum 90sr and gross B levels at Springville Dam indicates a substantial 
decrease in concentrations in 1967 . 
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TABLE 1. Radioactivity in Water Samples 
(NYS Health Department) 
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18J,Ii0 

21,510 

IQ~. 9t;O 

24,710 

8?,670 

Table 2 is a summary of New York State Health Department 1 s 1966 and 1967 

analyses of radioactivity in the stream bed. Maximum concentrations of 
90sr, 137 cs, 106Ru, 95 zr-Nb and 60co in Buttermilk Creek at Thomas 

Corners Bridge in 1966 were 81 pCi/g, 179 pCi/g, 589 pCi/g, 222 pCi/g, and 
9.2 pCi/g, respectively. The samples furthest downstream reported in this 
survey were located at Springville Dam, where the radionuclide levels 
decreased substantially from levels found in Buttermilk Creek. The 1966 
levels in Springville Dam bed sediment, however, were generally higher than at 
Felton Bridge which is located on Cattaraugus Creek, just downstream of the 

confluence with Buttermilk Creek. Strontium-90 levels in the Cattaraugus and 
Buttermilk Creeks bed sediment were less in 1967 than in 1966. Cesium-137 
levels in Springville Dam bed sediment in 1967 had an average concentration of 

23 pCi/g, and the maximum concentration recorded was 44.4 pCi/g. Average and 
maximum 134cs levels in Springville Dam bed sediment in 1967 were 3.9 pCi/g 
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TABLE 2. Radioactivity in Silt Samples 
(NYS Health Department) 
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Thon•" Corners 
Br1dge 

Averaqe ... '" "' 
,, u ' .. 

Hn.ln.um '" '"' m '·' ... 
Catta•nog•JS Creek, 
rei ton ~.-; •lge 

~'"''"" ~ .6' •• 75.2 . ' 0.' "' Hox imiJm "·' 28.1 .. , "·' "·' 
Catt"''"ry"' Creek, 
Srrin~ville Uam 

A1·erage J. o• 9 .o" ,. 10.7' 0.4• 2 ,)b 2J.oh 2. gh o. Jh 3. 9b 
f\M 1mum •• 44.4 ••• "·' 

,.. 
a Only one qmple repooted 

h lokm !tum voriou< location< In re<ervolr 

and 7.6 pCi/g. respectively. Average 106 Ru and 60co concentrations in bed 

sediment samples from Springville Dam in 1967 were 2.9 pCi/g and 0.3 pCi/g, 
respectively. 

Some uranium and plutonium samples from Cattaraugus Creek were analyzed 
(Table 3) in 1966 and 1967. Water samples from upstream of the confluence 
with Buttermilk, Creek and at Springville Dam in 1966 indicated that levels of 
238Pu, 239 Pu and 235 u did not increase above background levels in Springville 

Reservoir. Uranium-234 and 238u concentrations in water samples from 
Springville Reservoir were slightly above background levels in 1966. Maximum 
238 Pu, 239 Pu, 234u, 235u and 238u concentrations in water samples from 
Springville Reservoir in 1967 were 1.16 pCi/£, 0.7 pCi/£, 0.15 pCi/£, 

0.11 pCi/£, and 0.15 pCi/£, respectively. These were, in most cases, above 
the 1966 background levels. Plutonium and uranium concentrations in 

Springville Reservoir bed sediment were generally low and probably represent 
background levels. 
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TABLE 3. Plutonium and Uranium in Water and Silt Samples 
(NYS Health Department) 

Concentration in Water (~Ci/t) 
1965 1967 

Local ion Pu-238 Pu-239 U-234 U-235 U-238 Pu-238 Pu-239 0-234 U-235 U-238 

Cattaraugus Creek, 
upstream 

Average <0.03 <0.02 0.19 <0.04 0.05 
Maximum 0.06 <0.03 <0. 33 <0.15 0.12 

Cattaraugu~ Creek, 
Springville Dam 

Average 0.03 <0.02 o. 28 <0.05 0. 20 <0.5 ~o.4 0.15 0.07 0.12 
Maximum 0.063 <0.02 0.44 <0.12 0.41 1.16 0.7 0.15 0.11 0.15 

Co11centration in Silt ( (:!Ci/g) 

Cattaraugus Cre~k. 
Springville Dam ND 0.03 0.63 0.69 

NEW YORK STATE AQUATIC ECOSYSTEM SURVEY, 1965-1967( 4) 

An aquatic ecosystem survey associated with the Nuclear Fuels Service 

Center was conducted in 1965 through 1967. The purpose of the survey was to 
identify and evaluate natural indicators of environmental radioactivity above 

background levels. Water and bed sediment samples from Buttermilk and 
Cattaraugus Creeks were taken in 1966 and 1967 and analyzed for 106 Ru-Rh~ 
137 cs~ 134cs and 60co. Table 4 is a summary of the radioactivity 
analyses of water and bed samples. 

Analysis of water samples from Thomas Corners Bridge on Buttermilk Creek 
and Springville Reservoir on Cattaraugus Creek in 1967 indicated an order of 
magnitude decrease in concentrations between these two streams. For example~ 

the 137 cs level at Thomas Corners Bridge was 100 pCi/£ and at Springville 
Dam it was 10 pCi/£. 

Concentrations of radionuclides in bed sediment in 1967 samples showed 

highest concentrations at Thomas Corners Bridge on Buttermilk Creek and 
steadily decreased in a downstream direction to Zoar Bridge on 

10 
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TABLE 4. New York State Aquatic Ecosystem Survey 

1966 
--~Cf?_n~~-~t:..ti!!.i()_i!....._:!_f!._~ater JpSJ!.j-~---- __ 

lrU Rh 
Ru-Rh ____ 

Location _l_Q6 __ Cs 137 ,, 130 Co-60 106 Cs 137 Cs 134 Co-60 

Buttermilk Creek, 
upstream 0 5 z 0 40 3 0 1 

Buttermilk Creek, 
lhomas Corners 
Bridge 0 l 6 0 1000 100 10 10 

Cattaraugus Creek, 
Springville Dam 0 0 0 100 10 0 4 

S.~~entration in Bottom Sediment (pC_:!1.gJ_ ______ 

Buttermilk Creek, 
upstreilm 6.7 0.43 0.32 0.11 0.82 0.07 0.05 0.005 

Buttermilk Creek, 
Th0111as Corners 
Bridge 226 115 120 8 

CattJraugus Creek, 
Felton Bridge 53.4 62 12.8 0.69 

Cattaraugus Creek, 
Springville Dam 45.7 28.8 7.4 0.47 

Cattaraugus Creek, 
Frye Bridge 36.7 24.1 4.5 0. 36 

Cattaraugus Creek, 
Zoar Bridge 15.1 5.3 1.7 0.12 

Cattaraugus Creek. Concentrations of 106Ru-Rh, 137 cs, 90zr-Nb and 
60 co in bed sediment at Thomas Corners Bridge were 226 pCi/g, 115 pCi/g, 

120 pCi/g and 8 pCi/g, respectively. These radionuclide levels decreased from 

1 to 7% of these values at Zoar Bridge. 

U.S. DEPARTMENT OF HEALTH, EDUCATION AND WELFARE 1969 SURVEY( 5) 

The Public Health Service conducted a survey in 1969 for the purpose of 
developing minimum and optimum requirements for environmental surveillance 

programs around nuclear fuel reprocessing plants; designating the radionu­

clides and environmental pathways of greatest dosimetric significance; and 
providing methods for estimating the radiation dose to the populations in the 

area of a facility. In June 1969, they analyzed water and suspended sediment 

11 



samples on Buttermilk and Cattaraugus Creeks as far downstream as Springville 
Dam. Water samples were analyzed for 3H, gross a, gross 6, 106Ru, 137cs, 
134 cs, 90 sr, 125 sb and 60 co. Suspended sediment samples were analyzed 

f S 106R 137c 134c d 905 or gross , u, s, s, an r. 

As with results of previous studies of radioactivity in water of Cattarau­

gus and Buttermilk Creeks, this survey indicated that dissolved radionuclide 

concentrations in June 1969 were an order of magnitude less in Cattaraugus 

Creek than in Buttermilk Creek. Water and suspended sediment analysis for 

June and November 1969 are shown in Tables 5 and 6. Except for 137cs and 
125 sb levels in water, dissolved radionuclide concentrations were signifi­

cantly lower in November, indicating the dilution effect of dissolved levels 

during high flow conditions. Radionuclide concentrations in suspended sedi­

ment, however, showed the opposite trend; i.e., during November with the 

t d · h d ·t · s 137c d 134c t · · grea er 1sc arge con 1 1ons, gross , s, an s concen rat10ns 1n 

suspended sedment were higher, possibly due to higher suspended sediment con­

centrations during this period. 

Uranium and plutonium analyses of water and suspended sediment were also 

conducted in June and November 1969. The results are shown in Table 7. Con­

centrations of 232u, 234u, 238u, 238 Pu, and 239 Pu in Buttermilk Creek water in 

June 1969 were 3.4 pCi/£, 1.4 pCi/£, 0.22 pCi/£, 0.02 pCi/£ and 0.02 pCi/t, 

respectively. In November 1969, under higher discharge conditions, these 

levels were considerably lower. 

Radionuclide concentrations in bed sediment were analyzed in May 1968, 

June 1969, and November 1969 (Table 8). The highest radionuclide concentra­

tions except for 137cs and 239 Pu were found in Cattaraugus Creek at 

Springville Dam in the November 1969 survey. Concentrations of 106Ru, 
137 cs, 134cs, 90sr, 238 Pu and 239 Pu were 190 pCi/g, 94 pCi/g, 29 pCi/g, 

22 pCi/g, 2.3 pCi/g, 0.063 pCi/g, and 0.053 pCi/g, respectively. These values 

were generally higher than those found in Buttermilk Creek at Thomas Corners 

Bridge during the same sampling period. 

12 
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TABLE 5. Radionuclide Concentrations in Cattaraugus and Buttermilk 
Creeks, June 1969 (U.S. Department of Health, Education 
and Welfare) 

Con,entcatioo '" ~Iter C1H 
Looot10n 

~~ 
...!.2l.L_ ross ~ ---1!:....!!L .J..:_j_ s-.34 

-·-·~ ....£:.;_____ ~ 

Buttennill< Crt*k, upsn~om '·""' ,, no 110 " <0.5 " 
,, <0.3 

Catt•r•ugus Creek, upstreom l,OCO ,, 20Q '" 
,, <O.S " 

,, <C.3 

Cor.f~uence Fron<'s '"' hutternnlk Creeks 28C,OOO 5,900 4,000 " '" '" ;; "' 
Butt,., ilk Cr-~k at Bond 
~o•c Bridge 400,00G 7 ,40G s ,408 " " ''" " ;,; 

Bu:temi\k Cr•ek " Tno~.as Corners ii"1dge 378,000 6,800 ~, 70C " ;,, '"' " u 

ConCluence of buttermilk 

'"" Co:tarougus :reets 34C,OOJ £,200 4,308 " "' '" " ' ' 
Caturaugus Creek " Felton Bndge 30,00G 5£0 m u <0.: " ;,; o.< 

Cattaraugus Creek " Sonng"'lle ~am 30,000 ,, m "' :.2 <0.5 ;e u u 
Concentcot1or '" Suspenoeo Sol11l< I P: 11> i 

bcttO"mi l k Cree<, upstcearr n w o.; 

Cattarougus :cee<, up;tcearn " n o.; 

t:oofl ueoce Fcank'; and 
Butterm1lk Cree<; no " " w 

S"tce·~il• Creek ~t BonO 
Road B•>dge :20 " n u 

Buttermilk Creek " ;-hom a; Corners Bndge " " " 
.., 

Co"f1uence ,, httennilk 

'"" Coturougus Creeks '" '" n "' 
C~t<arao~u; Cree< " hltoo Briage " " 0.5 

Catt••augu; Creek " Spnngl'll"le Darr. m 0.; 

TABLE 6. Radionucli de Concentrations in Cattaraugus and Buttermilk Creeks, 
November 1969 (U.S. Department of Health, Education and Welfare) 

Locat 10n H·3 Gross c. Gross 0 
Concentration in Water (ECi/q 

Sb-125 Ru-106 Cs-137 Cs-134 Sr-90 Co-60 

Buttermilk Creek, Thomas 
Corners Bridge 43,000 1.4 1,400 380 17 <10 360 49 <10 

Cattaraugus Creek, Felton 
Bridge 3, ~oo <1 270 75 <10 ~w 69 <40 •10 

Concentration i 0 Suspended So 1 ids ( pC i/t) 

Buttermilk Creek, Thomas 
Corners Bridge 320 64 142 33 <1 

Cattaraugus Creek, Felton 
Bridge 120 20 62 20 d 

13 



TABLE 7. Uranium and Plutonium Concentrations in Buttermilk 
Creek (U.S. Department of Health, Education and 
Welfare) 

Concentration in l.'ater : QCi/t) 
Date Location 'J-232 U-234 U-238 Pu-238 Pu-239 

6/17/69 Buttermilk Creek ;t Thomas 
Corners Bridge 3.4 1.4 0.22 0.02 0.02 

11/4/69 Buttermilk Creek ;t Thomas 
Corners Bridge 0.6 0.3 0.12 0.01 0.01 

Concentration Suspended Solids (pCi/t) 

6/17/69 Butterm1lk Creek ;t Thomas 
Corners Bridge 0.01 0.02 0.02 0. 01 0.01 

11/4/69 Butterm1lk Creek ;t 7homas 
Corners Br1dge 0.015 0.018 

TABLE 8. Radionuclide Concentration in Bottom Sediments 
(U.S. Department of Health, Education and 
Welfare) 

Date Locatwn 

5/23/55 Buttermi1'- Creek at 
Thomas Corners Bridge 

5/28/63 Cattaraugus Creek at 
Spr1ngv~lle Dam 

6/19/69 Butterm1lk Creek at 
Thomas Co1·ners Bridge 

6/~9/69 Cattaraugus Creek at 
Springville Dam 

::/5/69 8Jttermi1K Creek at 
Thomas Corners Bridge 

l~/6169 Cattaraugus Creek at 
Springvi11e Dam 

=
~TI:f"~BConcentration in Bed Sediment (pCi/gram) 
Ru-106 Cs-:37 Cs-134 Sr-90 Co-60 Pu-238 

80 70 12 2.6 0.49 0.05 

8 12 1.7 0.8 0.17 0.012 

130 110 21 13 1.5 0.03 

34 35 7.7 9.9 0.21 

110 110 22 13 1.3 

190 94 29 22 2.3 0.063 
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NUCLEAR FUELS SERVICES ENVIRONMENTAL MONITORING PROGRAM( 6) 

Nuclear Fuels Services (NFS) collects monthly composite water samples 
(Table 9) at Felton Bridge as part of an environmental monitoring program. 

The period of record shown in Table 9 is from January 1972 to June 1972 and 
from May 1974 to December 1976. 

Radioactivity levels of gross a, gross S, 3H, 89sr, 90sr, 106Ru, 
129 r, 134cs and 137cs in water have generally decreased since 1971. 

Table 9 indicates that there is a strong relationship between radioactivity in 
water and water discharge of Cattaraugus Creek. In other words, during 

periods of high-flow radionuclide cOncentrations in water tend to be low, 
whereas during low-flow conditions the radionuclide levels are higher. 

NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION MONITORING(?) 

The New York State Department of Environmental Conservation conducts an 

extensive environmental radioactivity monitoring program throughout the State 

of New York. Included in their monitoring program is the area surrounding the 

Nuclear Fuels Service Center at West Valley. Table 10 is a summary of results 

of quarterly analysis of radioactivity in 1971 and 1972. 

SUMMARY OF PREVIOUS RADIOLOGICAL SURVEYS 

Tables 11 and 12 summarize comparable data on radioactivity levels in 

water and bed sediment from previous radiological surveys. The two most 

striking observations of radioactivity in water are the dilution effect on 
radioactivity between Buttermilk Creek and Cattaraugus Creek, and except for 

the bed sediments in Springville Reservoir, the general decrease in radio­
activity with time. Figure 4 is a comparison of NFS environmental monitoring 

data with water discharge of Buttermilk Creek for the same period. Although 
no distinction was made between dissolved radioactivity and suspended sediment 

radioactivity, there does appear to be an inverse relationship between radio­
activity and discharge, especially for 90sr which is mostly transported in 

the dissolved phase. 
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TABLE 9. Monthly Composite Water Samples Cattaraugus Creek 
at Felton Bridge (Nuclear Fuels Services) 

Ci/~ 

Gross a. Gross 6 H-3 Sr-89 Sr-90 Ru-106 I-129 Cs-134 Cs-137 

1971 
Joe 1.04 100 4,300 31.0 
Feb 1.16 93 19,800 31.5 
Moe 1.00 74 16,600 31.6 
Ap~ 1. 70 108 1,600 22.8 
Moy 0.35 143 4,800 50.1 
Jun 0.84 108 8,100 23.7 
Jcl 0.49 93 85,000 19.2 0.77 
Ac9 1. 73 194 84,700 32.6 1.34 
Sep 0.38 104 18,700 23.5 3.10 
Dot 0. 75 184 34,500 0.00 37.3 ss 0.65 0.00 2.8 

'" o. 84 183 49,300 0.00 25.6 152 0.54 0.00 5.9 
Dec 3.05 143 3,700 0.00 17.2 75 0.03 0.00 15.6 

1972 
Joe 0.59 81 3,500 0.00 11.1 138 0.02 0.00 27.5 
Feb 0. 51 130 3,900 0.00 29.3 193 0.03 o.oo 66.1 
Moe 3.05 140 1,600 0.00 23.3 253 0.02 0.00 34.1 
Ape 0. 93 47 29,100 0.00 19.5 379 0.88 0.00 53.5 
Moy 0. 91 114 4,600 0.00 14.2 183 0.20 0.00 25.0 
Jcc 3. 23 40 3,600 0.00 11.8 128 o. 01 0.00 7.0 

1974 
Moy <0.80 8.3 <1,900 0.00 1.4 23 0.00057 0.00 1.8 
Jcc <1. 08 8.7 < 1,900 0.00 1.6 <14 0.00 4.0 
Jcl 1.34 11.6 <1,900 6.98 2.7 '14 0.00 0. 0 
Ac9 <0. 92 10.2 <1,900 0.00 5.0 <14 0.00 2.5 
Sep <1.12 21.0 <1,900 3.60 5.6 '14 0.00312 0.00 3.2 
Oct <0. 94 13.9 < 1, 900 0.00 8.1 18 0.00911 0.00 0.0 
N" <0.73 16.1 < 1,900 0.00 2.9 36 0.00304 0.00 0.0 

