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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

137

gamma emitter found during the sampling program was Cs where, in some

cases, levels associated with the sand and clay size fractions of bed sediment
13?CS and 90

stream of the Nuclear Fuel Services Center, an inactive plutonium reprocessing

exceeded 100 pCi/g. ETevated levels of Sr were found down-

plant and low level nuclear waste disposal site. Based on radionuclide levels

in upstream control stations, 137

Cs was the only radicnuclide 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.






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 radiocactivity 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 radicactivity 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 Radionucliide 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 13?65 and 90

Sr. Cesium-137 levels 1in 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.



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(35
levels greater than 10 pCi/g but less than 15 pCi/g were found. Cesium-137
Jevels in water of Cattaraugus and Buttermilk creeks were low and in most

d 137

cases indistinguishable from backgroun 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 Tevels found in
Franks Creek, just downstream of the facility. One suspended sediment sample
sy value of 10.1 pCi/g. Strontium-90
levels in bed sediment and water downstream of the Nuclear Service Center were

in Springville Reservoir had a

indistinguishable from background levels.

134Cs in bed and suspended sediments of Franks Creek

Concentrations of
and Buttermilk Creek were, in most cases, higher than levels measured at

upstream control stations.
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INTRODUCTION

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 radiocactive waste disposal area
and a facility for the reprocessing of nuclear fuel. Nuclear 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.

Radipactive 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 Tagoon.
Radioactivity was monitored in the Tagoon and water was released to Franks
Creek (Erdmans Brook) which flows into Buttermilk Creek about 0.5 miles below
the site. In November 1972, radicactive water from the burial site lTagoon was
pumped to the NFS main plant Tagoon No. 1 where it was treated in the low-Tevel
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 bhurial 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



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 Cattaraugqus
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(l) and Clinch River.(z)

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.















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 Nuclear 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 QUSr, gross B, 13?Cs,

106, %7, _yp, 60 134,

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

Co and S. A number of analyses for plutonium

Radionuclide levels in water samples of Buttermilk Creek at Thomas
Corners Bridge (Table 1) were substantially above background levels in 1967.
13?C5, gross B and tritium levels were 335 pCi/2, 112 pli/L,

970 pCi/% and 320,430 pCi/L, respectively. These radionuclide levels in water

Average 90Sr,

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 ta the
initial decreases encountered when Buttermilk Creek samples are first diluted
with water from Cattaraugus Creek. Comparison of 1966 and 1967 average and
max imum 905r and gross B levels at Springville Dam indicates a substantial
decrease in concentrations in 1967.



TABLE 1., Radioactivity in Water Samples
(NYS Health Department)

——- 1g8E . . Cuncentratton (plise}
N L ] o 1567 ——
_._.locatien -0 Grosse 590 Grossd@ 5 90 s 13 Gresse A

Buttermil¥ Creck, Upstream

Average <3 <3 ? <3 <20 3 1,520

Ma imum =3 <3 3 %] <70 13 2,900
Cattarauqus Creek, lpstream

fiverage -1 <3 2.5 <3 <20 5 1,860

Ma « impm <3 <3 3 8 50 10 L1
fiuttermilk Cregk, Thomas Corners Bridge

fverage 2 «3fal 5.8(3 335 12 970 320,430

Max irnwn =3 <3 15 1,305 R0G 4,h60 1,452,000
fattarargus Creek, Springville Dam

Average <3 62 116 24 <20 a5 w,730

Hax imym -1 265 1,387 K | 77 il5 183,170
Lattaraugus Creek, Gowanda

fiverage <1 52 21,510

Max imum 157 106, 95¢
Cattaraugus Creek, Irving Bridge

Aver zge ! 51 24,710

Max imum -3 11z 82,670

Tal SamiTes not taken during period of discharge From Nuclear Fuels Seryices
tor latter half of 1966,

Table 2 is a summary of New York State Health Department's 1966 and 1967
analyses of radioactivity in the stream bed. Maximum concentrations of
Wsr, 137¢s, 106y, 357r-Nb and ®OCo 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 Tevels in the Cattaraugus and
Buttermilk Creeks bed sediment were less in 1967 than in 1966, Cesium-137
Tevels 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
max imum 134Cs levels in Springville Dam bed sediment in 1967 were 3.9 pCi/g
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(NYS Health Department)
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and 7.6 pCi/g, respectively. Average Ru and 6OCo concentrations in bed

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

Some uranijum and plutonium sampies from Cattaraugus Creek were analyzed
(Table 3) in 1966 and 1967. Water samples from upstream of the confluence

with Buttermilk Creek and at Springville Oam in 1966 indicated that levels of

238Pu, 239Pu and 235U did not increase above background Tevels in Springville

238

Reservoir. Uranium-234 and U concentrations in water samples from

Springville Reservoir were slightly above background Tevels in 1966. Maximum

238Pu, 239Pu, 234U, 235U and 238U concentrations in water samples from
Springville Reservoir in 1967 were 1.16 pCi/2, 0.7 pCi/z, 0.15 pCi/z,

0.11 pCi/e, and 0.15 pCi/%, respectively.
the 1966 background levels.

Springville Reservoir bed sediment were generally low and probably represent

These were, in most cases, above
Plutonium and uranium concentrations in

background Tevels.



TABLE 3. Plutonium and Uranjum in Water and Silt Samples
(NYS Health Department)

Concentration in Water {pCi/L)}

1966 1967
Location Pu-238  Pu-739 U-234 U-235 U-238 Pu-238 = Pu-239 U-234 U-235 U-238
Cattaraugus Creek,
upstream
Average <0.03 <0.02 0.19 <0.04 0.0%
Max imum 0.06 <0.03 <0,33 <0.15 0.12

Cattarauqus Creek,
Springvilie Dam

Average 0.03 <0.02 0,28 <0.05 0.20 <0.5 <0.4 0.15 0.07 0.12
Max imum 0.063 <0.02 0.44 <0.12 0.41 1.16 0.7 0.1% 0.11 0.1%
a Concentration in Sitt {pCi/q)
Cattaraugus Creek,
Springville Dam ND 0.03 0.63 0.69

NEW YORK STATE AQUATIC ECOSYSTEM SURVEY, 1965—196?(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 radiocactivity above
background levels. Water and bed sediment samples from Buttermilk and
Cattaraugus Creeks were taken in 1966 and 1967 and analyzed for 106Ru—Rh,
13?Cs, 134 d 6OCO. Table 4 is a summary of the radioactivity
analyses of water and bed samples.

Cs an

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 13?Cs level at Thomas Corners Bridge was 100 pCi/%¢ and at Springville
Dam it was 10 pCi/L.

Concentrations of radionuciides 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

1D



TABLE 4. New York State Aquatic Ecosystem Survey

Concentrtation in Water {pCi/g)
1967

e 1966

Ru-Rh Ru-Rh
__Location _ 106 s 137 Cs 134 Co-60 106 Cs 137 Cs 134 Co-60
Buttermiik Creck,
upstream 0 5 2 0 40 3 0 1
Buttermilk Creek,
Thomas Corners
Bridge 0 1 6 0 1000 100 10 10
Cattaraugus Creek,
Springviile Dam 0 1 0 0 100 10 0 4

Concentration in Bottom Sediment {pCi/g)

Buttermilk Creek,
upstream 6.7 (.43 0.32 0.11 0.82 0.07 0.05 0.005

Buttermilk Creek,
Thoinas Corners

Bridge 226 115 120 8
Cattaraugus Creek,

Felton Bridge 53.4 62 12.8 0.569
Cattaraugus Creck,

Springyille Dam 45.7 28.8 7.4 0.47
Cattaraugus Creck,

Frye Bridge 36.7 241 4.5 0.36
Cattaraugqus Creek,

Zoar Bridge 15.1 5.3 1.7 0.12

. 137
Cattaraugus Creek. Concentrations of 106Ru—Rh, 3 Cs, 90Zr-Nb and

6060 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 Bealth 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 o, gross B, 106Ru, 13765

134Cs, 90, 125 60,

s Sb and
for gross B8,

0. Suspended sediment samples were analyzed

106 137 134C5, QOSr-

Ru, Cs, and

As with results of previous studies of radicactivity 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

137

June and November 1969 are shown in Tables 5 and 6. Except for Cs and

1255b levels in water, dissolved radionuclide concentrations were signifi-
cantly lower in November, indicating the dilution effect of dissolved levels
during high flow conditions. Radionuciide concentrations in suspended sedi-
ment, however, showed the opposite trend; i.e., during November with the

greater discharge conditions, gross B, 137Cs, and 13465 concentrations in
suspended sedment were higher, possibly due fo 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 resuits are shown in Table 7. Con-
centrations of 252y, 2%y, 238y, 238p,  and 23%y in Buttermilk Creek water in
June 1969 were 3.4 pCi/e, 1.4 pCi/e, 0.22 pCi/e, 0.02 pCi/L and 0.02 pCi/1g,
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 concentira-

137 239

Cs and Pu were found in Cattaraugus Creek at

106

tions except for
Springvilie Dam in the November 1969 survey. Concentrations of Ru,

137¢s, 138¢g 90g,. 238py and 239y 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



TABLE 5. Radionuclide Concentrations in Cattaraugus and Buttermilk

Creeks, June 1969 (U.S. Department of Health, Education

and Welfare)

Concentration in Water (phifL

Location hed Bross Gross € Fu-T0B_ (5-137 L5-138  Sre b-1 =3
Buttermilik Creek, upstream 1,000 <] 110 116 <] 0.5 <] <2 <0.2
fattaraugus Cresk, upstream 1,000 <% 20¢ 160 <1 <05 <1 <2 <C.3
Confluance Frank's and
Buttermile Creeks 2ac,oan k! 5,500 4,000 54 18 420 35 4,3
Buttermilk Creek at Bond
koac Bridge 400,006 4 7,400 5,400 30 13 480 &1 5.3
Buttermilk Creek at
Tnomas Lorners Eridge 370,000 4 &,800 4,700 16 5.2 480 a1 4.9
Contluence of Buttermilk :
ang Cattaraugus Lreeks L, 000 4 €,200 4,300 16 4.7 440 A0 4.4
Lattaraugus Creek at
Felton Bridge 30,000 <1 360 431 1.3 <{.§ [ 3.6 0.4
Cattaraugus Creek at
Springville Dam 30,000 <1 530 41r i <{.E 3E 3.4 0.3

Tonceniratior in Suspenden Solids (poifx)
Buttsrmilk {reek, upstream 13 10 1 G.5
Cattarargus creek, upstream 14 11 H 0.5
Confluence Frank's and
Euttermilk Creeks 110 39 7 10 H
Sutte-mile Cregk at Bond
Road Bridge 120 36 35 11 3
Buttermilk Creek at
Thomas Corners Bridge gl 2i k) 8.7 H
Lonflvence of Buttermilk
and Cattaravgus Creeks 200 120 23 7.9
Latraravous Creek at
Felton Briage £7 45 1 0.5 1
lattaraugus Creek at
Springyilie Dam 120 7 H 0.5 1

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

foncentration in Water (pCi/)

Location H-3 Gross & Gross H Ru-106  Cs-137  (s-134 5r-90 5b-125 Co-560
Buttermilk Creek, Thomas
Corners Bridge 43,000 1.4 1,400 380 17 <1d 360 43 <10
Cattaraugus Creek, Felton
Bridge 3,100 <] 270 75 <10 <10 69 <40 <10

Concentration in Suspended Solids [pCi/e}

Buttermilk Creek, Thomas
Corners Bridge

cattaraugqus Creek, Feiton
Bridge

320

120

13

b4

20

142

52

33

20

<2



TABLE 7. Uranium and Plutonium Concentraticns in Buttermilk
Creek (U.S. Department of Health, Education and
Welfare)
. Concentration in Water ‘pCi/2)
Date Location H-232 J-234 U-238  Pu-238 Pu-239
6/17/69  Buttermilk Creek at Thomas
Corners Bridge 1.4 n.22 0.02 0.02
11/4/69  Buttermilk {reek at Thomas
Larners Bridge 0.3 g.12 0.0 0.01
Concentration Suspended Solids (pCi/z)
6/17/6%  Buttermilk Creek at Thomas
Corners Bridge Q.02 0.02 0.01 0.0l
11/4/69  Buttermilk Creek at Thomas
Corners Bridge 0.G15 0.018
TABLE 8. Radionuclide Concentration in Bottom Sediments
(U.S. Department of Health, Education and
Welfare)
Concentration in Bed Sediment {pCi/gram)
Date Location Ru-106 Ls-137 Cs-134 Sr-90 Co-60 Pu-238 Pu-239
5/23/66  Buttermili Creek at
Thomas Corners Bridge 80 70 12 2.6 0.49 0.0% 0.091
5/28/68  Cattaraugus Creek at
Springville Dam 8 12 1.7 0.8 0.17 0.012 0.023
6/19/69  Buttermilk Creek at
Thomas Corners Bridge 130 110 21 13 1.5 0.03 0.05
£/19/69  Cattaraugus Creek at
Springville Dam 34 35 7.7 9.9 0.21 - -
1:/5/69  Buttermilk Creek at
Thomas Corners Bridgs 110 110 22 13 1.3 - -
11/6/69  Cattaraugus Creek at
Springviiie Dam 190 94 29 22 2.3 G,0E3 0.053




NUCLEAR FUELS SERVICES ENVIRONMENTAL MONITORING PROGRAM(G)

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.

89 90

Radioactivity levels of gross «, gross B, 3H, Sr,
134 137

106Ru,

Cs in water have generally decreased since 1971.

Sr,

1291,

Table 9 indicates that there is a strong relationship between radioactivity in

Cs and

water and water discharge of Cattaraugus Creek. In other words, during
periods of high-flow radionuclide céncentrations in water tend to be Tow,
whereas during low-flow conditions the radionuclide levels are higher.

NEW YORK STATE DEPARTMENT OF ENVIRONMENTAL CONSERVATION MONITORING(7)

The New York State Department of Environmental Conservation conducts an
extensive environmental radiocactivity 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 radiocactivity in water are the dilution effect on
radioactivity between Buttermilk Creek and Cattarauqus Creek, and except for
the bed sediments in Springvilie 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-

90

activity and discharge, especially for ““Sr 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)

pCi/y
Grossa  Gross B H-3 Sr-89 Sr-40 Ru-106 1-129 Cs5-134 Cs-137

1971

Jan 1.04 100 4,300 31.0

Feb 1.16 93 19,800 31.5

Mar 1.00 74 16,600 3l.6

Apr 1.70 108 3,600 £e.8

May 0.35 143 4 800 60.1

aun .84 108 8,100 23.7

Jul 0.49 93 85,000 19.2 0.77

Aug 1.73 194 84,700 32.6 1.34

Sep 0.38 104 18,700 23.5 3.10

Oct 0.75 184 34,500 0.00 37.3 55 0.65 0.00 2.8

Nov 0.84 183 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
1872

Jan 0.59 51 3,500  0.00 11.1 138 (.07 0.00 27.5

Feb 0.51 130 3,900 0.00 29.3 193 0.03 (.00 66.1

Mar 3.05 140 1,600 0.00 23.3 253 0.02 0.00 33.1

Apr 0.93 47 28,100  0.00 18.5 379 0.88 0.00 53.5

May 0.91 114 4,600 0.00 14.2 183 0.20 0.00 25.0

Jun 3,23 40 3,600 0.00 11.8 128 0.01 0.00 7.0
1974

May  <0.80 6.3 <1,900  0.00 2.4 23 0.00067 0.00 1.8

Jun <1.08 6.7 <1,%00 0.00 1.6 <14 -—- 0.00 4.0

Jul 1.34 11.6 1,900 6.98 2.7 <14 --- 0.00 0.0

Aug <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 6.1 26 0.00911 0.00 0.0