'" <1.17 5.3 '1,900 0.00 5.2 '14 0.00 0.0 
1975 

Joe <Q, 95 8.9 <1, 900 0.00 0.0 d4 0.00363 0.00 0.0 
Feb <0.71 10.0 <1 '900 o. 00 0.0 d4 0.00 0.0 
Moe <0.30 <2.1 <1 '900 0.00 0.0 d4 0.00491 0.00 0.0 
Ape <0.59 4.1 <1,900 0.00 1.2 d4 0.00 4.0 
Moy <0.40 5.3 <1 '900 0.00 1.9 d4 0.00 4.5 
Jcc <0. 78 18.7 14,200 1. 20 2.2 d4 0.00279 0.00 2.4 
Jcl <0.60 5.1 1,900 5.80 1.8 d8 0.00 1.8 
Ac9 <Q,60 13.5 3,900 0.00 5.4 10 0 00 1.1 
Sep <0.60 8.8 <700 0.00 1.7 15.9 0.00 0.0 
Oct <0.60 7.8 11,800 0.00 2.5 '18 0.00 o.o 
N'" <0.60 7.9 <700 0.00 3.4 d8 0.00 0.0 
Dec <0.60 4.4 19,500 o.oo 0.0 37 .s 0.00 0.0 

1976 
Joe 
Feb <0.71 9.8 4,300 0.00 0.0 28.1 0.0067 0.00 o.o 
Moe 0.63 3.7 <]00 0.00 o.o 34.3 0.0036 0.00 0.0 
Ape <0.60 3.9 '700 0.00 0.0 21.6 0.0041 o.oo 1.2 
Moy <0.60 <4.3 2,900 0.00 1.9 18.5 0.00 0.0 
Jcc 2.03 14.6 4,300 0.00 1.8 16.4 0.0206 0.00 0.0 
Jcl 4.25 12.9 4,300 0.00 2.8 15.4 0.00 0.0 
Acg 2. 96 16.0 29,000 1.1 0.0 15.1 0.0035 0.00 o.o 
Sep 2.49 8. 9 65,700 0.00 1.8 < 14.2 0.0076 0.00 2.3 
Oct 1. 80 8.5 7,600 2.1 0.0 <13.4 <0.0005 0.00 o.o 

'" l. 36 9.8 5,300 0.00 4.1 14.7 0.0018 0.00 0.0 
Dec <0. 81 8.4 70,100 3.8 1.7 0.0033 0.00 3.5 
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TABLE 10. Average Radioactivity Levels in Water - pCi /~ 
(New York State Department of Env i ;~onmenta 1 

• Conservation) 
Gross '" Cs-137 Ru-105 Sb-125 H-3 6 Sr-89 Sr-90 Pu-238 239~240 1-129 

1971 - 3rd Quarter 
• Buttermil~ Cr. at Thomas Corr~ers Br. 50 3,977 576 1,000,000 5,157 797 0.026 0.068 4 

Cattaraugus Cr. at Springville Dam 197 15 66,000 169 44 

Cattaraugus Cr. at Gowanda 92,000 86 

Cattaraugus Cr. at Irving 47,000 115 1B 
1971 - 4th Quarter 

Buttermilk Cr. at Thomas Corners Be. 2,756 416 330,000 3,299 9 243 0.047 0.014 2.8 
Cattaraugus Cr, at Springville Dam 247 21 39,000 304 24 
Cattaraugus Cr. at Gowanda 

Cattaraugus Cr. at Irving 20,000 105 

1972 - 1st Quarter 
Buttermilk Cr. at Thomas Corners Be. 773 151 25,000 1,434 123 
Cattaraugus Cr. at Springville Dam 95 3,200 146 15 
1972 - 2nd Quarter 

Buttermi 1 k Cr. at Thomas Corners Br. 11 920 242 27,000 1,307 111 0.42 

Cattaraugus Cr. at Springville Dam 83 15 2,000 117 8 0.30 

• 
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TABLE 11. Summary of Previous Ana lyses of Radioactivity in Water 
(Reported as pci; n 

Gross ZrNb RuRh Gross 
Sr-90 ' Cs-137 1'1-3 95 106 Co-50 Cs-134 Sb-125 • 0 --

Buttermi-lk Creek at 

Thomas Corners Bridge 
• 

1965 

r:Ys Hea ltn Dept. d 

1966 

f!YS rlealth Oe;r::. d 5.8 
NYS A~uatic Survey 1 6 

1967 

NYS Health Dept. 335 970 111 320,430 

NYS A~uatic Survey 100 10 1000 lO 

19E9 Jun"' 

u.s. Pub 1 i c Health 480 6800 16 370,000 4700 4.9 4 5.1 41 
1969 November 

lJ. s. Pubiic Health 360 1400 17 43,000 380 dO 1.4 10 49 
Cattarauous Creek ;t 

Sj:wingville o, 

1965 

NYS Health Dept. 3 

1966 

NYS Health Dept. 61 116 
NYS Aquatic Survey 

1967 

~YS health Dept. 24 95 <20 30' 730 

NYS Aquatic Survey 10 100 4 

1969 June 

u.s. Public Health 38 530 1.2 30,000 410 0.3 " <0.5 3.4 

> 

• 
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TABLE 12. Summary of Previous Analyses of Radioact ivity in 

• 
Bed Sediments (Repor ted as pCi/g) 

ZrNo 
Location Sr-90 Cs-137 Ru-106 95 Co-60 Cs-134 

it 
BUTTERMILK CREEK AT THOMAS CORNERS BRIDGE 

1966 
~S Health Dept . 81 126 318 155 7.7 

1967 
~s Health Dept. 2.6 

NYS Aquatic Survey 115 226 120 8 

1968 May 
U. S. Public Heal t h 2.6 70 80 0.49 12 

1969 June 
U. S. Public Health 13 110 130 1.5 21 

19€9 November 
U.S . Public Health 13 110 110 1.3 22 

CATTARAUGUS CREEK AT SPRINGVILLE DAM 

1965 
--rjvs Hea ltil Dept. 3.8 9.0 32 10.7 0.4 

1967 
--NYS Health Dept. 2.3 23.0 2.9 3.9 0.3 

NYS Aquatic Survey 28 .8 45 . 7 7.4 0.47 

1968 May 
U.S. Public Health 0.8 12 8 0. 17 1.7 

1969 June 
U.S . Public Health 9.9 35 34 0.21 7.7 

1969 November 
U.S. Public Health 22 94 190 2.3 29 

• 

• 
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PHASE 1. SAMPLING PROGRAM 

The Phase 1 sampling program was conducted on 30 November through 
5 December 1977. The field sampling program consisted of collection of data 
on flow and channel characteristics, water characteristics, sediment charac­
teristics, and radionuclide characteristics at designated transects on Catta­
raugus and Buttermilk Creeks. 

DESCRIPTION OF TRANSECTS 

The field sampling effort involved the collection of data at ten transects 
on Cattaraugus and Buttermilk Creeks, covering approximately 45 linear miles 
of stream channel. The sampling effort was concentrated in a six-mile reach 
of Cattaraugus Creek and Buttermilk Creeks between Springville Reservoir on 
Cattaraugus Creek and the Nuclear Fuel Services site on Buttermilk Creek. How­
ever, two upstream control transects were established, one each on Cattaraugus 
and Buttermilk Creeks, and two downstream transects were located on Cattaraugus 
Creek at Gowanda and at the mouth of Cattaraugus Creek near Lake Erie. One 
transect was located on Franks Creek at its confluence with Buttermilk Creek, 
four transects were located on Buttermilk Creek, and five transects on Catta­
raugus Creek. The location of these transects are shown on Figures 1 and 5 
and are described in detail below: 

FC-1 Confluence Franks and Buttermilk Creeks - This transect is located 
on Franks Creek about 100 ft upstream of the confluence with Buttermilk Creek 
at Buttermilk Creek mile (BCM) 2.27. The cross section was located on the 
downstream side of the Ohio Railroad culvert. 

BC-1 Fox Valley Road - This site was used to provide background informa­
tion on Buttermilk Creek. The cross section was located about 100 ft upstream 
of the Fox Valley Road culvert at BCM 4.98. 

BC-2 Buttermilk Creek - This transect is located on Buttermilk Creek 
approximately 1,200 ft downstream from the confluence with Franks Creek at BCM 
2.05. 

BC-3 Bond Road Bridge - This transect is located on Buttermilk Creek 
about 100 ft down- stream of the abandoned Bond Road Bridge at BCM 1.34 . 
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BC-4 Thomas Corners Bridge - This transect is located on Buttermilk Creek 
about 100 ft downstream of Thomas Corners Bridge at BCM 0.21. 

CC-1 Bigelow Bridge - This site, located on Cattaraugus Creek, was used 
to provide background information on Cattaraugus Creek. The cross sect i on was 

located directly underneath the up stream side of the bridge at CCM 39.62. 
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CC-3 Felton Bridge - CC-3 is located on Cattaraugus Creek one-half mile 
downstream from the confluence with Buttermilk Creek. The cross section was 
located approximately 100 ft downstream of Felton Bridge at CCM 36.88. 

CC-5 Springville Dam - This transect is located on Cattaraugus Creek in 
Springville Reservoir about 500ft upstream of the dam. The cross section was 

located at CCM 35.04. 
CC-9 Gowanda Bridge - This transect is located on Cattaraugus Creek at 

Gowanda. The cross section was located 150 ft downstream of the Taylor Hollow 
Road Bridge at CCM 15.83. 

CC-11 Mouth Cattaraugus Creek - This transect is located on Cattaraugus 

Creek about 4000 ft upstream of the mouth. The cross section was situated 
underneath the New York-Central Railroad Bridge. 

FLOW AND CHANNEL CHARACTERISTICS 

Flow and channel characteristics data collected during the Phase 1 samp­
ling program included cross section shape, channel bed and water surface ele­
vations, and water velocity data at each transect. From these data the dis­
charge could be calculated and bed degradation-aggradation between sampling 
periods determined. Cross-section shapes, and bed and water surface eleva­

tions were obtained using a level and surveying rod along pre-established 
transect lines. Bed elevations along the transect were taken so that the dis­
tance between any two measurements were less than 5% of the total channel 
width. Elevation measurements extended far enough beyond the confines of the 
exist i ng stream channel to allow comparisons of the temporary reference datum 
points established near the transects. Water depths along some transects were 
too deep to use the survey level and rod technique to determine bed elevation. 
In such cases water depths were determined by means of a sounding rod or line 
and referenced to the water surface. The water surface elevations were refer­
enced to the temporary reference datum point. 

Water velocity measurements were obtained using electromagnetic induction 
current meters. Where the water depth was greater than 2.5 ft, velocity 

measurements were taken at two depths, 0.2 and 0.8 times the total 
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water depth. Where the water depth was less than 2.5 ft, one velocity measure­
ment was taken at 0.6 times the total water depth below the surface. From 
these velocity measurements the vertically averaged velocity can be calculated 
in order to determine the water discharge at the transect . Laterally across 
the stream, velocity measurements were taken at each location where the bed 
elevation was determined. The current meters were attched to wading rods where 
the water depths permitted; or where the depths were too great, a torpedo 
weight and cable were used. 

WATER CHARACTERISTICS 

Water characteristics measured during the sampling program were water 
temperature, pH and hardness . Water temperature is required to calculate vis­
cosity for the SERATRA code. The pH and hardness are used in evaluating the 
adsorption and desorption coefficients. 

Water temperature, pH, and hardness measurements were taken at predeter­
mined stations and depths along the transects. Temperture measurements were 
taken using an in situ temperature probe and, pH and hardness samples were 
taken with a one-liter water sampler. 

SEDIMENT CHARACTERISTICS 

Total suspended sediment load samples were taken at designated stations 
and depths at each transect using a one-liter suspended sediment sampler. 

RADIOLOGICAL SAMPLING 

Large volume water samples, suspended sediment samples and bed sediment 
samples were collected at each transect for radiological analyses. The method 
for collection of the large volume water samples is shown in Figure 6. 
Approximately 80 gallons (300 liters) of water were collected in five gallon 
plastic containers using a centrifugal water pump, frozen and returned to the 
laboratory for separation of suspended solids from water. Standard filtering 

methods for separating suspended solids from water could not be used in the 
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FIGURE 6. Sampling Procedure 

field due to the high suspended sediment load (50 to >500 mg/t) in Cattaraugus 
and Buttermilk Creeks, and because of the extreme difficulty in dividing sus­
pended sediment into size fractions (i.e., sand, silt and clay) for radiologi­
cal analysis once the suspended sediment is impregnated on filters . 
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SEDIMENT NUMBERING SCHEME 

A uniform sample numbering system has been devised for use during the 
three sampling programs on Cattaraugus and Buttermilk Creeks. Since multiple 

samples could be taken on some transects, the numbering system has been set up 
to include the transect number, station number, and depth of sample where more 
than one d~pth was sampled at a given station . Where there is one sampling 

location on a transect, only the transect number is used to designate the 
sample. The transect numbers consist of two letters designating the stream 

(CC-Cattaraugus Creek, BC-Buttermilk Creek, FC-Franks Creek), and a number 
designating the position relative to the upstream control station. Thus, CC-3 
represents the third transect downstream of the control station on Cattaraugus 
Creek. The second number set in the numbering system represents the station 
and is offset from the transect number by a dash. CC3-1 represents station 1 
at transect CC-3. The sampling depth is designated as the fraction of the 
total depth below the water surface at which the sample was taken . CC3-1/.2d 
represents a sample collected at a depth of 0.2 times the total depth below 
the surface at station 1 of transect CC-3. 

LABORATORY PROCEDURES 

The 80 gallon water samples, when returned to the laboratory, were thawed 

and the suspended sediment separated from the water by decantation and centri­

fugation. The water samples were then processed through a Battelle Large 
Volume Water Sampler (BLVWS) . The BLVWS is comprised of a set of three 
parallel pre-filters , three aluminum oxide beds and three cation exchange 
resin beds, all in series. The pre-filters (0.3~ glass-fiber) are designed to 
capture the colloidal material not previously collected by the decantation and 
centifugation process. After passing through the pre-filters, the water then 

passes through the three 11 in.-dia by 0.25 in.-deep, 100x200 mesh chromato­

graphic grade , neutral aluminum oxide beds. Then the water passes through the 
three DOWEX 50Wx8, 20x50 mesh cation exchange resin beds of the same dimen­
sions as the aluminum oxide beds. A flow meter was located at the discharge 

end of the BLVWS to record the volume of water passing through the BLVWS. The 
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use of the BLVWS with aluminum oxide and cation exchange resin beds for 
collection of low level radionuclides has been discussed by Silker. (8) 

The three aluminum oxide beds and three resin beds were stored in plastic 

bags and numbered in order of position in the series (e.g., 1, 2 or 3) for 
radiological analysis. The three pre-filters were set up to be analyzed as 
one sample since they were set up in parallel sets. 

Preparation of suspended sediment samples for radiological analysis con­

sisted of separation into sand, silt, and clay size fractions. The procedures 
used were those of Jackson. (g) The suspended sediment was first wet sieved 

through a U.S. Standard 200 mesh sieve. The material retained on the sieve 
was dried and weighed, and reported as sand (>74~). The material passing 
through the sieve was dispersed using an electric mixer (ASTM Stirring Appara­
tus A)(10) and centrifuged at 750 rpm for 3.3 minutes. The material remain­

ing in suspension after centrifugation was decanted, dried and weighed . This 
fraction was reported as clay (>4.0~). The material remaining in the 
centrifuge cups after decantation of the suspended clay was dried, weighed, 
and reported as silt (74~ x 4.0~). 

Bed sediment samples were dried in an oven at 103°F and then sieved on a 
RoTap Shaker. The material retained on each screen was weighed and a portion 
saved for radiological analysis. The portion passing the 200 mesh screen was 

allowed to soak in distilled water overnight and separated into silt and clay 
fractions by the same method used for suspended sediment. 

Total suspended sediment levels were measured from the one liter sus­
pended sediment sample by filtration according to Standard Methods, 
No. 2080.(11 ) Gooch crucibles and Whatman GF/C filters were used to filter 
100 milliliter samples which were dried for a minimum of two hours and 
weighed. The results are reported as milligrams per liter (mg/t). 

Water hardness and pH measurements were taken in the field. The pH 
measurements were taken using a Corning Model 3 portable pH meter. The meter 
was standardized with pH 7 buffer immediately prior to each measurement. 
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Water hardness was measured utilizing the procedures described in Standard 
Methods, No. 3098 using commercial reagents. Results are reported as mg/t of 

Caco3. 

RADIOLOGICAL ANALYSIS 

Radiological analyses were performed on sand, silt and clay size frac­

tions of suspended sediment and bed sediment samples, and on filters, aluminum 
oxide and resin beds of water samples. Priority was given to gamma ray spect­
rometry analysis during the Phase 1 sampling program because of initial 
funding limitations and the relatively low costs of gamma ray spectrometry. 
Additional funding allowed the analysis of other radionuclides requiring radio­
chemical separation procedures, such as 90sr, 238Pu, 239 Pu, 241 Am and 244cm. 

However, the high costs of radiochemical separation did not warrant the 
analysis of all samples for non-gamma radionuclides. 

United States Testing, Inc., a commercial laboratory located in Richland, 
Washington, performed the majority of the gamma ray spectrometry, 90sr, 
238Pu and 239Pu analyses of the Phase 1 samples. The University of 
Washington, Laboratory of Radiation Ecology also performed some gamma ray 
spectrometry, plutonium and strontium analysis, in addition to performing 
241Am, 244cm, and tritium analyses. PNL's Physical Sciences Department 
performed gamma ray spectrometry analysis of one sample (FC-1). 

Gamma ray spectrometry analysis was performed using Ge(Li) diode systems, 
except the one sample analyzed by PNL's Physical Sciences Department which 
utilized a large-volume Nal(T1) multi-dimensional gamma ray spectrometer 
system in the coincidence and noncoincidence modes. (12 ) 

Gamma ray spectrometry analysis by U.S. Testing, Inc. utilized a Canberra 

Model 7229 and 7248, Germanium-Lithium drifted diode and a Pulse Height Ana­
lyses (PHA) program for intepretation of the Ge(Li) spectra. A description of 

the system is included in Appendix A of this report. The published detec­
tion limit of U.S. Testing's gamma ray spectrometry analysis is 0.07 pCi/g 

based on a 500 minute count and 40 grams of sample. For a 200 minute count 
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the detection limit is 0.1 pCi/g. The above detection limits do not apply to 
all samples analyzed, however, since the sample sizes were often less than 40 
grams. In many cases the suspended sand fraction and bed clay fraction quan­
tities were less than one gram. In such cases the detection limits increased 
dramatically and can be seen in the results of the gamma ray spectrometry 
analyses where the standard error (represented as + two standard deviations) 
is much greater than the detection limit. 