Nov <0.73 16.1 “1,900 0.00 2.9 36 0.00304 Q.00 0.0

Dec <1.17 5.3 <1,%00 0.00 5.2 <14 .—- 0.00 0.0
1975

Jan <0.,95 6.9 <1,900 0.00 0.0 <14 0.00363 0.00 0.0

Feh <0.71 10.0 <1,900 0.00 0.0 <14 -— 0.00 0.0

Mar <0.30 2.1 <1,900 0.00 0.0 <14 0.00491 0.00 0.0

Apr <0.59 4.1 <1,900 0.00 1.2 <14 —_— 0.00 4.0

May <0.40 5.3 <1,900 0.00 1.9 <14 -—- 0.00 4.5

Jun <0.78 18.7 14,200 1.70 2.2 <14 0.00278 0.00 2.4

Jul <0.60 5.2 1,800 5.80 1.8 <16 -—- 0.00 1.8

Aug “0.60 13.5 3,900 0.00 5.4 20 --- 0 00 2.1

Sep <0.60 6.6 <700 0.00 1.7 15.9 - 0.00 0.0

Oct <(.60 7.8 11,800 0.00 2.5 - 16 -— 0.00 0.0

Nowv <0,60 7.9 <700  0.00 3.4 <16 -— 0.00 0.0

Dec <0.60 4.4 19,500 0.00 0.0 37.8 -—- 0.00 0.0
1976

Jan - --- -—- --- - --- -—- --- -

fFeb <0.71 9.8 4,300 0.00 0.¢ 28.1 0.0067 0.00 0.0

Mar 0.63 3.7 <700 0.00 0.0 34.3 0.0036 0,00 0.0

Apr <0.60 3.9 <700 0.00 0.0 zl.6 0.0041 0.00 1.2

May <0.60 <4.3 2,900 0,00 1.9 18.5 -—— 0.00 0.0

Jun 2.03 14.6 4,300 0.00 1.6 16.4 0.0206 0.00 0.0

Jul 4,25 iz.9 4,800 Q.00 2.8 15.4 - 0.00 0.0

Aug 2.96 16.0 29,000 1.1 Q.0 i5.1 0,003% 0.00 0.0

Sep 2.49 8.9 65,700 0.00 2.8 <i4.2  0.,0076 0.00 2.3

Oct 1.80 6.5 7,600 2.1 0.0 <13.4 <0.0005 0.00 0.0

Nov 1.36 9.6 5,300 0.00 4.2 14.7 0.0018 0.00 0.0

Dec <0.81 6.4 70,100 3.6 1.7 - 0.0033 (.00 3.5
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TABLE 10. Average Radioactivity Levels in Water - pCi/g
(New York State Department of Environmental

1971 - 3rd Quarter

Buttermitk Cr. at Thomas Corners Br.

Cattaraugus Cr. at Springvilie Dam
Cattaraugus Cr. at Gowanda
Cattaraugus Cr. at Irving

1971 - 4th Quarter

Buttermilk Cr. at Thomas Corners Br.

Cattaraugus Cr. at Springville Dam
Cattaraugus Cr. at Gowanda
Cattaraugus Cr. at Irving

1977 - 1st Quarter

Buttermilk Cr. at Thomas Corners Br.

Cattaraugus Cr. at Springvilie Dam
1872 - 2nd Quarter

Buttermilk Cr. at Thomas Corners Br.

Conservation)
Gross Py

£s-137 Ru-106 Sb-125 H-3 R Sr-B9 Sr-90 Pu-238 239,230 1-129
60 3,977 576 1,000,000 5,167 - 797 0,026 0.068 4
- 197 15 66,000 269 - 44 .
- - - 92,000 88 -
- - - 47,000 115 - 18
- 2,756 4l6 330,000 3,299 g 243 0.047 0.014 2.8
- 247 2] 39,000 304 - 24 -
- - - 20,000 106
- 773 151 25,000 1,434 123 -
- g5 - 3,200 146 15 -
11 920 242 27,000 1,307 112 - - 0.42
- a3 25 2,000 117 8 - - 0.30

Cattaraugus Cr. at Springville Dam
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TABLE 11. Summary of Previous Analyses of Radicactivity in Water
(Reported as pCi/2)

Gross Irlb  RuRh Gross
Sr-90 2 £s-137 H-2 95 106 Co-60 0 Cs-134 5b-125

Buttermitk Creek at
Thomas Corners Bridge

1963
KYS Healtn Dept. <3
196
NYS Health Dept. <3 5.8
NYS Aguatic Survey 1 6
1967
NYS Health Dept. 335 970 112 320,430
NYS Aquatic Survey 100 10 1000 10
1969 June
U.S. Pubtic Health 480 6800 16 370,000 4700 4.9 4 5.2 41
196G Wovember
U.S. Pubiic Health 360 1400 17 43,000 380 <12 1.4 19 49
Cattaraugus Creek at
Springvilte Dam

1965
NYS Heaith Dept. 3
1966
NYS Health Dept. 62 116
NYS Aguatic Survey 1
1957
NYS hezalth Dept. 24 95 <20 30,730
NYS Aguatic Survey 10 100 4
1965 June

U.5. Public Health 38 530 1.2 30,000 410 0.3 <}  <0.%5 3.4

221
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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/L 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}.

SEDIMENT 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
littie 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 Toad.

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
Average Computed Water Hardness
Date Depth velocity Discharge Temperature mg/z
Transect/Station/Depth Sampled (fu) fps cfs °C Calla
FC-1 Franks Creek 11/30/77 1.33 1.25 20
0.2 d 0.54 3.0 46
BC-1 Fox Valley Road 131/30/77 0.76 2.63 52
0.2 d 0.54 3.0 54
BC-2 Buttermilk Creex 12/01/77 3.73 360
Station 1 2.15
c.2 d 1.52 5.0 41
Station ¢ 0.79
g.2 d 0.54 5.0 43
BC-2 Bond Road Bridgs 12/02/77 2.02 95
Station 1 0.86
4.2 d 0.65 4.0 48
Station 2 1.11
0.2 d 0.82 4.0 24
BC-4 Thomas Corners 8ricge  12/02/77 2.3 139
Statior 1 0.46
0.2 d 0.32 4.0 56
Station 2 1.73
0.2 d 1.56 4.0 29
CC-1 Bigelow Bridge 12/02/77 3.09 845
Station 1 2.23
0.z d 1.73 4.0 44
CC-2 Felton Bridge 12/03/77 3.22 722
Station 1 3.25
0.2 d G.67 4.0 4z
0.5 4 1.58 4.0 42
0.8 d 2.58 4.0 50
Station 2 2.17
0.2 d 1.42 4.0 34
Station 1.7
0.2 d 0.%6 4.0 46
CC-5 Springville Dam 12/05/77
Station 1 11.%
0.2 d 9.2 1.5 54
Station 2 11.5
0.2 d 2.3 1.0 L7
0.5 4 5.8 1.0 50
0.8 ¢ 9.2 1.0 54
C{-9 Gowanda Bridge 12/04/77 2.B6 1100
Station 1 4.2
g.2 d 3.4 3.0 68
CC-11 Mouth Cattaraugus Cr. 12/04/77 0.67 1326
Station 1 7.0
g.2 & 1.4 3.5 54
g.e ¢ 5.6 3.5 52

0.2 o]
0.5 d { indicate fraction of total depth below surface, 1.

the surface
0.8 d
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8.5
8.9

8.5
7.5

7.0
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., O.B d indicates 0.8 x the water depth below



FC-1

BC-1

BC-2

BC-3

BC-4

CC-1
cC-3

CC-5

cC-9
cC-11

TABLE 15. Suspended Sediment Characteristics

Franks Creek
Fox Valley Road

Buttermilk Creek
Station 1
Station 2

Bond Road Bridge
Station 1
Station 2

Thomas Corner Bridge
Station 1
Station 2

Bigelow Bridge

Felton Bridge
Station 1
0.2d
0.5d
0.8d
Station 2
Station 3

Springville Dam
Station 1
Station 2

0.2d
0.5d
0.8d

Gowanda Bridge
Mouth Cattaraugus Cr.

0.2d
0.8d

Total

Suspended

% % % Sediment

Sand Silt Clay load, mg/2
0.6 88.5 10.9 1392
2.0 89.1 8.9 360
18.4 78.1 3.4 570
9.1 62.9 28.1 570
2.5 88.7 8.8 125
19.0 74.7 6.3 54
3.9 86.4 9.7 50
1.5 86.7 11.8 45
4.6 90.7 4.7 55
7.0 89.1 3.9 74
9.4 85.9 4.7 60
9.2 87.0 3.8 70
0.9 47.4 51.7 81
1.1 47.0 51.9 84
0.8 90.2 9.0 79
0.6 91.0 8.4 97
0.6 99.4 0.0 105
0.6 89.5 9.9 104
10.0 84.3 5.7 72
2.6 93.2 1.2 85
9.8 85.2 5.0 73
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TABLE 16. Bed Sediment Characteristics

% % %
Sand Silt Clay

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 Bridge

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. B8y 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
13?Cs, 13405, GOCo, 952rNb, 155Eu, 144Ce, 141Ce,

Ru, and *%k. 1In addition, the University of Washington found
¢ 101g, 125g 2327, 228y, 235) 238 . . 210,

Phase 1 samples were
224Ra, 226Ra, 106

detectable quantities o
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. (contd)
Transesty
Statiuns
Uepth  Fract - - ;
lepth  Fraction Cy-137 B b Lu-&0 2rHb 93 _ Lu-15% _ . Ra-Z2& 0 Ra-plf Ru- 106 L)
(C3-1/.7a b e . T ——
Sand 2.2 <l.09 <0.107 <0.430 H.D. “ e A h.6, <11.2
i 23 8. 900, 21) R [ ng. anl,; :lg.:an 0. 771{0.42) o 11.714.4)
Clay 1.2 3,97 <1.90 <317 L 6.59 £9.04 . <9.92 <73.8 156{110)
CC3-14.5¢ W.D 0.932 .0 1
Sand 2.6 <L} H.0. k.D. b U, L0 <12.0
St 73,9 &.400(0.27) 0,077 <0036 {[,',‘5.3; ,;_t'égio_m :g Oﬁ?gslu.saj <0.625 12.4¢%,7)
Clay L3 <104 <0, 008 Wi N.0. N.o. 4.0. R.0. i - W-0. <67.4
CC3-1/.8d U 0.992 1
Sand 2.0 9.02(2.¢ <0, 079 <. e <0, <.09 ~0.501
Tie %8 mtr(n %2‘ s a gig cnub?i : g :.g: :g 0. 440{0.43) ©.564(0.42) «0.104 12,4046}
Clay 1.2 T HA A8 A BA HA A
g3z B ©.093 H.1
Sand 0.5 “5.41 <0, b04 . - - 0 0,281
Hy %9 5 3s0.21) S o074 .o s ::g: 10 <013 0.112¢0. ALY N.D. 10.6(4.4)
Clay 29.3 0.1930. 1%} .. H.D. N0, W0, N.D N.0 - N H.0. <P Bl
LL3-3 H.D 2.47 i}
Sand 0,6 <A, 6 <1.08 WD, . M. . N.0. <M 7
sht 73 8. 326(0.22) <0.0% N.D. N No; i . 163 0.670(4.4) N.5. 9.20(4,7)
Clay 27.9 0.253{D.22} <0.070 . 031 <0.043 <n.3a) WD oD -& LES H.0, 8,54
ces- b .0
Sand 0.2 <418 <0.462 <0).bh g, 2 -4 " N.O. <38.2
St 238 0.887(0.29) <0.D06 200 R e <o WD S o, iglw 5 Mo 1558
Clay 2.4 S.4642.7) 0,233 N.O. <0611 17.517.5) N.D. .0, - * «0. B2 «23.9
Ch-2/.24 LA .0 201
Sand 0.2 “0.320 <6.72 . 0. <201.0 312.0
il 293 0.63000.21] oD, ;;g; ol oD . A Oﬁﬂsdtn,asj 9.516(0.18) <0.189 12.1{4.1)
Clay 2.1 3.35(7.1) N5, WD, WD, no WA A 0. <1.13 *.0. (219.0
£C5-2/.54 .U N0 v,
Sand 0.2 D417 <10.4 1.3 <2.69 <10.5 N N0 b ien N. <2
Doy 21 B.6%0( .19) <0075 #.0, 0. 08 <0, 260 WD N.D. - 0.65018.3%) <0209 11.0{a.2)
ay -- LT} NA HA MR HA KA NA
TL5-27 .44 [\ 0.475(0.44) <0.182 11.0{8.8)
0.2 WA A A N A A A N0, . .b{a.
§?T? 2.2 0.901(0.25) .0.08/ H.D, <0.180 3.76{0.66} N.D. N.D, H.D, <0.873 .M 50
Clay 31 3.70(2.0) .0.507 <183 N.D. <107 4.0, N.0.
. N.D. <0.001 .0. <12.5
- . .. 0. .. 519 <103 1L.4(6.1)
d 2.6 .0.860 £9.006 N.D. N0, H.D. WO 0.0 8D <0.5 :
i::l 2240 .2,{0.20) <0081 0. mz 0,076 N.D. N.0. H.D. KD <0.699 020 1
Clay 1.5 <1.63 .. N.0. H.D, N.0. AD,
.U <0814 u.0. :21.5
i o s c0.080 0,067 H.D. W.0. KA, A 0,328 0.515(0.44} <0.634 12.8(4.8]
st 0.6 0.454(0.23) <4, 018 n.D. N0 N.0. nA. hA W0 1.1 K.0. <152
Clay 6.5 <2.60 0.973 H.D. N.D. 4.0, A A
ceil-14.8d WA N.D 0.664(0.52 -0, &30 10, a{s 53
Sand - Ny NA HA WA KA HA .0 . .82) N:x
5??; 21.0 0.5/1{0.27) LS «0.013 <0.005 .0, N.D. :,l]. N.D, <1.65 N.D. <}h
Clay 1.2 5.50(8. ) <0.0% <0.007 n.D. .0, N.D. 2.

NIO.7- Mot detected
M. A, - Hot analyied
{ } - Twa standard duviations
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TABLE 18. Gamma Ray Spectrametry - Radionuclides Attached tq
Bed Sediment {pCi/g)