A description of methods and procedures used by U.S. Testing, Inc., in 
their plutonium and strontium analysis of Phase 1 samples is also included in 

Appendix A. 

Appendix B is a description of the analytical methods and procedures used 

by the University of Washington, Laboratory of Radiation Ecology in their 
gamma ray spectrometry, plutonium, strontium, americium and curium analyses of 
the Phase 1 samples. 
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DISCUSSION OF PHASE 1 SAMPLING PROGRAM RESULTS 

Table 13 is a summary of the radiological samples collected during the 
30 November through 5 December 1977 sampling program. Twenty one samples were 
collected at the ten transects on Cattaraugus, Buttermilk and Franks Creeks. 

Multiple station and depth samples were taken at some t r ansects to investigate 
the vertical and lateral variability of radionuclide concentrations. The 
sample stations and depths for each transect are shown in Appendix C. 

FLOW AND CHANNEL CHARACTERISTICS 

A comparison of computed discharges from measured velocities and depths 
at each transect with the daily discharge of Cattaraugus Creek at the USGS 
Gowanda gaging station is given in Figure 7. During the sampling program of 
30 November through 5 December 1977, the daily discharge of Cattaraugus Creek 
at Gowanda varied from a low of 800 cfs on 30 November to a high of 3700 cfs 

on 1 December. From 1 December to 5 December the discharge steadily decreased 
to 940 cfs. This peaking hydrograph, which occurred during the sampling 

program, was the result of snow melt and thawing conditions on 1 December, 
freezing conditions from 2 to 4 December, and heavy snowfall and freezing 
conditions on 5 December. The peaking hydrograph of Cattaraugus Creek is 
reflected in the discharge computations of the sampling transects. 

High discharges were encountered at Buttermilk Creek transects, BC-2, 
BC-3, and BC-4, on 1 and 2 December because of the peaking hydrograph. These 
discharges were 360 cfs, 95 cfs and 139 cfs, respectively. The average dis­
charge for Buttermilk Creek at Thomas Corners Bridge, based on eight years of 
record by the USGS is 46.5 cfs. The discharges of Franks Creek and Buttermilk 
Creek at Fox Valley Road during the Sampling Program were 20 cfs and 52 cfs, 

respectively. 

Discharges of Cattaraugus Creek on 2 through 4 December at each of the 
sampling transects show the effects of the declining hydrograph. On 

2 December the discharge of Cattaraugus Creek at Bigelow Bridge (CC-1), the 

upstream control transect on Cattaraugus Creek, was 845 cfs, whereas the dis­
charge at CC-3, Felton Bridge, on 3 December was 722 cfs. The computed 
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TABLE 13. Summary of Work Conducted 

Number of Number of Total 
Stations Depths Number of 

Date Transect Sampled Sampled Samples 

11/30/77 FC-1 Franks Creek 1 1 1 
11/30/77 BC-1 Fox Valley Road 1 1 1 
12/1/77 BC-2 Buttermilk Creek 2 1,1 2 

w 12/2/77 BC-3 Bond Road Bridge 2 1,1 2 - 12/2/77 BC-4 Thomas Corners Bridge 2 1,1 2 
12/2/77 CC-1 Bigelow Bridge 1 1,1 1 
12/3/77 CC-3 Felton Bridge 3 1,3,1 5 
12/4/77 CC-11 Mouth Cattaraugus Creek 1 2 2 
12/4/77 CC-9 Gowanda Bridge 1 1 1 
12/5/77 CC-5 Springville Dam 2 1,3 4 -

Total 16 21 
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discharge at CC-9, Gowanda Bridge, located just downstream of the USGS gaging 
station, was 1100 cfs, the same as the recorded discharge at the Gowanda 
gaging station. The discharge at CC-11, mouth of Cattaraugus Creek, was 
1326 cfs. The average discharge of Cattaraugus Creek at Gowanda, based on 37 
years of record, is 731 cfs. 

WATER CHARACTERISTICS 

Water temperatures during the Phase 1 Sampling Program varied from a high 

of 5°C at BC-2 on 1 December to 1°C at CC-5, Springville Dam on 5 December 

(Table 14). No vertical temperature variations were discernible. Water 
hardness of samples varied from 29 to 68 mg/£ of Caco3. No distinguishable 
patterns were evident. 

The pH of water varied from 6.9 to 9.2. The highest values were found in 
Franks Creek and Buttermilk Creek (7.5 to 9.2) and the lowest in Cattaraugus 

Creek (6.9 to 8.0). 

SEOIMENT CHARACTERISTICS 

Suspended sediment loads varied from about 1400 mg/£ in Franks Creek to 
45 mg/£ in Buttermilk Creek at Thomas Corners Bridge (as shown in Table 15). 
Suspended sediment load of Buttermilk Creek was generally higher than in 

Cattaraugus Creek and can be partially accounted for by the higher discharges 
during the period of sample collection at these transects. 

Suspended sediment was comprised principally of silt and clay with very 
little sand. In most cases the suspended sand accounted for less than 10% of 
the suspended sediment load. Suspended silt generally accounted for greater 
than 70% of the suspended sediment load and suspended clay accounted for from 
5% to 10% of the suspended sediment load. 

In contrast, the bed sediment (Table 16) was comprised almost exclusively 
of sand and gravel size material with very little silt and almost no clay size 
sediment. 
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TABLE 14. Water Characteristics and Discharge 

Transect/Station/Depth 

FC-1 Franks Creek 
0.2 d 

BC-l fox Valley Road 
0.2 d 

BC-2 Buttermilk Cree~ 
Station 1 

0.2 d 
Stat10n 2 

o. 2 d 
BC-3 Bond Road Bridge 

Stat 10n 1 
0.2 d 

StatlOT' 2 
0. 2 d 

Date 
Samo led 

11/30/77 

11/30/77 

:2/01/77 

12/02/77 

BC-t. Thomas Corners S~idge 12/02/77 
Statior' l 

0.2 d 
Station 2 

0. 2 d 
CC-1 Bigelow Br1dge 

Station 1 
0.2 d 

CC-3 Felton Bridge 
Statio~ l 

0.2 d 
0.5 0 
0.8 d 

Station 2 
0.2 d 

Station 3 
0.2 d 

CC-5 Springville Darr. 
Station 1 

0.2 d 
Station 2 

0.2 d 
0.5 d 
0.8 ct 

12/02/77 

12/03/77 

12/05/77 

CC-9 Gowal'\da Bridge 12/04/77 
Station l 

0.2 d 
CC-11 Mouth Cattaraugus Cr. 12/04/77 

Station 1 
0.2 d 
0.8 c 

Depth 
__li__U 

1. 33 
o. 54 
o. 76 
o. 54 

2 .15 
1.52 
o. 79 
o. 54 

0.86 
0.65 
1.11 
0.82 

0.46 
0.32 
1. 73 
l.56 

2. 23 
1. 73 

3.25 
0.67 
1. 58 
2. 58 
2.17 
1.42 
1.71 
o. 96 

11.5 
9.1 

11.5 
2.3 
5.8 
9.2 

4.2 
3.4 

7.0 
1.4 
5.6 

A~erage 

Velocity 
fps 

1. 25 

2.63 

3. 73 

2.02 

2.31 

3.09 

3.22 

2.86 

0.67 

Computed 
Discharge 

"' 
20 

52 

360 

95 

139 

845 

722 

1100 

1326 

Water 
Temperature 

oc 

3.0 

3.0 

s.o 

s.o 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 
4.0 
4.0 

4.0 

4.0 

1.5 

1.0 
1.0 
1.0 

3.0 

3.5 
].5 

f-lardness 
mgh 
caco~ 

46 

54 

4l 

43 

48 

29 

56 

29 

44 

42 
42 
so 

34 

46 

54 

" 50 
54 

58 

54 
52 

8.5 

8.9 

8.5 

7.5 

8.6 

9.2 

8.8 

8.3 

7.1 

7.4 
7.0 
8.0 

7.0 

7.5 

7.2 

6.9 
7.1 
6.9 

7.0 

7.0 
7.1 

0.2 G 1 

0.5 d l 

d I 
indicate fraction of total depth below surface, i.e., 0.8 d indicates 0.8 x the water depth below 
the su~face 

0.8 
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TABLE 15. Suspended Sediment Characteristics 

Total 
Suspended 

% % % Sediment 
Sand silt I.lE.l load, mg/~ 

FC-1 Franks Creek 0.6 88.5 10.9 1392 

BC-1 Fox Valley Road 2.0 89.1 8.9 360 

BC-2 Buttermilk Creek 
Station 1 18.4 78.1 3.4 570 
Station 2 9.1 62.9 28.1 570 

BC-3 Bond Road Bridge 
Station 1 2.5 88.7 8.8 125 
Station 2 19 .o 74.7 6.3 54 

8C-4 Thomas Corner Bridge 
Station 1 3. 9 86.4 9. 7 50 
Station 2 1.5 86.7 11.8 45 

CC-1 Bigelow Bridge 4.6 90.7 4.7 55 

CC-3 Felton Bridge 
Station 1 

0.2d 7 .o 89.1 3. 9 74 
0.5d 9.4 85.9 4. 7 60 
0.8d 9.2 87.0 3.8 70 

Station 2 0.9 47.4 51.7 81 
Station 3 1.1 47.0 51.9 84 

CC-5 Springville Dam 
Station 1 0.8 90.2 9.0 79 
Station 2 

0.2d 0.6 91.0 8.4 97 
0.5d 0.6 99.4 0.0 105 
0.8d 0.6 89.5 9.9 104 

CC-9 Gowanda Bridge 10.0 84.3 5.7 72 

CC-11 Mouth Cattaraugus Cr. 
0.2d 2.6 93.2 1.2 85 
0.8d 9.8 85.2 5.0 73 

• 
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TABLE 16. Bed Sediment Characteristics 

% % % 
Sand s i 1 t ~ 

FC-1 Franks Creek 28.1 68.5 3.4 

BC-1 Fox Valley Road 98.5 1.3 0.2 

BC-2 Buttermilk Creek 
Station 1 98.9 1.1 0.01 
Station 2 99.2 0. 7 0.003 

BC-3 Bond Road Sri dge 
Station 1 99.4 0.5 0.01 
Station 2 98.2 1.8 0.01 

BC-4 Thomas Corners Bridge 
Station 1 99.9 0.1 
Station 2 99.1 0.9 0.03 

CC-1 Bigelow Bridge 99.8 0.2 0.02 

CC-3 Felton Bridge 
Station 1 99.5 0.5 0.003 
Station 2 98.7 1.3 0.004 
Station 3 99.8 0.2 0.003 

CC-5 Springville Dam 
Station 1 89.0 10.7 0.3 
Station 2 81.0 18.7 0.3 

CC-9 Gowanda Bridge 98.9 1.1 0.1 

CC-11 Mouth Cattaraugus Creek 87.4 11.3 1.3 
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GAMMA RAY SPECTROMETRY 

Tables 17 through 21 are the results of gamma ray spectrometry analysis 
of radionuclides attached to suspended sediment, bed sediment, and radio­
nuclides dissolved in water. The gamma ray spectrometry results of suspended 
and bed sediment are reported as the activity of a particular radionuclide 
associated with the sand, silt and clay fractions of each sample in picocuries 
per gram (pCi/g). To arrive at a composite sample activity for a particular 
radionuclide, the weight or percent of each size fraction is multiplied by the 
activity of that fraction, summed and divided by the total sample weight 

(divide by 100 in the case of percent). Gamma ray spectrometry results of 
radionuclides dissolved in water are reported as the total activity of a par­
ticular radionuclide (Table 19) and as the activity associated with each of 
the three resin beds, aluminum oxide beds and filters (Table 20). 

Transects BC-1 and CC-1 are the upstream control stations on Buttermilk 
and Cattaraugus Creeks. Because these transects are upstream of the influence 
of the Nuclear Fuel Services, Inc. (NFS) complex at West Valley, New York, the 
radioactivity associated with the surface waters at these transects can be 
considered to be background. By comparing the gamma activity of suspended 
sediment, bed sediment and water at the upstream control transects with the 
activity downstream of the NFS complex, one can, with a certain degree of 

confidence determine the influence of NFS facility on the radioactivity in 
Cattaraugus and Buttermilk Creeks. 

The principal gamma radionuclides detected by U.S. Testing, Inc., in the 
Phase 1 samples were 137cs, 134cs, 60co, 95 zrNb, l55Eu, 144ce, 141ce, 
224Ra, 226 Ra, 106Ru, and 4°K. In addition, the University of Washington found 
detectable quantities of 101Rh, 125sb, 232 Th, 228Th, 235u, 238u, and 210Pb 
in some samples. 

Gamma Activity Associated with Suspended Sediment 

Table 17 and portions of Table 21 summarize the results of gamma ray 
spectrometry analysis of suspended sediment. The majority of the suspended 

sediment load was comprised of the silt size fraction. This resulted in a 
variable geometry when counting by gamma ray spectrometry. As a consequence 
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TABLE 17. Gamma Ray Spectrometry - Radionuclides Attached to 
Suspended Sediment (pCi/g) 
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Slit _,o;;_o 0.138(0./l>) . 0. 113 ~.u. ,o.OJ\ "" fl.O. " " u. 1?4 0- 151(0.011 '0.\!0 1?' 1(1.0) n., ~.~, -0.?64 N.o. <U.4l1 ' " ~.0. N.D. H.O. H.ll. ~.0. •.0_/)/ JO.~ 
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TABLE 17. (contd) 

'''"""-'! ""~''' uf Sto lOun/ So"'''l•. 
1'-~~h- r,.ctJ.2!! •• ,, _!1.!__ _1:_1_-111 C~-:§_Q_- leNt>~ ____!<!_-_\)5 c~--1~-'-- _f!'.:_l~l ~o-2;'4 _ _l!o-llL__ _ Ru-1_06 _ _ _!~Q__ _ 

lll-l/.10 ~.0. N.D. ' " '11.2 
lo"<l " 'l 09 • 0. lUI •0.4]0 N.D. •1.01 N.O. N.O. <0, JDO 0.1/1{0.42) 0.101 1!.?(4.4) 
Silt !l.J O.JM(O.ll) ·0.024 H.O. N,O, H.O. '0.104 H.O. < 16 -~ ,9.n '1).8 156(1 \01 
[Jo~ , ' •1. 91 <1.40 d.JI • 6.59 •9.04 • 51.9 <15.0 

[lJ-1/.\d H.O. •0.9)2 H.O. <!1.0 
lond " • LUI H.U. H.O. H.O. H.O. H.O. H.ll. H.O. 0.16\(0.51) <0.6?1 11. 411. II 
Silt 13.9 0.400(0 11) .u.on <0.036 <0.001 •2.1<(0.16) <O.OH •0.090 H.O. H.O. H,O, •61.4 
Cloy , ' • l.U4 <O.Oilfl H.O. H.O. H.O. H.O. H.O. 

CO-l/ .8" H.O. .0.991 <O.Il'll •0.501 
5'"" ' " 9.01(1.1) •0.029 •0.018 H,O, H.O. H.O. H.U. 0.440(0.H) 0.164(0.42) • 0 .10'; 11.4(4 6) 
Silt 1G.~ O.~ll(0.22l ~.0. <O.Oll •0.01! ~.D. ~.D. H.O. 
Cloy " M "' "' "' • • " 

f ll-2 H.U. <0.0~9 N.D. •0.1~1 

''"" "; •5.41 •0.101 •0.01~ <0.011 ~.0. N.D. ~.0. <0.!]8 0. 111( 0.~ 1 ) N.D. 10.6(4.4 1 
slit 16.9 0 Ja\1.111 •.o. N_O. •0.010 <O.U~~ H.O. N.D. H.O. ,Q_1ll ~.0. ·1.80 
Cl•y 1Ll 0.198 191 N.D. N.D. N.D. N.D. H.O. H.O_ 

((J-l H.O. ·2-41 N.O. -36.1 
Sond "·' ·~ . &6 •L01 N.D. ~.u_ H_Q_ N.D. ~.a. 0.1~) 0.610(4.4) H.D. 9.10(4,11 
S Ill 1S .l 0.126(0.;21 •0.0\10 N,O, ~.a_ H.D. N.D. N.D. N.O. H.O. H.O. <4.S4 
Clay 21.9 0.151(0.11) <0.010 •<J.Oll ,Q_04l • O.lRl N.D. H.O. 

CCI- I H_O_ ~.D. H.O. <)8.2 
s.uod ... •IO.S •0.461 <O.M4 •0.160 <16 6 ' " H.O_ N.D. Q.591(0.5JI H.O_ 1.&(~.5) 
Slit ll.B 0.881(0.191 • 0.01)6 •0 1)6/ •0.104 1 26(0.161 <0.1H ~-D. N.D. <0.4S9 •0.091 <ll.9 
Cloy ' ' 5.46(1.1) •0./1) ' " ·0 611 ll 1(1.5) N.D. N.D. 

w [(0-21 .ld N.D. N.D. <20l.O <0 311.0 
Sond "' •O.J10 <6, 12 H.O. N.D. H.U_ H.A. N_A_ 0.41d(O.l~l 0.~16(0 lBI <0.18~ 1<.1(4.1) s ; ll l? .J o.6lUI0-11 1 N.D. N.D. <0.0!1 N.D. H.A. H.A_ ~.D. d.ll H.D. 'l/9.0 
Cl•y ', J. lS(J, 1) H,D, H.D- N.D. N.O. H.A. H.A. 

us-U.od H.O. H.O. H.O. <38.2 

'"" "-l -0.4!1 • !0.4 <I. )0 <1.69 '10.1 H_D_ N.D. N.D. o.oso(o.m •0.309 11.0(4.11 
Slit J? -1 0.6\10( ,]9) <0_0/1 N.!l. <O.Ofl6 <0, 100 H.O. H_O_ 
c~o, " " "' " " • "' 

f(>-II.Hd • • "' H.D. 0.415(0.441 <0.181 11.0(4.8) 

• '" • <O.Bil <1.04 dS.O S>nd "' • N.D. <0.180 1.16(0.66) N.O. H.O, H.D • 
SIll 18.2 0.90\(0.15) -0.081 

•!.01 •. o. N.D. ,o.JB3 N.D. (I,, ; , 3.10(1.01 .o_ ~~~ 
N.O. <0.001 N.O. <ll.> 

[[<)-] N.D. H.O. H.O. H.O. H.O. <0.5\9 •!_0) 1!.((6.11 
-u.ooo N.D. '0' 6~9 •0.120 •34 1 Sand ' .. -0.860 N.D. N.O. H.O. 4.0. 
<0.061 <0.011 <0.016 

SIll 12.0 0.190(0.19) 
H.O. N.O. H,O, H.O. H.O. 