% of Total
Sample &
A C4-137 el Gy beWb 95 Re-d$5 . Ce-lld  Ceeln) _Rapzd _ Reze  _ Red0b L kAD_
FC-1 1 Loy}
. RAORIILE 1540.033{8) _1544g,02){2} n.o.41) A No. 41} N.A. NA ITON ) ISY) N.D. 4 9.4{1,
el A PRA ééﬂl ol ! 5 eath N.D {2} A N.D.{” N NoA 0 m[n 10 {” W.p. (1) 1 u{”}’“
Clay 1.4 1o <o0af2) 0.02¢0.004302)  0.47{0. 2931} NoAL asa{o.3zp!l WA, N.B vesyipnitil  133{0.6my{1) 1.6{3. 1)
fe-1 1) 5.6(1.0)f1
Sand 38.5 <0.005(2) oogi?) <. 000842} K. (1) H.A. N, 1 H.A L) 0.61{0.0731 .
Silt 1.3 a.010.0)(2)  <017]2 -o.msrzl no. ) HoA WD 41 WA n.A Lhpoanil gt B eg i
Clay 0.2 0.1610.08}42 <0.2842 <0012 w0 (1) oA He il H.A H.A 1.61{0.z4) 11}
Bez-1 D, 7.6341.8
Sang .9 3.74(0.16) <0.105(0.U86)  <0.050 N.D. M.D. <q,172 0,085 o,egato.m ?-:;?E’UJH! 1"93“ 6 10’2!}‘”3
St 1.1 7.84(0.41) < 17 <0.222 0.6AB{0. 43} ?6.150.3&} N.E. :.g, :‘n' v o 40
Clay 0.01 135121} <0.104 F1.8 H.D. n.o, N.D. .D. 0. . o
bcz-2 . 7.4212.7
Sand 9.2 5.81{0.26} 0.143{0.13} wo, 0.521{0.24)  19.8(0.54) N.D. N, N.D. 3';3?,}3-@,‘;} q‘) gggu,w; Tented
HI 0.} 13.600.58) {1186 <01, 140 <0101 n.g. K.D. :.g, <0'-““;’ W N.D <B_56
Clay 0.003  59.1029} <0.847 5.9 N.D. A, .0 -0, -0, -
BC3-1 1.7
: ! . 0.0} ~1.29 7.912.7)
Sand 99 .4 11.9{0.42 «0.181 <0, 124 W.0. [N W0, N, 0.4996{0. 1 0.875( WA
sit Q.5 25,e(a.s1} 0.362(0.33) <. 308 <4075 N.0. N.0. K0, 0’-‘?[2,5(0-63] 1'-“-3[0-6” :g ‘9_0[ !
Clay 0,004 125(31) «0.E05 <1.50 0,927 H.D N.0 N .0 0. M
8C3-2 0.15) N.D T.0V[1.6
Sand 9.2 7.0410.20) 0.091(e.07 <0.020 D, H.0. «0.122 <0.026 0.560{¢-15}  0.482{0. 0 IR
silt 1.8 m.?go,ﬂz o,égg 0.12 gﬁ; 5u§r1;, :.g. (n'_‘ogs :g 0’.'?':;?{0-24} {g‘;‘%w.m <g:31N “‘m[ I
Clay 3.01 0.4, <0, <0, B, 0. .0, D R -
Hea-1 33.2030) 11{B3)
Sand 9.9 1257 .4} 2.4 1.9 11.9(7.9} 482(17} D N.D. N0 16.818.0} : T
silt 0.1 10.11.48} 0.254(.25) <114 1.05(.47) atofl.1y K.D. N.D. .0, 0. 14(.50) 2.27(1.8) 13.2(%.5)
Clay --
BCA-2 . . . 40k
sand %1 0.463(0.22) 0016 .U H.D. N.D. H.D <0016 D li';;il 2 (0'_‘5':9 16.4(12)
5t 0.9 25.‘3%1.]2} <B.504 tg,ggs "g;" :g ” : g <00z Aot 389 Q06
Clay 0.03 G240 <3.13 - <B. N . -
Ci-1 - H.[ 4.961(1.2
Sand 4.8 <0.002 <0.043 N0 n.D H.0. <0088 «0.002 p.Ad0az) o 8.53740.12 o e HEW]
STt 0.2 0,087 <0, 064 <0.009 N.D O W.0. W, 0.743[0.32) 0-953}0-33 0,067 9.4l
Clay 0.02

{1 University of Mashingtan

} PHL
Remaining Samples analyzed by U.5. Testing
E - Mut detected

—rx

! - Two standard deviations
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TABLE 18. (contd)

i of Totat
Sample by
_Melgnt TS T ¢ T IS o 1) SN L |- - SO 10l 1 oo le-wds o fe-l41 (Ra-2a4 Ra-226 Ru-104 K-40

CCi-1 AN & 757(0. 31 NE RLER
Sand 9.5 0.170(0.18) <0064 <023 ~0.0/7 N.0. no, N8, N0, 0,5?350_55} T ;_;é” 4
5t 0.5 1.746(0.38) <0087 H.D, <0254 3.361{0.97) NI, H.0. k.0, H.D. N.0. TR
Clay 0.0uy <223 ‘18R wh.ee WD w.D. WL N.D. i

te3-2 t0.042 0.51240.12) <0.010 5.72(1.3
Sand 0.7 0.619[3,071] 0.G17 N0, <. 031 <. 364 <1}, 154 +0.01Y G.67710.19] 0.686(0. 20} i 1.62(7.0
St [ 1.26{0.43) 20,030 «0.007 N.D. W.D. .0 N.D. ., <@, 748 <3.58 <BBE
Clay 000 <140 <0471 <0.5/0 <L.45 qa.1(60) K., N.D. :

o 0. 945{0. 45} 0.890{1, 45 D LB9{4.
Sand 9.8 1.al[0.26) <0034 H.D. WO, WU, MO MO, n.0. <1.01 { J <1.21 <§_E§“ 5)
51t 0.2 7.50{0.67} «0.071 N.D, =0.424 9.29{1.8) N.D. H.D, .0, 0,515 i) 504 CEGA
Clay 0003 <4.83 <0.391 <0425 <0.098 LR N0, N.O.

I U130 049} 03504008 ) ©0.035 3.46{0.54
Sand B89.0 .250(0.029) “0.012 .1 <0023 N 0.178[D.12] <00 0.482{0.047}  0.41a{0.05} <0052 4.00(0. 52
S0t 10.7 0. 312{0. 09} <0014 <01, 0% H. &, H.D. 0.177{0.11% U.ORSID.MMT) | WD 1,57 229 ¥.6(19)
Clay 0.3 4.86(1.0% <0104 s0.234 <0, 289 7.BB(2.5) H. N.D. '

CCh-2 0.6BR{0.06) 0. 60L{0. 06 “0.0563 11.8{0.74)
Sand B1.0 0.955(0.05] 0.033(0.02) <0026 <0007 “1.059 KA. HA B.803[0.05) 0.751{0.06] 0017 8.13(0.63)
$1it 8.7 0.529(0.04] 0.0313{0.02) k.U, 8.0, kD, N.A, b.A 13 1.06{1.8) N.D. 37118}
Clay 0.3 7.18(1.1} <0407 N.D. N.D. N.D, H.AL H.A& LRN <{. 85 2.93(4.1) <949
Organic 1.72{0.61) <0, 104 (224 <. 406 N.O. N.A. N.A_

-9 0.3%4(0.1}) 047800, 11} <[, 061 5.60{1.2)
Sand %.9 0.239(0.058) 0,012 N.0. H.O. H.OL 0,094 <0020 0.97510.23] 087410, 24) H.D. 8.56(2.4)
51k 1.1 0. FE{0. 13} H.D. <01.014 G053 H.U. 0. 106 0,044 N.U. <00.053 H.D. ]

Clay 0.1 <1.186 10040 0,07 N.U. H.O. W0 LN

o 1.3140.05) 0. 75610, 05} 0.34440.14}) 18.5(0.68)
Sand 8.4 BU.6(0.3) 1.44(0.05} 0.HE4(0.05 LR ©.633(0.07) WA, H.A. k.0, 1.59{0.163 k.D. 12.1(1,6)
Silt 1.3 21.4{0.32 O445{0. 08} 0. 308{06.04 LA HoD. HoA. WA, 3232 Lalfi g AT 39.2{12)
ey 1.1 113{2.2} 2. 1700.64) <0.246 NB k. D A, H.A, .

MO - Wob Jetzcted
W.A. - Hot analyzed
{ ) - Twa standard deviations
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Fe-1 {1}
[€4]

BC-3
BC-4 (1}
ce-1
0-3
Ct-%
£C-9

{1} University of

(2) ruL

Hemaining samples analyzed by 11,5, lesting

LA
N.A,
(1}

TABLE 19.

0.12 (0.10}
0,194 {0.02)

<0

N.D.

0.122 {.104)
<028

0.026 (.022}
<,049

Hot Detected
Not Analyzed

_ts-t3
N.A.
0.5 {002}

0.040 {.033)
N4,
0.004 {.07)
0.049 {.032)

<083
0.079 (.063)

Hashington

Two Standard Deviatlons

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

_Co60_ _ Irhb-36  _ Eu-l85 0 Ceclas Ceolfl Ra-224 0 Ra-i26 0 Ru-l0R
N.0. N.0. N0 N.D. H.h, N.A. N.D. H.0.
0.644 (.00M) N.A. N.&, NoAL HLA H.A. N.A. 0.527 (.0%)
.0122 0.069 {.050] <050 N.D. 280 N.D. <064 <210

DL N.U. .0, N.D. NLD. NGO, 0.42 {.15) .6,
+.074 0.092 {.065) 0.110 (097} <.11% <009  ND.  -.00% <.095
<.019 0.116 (.106) 0,263 {.234) N0,  -.060 KD,  <.000 <095
~.003 0.018 {.037)  0.057 [.0B) .05 <.026  N.C.  <.041 .23t
a1z 0.141 (108} 0.172 {.063) <146 <021 N.D.  0.114 {063} <.102

k-2

H.D.
N.A,

(=

L97 (112}
H.D.

-

L83 {2.72)

Lad

.91 {.60)

w

12 {z2.0)

I

L7 02.67)
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BC-13

Ru 106
Ra 226
Cs 137
Cs 134
K 40
IrNb 95
Co 60
Ce 141
Eu 155

cc-1

Irib 95
Eu 155
Ce 142
Ra 226
Cs 137
Cs 134
Co 60
K 40
Le 141
Ru 106

cC 3-3

ZrNb 95
Eu 155

Cs 137

Cs 134

Co &0

K 40

Ca 141

Ru 106

Ra 226

TABLE 20. Gamma Ray Spectrometry - Radionuclides Dissolved
T in Water (pCi/
. Resin Beds N Aluminum Oxide Beds
R-1 R-2 R-3 Al-1 AL-Z AL-3 Filters Total Activity
<.210 <. 150 <.00632 <. 151 <.084 N.D, <0127 less than
<,0636 <, 0195 <,00138 <.0415 <.0168 <.0Z68 <0682 Tess than
<,0403 <,0144 <. 0004 <,0274 <.0121 <0, 246 <.00171 less than
N.D. <.0208 <. D020 <.0ze? N.D. N.D. 0.040 {.033) 0.040
2.86 (1.2) <.263 0.882 {.605) <. 109 <.814 1.33 {1.1} 1.90 (0.73) 6.97
N.D. <.0397 N.D. N.D. N.D. <,028% 0.0686 {.050) 0.0686
H.D. <.0123 <0.0144 N.D. N.D. <.0016 N.D. less than
N.D, N.D. N.D. <, 00905 <. 240 <.0207 <.028s less than
N.D. N.D. N.D. H.D. N.0. <.0199 <,0505 less than
0.0758 (.06} <.0473 <,529 <.0512 L0475 <.0714 0.0920 (.065) D0.1678
<, 00136 <, 0225 N.D. <.0330 L0671 <.0823 0.110 (.097) 0.110
<.109 H.0. N.D. <.199 N.D. N.D. N.D. less than
<.00703 <.0747 <. 0232 N.D. N.D. <,00108 <0348 less than
<.00931 <,00311 0.0458 (.036) <.00763 .0330 0.0758 {.0703} <.0200 0.1216
<. 0384 <.0323 <.00379 <.0192 L0135 0.0839 (.0703) <«.0333 0.0839
<,0176 N.D. N.D. <.0119 N.D. <0736 N.D. less than
1.16 (.81} N0, 1.05 {.76) <1.34 1.06 <. 844 2.32 (.89) 3.48
N.D. N.D. «.00467 «, 00866 N.D. N.OD. N.0. less than
N.D. N.D. N.D. <.0181 .0952 <.0271 N.D. less than
0.058 (.053) «.0288 .585 (.053) <, 0862 .0585 <,0350 0.1165
0.0835 (.079) N.D. <, 0492 0.180 (.15) .0D184 <. 0176 0.2635
<. 00506 <.0106 N.D. N.D. .Quaas <0273 less than
0.0488 (.032} <.00318 <,0101 <. 0406 .0479 <.00413 0.0488
<, 0179 «,D0756 <, 0129 N.D. .00558 <.0116 less than
<, 433 0.870 {.082) 0.668 (.062} <. 998 .945 2.37 {.703} 3.908
N.D. <,0022 <,0140 N.0. L0637 <, 0184 less than
N.D. <.0950 N.D. =~,0323 .141 N.D. less than
N.D. <.0255 N.0. <.0800 .07965 <.0276 less than
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cC-5

IriNb 95
Eu 155
Ce 141
Ra 226
Cs 137
Cs 134
K 40
Ce 144
Co &G
Ru 106

cc-9

ZrNb 95
Eu 155
Ce 144
Ce 141
Cs 137
Cs 134
Co 60
K 40
Ru 106
Ra 226

TABLE 20. (contd)
Resin Beds Aluminum Oxide Beds

R-1 R-2 R-3 Al-1 A1-2 Al-3 Filters Total Activity
<,0283 N.D. 0.0478 (.037) N.D. <.,0404 <, 0658 <.0252 0.0478
<0545 N.D. 0.0668 (.06) <.0555 N.D. <,0869 M.D, 0.0668
<.0259 N.D. <.0118 <.0088 N.O. <0071 N.D. less than
<.0213 N.D. <.0318 <,0178 <.0408 <.0303 <.0266 Yess than
<.0134 <.0191 < .0096 =.0037 <.01l61 <,0072 0.0260 [.022) 0.0260
<.0826 <.0203 <.D01% ~.0092 <,0033 <,0282 <.0136 less than
<.384 0.582 (.44) <,175 <779 0,949 (.8l) <.0033 1.59 {.50) 3.12

N.D. <.0588 N.D. N,D. N.D. N.D. N.D. less than

.0 <0061 <.Q009 N.D. R.D. <.0022 <.0026 less than

H.D. N.D, N.D. <.231 N.D. <.108 <.0555 Tess than
0.0607 (0.53) 0.0799 {,063) N.D. <.0187 N.D. <.0949 <,0067 0.1406
<. 0809 <.0720 N.D. <,0254 <.0410 0.172 {.065) N.D. 0.172
<146 <.,0650 <.0304 N.D. N.D. N.D. N.D. Tess than
<.0206 N.D. N.D. N.D. N.D. <0006 <.0204 Tess than
<,0203 <,0039 <.0146 <,0237 <.0013 <.0492 <.0143 less than
<.0316 <.0259 =.0180 <.0103 <. 0016 0.0791 (.063) <,0213 0.0791
<.0159 N.D. < ,0088 N.D, <,0024 <.0021 N. 0. Tess than
0.881 {.722) <.496 0.857 (.674) <.612 <.0689 <, 243 2.49 (,722) 4,23

N.D. <.0024 <.0006 N.O. <.0329 <.0255 <.1020 less than

N.D. <.0010 <.0100 <.0101 <.0238 <.0322 0.114 (.063} 0.114

N.D. HNot detected
{ ) + two standard deviations

R-1 through R-3 Resin Beds
Al1-1 through A1-3 Aluminum Oxide Beds
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FC-1

BC-1

Cs-137
Nb-95
Ce-144
Ra-22b
Ru-106
Rh-101
Sh-125
Pb-210
K-40
Th-232
Th-228
Y-235
U-238

Cs-137
Ce-144
Ra-226
Ru-103
Ru-106
Rh-101
K-40
Th-232
Th-228
U-235
u-238

TABLE 21..