(loy u <I .61 H.U. 
N.U. <0.814 ~.0. -11-~ 

Cll1 !/.10 N.D. ~.A. H.A. 0.]18 0.51S(0.44I <U OJ4 12.8(~.81 
<U.OBO <0.061 H.O. <[.14 N.D. <1.51 Sond " . 'I.JS H.A. H.A. •-D-
<0.01~ N.D. "_a_ ".0. 

Silt 30.0 0.4\4(0.111 
~.0. H.O. H,A. N.A. 

[hy " ; '1.60 <0.9/l " " 
(l!l-1/.80 • • "' • N.O- 0.664(0.511 '0.8JU 10.8(5 >I 

• • "' N.D. N.D. <I. 65 H.D . <)5 1 Sand N.D. H.O. 
O.SII(U.lll •O-IL'> ,o.olJ <0.0/S 

H.O. Sdt 11.0 N.O. N.D. N.D. 
{loy L< 5.50(4.1) <0.016 <0.001 

H _0 _-HOf(i,\i'c ted 
N,A. Not •no!yted , , T.o st>"d"d do•l•toons 



TABLE 18. Garrma Ray Spectrometry - Radionuclides Attached tq 
Bed Sediment (pCi/g) 

%of lotol 
S•II>PI• by 
-~)!!!!!_ __ __ C\-JlL_ ()_:_,_, __ ~-6Q _l_o'_l!l>~- _ !!!)?? _ te-H~ _ _!t:.!!L_ --- ~~-?I.L___ ·~~- R.l'·l~ ___ _!-_4_(1_. 

FC·l 

••• 28.1 ~.aT.l!)!ll -.&=m~-OJj(l) 0.\<;4 !~101) (2) •.a. pi H,A. uflj H.A. N.A. 0.5110.001)(!1 N.O. (I) 9.4(1.911\l 
SiH •• 0.31 0.09)111 <0.004 H.O. 1) H.A. H.O. 1 H.A. ·-~- O.AJ O.lolPJ H. 0. (l) J>.oj1.711 I 
Cl•y " I 11 0.11) I <,(1(18(1) O.G1(0.00<1)l21 o.4J(o.mOI H.A. o.ss(O.l1)11 I N.A. H,A, Ul(O.ll l) Lll(0.69j(l) 14.6 J. I l 

8C-l 

••• 98.5 <O.oo>l11 cOOr1) <0 ooor1) H.u.II) H.A • " • I' I H.A. H.A. 0.61(0.\17)(1) H. o. (l I 1H!Ul!ll Silt " O.OJIO.GJ)!II <0.17 11 •0.001 11 H.o.jii H.A. H.O. I .. "" l.lJ(o.uqn UlPs]l!P 1 
Cloy " 0.16 O.Oil) l <0.18 I <0.001 I H.O. l) N.A, H.O. l H.A. ·-·- 1.61(0 14) l) 

SCI-I 

••• •• 1.7~ (o.lo I '0.10\(0 085) <0.0~0 H.O. H.D. <0.111 '0.08\ 0.92l(O Ill 0.015(0.111 H.D. I.Ol(l.8) 

S I It ... ) .84(0.41) ' \14 <0.211 0.048(0.41) /6.1(0.llll) H.D. H.D. H.D. 1.41(0.46) ].'10(1.6) 10./(U) 

C1•y 0.01 ll.5(<1) 'O.l04 •l.B H.D. H.O. H.O. H.D. H.O. <11.8 H.O. <4.0 

~C/-1 .. , "' 5.81(0.10) 0.141(0.11) M.a. 0.511(0.24) 19.8(0.54) H.D • H.O. H,D. 0.709(0.10! 1.51(0.'10) 7.41!1- Jl 

SIH .., 13.6(0.18) ·-0.186 •0. 140 •0 101 H.O. N.D. H.D. <0.001 0.900(0.51 <0.101 7.91 5.a 
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"' BCJ-1 
0 ••• "·' 11.9(0.411 •0.181 <0. 114 H.D. "-"- H.O . 0.Y'.i6(0. lll 0.815(0.,1(,) •1.19 I .91(1.1) 
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8()-1 
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TABLE 19. 

Cs_:lll_ ____is-13_1.__ 

fC.J 01 0.12 (0.10) N.A. 

(~) 0.194 (0.01) 0.0<)5 (.IJO;>) 

BC-3 '.040 0.~0 (.OJJ) 

'" "' N .0. N.A. 

cc I 0.122 Ll04) O.OM (.01) 

CC-3 .- .026 0.049 (.032) 

CC-~ 0.016 (.011) '.03] 

CC-9 < ,Q4q 0.079 (.06)) 

(1) Uo1vecsity of 10a<~ington 
(2) rNl 

Rema1nlog "mples Oflalyzed by 11.5. le,tlng 

N 0. Not Ootected 
~. Not ~n•lyze<l 

) Two Standard Deviations 

Gamma Ray Spectrometry - Radionuclides Dissolved 
in Water (pCi/£) 

_ _i0-6_Q__ ___l_~rlb~9_i_ _ [u-1_~-- ~:141 f_~_-1~1_ Ra-2~ R_a_·226 ___ __R_u-lOfi 

M.O. M.D. N.D. N.D. NA M.A. H.O. N.O. 

0.044 (.001) N.A. N.A. N.A. "-~- M.A. N.A. 0 5ZI (.0~) 

'.Ol2J o_rn;g 1 .osoJ <,050 N.D. •. ?40 N.D. "' "' 
N.D. N. U. N.D. N.D. N.D. N.U. 0.12 ( \5) N.O. 

• .. 014 0.092 (.065) 0.110 (.091) '.119 ··"" N.D. • .015 '.095 

'.018 0.1\6 ( 106) 0.263 (.214) N. 0, OM N.D. <.O!lO •• 015 

•.003 0. 04A OJ I) 0.061 (.06) .. 051 "' N.O. ,, <.?31 

'.Oil 0.141 ( 108) O.ll2 (.06J) < .146 "" N.D. 0 \14 ( ,()(,J) c.\02 

K-40 

N.D. 

N.A. 

6 ~~ (U2) 

"'· 
4 5] 12.72) 

].~\ (.60) 

3. 12 (2. 0) 

4,?) (2.67) 
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TABLE 20. Gamma Ray Spectrometry - Radionuclides Dissolved 
in Water (pCi/ ) 

Resin Beds Aluminum Oxide Beds 
----------rn~--==---=--fi-2 -" R-3 Al-l ------Al-2 --_:-·-~=---Al-3·-~ .. Filters Total Activ~ 

BC-3 
Ru 106 ".210 <.150 ~ .00632 < .151 <.084 N.D. <.0127 less than 

Ra 226 <.0636 <.0195 <.00138 <.0415 <.0168 <.0268 < .0582 less than 

Cs 137 <.0403 <.0144 <.0004 <.0274 <.0121 <0. 246 <.00171 less than 

Cs 134 N.D. "-.0208 <. 0020 <. 0227 N.D. N.D. 0.040 {.033) 0.040 

K40 2.86 (1.2) <.263 0.882 {.605) <.709 <.814 1.33 {1.1) 1.90 (0.73) 6.97 

ZrNb 95 N.D. < .0397 N.D. N.D. N.D. <.0285 0.0686 (".050) 0.0686 

Co 60 N.D. <.0123 <0.0144 N.D. N.D. <.0016 N.D. less than 

Ce 141 N.D. N.D. N.D. <.00905 <.240 <.0207 <.0285 less than 

Eu 155 N.D. N.D. N.D. N.D. N.D. <.0199 < .0505 less than 

CC-1 

Zrt>lb 95 0.0758 (.06) <.0473 <.52'9 <.0512 .0475 < .0714 o.ono (.065) 0.1678 

Eu 155 <.00136 < .02?5 N.D. <.0330 .0671 <.0823 0.110 (.097) 0.110 ..,. 
w Ce 144 < .109 N.D. N.D. <.199 N.D. N.D. N.D. less than 

Ra 226 < .00703 ''"0747 <.0232 N.D. N.D. <.00108 <.0348 less than 

Cs 137 < .00931 <.00311 0.0458 ( .036) <.00763 .0330 0.0758 ( .0703) < .0200 0.1216 

Cs 134 < .0384 <.0323 <.00379 ''"0192 .0135 0.0839 ( .0703) < .0333 0.0839 

Co 60 <.0176 N.D. N.D. <.Oll9 N.D. <.0736 N.D. less than 

\40 1.16 (.81} N.D. 1.05 (.76) <1.34 1.06 ~.844 2.32 (.88) 3.48 

Ce 141 N.D. N.D. <.00467 <.00866 N.D. N.D. N.D. less than 

Ru 106 N.D. N.D. N.D. <.0181 .0952 <.0271 N.D. less than 

cc 3-3 

ZrNb 95 0.058 (.053) < .0288 .585 (.053) < .0862 .0585 < .0350 0.1165 

Eu 155 0.0835 ( .079) N.D. "<.0492 0.180 (.15) .00184 ~.0176 0.2635 

cs 137 <.00506 <.D106 N.D. N.D. .00985 <.0273 less than 

cs 134 0.0488 (.032) < .00318 <.0101 < .0406 .0479 < .00413 0.0488 

Co 60 <.D179 <.00756 <.0129 N.D. .00558 <.0116 less than 

K 40 <.433 0.870 (.062) 0.668 (.062) <.998 .945 2.37 (.703} 3.908 

Ce 1111 N.D. < .0022 <.0140 N.D. .0637 <.0184 less than 

Ru 106 N.D. <.0950 N.D. '· .0323 .141 N.D. less than 

Ra 226 N.D. < .0255 N.D. <.0800 .07965 <.0276 less than 



.. .. 

R-_1 ___ 

CC-5 

ZrNb 95 < ,0283 

Eu 155 < .0545 

Ce 141 < .0259 

Ril 226 < .0213 

Cs 137 < .0134 

Cs 134 <.0826 

K 40 < .384 

Ce 144 N.D. 

Co 60 N.D. 
Ru 106 N.D. 

CC-9 
ZrNb 95 0.05D7 (D.53) 

Eu 155 < .D809 

Ce 144 < .146 

Ce 141 < .D2D6 

Cs 137 < .D203 

Cs 134 <.D316 

Co 60 <.Dl69 

K 40 0.881 {.722) 

Ru 106 N.D. 

Ra 226 N.D. 

N.D. Not detected 

{ ) ~ two standard deviations 

R-1 through R-3 Resin Beds 

Resin Beds 
R-

N.D. 

N.D. 

N.D. 

N.D. 
< .0191 

< .0203 

0.582 (.44) 

< .0588 

<.0061 

N.D. 

O.D799 {.053) 

< .D72D 

< .D65D 

N.D. 

< .DD39 

< .0259 

N.D. 

< .496 

< .DD24 

<.0010 

Al-l through Al-3 Aluminum Oxide Beds 

• 

TABLE 20. 

R-3 Al~l 

0.0478 (.037) N.D. 
0.0668 ( .06) < .0555 

< .0118 < .0088 

< .0318 <,0178 

< .0096 ...: .0037 

<.0019 < .0092 

< .175 <. 775 

N.D. N.D. 

< .0009 N.D. 

N.D. < .231 

N.D. < .D187 

N.D. <,D254 

< .D3D4 N.D. 

N.D. N.D. 

< .Dl46 < .0237 

<.D150 < .Dl03 

< .0088 N.D. 

D.857 {.674) < .612 

<.OOD6 N.D. 

<.OlDO <.0101 

(contd) 

Aluminum Oxide Beds 
Al-2 ~Ji.l-3-- Filters Total Activity 

< .0404 <,0658 <.0252 0.0478 

N.D. < .0869 N.D. 0.0668 
N.D. < .0071 N.D. less than 

<.0408 <.0303 < .0266 less than 
<.0161 < .0072 0.0260 (.022) 0.0260 
< .0033 <,0282 <.0135 less than 

0,949 (.81) <.0033 1.59 (.50) 3.12 

N.D. N.D. N.D. less than 

N.D. < .0022 < .0026 less than 

N.D. < .108 < .0555 less than 

N.D. < .D949 < .DD67 0.14D6 

< .D410 D.172 (.065) N.D. D.172 

N.D. N.D. N.D. less than 

N.D. < .DD06 < .02D4 less than 

< .D013 <" .0492 <.Dl43 less than 

<.0016 D.0791 ( .063) < .0213 0.0791 

<,0024 <.0021 N, D. less than 

<.0689 <' .243 2.49 {.722) 4.23 

< .0329 <.0255 < .102D less than 

< .0238 < .0322 0.114 {.063) 0.114 
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TABLE 21. Additional Gamma Ray Spectrometry Analysis, 
University of Washington 

Suspended Suspended Suspended ,,d Bed Bed 
Sand Si 1 t Clay Sand Silt Clay ~ater 

______Q_(ji.L_ pCi/q - pCi/g pCi/q pCi/g pC i I 9..____ pCi /9, 

FC-1 
Cs-137 10.5 (2.1) 5.17 (0.26) 11.3 (0.6) 1.04 (0.11) 0.35 (0.09) 1.11 (0.11) 0.12 (0.10) 

Nb-95 0.47 (0.39) 

Ce-144 0.58 (0.32) 

Ra-226 1.04 (0.11) 1.17 (0.24) 0.51 (0.08) 0.87 (0.10) 1.53 (0.11) 

Ru-106 1.33 (0.69) 

Rh-101 0.05 (0.03) 

Sb-125 _.,. 0.23 (0.15) 

<.n Pb-210 4.0 (3.6) 

K-40 16.9 (2.8) 42.0 (5.6) 9.4 (1.9) 15.0 (2.7) 34.6 (3.1) 

Th-232 1.19 (0.35) 2.19 {0.96) 0.64 (0,28) 1.13 (0.34) 2.39 (0.32) 

Th-228 1.17 (0.13) 1.80 (0.29) 0.53 (0.09) 0.86 (0.12) 1.90 (0.14) 

U-235 0.17 (0.07) 0.40 (0.19) 0.06 (0.05) 0.11 (0.16) 0.17 (0.09} 

U-238 2.40 (0.88) 4.1 (2. 2) 1.5 (0.7) 1.72 (0.92) 2.4 (1.0) 

BC-1 

Cs-137 0.17 (0.16) 

Ce-144 0.70 (0.52) 

Ra-226 0.99 (0.15) 1.32 (0.35) 0.61 (0.07) 1.33 (0.17) 1.61 (0.24) 0.42 (0.15) 

Ru-103 2.3 (1.8) 

Ru-106 2.02 (1.23) 

Rh-101 0.08 (0.05) 

K-40 37.5 (31.9) 19.1 (4.2) 39.5 (9.6) 9,6 (1.9) 19.7 (4.2} 32.6 (6.5) 

Th-232 1.12 (0.60) 2.42 (1.26) 0.47 (0.25) 2.09 (0.61} 1.93 (0.75) 1.27 (0.76) 

Th-228 1.03 (0.20} 2.55 {0.47) 0.49 (0.09) 1.43 (0.21) 2.07 (0.31) 

U-235 0.22 (0.12) 0.10 (0.5) 0.18 (0.13) 0.27 {0.21) 

U-238 3.1 {1.3) 4.1 {3.3} 2.0 (1.5) 2.75 {0.25) 



TABLE 21. (contd) 

BC-4 CC-3 CC-11 
Mixed Bed Mixed Bed Mixed Bed 

pCi/g pCi/g pCi/g 

Cs-137 1.33 (0.13) 101.0 (1.0) 
Co-60 0.10 (0.06) o. 79 (0.09) 
Eu-152 0.25 (0.13) 
Ra-226 0.39 (0.11) 0.46 (0.08) 0.89 (0.22) 
Rh-101 0.05 (0.04) 
Rh-102 0.45 (0.18) 
Sb-124 1.49 (0.43) 
8i-207 0.16 (0.11) 
K-40 11.5 (2.1) 15.5 (2.3) 
Th- 232 0.75 (0.29) 0.65 (0.19) 1.0 (0.8) 
Th-228 0.48 (0.11) 0.65 (0.09) 1.0 (0.2) 
U-238 0.99 (0.56) 0.96 ( 1. 4) 

A blank indicates that the radionuclide actually was 
below detection 
( ) - + standard deviation for counting error 
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the detection limits for the small sample sizes vary significantly, resulting 
in many "less than" values in Table 17. However, because of the extremely 
small percentages of sand and clay size fractions most of the radioactivity of 
the total (composite) suspended sediment sample would be contained in the silt 
size fraction. 

Cesium-137 was the principal gamma radionuclide whose activity levels in 
samples downstream of the NFS complex were consistently higher than the activ­
ity in the two upstream control samples. Cesium-134 and 60co levels in sus­
pended sediment of FC-1 were higher than the levels in upstream control tran­
sects, but at downstream transects the levels were generally indistinguishable 
from background levels. At BC-1, the upstream control transect on Buttermilk 
Creek, 137cs levels associated with suspended sand, silt and clay were, 
respectively, 0.63 pCi/g, 0.11 pCi/g, and 0.36 pCi/g. At CC-1, the upstream 
control transect on Cattaraugus Creek, 137cs levels associated with the sus­
pended sand and suspended clay fractions were less than the counting error. 

Figure 8 is a comparison of 137cs levels associated with the suspended 
sand, silt and clay fractions of each sample. The highest 137cs levels in 
suspended sediments were generally found in Buttermilk Creek and the one 
Franks Creek sample, and were associated with the suspended sand and clay 
fractions. At BC-2, station 2 and BC-3, station 2, the 137cs levels asso­
ciated with suspended sand were 14.50 ~ 0.82 pCi/g and 13.6 ~ 1.1 pCi/g, 
respectively. These two transects are the first two transects downstream of 
Franks Creek which drains the NFS complex. Cesium-137 associated with 
suspended sand at FC-1 (10.5 ~ 2.1 pCi/g) was slightly lower than BC-2, 
station 2 and BC-3, station 2, however, the suspended silt and clay fractions 
with 137cs values of 5.17 ~ 0.26 pCi/g and 11.3 ~ 0.6 pCi/g, respectively, 
at FC-1 were the highest levels associated with the suspended silt and clay 
fractions found during the Phase 1 sampling program. 

The 137cs levels in suspended sediment of Cattaraugus Creek were 
generally lower than those in Buttermilk and Franks Creeks, and in many cases 
the levels were comparable to the levels in suspended sediment of the two 
upstream control stations. In a few cases, such as at CC-3, Felton Bridge, 
CC-5 Springville Reservoir and CC-11, mouth of Cattaraugus Creek, elevated 
levels of 137cs were found associated with one or more size fractions of 
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suspended sediment. Near the bed of CC-3, station 1 the suspended sand 
fraction had a 137cs value of 9.02 ~ 2.2 pCi/g. All the suspended clay 
fractions of samples taken in Springville Reservoir, except for CC5-2/.5d, had 
137cs levels slightly greater than 5 pCi/g. The suspended clay fraction 
near the bed at the mouth of Cattaraugus Creek (CC11-1/.8d) had a 137cs 
value of 5.50 ~ 4.7 pCi/g. 

There was some lateral variability and depth variability of 137cs 
associated with suspended sediment at some transects. At BC-2, stations 1 and 
2 (station locations shown in Appendix C), for example, the 137cs levels 
associated with suspended sand varied from 7.6 + 0.47 pCi/g to 14.50 + 0.80 
pCi/g, respectively. If the composite 137cs activity of suspended sediment 
is considered, however, the lateral variability is much smaller (2.17 pCi/g vs 
2.71 pCi/g) at BC-2. Where multiple depth samples were taken (CC3-1, CC5-2, 
CC11-1) the 137cs levels in suspended sediment were generally higher near 
the bed than near the water surface. 

Gamma Activity Associated with Bed Sediment 

Table 18 and portions of Table 21 summarize the results of gamma ray 
spectrometry of bed sediment. In contrast to suspended sediment samples col­
lected during the Phase 1 sampling program, the bed sediment was comprised 
almost entirely of sand size (or greater) material. Seldom was the sand frac­
tion less than 90% of the total bed material. Only in areas where the flow 
velocities were small, such as at the mouth of Franks Creek (FC-1), Spring­
ville Reservoir (CC-5), and mouth of Cattaraugus Creek (CC-11), was the bed 
comprised of less than 90% sand size material. Although the gamma ray activ­
ity of the silt and clay fractions may be exceptionally high in many cases, 
the total bed activity may be low unless the corresponding sand fraction also 
has high levels. 

As with the gamma ray activity associated with suspended sediment, 137cs 
is also the principal gamma emitter in bed sediment. The 134cs and 60co 
levels in bed sediment of Franks Creek (FC-1) were higher than those measured 
at the upstream control transects, but the levels at downstream transects on 
Buttermilk and Cattaraugus Creeks generally could not be distinguished from 
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background levels. The 137cs levels at the two upstream control transects 
are very low, the highest background value being found associated with the bed 
clay fraction of CC-1 (0.16 ~ 0.08 pCi/g). In very few cases were the 137cs 
levels in bed samples downstream of the NFS complex found to be at or below 
these control levels. 

A comparison of 137cs in each of the bed sand, silt and clay size frac­
tions of Phase 1 samples is given in Figure 9. The highest 137cs in bed 
sediments were found in Buttermilk Creek and at the mouth of Cattaraugus Creek 

(CC-11). The clay fraction generally had the highest 137cs levels, as would 
be expected, due to the large specific surface area of clay size sediment and 
the affinity of 137cs for sediment. An exception to this was BC-4, station 

1, where the 137cs level associated with bed sand was 125 ~ 7.4 pCi/g. 
Three samples had 137cs levels greater than 100 pCi/g. These samples were 
located at BC-3, station 1 (bed clay- 125 ~ 3.1 pCi/g), BC-4, station 1 (bed 
sand- 125 ~ 7.4 pCi/g), and CC-11 (bed clay- 113 ~ 2.2 pCi/g). 

The 137cs levels in the bed sample from Franks Creek (FC-1) was 
surprisingly low. The bed sand and clay fractions were 1.04 + 0.11 pCi/g and 
1.11 + 0.11 pCi/g, respectively. The bed silt fraction had a-137cs value of 

0.37 ~ 0.09 pCi/g. The 137cs levels of bed sediment in the fast flowing 
reaches of Cattaraugus Creek, i.e., CC-3 and CC-9 were relatively lower than 
areas where the flow was moving slowly. 

Gamma Activity Associated with Water 

Tables 19, 20 and portions of Table 21 are the results of gamma ray 
spectrometry analysis of radionuclides dissolved in water. In Table 20 the 
results are reported as the gamma activity associated with each of the resin 
beds, aluminum oxide beds, filters and total activity. 
water was very low during the Phase 1 sampling program. 

The gamma activity in 

Even 137cs levels 
in water were difficult to distinguish from the levels in the upstream control 

transect on Cattaraugus Creek. The counting error as indicated by two 
standard deviations, in most cases, were very high, even though some of the 

samples were counted for 2000 minutes. These large counting errors are not 
only a result of the low levels of activity, but also due to the size of the 
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water sample taken. A different method for collection of large volume water 
samples, used during the Phase 2 sampling program, allowed larger water 
samples to be taken in the field. This method will be discussed further in 

the section on the Phase 2 sampling program. 

Additional Gamma Ray Spectrometry Analysis 

The University of Washington, Department of Radiation Ecology , performed 
additional gamma ray spectrometry analysis of suspended sediment, bed sediment 
and water from a number of transects. The results are shown in Table 21. 
Thorium-232, 228Th, 235u and 238u which had not been previously reported 
were included in these results. 

Thorium-232 levels in bed and suspended sediment of BC-1, the upstream 

control transect on Buttermilk Creek ranged from 0~47 ! 0. 25 pCi/g in the bed 
sand fraction to 2.42 + 1.26 pCi/g in the suspended clay fraction . Water of 
BC-1 had a 232Th value-of 1.27! 0. 76 pCi/t . Thorium-232 levels in down­

stream sediments were indistinguishable from these background levels. 
Thorium-228 levels in bed and suspended sediment were very similar to 232Th 
l evels . The suspended clay fraction of BC-1 had a 228Th value of 

2.55 ! 0.47 pCi/g. 

Uranium-235 and 238u levels in Cattaraugus and Buttermilk Creeks, down­
stream of the NFS complex, were also below or near to the levels found at the 
upstream control transect on Buttermilk Creek. Uranium-235 in the bed clay 
fraction at BC-1 was 0.27 ! 0.21 pCi/g and 238u in the suspended clay frac­
tion at this transect was 4.1 ! 3.3 pCi/g . 

Summary of Gamma Ray Spectrometry Analysis 

Results of gamma ray spectrometry analysis of suspended sediment, bed 
sediment and water of Cattaraugus and Buttermilk Creeks indicate that during 
the Phase 1 sampling program in November and December 1977, the principal 

gamma emitting radionuclide with levels downstream of the NFS complex consis­
tently higher than t he upstream control levels (background) was 137cs. 

Although 134cs levels in Franks Creek (FC- 1) and Buttermil k Creek was gener­
ally higher than background; the downstream levels in Cattaraugus Creek , in 
most cases, were not significantly higher than the background levels. The 
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levels of gamma emitters other than 137cs, in a few cases, were greater in 
downstream samples than in background samples (60co, 155Eu, 144ce, 
106Ru, 95zrNb); but these samples were too near the background, or the 
number of cases were too few in number to provide an accurate evaluation • 

Cesium-137 levels were highest in bed sediment, intermediate in suspended 
sediment and lowest in water. In some bed sediment samples 137cs levels 
exceeded 100 pCi/g whereas in suspended sediment samples the highest recorded 
levels were less than 15 pCi/g. Cesium-137 levels in suspended sediment of 
Franks Creek and Buttermilk Creek were generally higher than in Cattaraugus 
Creek. High 137cs levels in bed sediment were not restricted to Franks 
Creek and Buttermilk Creek. One of the highest levels of 113 pCi/g was found 
in the bed clay fraction of CC-11 in Cattaraugus Creek near Lake Erie. 

The distribution of 137cs between sand, silt and clay size fractions in 
bed sediments generally showed a trend towards increasing 137cs levels with 
decreasing grain size. In suspended sediment, this trend was not nearly as 
apparent, especially in suspended sediment of Franks and Buttermilk Creeks. 
Cesium-137 levels in water were very low and in only a few cases were they 
above detection. 

PLUTONIUM AND STRONTIUM ANALYSIS 

Results of 238Pu, 239 ,240Pu, and 90sr analyses of suspended 
sediment and bed sediment are summarized in Tables 22 and 23. Only two water 
samples, FC-1 and BC-4 were analyzed for Pu and Sr for reasons stated 
previously in the section on "Radiological Analysis." The 238Pu and 
239 ,240Pu in water of Franks Creek (~C-1) were 0.0134! 0.0026 pCi/~ and 
0.0020! 0.0010 pCi/~, respectively. The levels in water of BC-4, Thomas 
Corners Bridge on Bultermilk Creek were 0.0154! 0.003 pCi/~ and 
0.0038! 0.0015 pCi/~, respectively. 

Plutonium and Strontium in Suspended Sediment 

Very few suspended sediment samples had detectable levels of 238Pu, and 

all these were found in Franks Creek and Buttermilk Creek. The highest 
238Pu value was found associated with the suspended silt fraction of BC3-1 
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TABLE 22. Strontium and Plutonium Attached to Suspended Sediment 

FC-1(UW) 
Sand 
Silt 
Clay 

BC-l(UW) 
Sand 
Silt 
Clay 

BC2-1 
Sand 
Silt 
Clay 

BC3-1 
Sand 
Silt 
Clay 

BC4-1 
Sand 
s i 1t 
Clay 

CC3-1/.2d 
Silt 
Clay 

CC3-1/.5d 
Sand 
Silt 
Clay 

CC3-2 
Sand 

CCS-1 
Sand 
Silt 
Clay 

CC5-2/.5d 
Sand 
Silt 

CC9-1 
Sand 
Si 1t 
Clay 

Cll-1/ .8d 
Silt 
Clay 

N.A. Not Analyzed 
N.D. Not Detected 

238pu 

N.A. 
O.D074 (0 .0007) 
0.0344 ( .0028) 

N.A. 
0.0153 ( .0040) 
N.A. 

0.0262 ( .023) 
N.A. 
N.D. 

N.D. 
0.236 ( .16) 
N.D . 

N.D. 
N.D. 
N.D. 

<.024 
N.D. 

N.D. 
~.D. 
N.D. 

N.D. 

N.D. 
N.D. 
N.D. 

N.D. 
N.D. 

<.00235 
N.D. 
N.D. 

N.D. 
N.D. 

( ) ~one standard deviation 
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239-240pu 90sr 

N.A. N.D. 
0.0013 ( .OD04 ) <0.013 
0.0139 (.0017) N.D. 

N.A. N.A. 
0.0024 ( .0023) <0.029 

N.A. N.A. 

<.00818 0.147 (.0044) 
N.A. 0.230 (.014) 
N.A. 1.02 (.18) 

<1.58 <1.68 
<.107 1.15 (. 066) 
<.0042 1.18 ( . 38) 

<.0304 1.40 (1.0) 
<.003 2.27 (.092) 
<.019 1.06 ( .31) 

0.0988 (. 049) 2.40 (.12) 
N.D. D.819 ( .61) 

N.D. 0.757 (.36) 
<.oo.u8 0. 354 ( . 038) 
<.017 1.01 (.56) 

N.D. <.64 

N.D . 10.1 ( 4. 5) 
N.D. 2.66 ( .13) 
N.D . 0.770 (.28) 

N.D. 7.21 (4.5) 
<.0013 1.84 ( . 092) 

<.0163 0. 717 ( .33) 
N.D. 2.17 ( .ll) 
N.D. 0.931 ( .45) 

<.0056 1.55 ( .077) 
<.0398 0.788 (.56) 

(pCi/g) 

• 

• 
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TABLE 23. Stronti um and Plutonium Attached to Bed Sediment (pCi/g) 
.. 

238Pu 239,240Pu 90sr 

• 
FC-l(UW) 

Sand 0.0051 (.0009) 0.0030 (.0006) <0.042 
Silt N.A. N.A. <0.022 
Clay 0.0028 (.0009) 0.0003 (.0010) <0.028 

BC-1 (UW) 
Sand 0.0020 (.0004) 0. 0006 (. 0002) <.013 
Silt 0.0613 (0.0161) 0.0239 (0.0093) <.03 
Clay 0.0051 (0 .0023) <0.0014 N.D. 

BC2-1 
Sand N.D. N.D. 0.0721 (0.045) 
Silt N.D. N.D. 0.315 (0.045) 
Clay N.D. <0.680 <0.592 

BC3-1 
Sand N.D. < 0.0008 0.237 (0 .045) 
Silt <0.0681 <0.0487 0.234 (0 .045) 
Clay N.D . N.D. 3.38 

BC4 ~lixed Bed (UW) 0.0059 (.0018) 0.0065 (.0016) N.A. 

BC4-l 
Sand N.D. <0 .284 <0.330 
Clay N. D. <0.210 0.243 (0.045) 

CC3 Mixed Bed (UW) 0.0039 (.0011) O.DD25 ( .0010) 

CC3-1 
Sand N.D. N.D. <0 .030 
Silt N. D. N.D. 0.0480 (.045) 
Clay N.D. <0.473 <4.50 

CC3-2 
Sand N.D. N.D. <.0420 
Silt N.D. N.D . <0.0150 
Clay N.D. <.0819 <1.22 

CC9-l 
Sand N.D. <.00687 0.0841 (0 .045) 
Silt N.D . N.D. 0.0480 (0.045) 
Clay N.D. N.D. <0 .287 

N.A. Not Analyzed 
N.D. Not Detected 
( ) ~ one standard deviation 

• 

• 
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(0.236 + 0.16 pCi/g). At FC-1 the suspended silt and clay fractions had 
238 Pu l~vels of 0.0074 ~ 0.0008 pCi/g and 0.0344 ~ 0.0028 pCi/g, 
respectively. Detectable levels of 238Pu were also found in the suspended 
sand fraction of BC-2, station 1 and the suspended silt fraction of BC-1. 

Detectable levels of 239 ,240Pu in suspended sediment were found only at 
FC-1, BC-1 and near the surface (.2d) of CC-3, station 1. The highest 
239 ,240Pu value of 0.0988 + 0. 049 pCi/g was found in the suspended sand 
fraction of CC-3, station 1. The suspended silt and clay fractions of FC-1 
had 239 ,240Pu levels of 0.0013 ~ .0004 pCi/g and 0.0139 + .0017 pCi/g, 
respectively. 

Detectable levels of 90sr in suspended sediment were found at most 
transects. The highest recorded value was found in the suspended sand 
fraction of CC-5, station 1 in Springville Reservoir with a 90sr value of 

10.1 ~ 4.5 pCi/g. 

Figure 10 is a comparison of 90sr levels in the suspended sand, silt 
and clay fractions of Phase 1 samples. The highest 90sr levels in suspended 
sediment were found in Springville Reservoir (CC-5) on Cattaraugus Creek. 
Strontium-90 levels in the suspended sediment of Cattaraugus Creek were as 
high or higher than in suspended sediment of Buttermilk and Franks Creeks . 

Plutonium and Strontium in Bed Sediment 

Table 23 is a summary of 238Pu, 239 , 240Pu and 90sr levels in bed 
sediment of Cattaraugus and Buttermilk Creeks during the Phase 1 sampling 
program. Very few bed sediment samples had detectable levels of 238Pu and 
239 ,240Pu. The highest 238Pu value was found in the bed silt fraction of 
BC-1 (0.0613 + 0.0161 pCi/g). The bed sand fraction of FC-1, bed clay 
fraction of BC-1 and mixed bed sample of BC-4 had similar 238Pu levels. 

The only bed sediment samples with detectable levels of 239 , 240Pu were 

found at FC-1, BC-4 (mixed bed), BC-1 and CC-3 mixed bed. The highest 
239 ,240Pu value of 0.0239 ~ 0.0093 pCi/g was found in the bed silt fraction 
of BC-1, the upstream control transect on Buttermilk Creek. Strontium-90 

levels in bed sediment varied from below detection to 0.315 ~ 0.045 pCi/g. 
The highest value was found at BC-2, station 1 in the bed silt fraction. 
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FIGURE 10. Strontium-90 in Suspended Sediment 
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AMERICIUM AND CURIUM ANALYSIS 

Americium-241 and 244cm analysis of suspended sediment, bed sediment 
and water of FC-1 and BC-1 and mixed bed samples of BC-4, CC-3 and CC-11, were 
performed by the University of Washington. The results of these analyses are 
summarized in Table 24. The highest 241Am levels were found in the bed clay 
fraction of BC-1 with a value of 1.00 ~ 0.30 pCi/g. The suspended clay sample 

from this same sample had a 241 Am value of 0.94 ~ 0.31 pCi/g. Americium-241 
levels in suspended sediment of FC-1 were less than the counting error. The 
241 Am value in water of FC-1 was 0.00163 + 0.30 pCi/g. The mixed bed sample 
of CC-11, at the mouth of Cattaraugus Cre~k, had an 241Am value of 

0.28 + 0.06 pCi/g. 

The highest 244cm value was found in the suspended clay fraction of 
FC-1 (1.29 ~ 0.08 pCi/g). Cesium-244 value in the water of BC-4 was 0.00004 + 

.00002 pCi/~. 

Tritium Analysis 

Three water samples, located at BC-4, CC-3 and CC-11 were analyzed for 
tritium. The tritium levels in these water samples were, respectively, 

461 + 35 pCi/~, 305 + 36 pCi/~ and 206 ~32 pCi/~. 