University of Washington
Suspended Suspended Suspended Bed Bed
Sand 5ilt Clay Sand Silt
pCi/g pCi/g pCi/g pCi/qg pCi/g

10.5 (2.1) 5.17 (0.26) 11.3 (0.6} 1.04 (0.11) 0.36 (0.09)
1.04 {0,11) 1.17 {0.24) 0.51 {0.08) 0.87 (0.10)

4.0 (3.6)

16.9 (2.8) 2.0 (6.6} 9.4 (1.9) 15.0 (2.7}
1.19 (0.35) 2.19 {0.96) 0.6 {0.28) 1.13 (0.34}
1.17 (0,13}  1.80 (0.29) 0.53 (0.09) 0.86 {0.12)
0.17 (0.07}  0.40 (0.19} 0.06 {0.05) 0.11 (0.16)
2.90 (0.88) 4.1 {2.2) 1.5 (0.7) 1.72 (0.92)
0.70 (0.52)
0.9% {0.15) 1.32 {0.35) 0.61 {0.07) 1.33 {0.17)
2.02 (1.23)
0.08 {0.05)

37.5 (31.9) 19.1 (4.2) 39.5 (9.6) 9.6 {1.9) 19.7 (4.2}
1.12 (0.60) 2.42 {1.26) 0.47 (0.25) 2.09 (0.61)
1.03 {0.20} 2.55 {0.47) 0.49 (0.09) 1.43 {0.21)
0.22 {0.12) 0.10 (0.5) 0.18 (0.13)

3.1 {1.3) 4.1 (3.3} 2.0 (1.5}

Additional Gamma Ray Spectrometry Analysis,

Bed
Clay
pCi/q

1,11 (0.11)
0.47 (0.39)
0.58 (0.32)
1,53 {0.11}
1.33 {0.5%)
0.05 (0.03)
0.23 (0.15)

34.6 (3.1}
2.39 (0.32)
1.90 (0.14)
0.17 (0.09)
2.4 (1.0)

0.17 (0.16)

1.61 (0,24)
2.3 (1.8)

32.6 (6.5)
1.93 {0.75)
2.07 (0.31)
0.27 {0.21)
2.75 (0.25)

Water
plifey

D.12 (0.10)

0.42 (0.15)

1,27 (0.76)



Cs-137
Co-60
Eu-152
Ra-226
Rh-101
Rh-102
Sb-124
Bi-207
K-40
Th-232
Th-228
U-238

TABLE 21. (contd)

BC-4 £C-3 cC-11
Mixed Bed Mixed Bed Mixed Bed
pCi/g_ pli/g pCi/g

1.33 (0.13} 101.0 (1.0)
0.10 (0.06) 0.79 (0.09)
0.25 (0.13)
0.39 (0.11) 0.46 (0.08} 0.89 (0.22)
0.05 (0.04)
0.45 (0.18)
1.49 (0.43)
0.16 (0.11)
11.5 (2.1) 15.5 {2.3)
0.75 {0.29) 0.65 (0.19) 0 (0.8)
0.48 (0.11) 0.65 {0.09) 1.0 (0.2)
0.99 {0.56) 0.96 (1.4)

A blank indicates that the radionuciide actually was
below detection
( } - + standard deviation for counting error
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suspended sediment. Near the bed of CC-3, station 1 the suspended sand

13?Cs 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 (CCl1-1/.8d) had a 137Cs

value of 5.50 + 4.7 pCi/g.

fraction had a

There was some lateral variability and depth variability of 13705

associated with suspended sediment at some transects. At BC-2, stations 1 and

137

2 (station Tocations shown in Appendix C), for example, the Cs levels

associated with suspended sand varied from 7.6 + 0.47 pCi/g to 14.50 + 0.80

13?Cs activity of suspended sediment

pCi/g, respectively. If the composite
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 137

the bed than near the water surface.

Cs levels in suspended sediment were generally higher near

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 Tess 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 ed activity may be low unless the corresponding sand fraction also
has high levels.

As with the gamma ray activity associated with suspended sediment, 13?65
The 134(,‘5 and 60Co
levels in bed sediment of Franks Creek {FC-1) were higher than those measured

is also the principal gamma emitter in bed sediment.

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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CONCLUSIONS

A field sampling program on Cattaraugus and Buttermilk Creeks, New York
was conducted during November and December 1977 to investigate radionuclide
Tevels 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 variabiiity in radionuciide 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 Jocation, 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 Timited funds
available for radiological analysis. The principal gamma emitter in

Cattaraugus and Buttermilk Creeks is 157 137

Cs. Background Cs levels, as
measured at upstream control stations on Buttermilk and Cattaraugus Creeks
were less than 0.65 pCi/qg in suspended sediment, Jess than 0.20 pCi/g in bed
sediment, and less than 0.125 pCi/2 in water during the Phase 1 sampling
program. These background 13?Cs levels compare favorably with background
Tevels measured previously by other investigators both prior to and after
start-up of the Nuciear Fuel Services, Inc. facility at West Valley, New
York.

137C5 levels in Cattaraugus and Buttermilk Creeks

The highest
downstream of the NFS complex during the Phase 1 sampling program were found

associated with the bed sediment. In some cases 137¢q 1gyels in the clay

and sand size fractions of bed sediment exceeded 100 pCi/g. These high

13?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 13?65 levels in Buttermilk Creek bed sediment

exceeded 100 pCi/g. These earlier studies reported 137c5 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

137

bulk activity reported by previous investigators. The highest Cs levels

in suspended sediments were found in Franks Creek, which drains the NFS com-

plex, and Buttermilk Creek. Only a few suspended sediment samples had 137C5

13765 Tevels

levels exceeding 10 pCi/g. Except for a few isolated cases
associated with suspended sediment of Cattaraugus Creek were Tower 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 137

bed sediment generally reflected the affinity of

Cs between the sand, silt and clay fractions in

137C5 for the large

specific surface area of fine grained particles; e.g., the 13?09 levels were
lTowest in the sand fraction, intermediate in the silt fraction and highest in

13?Cs between the

the clay fraction. However, the distribution ratios of
three size classes of bed sediment varied widely. The distribution of 13?05
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.

137Cs were detected in

Although in some cases gamma emitters other than
suspended sediment, bed sediment and water of Cattaraugus and Buttermiik
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 Tlevels in bed and suspended sediments of Franks Creek and Butter-
milk Creek were generally above background levels. Plutonium-238, 239’240Pu
Tevels in Cattaraugus and Buttermilk Creeks during the Phase 1 sampling pro-

238Pu levels in sediments were associated

gram were very low. The highest
with suspended silt fraction of BC-3, station 1 on Buttermilk Creek, with a
value of 0.236 pCi/g. The highest 239,280p jeyels in sediment were asso-

ciated with the bed sand fraction of FC-1 with a vajue 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 241Am and 244Cm analyses were performed on Phase 1 samples.
The highest 241Am 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/qg.
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APPENDIX A

U.S. TESTING, INC.
Gamma Ray Spectrometry
Plutonium and Strontium Methods and Procedures



GAMMA RAY SPECTROSCOPY

GE{LI) DIODE SYSTEMS

1. Canberra Model 7220, Germanium-Lithium drifted diode. Active area facing
window is 13.9 cm?. 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 Mcdel 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 accomg1ished with a Mohawk Data
Model 2106 high speed printer. Resolution for 137Cs at 662 keV is
about 1.5 keV.

2. Canberra Model 7229, Germanium-Lithium drifted diode. Active area facing
window is 13 cm?. The detector is cooled with a Canberra Mode! 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 memcry. Biase VYoltage is supplied with a
Mohawk Data Model 2106 high speed printer. Resolution for 137¢s 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
acc0m§1ished with a Franklin high speed printer, Mcdel 1230. Resclution
for 137¢s 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
ua?that the system is linear. The radioisotope currently being used is

Bi.

PULSE HEIGHT ANALYSES

The Pulse Height Analyses, program for spectra from Ge{lLi) 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.
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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 "STOP" 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 ?1Iowance should be made for asymmetry of the
peaks. Kemper and van Kempen(2 used the same procedure for the same
reason.