58 

• 

• 

• 



• 

• 

• 

TABLE 24. Americium-241 and Curium-244 Analysis 
University of Washington 

Am-241 Cm-244 
pCi/g pCi/g 

FC-1 
Suspended Sand NA NA 
Suspended Silt <0.06 0. 05 (0.01) 
Suspended Clay <0.18 1.29 (0.08) 
Bed Sand 0.40 ( 0. 07) 0.28 (0.02) 
Bed Silt 0. 23 {0 .06) 0.24 {0.02) 
Bed Clay 0. 74 {0 13) 0. 30 ( 0. 03) 
Water {pCi/t) 0.00163 (. 00024) <0.00002 

BC-1 
Suspended Sand NA NA 
Suspended Silt 0.47 (0.13) 0.50 (0 .04) 
Suspended Clay 0.91 {0.31) 0.64 {0.05) 
Bed Sand 0.26 (0.04) 0.29 (0.03) 
Bed Silt 0.28 (0.13) 0.24 (0.03) 
Bed Clay 1.00 (0.30) 0.59 (0.04) 

BC-4 
Mixed Bed 0.20 (0.04) 0.29 (0.03) 
Water p/Ci/'1. <0.00046 0.00004 (.00002) 

CC-3 
Mixed Bed < 0.04 <0.01 

CC-11 
Mixed Bed 0.28 (0.06) 0.18 (0 .02) 

N.A. Not analysed due to insufficient quantity of sample 
( ) ~one standard deviation 
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PHASE 2. SAMPLING PROGRAM 

The Phase 2 field sampling program, data collection during low flow 
conditions, was conducted in September 1978. Results of the Phase 1 sampling 
program, specifically, the very low radionuclide levels found in the water of 
Cattaraugus and Buttermilk Creeks, has necessitated certain modifications in 
the sampling methodology. During the Phase 2 sampling program the volume of 

water processed for radiological analysis of suspended sediment and water was 
increased from 80 gallons to 400 gallons. The separation of suspended 
sediment from water was also conducted in the field in order to eliminate the 
need of transporting large volumes of water. The sampling apparatus used 
during the Phase 2 sampling program is shown in Figure 11. This method 
allowed the processing of a large volume of water in the field within a 

relatively short period of time without the necessity of returning it to the 
laboratory for further processing. The method has been used, in part , on the 
Columbia River by PNL •s Physical Sciences Depatment . However , because of the 

higher suspended sediment l oad in Cattaraugus and Buttermilk Creeks, and the 
need to divide the particu l ate (suspended sediment) phase into three size 
fractions, the method has been extended to cover two phases - the particulate 
phase and dissolved phase. 

The particulate phase consisted of a high-speed continuous flow centri­
fuge to pre- separate the suspended sediment from the water. A Westfalia Model 
OTA 7-00-066 Clarifuge was used. This machine has the capability of process­
ing about 300 gallons of water per hour at about 9000 rpm. The centrifuge 
proved very successful in separation of suspended sediments from water during 
the Phase 2 sampling program. The suspended sediment retained in the centri­
fuge was in a form easily divided into size fractions in the laboratory. 

The dissolved phase was designed to capture colloidal matter and radio­
nuclides dissolved in water . After pre- separation of suspended sediment, the 

water then passed through a parallel set of three-0 . 3~ fiberglass f i lters to 
capture any colloidal material not retained in the centrifuge. The sediment­

free water then passed through a series of three aluminum oxide beds and three 

60 

• 



• 

• 

CENTRIFUGAL 
PUMP 

INTAKE 

+ 
FLOW REGULATOR 

FLOW REGULATOR 

POWER 
GENERATOR HIGH SPEED 

CONTINUOUS FLOW 
CENTRIFUGE 

IMPELLER 
PUMP 

FLOW 
REGULATOR 

0.3~ Fl BERGLASS FILlERS 
ALUMINUM OXIDE BEDS 
CATION EXCHANGE BEDS 

Dl SCHARGE 
FIGURE 11. Phase 2 Sampling Procedure 

61 

PARTI CULAlE 
PHASE 

l Dl SSOLVED 
PHASE 



cation exchange beds to capture the radionuclides dissolved in water. Water 

samples were taken from the discharge end of the system for tritium analysis. 

Use of the sampling apparatus in Figure 11 sacrificed mobility since the 
weight of the equipment required it being mounted on the bed of a truck. This 
precluded sampling at certain inaccessible transects sampled during the 

Phase 1 sampling program. Two transects were deleted from the Phase 2 
sampling program. These transects were: BC-2 on Buttermilk Creek, 
approximately 1200 feet downstream from the confluence with Franks Creek; and, 
BC-3 at Bond Road Bridge on Buttermilk Creek. Four bed core samples from Lake 
Erie near the mouth of Cattaraugus Creek and one additon bed sample from 

Franks Creek were included in the Phase 2 sampling program. 

In addition to gamma ray spectrometry analysis, emphasis was also placed 
on analysis of suspended sediment, bed sediment and water for 238Pu, 
239,240Pu, 90sr, 241Am, and 244cm. Additional tritium analysis of 

water samples was also included. 
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CONCLUSIONS 

A field sampling program on Cattaraugus and Buttermilk Creeks, New York 
was conducted during November and December 1977 to investigate radionuclide 
levels in water and sediments of these two creeks for the purpose of providing 
data for applicaton and verification of PNL's sediment and radionuclide 

transport model, SERATRA. Results of radiological analysis of suspended 
sediment, bed sediment and water collected during the sampling program 
indicates a wide variability in radionuclide levels in these two creeks. Not 

only does this variability exist with location in Cattaraugus and Buttermilk 
Creeks; but also exists between water, suspended sediment and bed sediment at 

the same location, and between sand, silt and clay size fractions of the same 
sample. 

Emphasis was placed on gamma ray spectrometry analysis during Phase 1 

sampling program because of the large number of samples and limited funds 
available for radiological analysis. The principal gamma emitter in 
Cattaraugus and Buttermilk Creeks is 137 cs. Background 137 cs levels, as 
measured at upstream control stations on Buttermilk and Cattaraugus Creeks 
were less than 0.65 pCi/g in suspended sediment, less than 0.20 pCi/g in bed 
sediment, and less than 0.125 pCi/~ in water during the Phase 1 sampling 
program. These background 137 cs levels compare favorably with background 
levels measured previously by other investigators both prior to and after 
start-up of the Nuclear Fuel Services, Inc. facility at West Valley, New 
York. 

The highest 137 cs levels in Cattaraugus and Buttermilk Creeks 
downstream of the NFS complex during the Phase 1 sampling program were found 

associated with the bed sediment. In some cases 137Cs levels in the clay 

and sand size fractions of bed sediment exceeded 100 pCi/g. These high 
137 cs were found in Buttermilk Creek (BC-3 and BC-4) and at the mouth of 
Cattaraugus Creek (CC-11) where it enters Lake Erie. Isolated cases have been 

previously recorded where 137 cs levels in Buttermilk Creek bed sediment 
exceeded 100 pCi/g. These earl·ier studies reported 137 cs levels as the 
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total bed activity; whereas this study reports the activity as that associated 
with each of the sand, silt and clay size fractions of the bed samples. The 
composite activity of sand, silt and clay fractions would correspond to the 
bulk activity reported by previous investigators. The highest 137 cs levels 
in suspended sediments were 
plex, and Buttermilk Creek. 
levels exceeding 10 pCi/g. 

found in Franks Creek, which drains the NFS com­
Only a few suspended sediment samples had 137cs 

Except for a few isolated cases 137cs levels 
associated with suspended sediment of Cattaraugus Creek were lower than 
Buttermilk Creek. Cesium-137 levels in the water of Cattaraugus and Butter­

milk Creeks downstream of the NFS complex, during the Phase 1 sampling pro­
gram, could not be distinguished from background levels. 

The distribution of 137cs between the sand, silt and clay fractions in 
bed sediment generally reflected the affinity of 137cs for the large 
specific surface area of fine grained particles; e.g., the 137cs levels were 
lowest in the sand fraction, intermediate in the silt fraction and highest in 

the clay fraction. However, the distribution ratios of 137cs between the 
three size classes of bed sediment varied widely. The distribution of 137cs 
between sand, silt and clay fractions of suspended sediment did not show the 
trend towards increasing levels with decreasing particle size, especially in 

the suspended sediments of Franks Creek and Buttermilk Creek. Cesium-137 in 
the suspended sand fraction of these samples was often higher than the 
suspended silt and clay fractions. 

Although in some cases gamma emitters other than 137cs were detected in 

suspended sediment, bed sediment and water of Cattaraugus and Buttermilk 
Creeks; the levels were too near the background; or the number of samples with 
levels above background were too few to provide an accurate evaluation. 

Cesium-134 levels in bed and suspended sediments of Franks Creek and Butter­
milk Creek were generally above background levels. Plutonium-238, 239 •240 Pu 

levels in Cattaraugus and Buttermilk Creeks during the Phase 1 sampling pro­
gram were very low. The highest 238 Pu levels in sediments were associated 
with suspended silt fraction of BC-3, station 1 on Buttermilk Creek, with a 

value of 0.236 pCi/g. The highest 239 •240Pu levels in sediment were asso­

ciated with the bed sand fraction of FC-1 with a value of 0.0030 pCi/g. 
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Strontium-90 levels associated with suspended sediment, downstream of the 
NFS facility, except for the one Franks Creek sample (FC-1), were consistently 
higher than the background levels. These higher levels, however, cannot be 
confidently attributed to the NFS facility because of the low levels found in 
Franks Creek. One suspended sand sample in Springville Reservoir (CC-5, 
station 1) had a level of 10.1 pCi/g. Strontium-90 levels in bed sediment and 
water were generally below detection. 

A few 241 Am and 244 cm analyses were performed on Phase 1 samples. 

The highest 241 Am value was found in the bed clay fraction of the upstream 
control transect on Buttermilk Creek (BC-1). Americium-241 in the bed clay 
fraction of this sample was 1.00 pCi/g. 
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GAMMA RAY SPECTROSCOPY 

GE(LI) DIODE SYSTEMS 

1. Canberra Model 7220, Germanium-Lithium drifted diode. Active area facing 
window is 13.9 cm2. The detector is cooled with a Canberra Model 7500 
vertical dipstick cryostat and is coupled to a Canberra Model 970 
spectroscopy preamplifier, a Canberra Model 1413 spectroscopy amplifier 
with baseline restorer and through a Canberra Model 8220A Mixer Router to 
one-fourth of the memory of a Canberra Model 8100 pulse height analyzer 
with a 4096 channel memory. Biase Voltage is supplied with a Canberra 
Model 3002 power supply. Data readout is accomplished with a Mohawk Data 
Model 2106 high speed printer. Resolution for l37cs at 662 keV is 
about 1.5 keV. 

2. Canberra Model 7229, Germanium-Lithium drifted diode. Active area facing 
window is 13 cm2. The detector is cooled with a Canberra Model 7500 
vertical dipstick cryostat and is coupled to a Canberra Model 970 
spectroscopy preamplifier, a Canberra Model 1413 spectroscopy amplifier 
with a baseline restorer and through a Canberra Model 8220A Mixer Router 
to one-fourth of the memory of a Canberra Model 8100 pulse height 
analyzer with a 4096 channel memory. Biase Voltage is supplied with a 
Mohawk Data Model 2106 high speed printer. Resolution for 137cs at 
662 keV is about 1.5 keV. 

3. Canberra Model 7248, Germanium-Lithium drifted diode. Active area facing 
window is 9.5 cm2. The detector is cooled with a Canberra Model 7500 
vertical dipstick cryostat and is coupled to a Canberra Model 1408C 
spectroscopy preamplifier, a Canberra Model 1416B spectroscopy amplifier 
with baseline restorer and finally to a Northern Scientific Model 600 
pulse height analyzer with a 1024 channel memory. Data readout is 
accom~lished with a Franklin high speed printer, Model 1230. Resolution 
for 1 7cs at 662 keV is about 2.8 keV. 

Instrument gain and background are determined periodically depending 
upon use. The systems are calibrated with radionuclide sources whose 
calibration values are traceable to the National Bureau of Standards. 
Counting efficiency checks are made daily during use. Linearity checks 
are made daily during use with a radioisotope whose gamma energies assure 
us that the system is linear. The radioisotope currently being used is 
2D7si. 

PULSE HEIGHT ANALYSES 

The Pulse Height Analyses, program for spectra from Ge(Li) Detection is 
written in such a manner that it can cover the whole memory of the analyzer or 
smaller parts of it, such as one-half or one-fourth . 

A-1 



The complete program is made up of two parts: the first is the calibra­
tion of the address or channels scale of the analyzer in terms of energy units. 
The second part of the program analyzes the spectra by locating the peaks, 
determining the centroid values for the peaks, calculating their corresponding 
energies in keV, the area for each peak and the associated standard deviation. 
A loop is introduced in the program to re-start the calculations for another 
sample, without having to go through the calibration steps for each new sample 
to be counted. However, the calibration step can be repeated as many times as 
one wishes by typing 11 STOP 11 after the analysis of a spectrum has been 
completed. 

The areas of the peaks are calculated by summation of the number of 
counts in each channel of the peak and without assuming a Gaussian peak shape. 
If such an assumption is made, ~llowance should be made for asymmetry of the 
peaks. Kemper and van Kempen~2J used the same procedure for the same 
reason. 

PROCESSING OATA FROM GAMMA-RAY PULSE HEIGHT ANALYZERS 

A gamma-ray spectrum is obtained by plotting events detected by the 
analyzer on the ordinate and the pulse height on the abscissa. There is a 
Gaussian distribution about the gamma energy photopeak and a Compton continuum 
extending from zero energy to a point a little below the photopeak. Brems­
strahlung interactions add to the complexity of the lower region of the energy 
spectrum. Peaks may also be present from pair production and backscatter 
events. 

Although all of a spectrum is characteristic of a particular radionuclide 
in a given counting geometry, only the photopeak area is currently used to 
identify and measure the amount of the radionuclide present. If more than one 
radionuclide is present, their spectra are additive. 

Resolution of a complex spectrum of gamma energies into its component 
parts requires a determination of the Compton or other contribution from each 
radionuclide present to the photopeak area of each of the other radionuclides 
present. 

For the resolution of a spectrum of "n" components, "n" simultaneous 
linear equations comprising "n2" coefficients (Compton and interference 
correction factors) are used. If these equations are written in matrix form: 

AX = Y Then the solution is X = A-1 y 

Ref- A Simple Program in 11 Basic" Language for Analyses of Gamma-Spectra Using 
an On-Line Minicomputer, F. W. Lima and L. T. Atatta, Journal of Radio­
analytical Chemistry, Vol. 20 (1974) 769-777 
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The inverse matrix A-1 is obtained by an iterative process performed by 
computer using our specially designed data processing program called "GUS". 
GUS uses disintegration/count conversion and Compton and interference 
correction factors, obtained from the calibration of crystal-analyzer-geometry 
configurations specified. 

GUS will compute the amount of each radionuclide adjudged present and 
report an answer in activity per unit of sample at sampling time. At the 
present writing no precision estimates are included in the program. GUS 
requires the following input information to perform calculations: 

1. Number of channels of data available 
2. Counts in each channel and the channel number 
3. Serial number identifying sample 
4. Sampling data and time 
5. Counting data and time 
6. Live time of count 
7. Sample size in grams or milliliters 
8. Constants characteristic of the radionuclides and counting equipment 

a. Radionuclides present as a group 
b. Photopeak area or energy unique to each radionuclide 
c. Compton and interference correction factors 
d. Half-lives for decay corrections. 

This information is supplied to the computer from punched paper tape 
and/or punched cards. 

Calculation of Calibration Factors 

1. Disintegration to count conversion factors, 0/C. 

0/Cij o 

where: 

Di 

t 

b T i 
I C ij 

j=a 

0 

Disintegrations per minute for isotope "i" in counting 
geometry "g" at time of calibration of standard 
Time elapsed between time of calibration of standard and 
time of counting 
The half-life of isotope ''i'' in same units as ''t'' 
The sum of the counts per minute in "j" channels, "a" 
through "b", for isotope "i" 
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b 
ECBKj 
J=d 

g 

= 

= 

The sum of the background counts per minute in 11 j 11 

channels, ''a'' through ''b'', where ''a'' and ''b'' are 
identifical for Cij and CBKj 
The geometry (sample configuration, crystal, and analyzer) 
used for counting 

2. Compton and interference correction factors, C/C. 

where 

C/Cijg = 
b c .. 

d 
Hij 

j=a 

Fori, j, 

= 

. l: lJ -
J=a 

The sum of the counts per minute in channels "c" through 
11 d" for isotope "i 11

• Channels "c" through "d 11 are 
identifical to the channels used to calculate the D/C 
factor for another isotope whose photopeak residues 
between channels "c" and "d". 

k, .•• isotopes, there will be i, j, k, .... compton correction 
factors for each 0/C factor. 

LITERATURE REFERENCE 

1. R. E. Connally, "Instrument Methods of Garrma-Ray Spectrometry, 11 

Analytical Chemistry. Volume 28, pages 1847 through 1853. 1956. 

2. C. E. Crouthamel, Applied Gamma-Ray Spectrometry, Pergammon Press, Inc. 
New York. 1960. Second Edition revised by F. Adams and R. Dams. 1970. 

3. R. W. Perkins and J. N. Nielsen, 11 Gamma-Ray Spectrometric Systems of 
Analysis," Second United Nations International Conference on the Peaceful 
Uses of Atomic Energy, June, 195B. A/Conf. 15, page 2377. 

4. F. E. Holt, D. B. Wilcox, D. P. Argyle, and M. M. Lardy, Editors, 
Standard Practices Radiochemical Procedures for Off-Site Samples, 
HW 81277, April, 1964. 

5. 11 Radiobioassay Procedures for Environmental Samples, 11 999-RH-27, 1967. 
United States Department of Health, Education, and Welfare, Rockville, 
Maryland. 
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STRONT!UM-90 ANO PLUTONIUM IN SOIL, VEGETATION AND PRODUCE SAMPLES 

PRINCIPLES AND LIMITATIONS 

Plutonium and strontium are leached from soil and from vegetation ash by 
means of a mixture of nitric and hydrochloric acids. A known amount of 236pu 
tracer is added. Plutonium in the tetravalent s.tate in S_!i HND3 are then 
adsorbed on ion exchange resin. Any other actinides present do not adsorb on 
the resin due to their different oxidation states. Concentrated HCl is passed 
through the resin to remove the thorium. The plutonium is removed from the 
resin with a dilute HF-HN03 solution. After evaporation to dryness and 
re-dissolution, the plutonium is separated by extraction into 0.5M 
thenoyltrifluoracetone in benzene from an aluminum nitrate-nitric-acid salting 
solution, and then back-extracted from this into 8~ HN03. The solution is 
again evaporated to dryness, re-dissolved and the plutonium is finally 
electrodeposited on a stainless steel disk from an acidic ammonium chloride 
solution with a two ampere current. Yield and plutonium activities are 
determined by alpha spectrometry. 

Strontium and other metal ions pass through the resin in the original SN 
HN03 solutions. The alakline earth metals are removed from the nitric acid 
solution by precipitation as nitrates in high nitric acid concentration. 
Excess calcium is removed by washing the precipitates with acetone. 
Strontium, barium, and any remaining calcium are dissolved in water and 
reprecipitated as the nitrates with fuming nitric acid. The calcium nitrate 
is removed by dissolving in 14.6~ HN03. Barium is separated by precipita­
tion as the chromate. The strontium is reprecipitated as the carbonate and 
beta counted with a low background beta proportional counter. Three different 
counts are made to determine strontium activity. If 89sr is determined to 
be present, an yttrium separation will confirm its presence. 

LITERATURE REFERENCE 

1. N.Y. Chu. Analytical Chemistry, Volume 43, No.3, March 1971. 

2. 0. Samuel son. 
Wiley & Sons, 

Ion Exchange Separation in Analytical Chemistry, 
New York, 1963. 

3. G. G. Coleman. The Radiochemistry of Plutonium, NAS-NS-3058. 

John 

Subcommittee on Radiochemistry, National Academy of Sciences - National 
Research Council, Federal Scientific and Technical Information, National 
Bureau of Standards, U.S. Department of Commerce. Springfield, Virginia. 

4. Standard Practices Radiochemical Procedure for Offsite Environmental 
Samples, HW-81277, Hanford Laboratories, Hanford Atomic Products 
Operation, Richland, Washington, 1964 • 
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5. D. N. Sunderman and C. W. Townley. The Radiochemistry of Barium, 
Calcium, and Strontium. Subcommittee on Radiochemistry, National Academy 
of Sciences - National Research Council, Office of Technical Services, 
Department of Commerce, Washington D.C. 

6. P. C. Stevenson and W. F. Nervik. The Radiochemistry of The Rare Earths, 
Scandium, Yttrium, and Actinium, NAS-NS-3020. Subcommittee on Radio­
chemistry, National Academy of Sciences, National Research Council, 
Offices of Technical Services, Department of Commerce, Washington, D.C. 

7. J. P. Hartley, Editor. HASL Procedures Manual, HASL-300. United States 
Atomic Energy Commission, New York, 1972. 
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GENERAL PROCEDURES FOR STRONTIUM DETERMINATION 

PRINCIPLES AND LIMITATIONS 

Strontium, calcium, and barium are separated from many cations by 
precipitating them as the carbonates. The precipitate is dissolved in acid 
and the alkaline earths are precipitated as the nitrates with fuming nitric 
acid. Calcium nitrate is removed by dissolving with 14.6N HN03. Barium is 
separated by precipitation as the chromate. This chromate precipitation also 
serves to remove radium, lead, and other interferences which have carried 
through the fuming nitric acid precipitation. Strontium is reprecipitated as 
the carbonate and beta counted with a 1 ow beta proport i anal counter. When 
activity is present, at least one more count is made to determine 
radiochemical purity. 

LITERATURE REFERENCES 

1. Standard Practice Radiochemical Procedures for Offsite Environmental 
Samples, HW 81277. Hanford Laboratorles, Hanford Atomic Products 
Operation, Richland, Washington, 1964. 

2. D. N. Sunderman and C. W. Townley. The Radioachemistry of Barium, 
Calcium, and Strontium. Subcommittee on Radiochemistry, National Academy 
of Science-National Research Council, Office of Technical Services, 
Department of Commerce, Washington, DC. 

3. P. C. Stevenson and W. E. Nervil. The Radiochemistry of the Rare Earthsm 
Scandium Yttrium, and Actinium. Subcommittee on Radiochemistry, 
National Academy of Science, National Research Council, Office of 
Technical Services, Department of Commerce, Washington, DC. 

4. J. P. Harley, Editor. Manual of Standard Procedures. Health and Safety 
Laboratory, U.S. Atomic Energy Commission. New York, 1967. 

5. United States Testing Company, Inc. Computer Program HSUSS. 

6. United States Testing Company, Inc. Disintegration Per Count Tables . 
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INTRODUCTION 

UNIVERSITY OF WASHINGTON 
LABORATORY OF RADIATION ECOLOGY 

SUMMARY OF QUALITY CONTROL RESULTS 
OF RADIONUCLIDE ANALYSIS 

During the time period 1971-1979 the Laboratory of Radiation Ecology 
(LRE) has participated in internal, external, national, and international 
programs to compare measurements of radionuclides and stable elements. 
Standards as well as environmental samples have been interchanged between 
several laboratories including LRE and the results are reported here. 

We have measured and reported about 160 intercomparison samples on about 
20 radionuclides. The analysis included: gamma radionuclides by Ge(Li) 
diode and Nai(T~) cryst0l methods , alpha radionuclides (by alpha spectroscopy 
methods for 238,239pu,241Am, 21Dpb, and ZnS screen and phototube counting 
for gross 91Dha radionuclides), beta radionuclides (by radiochemistry methods 
for 90sr, l3lr, by liquid scintillation method for tritium and by low 
background gas counting for gross beta radionuclides), and x-ray radionuclides 
(by radiochemistry methods for 55fe and x-ray proportional counting); mea­
surements of trace elements have been made by NAA and AAS methods. 

It has been our policy to treat the incoming standard samples identical 
to incoming normal environmental samples so that our internal reliability 
could also be checked. No special precautions have been taken in the 
measurement of the quality control samples. 

MEASUREMENTS OF GAMMA-RAY EMITTING RADIONUCLIDES 

Measurements of the concentrations of 241Am and other gamma-emittJ·ng 
radionuclides in samples have been made using a 1 cm2 Ge (intrinsic)(a 
dete~tQr coupl~d to a 400-channel pulse height analyzer for 241Am and two 
7.3%lbJ Ge(Li)lC) detector systems coupled to two 4096 channel pulse height 
analyzers with a POP-5 computer data processing and reduction system. These 
detection systems have been cross calibrated with the two 5 x 5 Na(T~) crystal 
detector systems which were used previously. In addition to the cross cali­
bration between instruments, interlaboratory calibration of samples have been 
made continuously over the years to insure reliability in our measurements. 

(a) Applied Detector Corporation, Menlo Park, California 
(b) Absolute detection efficiency for 1.33 MeV gamma rays relative to a 30% 

efficient Nai(Ti) detector 
(c) Nuclear Diodes, Inc., Prairie View, Illinois (presently Edax International) 
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The absolute counting efficiency of each instrument was determined as a 
function of Y-ray energy by counting a series of standards prepared in the 
same geometry as that used to count the samples. Each standard was prepared 
and contained a known amount of a given radionuclide; these standard solutions 
were obtained from the N.B.S. or a commercial supplier, usually Amersham. An 
aliquot of each standard solution was added to an acrylic casting resin and 
homogenized by stirring until the resin set. Each encapsulated standard was 
thus uniformly distributed in the volume of the counting container (2' x 1/2", 
2" x 1", 3" x 2") at a standard density of 1.1 g/cc and was a "permanent" 
standard for future calibration checks. The results of these calibrations are 
shown in Figure B-1 which shows the detector efficiencies as a function of 
gamma energy. 

Since the cpm to dpm conversion factor, which was needed to calculate the 
absolute radionuclide concentrations of the sediment, biota and water samples 
from the counting data, was a function of several variables; (e.g., gamma-ray 
energy and bulk density) standards were prepared at a bulk density of 1.35 by 
adding NaCl to increase the density of the acrylic casting resin from 1.1 to 
cover the range normally found in our samples. The appropriate conversion 
factor for each sample (density) was then approximated by linear 
interpolation, between the values found for the 1.1 and 1.35 g/cc density 
standards. 

The error that could result due to possible variation of the linear 
dependence assumption described above was estimated by considering the case 
where density changes gave logarithmic rather than linear changes in the 
correction factor. The maximum error that could result from a logarithmic 
instead of the assumed linear dependence was estimated by measuring the 
difference in the value of the two correction factors in samples which were at 
the extremes of sample densities encountered (0.6 and 1.6 g/cc). The 
difference found using the two correction factors was 7.3% for the sample 
geometry and density limit of the lowest energy radionuclide of 241Am (most 
sensitive test). For radionuclide concentrations which were determined by 
using higher energy gamma-rays (>59.5 Kev) and for the majority of samples 
which were not at the extreme limits of the densities, the error which would 
arise due to this uncertainty was smaller than 7.3%. 

The abundance of each Y-ray observed in the spectrum was used to 
calculate the concentration of the radionuclide present using a weighted mean 
concentration of each gamma peak and its associated error (Stevenson 1966). 
The error term associated with the counting are 2 S.D. errors based on 
propagated counting statistics. 

The results of interlaboratory comparisons of concentration of the 
gamma-emitting radionuclides in the standards and environmental samples 
measured are shown in Table B-1. 
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FIGURE B-1. Absolute Counting Efficiency of the Ge(Li) and Ge(Intrinsic) 
Detectors with Gamma-Ray Energy as Determined by Counting 
Radi onuc l ide Standards f1ade to a Sample Density of I. I g/ cc 
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TABLE B-1. (contd) 

241 Am 

• 

• 
2.8 ! • 5 

"' '5 
W9 " , 

" " '30 " w 

m " "9 " m " 0 
112 " ')5 

HI n ,gg 
< 200 

Hl n 0 
o;g ' '5C 
m )\ 0 I C. 
300 ,, • 55 
21 f " "' " 1\0 w on 5 
)\ 5 0 
59 w ,, 
" " 0 
99 ) 

'" " " 0 
)) ) 

'" l5 " ) 
n 5 ·.56 
l5 " 0 m 5 • 20 

0 

" ')5 
m " 0 m w " 

20? ;o " " m " " 5 

5 " 0 m "' •' 18 m n 

<W 55 

0 " ' 15 <5 15. l 

0 e\0 
<I B m '" • 

0 m 95 
< 2'J BO 5 

0 m n 
'3:J '"' 9 • 0 l5 0 " <'C <5 

'" " 0 " 9el 
' JC < ' 

D-6 



• 

• 

• 

MEASUREMENTS OF BETA EMITTING RADIONUCLIDES 

The beta-emitting radionuclides are measured using gas flow and liquid 
scintillation counting. The radionuclides which are measured in samples using 
the gas flow counters are 90sr and 13lr; radiochemical procedures for 
sample preparation are required. The results of these interlaboratory 
comparisons are shown in Table B-1 . 

MEASUREMENTS OF TRITIUM 

The measurements for tritium in samples have been made by liquid 
scintillation methods using Instagel (Packard Instrument Co.) and a low 
background (4.6 c/m) detection system (Packard Tricarb). The mixture of 
water: Instagel was 8 cc. HzO: 12 cc Instagel; these procedures were 
adopted from Sauzay and Schell (1971). Table B-2 shows that our tritium 
values are consistently within the measurement errors stated by EPA. 

ALPHA SPECTROSCOPY MEASUREMENTS 

Instrumentation and calibrations: the measurement of radioactivity by 
alpha spectroscopy was made by using eight 300 mm2 silicon surface barrier 
diodes. Each of the two counting systems available for use consisted of four 
diodes, preamplifiers and amplifiers routed through a router-mixer to each of 
four 128-channel quadrants of a 512-channel multichannel analyzer (MCA). The 
MCA memory was dumped into both typwriter (digital) and graphical (analog) 
outputs after typical counting periods of 800 minutes. The detector amplifier 
gain was adjusted to 9 keV/channel. The resolution of the diodes (FWHM) was 
20 keV or better. Background count rates of the four diodes used for 
plutonium and uranium analysis were 0-8 counts/BOO minutes under each of the 
observed alpha peaks. Background count rates of the four diodes used for 
polonium analysis were typically 5 counts/BOO minutes/peak. 

The absolute disintegration rate of the isotopes of plutonium, uranium 
and 208po in the plated samples was determined by computing the ratio of the 
count rate observed for each isotope to the count rate for a secondary 
standard of known disintegration rate; corrections were made for background 
count rate, alpha particle branching ratios, and any impurities in the 
radiochemical spikes. 

The disintegration rate of the secondary standards of plutonium was 
determined by similar calibrations with a standard 236pu solution supplied 
by the AEC Health and Safety Laboratories (HASL). The reliability of the 
plutonium calibration was verified by the agreement between the concentrations 
of plutonium found by this laboratory and those found b3 other laboratories in 
an interlaboratory standard solution of 239,240pu and 2 Bpu concentrations 
measured by LRE in seaweed and sediment samples supplied by the International 
Atomic Energy Agency (IAEA) were also in agreement with the values recommended 
by the IAEA. The results of both these calibrations are shown in Table B-3 . 
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TABLE B-2. Results of Interlaboratory Comparison of Tritium in Water Samples 

Sample T.)'l'e Date Lab 3H 

35132 Water Cross Check Dec. 76 EPA 2300 + 1049 
LRE 2287 + 65 -

Water Cross Check Oct. 76 EPA 58 + 5 -LRE 55 + 9 -

Water Cross Check Aug. 76 EPA 3100 + 1080 
LRE 3200 + 104 -

Water Cross Check Apr. 76 EPA 1776 + 1024 
LRE 1793 + 42 

35096 Water solution standard May 76 EPA No values available 
LRE 7.15 + 0.26; 27.4 + 0.08; 

312.3 ~ 0.14; 221.2 + 3.1 

"' ' 35078 Water Cross Check Dec. 75 EPA 1002 972 co + 
LRE 1000 + 52 -

35050 Water Cross Check Aug. 75 EPA 3200 + 1083 
LRE 3337 + 67 -

35036 Water Cross Check Apr. 75 EPA 1499 + 1002 
LRE 1540 + 60 -

35026 Water Cross Check Dec. 74 EPA 3395 + 1095 
LRE 3449 + 30 -

35017 Water Cross Check Aug. 74 EPA 1438 + 933 -
LRE 1447 + 74 -

Water Cross Check May 74 EPA 2673 + 1050 
PRE 2717 + 38 -

35146 Water Cross Check Apr. 77 EPA 1760 + 1023 
LRE 1702 + 41 
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TABLE B-3. Results of Interlaboratory Analysis of Samples for 239 •240Pu 

11. Standard Reference materials, solutions, soils 239, 240 
---Samr_l_f~~-

. ---~Type ____ 
Date Laboratory Pu 

35005 SD-B-1 sediment January 73 IAEA 960 ± 30 
LRE 950 ± 70 

35000 AG-1-1 seaweed January 72 IAEA 27000 ± l 00 
LRE 23400 ± 1000 

35083 W-1 water 1975 IAEA 3.21 ± 0.05 
LRE 2.8 ± 0. 3 

35149 R-2 water March 77 EPA 1110 ± 100 
LRE 990 ± 44 

Soil - 2 soil January 71 EPA(avg.) 0.30 

"' 
LRE 0.16±0.18 

' ~ Soil - 3 soil January 71 EPA(avg.) 2.24 
LRE 0.51 ± 0.13 

So i 1 4 soil April 71 EPA(avg.) 1735 ±1220 
LRE 1547 ± 955 

Soil - 5 so; 1 l·lay 7l EPA(avg) 208 ± 117 
LRE 96 ± 54 

Soil - 6 soil June 71 EPA(avg) 18164 ±2800 
LRE 21433 ± 306 

35047 NBS #4350 river sediment 1975 NBS . 038 + . 003 
LRE .042 ± .018 

LLL #110 std. solution 1973 LLL 1303 ± 28 
LLL 1320 ± 20 
LLL 1265 ± 5 
MCL 1255 ± 15 
11CL 1272 ± 6 
LFE 1330 ± 27 
LRE 1273 ± 64 
EIC 1207 ± 54 

• 

Comments 

238pu 42 ± 4 
238pu (N.D.) 

Pu 3800 ± 100 
Pu 3100 ± 100 

Round robin study 

Cross check study 

Cross check study 
''High fired'' soil 

Cross check study 
Nevada test soil 
Cross check study 
''High fired'' soil 

Cross check study 
Pacific Islands soil 



TABLE B-3. (contd) 

B. Collection on Joint Cruises. 239, 240Pu Dev. 
Sample Type Laboratory Particulate Total Avo.. ±s·~·o. % 

Bikini Atoll - 1972 

Lagoon water - STA B-2 surface LLL a 28 ± 2 1 07 ± 4 + +17 
PRNCa 98 ± 7 91.3-19 + 8 
LREb 30 ± 2 69 ± 4 -24 

" - STA.B-15 surface LLL 4. 7 ± .6 66 + 2 +34 
PRNC -- 49 ~ 4 49.3±16 -.6 
LRE 3.1 ± . 2 33 ± 5 -33 

" - STA B-15 29m LLL 5.6 ± .6 60 ± 3 + 5 
ro PRNC 76 ± 7 57 .0±21 +33 ' --
~ 

LRE 6. 4 ± .1 35 ± 2 -38 0 

" - STA B-25 surface LLL 9. 7 ± • 9 79 + 3 + 8 
PRNC -- 67 ~ 4 73.0±8.5 - 8 
LRE 

" - STA B-25 50m LLL -- 64 ± 3 -33 
PRNC 127 ± 9 95 ±44 

+33 
LRE 

" - STA B-30 surface LLL 
PRNC 55 ± 3 42 ±18 +30 
LRE 2.5 ± .3 29 ± 3 -30 
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TABLE B-3. (contd) 

B. Coflection on Joi_nt Cruises (cont'd.) 239, 240Pu Dev. 
Sample Type Date Laboratory Particulate Total Avl!.:t-S.D. '( 

_Bi_k_ini Atoll- 1972 (cont'd-) 

Lagoon water - STA B-30 45m LLL 
PRNC -- 81 ± 2 +15 
LRE 29 ± l 60 ± 3 -15 

Bomb Crater water - STA C-3 surface LLL 10 ± l 38 ± l 44.0±16 -14 
PRNC -- 32 ± l -27 
LRE 13.6±_3 62 ± 2 +40 

" - STA C-3 44m LLL 22 ± l 35 ± 2 + 9 
PRNC -- -- 33 ± 3 
LRE 24 ± 2 31 ± 3 -.9 

" - STA C-8 surface 1972 LLL 47 ± 4 -13 -- 59 ±12 rn PRNC 68 ± 3 +25 ' --
~ LRE 14.6 ± .6 48 ± 8 -ll ~ 

Deep ocean water - STA 0-l 300m LLL -- 51 ± 6 28 ±32 
+82 

PRNC -- 5 ± l -82 
LRE --

" - STA D-7 surface LLL 3.5±0.2 + l -- 3.45±.07 
PRNC -- --
LRE 0.13±0.06 3.4 ±1.2 - l 

Eniwetak Atoll - 1972 

Lagoon 1-Jater ~ mi. off Leroy Surface LLL 18 ± . 9 15 ± 4 
+20 

~ flood} LRE 0.45 ±0.1 12 ± 3.5 -20 
1;;: ebb 

" Enewetak Dock Surface ? LLL 1.6 ± 0.2 +12 -- 1.43±.25 flood LRE 0.47 ±O.l 1.25± 0.2 -12 

" Japtan Surface ? LLL 2.8 ± 7 +30 --
Surface flood LRE 0. 62 ±0. l l. 5 ± 0. 2 2.14±.65 -29 
Surface ebb LRE 1.15±0.2 2.14± 0.4 0 
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TABLE B-3. ( contd) 

B. Coll~ction on Joint Cruises (cont'd.) 
'-'--orat2..!:1_ _ __ S~IJ2Pl~ TYP.e Date L.au• 

Lagoon water - Runnit Dock 

" 200 yds off 
Runnit 

Eni11etak Atoll - 1 '972 (~ont'd.) 

Surface ? LLL 
f:l floodiLRE 
!.;.:; ebb -

15m ? LLL 
flood LRE 

Crater water - Mike Crater 33m ? LLL 
ebb LRE 

" " " Surface LLL 
flood LRE 

\<!a~ hi nq~on Co9_ sta l_~!§_!:ers_ -=----l_9l_6_ 

239, 240p 
_____:_______j:_ Dev. 

Particulate Total Avg.+S.D. 
---------

-- 43.6 ± l .4 -23 
}57.1±19 

+23 26.9 ±l .4 70.6 ± 6.6 

77.0 ' 3.1 69 l + ll +ll 
34.3 "0.9 61.1 ± 2.6 1 . - -ll 

-- 1510 ± 60 } 844 ±941 +79 
164 ±5 179 + 6 -79 

-- 19.0 ± 0.8} 20.0±1.5 -5 
11.13 ±0.6 21.1 ± 5.6 +5 

Coastal ~later JOF-8 Surface 
N 430 27.1; W 124045.2'' 

BNWL 
LRE 
LRE 

0.14 '.01)(0.69±0.12) Sequim Bay 

N 430 
JDF-8 (50m) 

30.0'; w 1260 46.0' 

HOH-5 mi. 
N 47°40'; W 124033.6' 

• • 

Surface 

Surface 

LRE (batch) 

BNWL 
LRE 
LRE 
LRE (batch) 

< .06 0.34JO.l 
< 0. 59 

0.5 +0.25 

0.09 ±0.01 0.12±0.04 
<0.008 0. 14±0. 14 

0.061±0.045 0. 19±0.19 
< .44 

BNWL 0 0.18±0.05 
0.26±0.26 

< .4 
LRE 0.03 
LRE (batch) 

• , . 
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TABLE B-3. ( contd I 

~n_ternal Comparisons of BLVItJS and Batch t~ethods 239,240Pu Dev. 

__ Safl:Jlle Type Depth t1ethod Particulate Total Av .+S.D. ~S 

Bikini Atoll - 1976 

Lagoon ~later STA B-3 

" " 

" STA B-8 

" " 

" " 

" STA 8-15 

" " 

" " 

" STA B-25 

" STA B-32 

" " 

" " 

Surface 

29 m 

Surf 

17m 

40m 

Surf 

17m 

37m 

Surf 

Surf 

17m 

33m 

Batch 
BLV~IS 

Batch 
BLVeiS 

Batch 
BLVWS 

Batch 
BLVfiS 

Batch 
BL V~IS 

Batch 
BLVeiS 
BLV~!S 

Batch 
BLVWS 

Batch 
BLV\~S 

Batch 
BLVI·IS 

Batch 
BLVfiS 
BLVI·!S 

Batch 
BLV~JS 

Batch 
BLVWS 

16.7 ± l.O 

50.2±3.6 

< .3 

2.17 ± .17 

3.71 ± .5 

1.6 
1.9 

1.7 

2.3 

± • 2 
± . 2 

± .2 

± .2 

55.1 ± 
42.7 ., 

72.2 ± 
62.9 ± 

41.8 ± 
27.7 ± 

32.6 ± 
30.8 ± 

28.3 ± 
29.5 ± 

61.3 ± 
23.5 ± 
27.8 ± 

36.2 ± 
32.7 ± 

44.1 ± 
38.4 ± 

7.4 
2 

8.2 
4 

9.7 
3.7 

6.0 
2.4 

•.4 
4.5 

22.4 
1.4 
1.4 
4. 7 
3 

9.3 
4.3 

76.7" 9.7 
2.17 ± .14 42.8 ± 5.7 

40.6 ± 9.4 
6.6 ± .4 28.2 ± 2 
6.1 ± . 5 29.9 ± 1 

45.6 ± 5 
5.0 ± .6 34.7 ± 3 

44.6 ± 6 
10.2 ±1.6 42.4 ± 3 

48.9 ± 9 

67.5 ± 7 

34.7 ±10 

31.7±1.3 

28.9 ± .9 

37.5 ±20 

34.5 ± 3 

41.3 ± 4 

59.7 ±24 

32.9 ± 7 

40.2 ± 8 

43.5 ± 1.6 

+13 
-13 

+ 7 
- 7 

+20 
-20 

+ 3 
3 

2 
± 2 

+63 
-37 
-25 

+ 5 
5 

+ 7 
7 

+28 
-28 

+18 
-14 
- 9 

+13 
-1 3 

+ 3 
- 3 

asamples by LLL and 
BLVWS collections 

PRNC were collected by the "Batch" method a.t a time which was usually before the long time 
(continued) 

bThe LRE and BN\>JL samples were collected continuously over 
which separated the particulate and soluble fractions; in 
four Al203 beds \>lere used. 

a time period at 2-4 hours using the 8LVWS sampler 
1972 two sorption beds of Al2D3 were used and in 1976 

CThe LRE "Batch" collections were made during the BLV\·15 pumping to compare directly the two methods. The pluto­
nium method of ~1ong et al. (1976) was employed. 



The d~s~n~egration.rate of.the 232u s~ike was deter~ined by comparison 
~f the act1v1t1es of al1quots (1n quadrupl1cate) of the 32u spike and a 
38u standard solution electroplated simulatneously onto platinum discs. 

The 238u solutions used for the stand~rd were prepared by dissolving pre­
cisely weighted amounts of gg+% pure (38u 11 0-38 11 metal supplied by the LLL. 

The 208pa spike was supplied as a radiochemical standard solution by 
the Amersham/Searle Corporation and has been calibrated several times between 
1970-1975 by intercomparing the rdioactivity of plated samples with National 
Bureau of Standards (NBS), Battelle Northwest Laboratory (BNWL), and the LLL. 

Replicate determinations of the plutonium concentration in a dissolved 
sediment (section 8-10 em of core B-2) from Bikini Lagoon were performed to 
provide an estimate of the analytical precision of the radiochemical proce­
dures used for plutonium analysis. The quantity of sediment (dry wt.) in each 
aliquote processed was 3.19 g. The chemical yield calculated from the count­
ing data for these samples ranged from 22.6 to 40.8%. The precision for the 
239,240pu determination was 5.3% of the mean concentration of 2. S.D. for 
the six analyses. The precision for 238pu measurement was 11% of the mean 
at 2. S.D. for the six analyses. The higher deviation about the mean for 
239pu replicates is probably due to poorer counting statistics (average of 
124 counts/BOO minutes in the 238 peak vs. 5000 counts/BOO minutes in the 
239,240pu peak); all six 238pu concentrations found were within 2. S.D. 
counting errors of each other (Marshall 1975). 

Quality control: problems of sample contamination were addressed by the 
inclusion of spiked reagent blanks with groups of samples. From several such 
reagent blanks, no significant contamination problem was detected. An evalua­
tion was made of the interferences which might occur from natural and bomb­
produced, alpha-emitting radionuclides in the Bikini Atoll samples. 

In the plutonium and uranium procedures radium is removed along with the 
calcium in the chemical separation process. Isotopes of radon which might 
interfere are short-lived and, being gases, present no problems. Decontamina­
tion factors of greater than 1000 are reported by Butler (1968) for the 
removal of americium, thorium and neptunium from the final uranium samples, 
and similarly high decontamination factors are reported for the removal of 
curium and californium (Butler 1965), using TlOA separation procedures. 
Although Berkelium is unusual among the transamericium actinides, i~ that it 
can exist in the 4+ oxidation state (and therefore may not be separated from 
plutonium and uranium), it can not exist in the 4+ state in the 8 M HN03 -
H2D2 solution which was used to maintain the oxidation states of PU (VI) 
in the initial extraction step of the TlOA procedure (Keller 1971). The TlOA 
ion exchange method used in these separations provided high decontamination 
factors for the removal of uranium from the plutonium fraction (>300:1) and 
for the removal of plutonium from the uranium fraction (>1000:1) (Butler 1968). 
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Because no information was found concerning the plating efficiency of 
radionuclides which would interfere in the analysis of polonium by the pluton­
ium pro~edure~ used in this workA solutions with known quantities of 241Am, 
242p0 , 232u, 228rh, 224Ra and 20opo were prepared and plated as pre-
viously described . 

Table B-3 shows the interlaboratory comparison results of plutonium 
analysis. Results of the January 1976 interlaboratory comparison of 210pa 
in solution was Environmental Protection Agency (EPA) 164.4 + 4.5, LRE 
166 + 5.4. The chemical procedures have been checked by the-comparisons 
betw€en duplicate standard samples re: IAEA, NBS, EPA. Interlaboratory com­
parisons between actual samples which have been exchanged are given for the 
results of the McClelland Laboratory (MCL) and LRE data. Of the 17 biota 
samples which were measured as 11 duplicates 11 six results fell outside the esti­
mated errors of the two 1 aborator i es. It is not c 1 ear as to which 1 aboratory 
was correct or whether both laboratories were correct and inhomogeniety 
existed in the samples. Of the five soil samples analyzed in 1971, one value 
was clearly outside the estimated errors of the two laboratories; and one 
value had a large measurement error (Nervic and Ray 1973). 

A comparison of actual water samples collected in 1972 by Puerto Rico 
Nuclear Center (PRNC), LLL, and LRE using difference collection and analysis 
methods is also shown in Table B-3. Discrete samples were collected at a 
single time (5-10 min) by LLL and PRNC, while LRE collected samples by con­
tinuous filtration over a time ~eriod of 2-4 hours. Noshkin (1974) has shown 
at Enewetak that variations in Z39,240pu concentrations as great as a factor 
of 3 can exist at certain locations over one tidal cycle. 

The samples measured at Bikini, where large changes in the concentrations 
of Pu at different locations have been observed, compared reasonably well 
between the three laboratories. Values are certainly within a factor of 2 at 
the concentration level of pCi/1000~. In fact most of the values are within 
30%. Comparisons can also be made between the values of the particulate frac­
tion of the total measured by both LLL and LRE shown in Table B-3. Most of 
these values are within the reported counting errors. 

The direct comparison of the Batch and BLVWS methods are shown by the 
internal LRE intercomparisons in Table B-3. The Batch method used in these 
comparisons was by Wong et al. (1976); the BLVWS method employed four sorption 
beds of Al203 whereas only two beds were used in 1972 at Bikini and 
Enewetak. The Batch method and BLVWS methods compared well (average about 13% 
difference) on most samples with the Batch method giving slightly higher 
values than the BLVWS method . 

B-15 



REFEENCES 

Butler, F. E. 
uranium. 

1968. 
Health 

Rapid bioassay methods 
Physics 15:19. 

for plutonium, neptunium and 

Butler, F. E. 
by liquid 

1965. Determination of uranium and amerlClum-curium 
ion exchange. Analytical Chem. 37:340-342. 

in urine 

Keller, C. 1971. The chemistry of the transuranic elements. Verlag Chemie 
GmbH, Weinbeim/Bergstrasse, Germany. 

Nervik, W. and R. Ray. 1973. Enewatak Radiological Survey. United States 
Atomic Energy Commission, Nevada Operations Office, NV0-140. 

Noshkin, V. E., K. M. Wong, R. J. Eagle, and C. Catiousis. 1974. Transuranics 
at Pacific Atolls I. Concentrations in the waters of Enewetak and 
Bikini. Lawrence Livermore Laboratory UCRL-51612. TID 4500. 

Sauzay, G. and W. R. Schell. 1972. Analysis of low level tritium concentra­
tions by electrolytic enrichment and liquid scintaillation counting. 
Int. J. Appl. Radiation and Isotopes. 23:25-33. 

Stevenson, P. C. 1966. Processing of counting data. In Nuclear 
Series on Radiochemical Techniques. pp 44-45, NAS-NS-3109. 
Academy of Sciences. 

Science 
National 

Wong, K. M., 0. S. Brown, and V. E. Noshkin. 1976. A rapid procedure for 
plutonium separation in large volumes of fresh and saline water by 
manganese dioxide. Lawrence Livermore Laboratory UCRL-77837. 

B-16 

• 

.. 



• 

APPENDIX C 

CROSS-SECTION SHAPES AND SAMPLING LOCATIONS 

• 



0 
STA 1 

E 
• ::l t -"' "0 

3: 5 0 

Q 
F-

"' .0 -"' "' -
z 10 
0 1- FC-1 FRANKS CREEK 

>--
<( 

> 
"-' --' 
"-' 

15 I I I I 

0 5 10 15 20 

0 I STANCE I feet) 

0 
E 
::l 

~ - 1-"' -"0 

3: 
5 0 ~ 

"' .0 STA 1 - .. 
"' + "' -
z -~ 10 
>--
<( 

> 
"-' BC-1 FOX VALLEY ROAD --' 
"-' 

15 I I I I 

' 
0 10 20 30 40 50 

01 STANCE I feet) 

C-1 



0 

STA 2 STA I 

j 

z 
0 10 

BC-2 BUffiRMILK CREEK 

15 
0 25 50 75 100 125 !50 175 

Dl STANCE I feet I 

0 

E 
:::l -"' -o 

" 5 STA 1 0 

"' t -"' -"' "' -
z 10 0 

t-
« BC-3 BOND ROAD BRIDGE > 
u..> 
-' u..> 

15 
0 25 50 75 100 125 • 

Dl STANCE (feet) 

' 

C-2 



' f-0 

E 
~ 

;; 

~ 
STA 2 STA I 

~ 5 I + ~ 
0 

~ 

" 0 n -~ 
"' ;IO ~ 
0 
r BC-4 THOMAS CORNERS BRIDGE 
<( 

> w 
I I I I I I ~ 

' w 15 
0 ID 20 JD 4D 50 60 70 80 

DISTANCE I feet I 

0 1-
E 
~ -ro 
~ 

~ 
5 1-0 

S~l E -~ 
0 "' 
~ 

z 
0 10 f-
r 
<( CC-I BIGELOW BRIDGE > w 
~ 
w 

15 ' I I I I ' I I ' I I 

0 25 50 75 IDO 115 15D 175 zoo 
• DISTANCE lfeetl 

• 

C-3 



E 
~ -~ = 
~ 
0 
o; 
~ 

]l 
z 
0 
~ 

"" > 
~ 
~ 
~ 

z 
0 

:;: 10 
> 
~ 
~ 
~ 

0 

5 

lO 

15 

20 

15 

0 

0 25 50 

~------

25 50 

STA 2 
t 

STA I 
t 
0 / 
0 / 
0' -----' 

CC-3 FELTON BRIDGE 

75 100 125 

Dl STANCE lleetl 

STA 2 STA I 

t t 

0 

0 

0 0 

75 100 125 

Dl STANCE lleetl 

C-4 

' 

150 175 

_. -

·---/ ' ' 

cc -5 
SPRINGVILLE DAM 

!50 175 200 " 

• 



0 -

E 
0 

10 STA I 
~ 

I • s~ 0 • / n 

w 
"' 0 

6 10 f- ..... 
~ 

"' CC-9 GOWANDA BRIDGE > 
~ 
~ 
~ 

IS I , I I I I I I I 

I1S ISO 171 100 12S 150 27S 300 31S JSO 

01 STANCE lfeetl 

0 

STA 1 
I 

E ' 0 

10 0 
u 

• CC-ll ri·10UTH CATIARAUGUS CRflK 0 

• n 10 

" 0 

"' z 
0 
~ 

~ 15 > 
~ 
~ 
~ 

• 10 
0 1S 100 I1S ISO 1/S 200 22S 

Dl STANCE (feet) 

• 

C-5 





• 

• 

NUREG/CR-1030 
PNL-3117 

RE/RW 

DISTRIBUTION LIST 

No. of 
Copies 

OFF SITE 

A. A. Churm 
DOE Patent Division 
9800 South Cass Avenue 
Argonne, IL 60439 

410 U.S. Nuclear Regulatory 
Commission 

Division of Technical Information 
and Document Control 

7920 Norfolk Avenue 
Bethesda, MD 20014 

2 DOE Technical Information Center 

25 Phillip R. Reed 
U.S. Nuclear Regulatory 

Commission 
Office of Nuclear Regulatory 

Research 
Health and Environmental Research 

Branch 
Washington, DC 20555 

Pau 1 Lohaus 
U.S. Nuclear Regulatory 

Commission 
Office of Nuclear Materials 

Safety and Safeguards 
low Level Waste Branch 
Washington, DC 20555 

2 Steven A. Mollelo 
New York State Geological 

Survey 
The State Education Department 
Albany, NY 12234 

No. of 
Copies 

W. A. Oldham, General Manager 
Nuclear Fuel Services, Inc. 
P.O. Box 124 
West Valley, NY 14171 

2 William Schell 
University of Washington 
College of Fisheries 
Seattle, WA 98195 

James Thomas 
U.S. Nuclear Regulatory 

Commission 
Office of Nuclear Materials 

Safety and Safeguards 
Low Level Waste Branch 
Washington, DC 20555 

Peter Van Voris 
Battelle Columbus Laboratories 
505 King Avenue 
Columbus, OH 43201 

ONSITE 

Pacific Northwest Laboratory 

D. W. Dragnich 
R. M. Ecker (25) 

Y. Onishi 
Technical Information (5) 
Publishing Coordination RO (2) 
Waste and Land Resources 

Department Library (5) 

Distr-1 