PROCESSING DATA 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 Tittle 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
jdentify 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

lTinear equations comprising "nZr coefficients (Compton and interference
correction factors) are used. If these equations are written in matrix form:

AX = ¥ Then the solution is X = A-1 Y

Ref- A Simple Program in “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 Al 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. GYS
requires the following input information to perform calcuiations:

Number of channels of data available

Counts in each channel and the channel number
Serial number identifying sample
Samp1ing data and time
Counting data and time

Live time of count

Sample size in grams or milliliters
Constants characteristic of the radionuclides and counting equipment
a. Radionuclides present as a group

b. Photopeak area or energy unique to each radionuciide
c. Compton and interference correction factors

d. Half-lives for decay corrections.

-

DO~ N N

-

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, D/C.

(=12} t/Ti

D/Cij = 5
b b
£ G- p gy
J=a J=4
where:
Dj = Disintegrations per minute for isotope "i" in counting
geometry "g" at time of calibration of standard
t = Time elapsed between time of calibration of standard and
time of counting
b T3 = The half-Tife of isotope "i" in same units as "t"
£Cij = The sum of the counts per minute in "j" channels, "3"
j=a through "b", for isotope "i"
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2.

where

LITER

Zlpyy = The sum of the background counts per minute in "j"
J=4 channels, "a" through "b", where "a" and "b" are
identifical for Cij and Cggj
g = The geometry (sample configuration, crystal, and analyzer}

used for counting
Compton and interference correction factors, C/C.

d ... d
LN L Ceg
C/Cijg = |3
$ Cij - 5 Cpps
jfa - jma oM

ECij The sum of the counts per minute in channels “c¢" through
J=a “d" for isotope "i". Channels "c" through "d" are
identifical to the channels used to calculate the D/C
factor for another isotope whose photopeak residues
between channels "¢" and "d".
For i, j, k,...is0topes, there will be i, j, k,....compton correction
factors for each D/C factor.
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STRONTIUM-90 AND PLUTONIUM IN SOIL, VEGETATION AND PRODUCE SAMPLES

PRINCIPLES AND LIMITATIONS

Plutonium and strontium are leached from soil and from vegetation asgh by
means of a mixture of nitric and hydrochloric acids. A known amount of 236py,
tracer is added, Plutonium in the tetravalent state in 8N HNO3 are then
adsorbed on ion exchange resin. Any other actinides present do not adsorb on
the resin due to their different oxidation states. Concentrated HCY is passed
through the resin to remove the thorium. The plutonium is removed from the
resin with a dilute HF-HNO3 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 8N HNO3. 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 8N
HNO3 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 14.6N HNO3. 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 835y 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. Samuelson. Ion Exchange Separation in Analytical Chemistry, John
Wiley & Sons, New York, 1963.

3. G. G, Coleman. The Radiochemistry of Plutonium, NAS-NS-3058.
Subcommittee on Radiochemistry, National Academy of Sciences - National
Research Council, Federal Scientific and Technical Information, National
Bureau of Standards, U.S. Oepartment of Commerce. Springfield, Virginia.

4. Standard Practices Radiochemical Procedure for Offsite Environmental
Sampies, HW-81277, Hanford Laboratories, HRanford Atomic Products
Operation, Richland, Washington, 1964.
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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.

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.

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 HNO3. 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 low beta proportional 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 Laboratories, 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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UNIVERSITY OF WASHINGTON
LABORATORY OF RADIATION ECOLOGY

SUMMARY OF QUALITY CONTROL RESULTS
OF RADIONUCLIDE ANALYSIS

INTRODUCTION

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 inciuding 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&TR% crystE] meth ds , alpha radionuclides (by alpha spectroscopy
methods for 2 Pb, and InS screen and phototube counting
for 8ross f ?ha rad1onuc]1des), beta radionuclides {by radiochemistry methods
for by liquid scintillation method for tritium and by low
background gas count1ng 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 2%lam and other gamma- em1}t ng
rad10nuc11des in samples have been made using a 1 cmé Ge {intrinsic)

detector coup]fd to a 400-channel pulse height analyzer for 241pm and two
7.3%(b) ge(Li detector systems coupled to two 4096 channel pulse height
analyzers w1th a PDP-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 continucusly over the years to insure reliability in our measurements.

(a) Applied Detector Corporation, Menlo Park, California

(b} Absolute detection efficiency for 1.33 McV gamma rays relative to a 30%
efficient Nal{T%) detector

(c) Nuclear Diodes, Inc., Prairie View, I1linois {presently Edax International)



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. FEach 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 Tlinear
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 281 pm {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.0. 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
Radionuclide Standards Made to a Sample Density of 1.1 g/cc
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TABLE B-1. Results of Interlaboratory Comparisons of Gamma and Beta
Radionuclides in Samples
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LRE s - 17 &) 4 g 5
151548 Water 3 0un 77 EFA * * . *
LRE &1 23 /o @ - 2
35036 Wzter 23 Teb 76 EFA 16 x50 230 : 35 KES I
LRF 263 : 37 iy - 2 358 : 5
33124 Water 10 Got 76 EFA A
LRE N P 82 - D 7+ b
187 + o
#5136 Wazer 18 Jun 76 *PA 118 106 < 16 5300 -
-he 274 : 0§ 79 & 3 0 -
3087 kater fct 75 IPA 27 - 4y - 52 e s
LRE A7 - 13 325 0+ 4 7y -
C, 1
3504z kater Jun 7% DA 5 - 4§ 303+ 46 e -
) LRE 53 - 6 267+ 7 3+
15011 Water fob 75 EE’A 472 : 53 42 4
LRE 79 35 4 7 8 -
.
38321 Hater Oct 74 EPA 0 215 48l =72 g
LRE 30 485 & 61 <6
Water May 74 EP{\ a - 15 Q0 + 15 il B
-t 1.9 . -2

B..ﬂ.. * EPA results not yet received
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MEASUREMENTS QF BETA EMITTING RADIONUCLIDES

The beta-emitting radionuclides are measured using gas flow and Tiquid
scintillation counting. The radionuclides which are measured in samples using
the gas flow counters are 0sr and 1311; radiochemical procedures for
sample preparation are required. The results of these interlaboratory
compar isons 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 Tow
background (4.6 c/m) detection system {Packard Tricarb). The mixture of
water: Instagel was 8 cc. Hp0: 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 radicactivity by
alpha spectroscopy was made by using eight 300 mnZ 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/800 minutes under each of the
observed alpha peaks. Background count rates of the four diodes used for
polonium analysis were typically 5 counts/800 minutes/peak.

The absolute disintegration rate of the isotopes of plutonium, uranium
and 208p5 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 230py 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 bg other laboratories in
an interlaboratory standard solution of 239,240py and 238Py 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 calibraticons are shown in Table B-3.

B-7
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TABLE B-2. Results of Interlaboratory Comparison of Tritium in Water Samples
Sample Type Date Lab 34
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 + 0.0
312.3 + 0.14; 221.2 + 3.1
35078 Water Cross Check Dec. 75 EPA 1002 + 972
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
fi. Standard Reference materials, soTutions, soils 239, 240
~ Sample ™ ) Type Date Laboratory Pu Comments
35005 SD-B-1 sediment January 73 TAEA 860 + 30 238py 42 + 4
LRE 850 + 70 238py (N.D.)
35000 AG-I-1 seaweed January 72 TAEA 27000 + 100 Pu 3800 + 100
LRE 23400 +1000 Pu 3100 + 100
35083 W-1 water 1975 [AEA 3.21 £ 0.05
LRE 2.8 + 0.3
35149 R-2 water March 77 EPA 1110 £ 100 Round robin study
LRE 990 + 44
Soil - 2 5011 January 71 Epa{avg.) 0.30 Cross check study
LRE 0.16 + 0.18
Soil - 3 soil January 71 EPA(avg.) 2.24 Cross check study
LRE 0.51 £ 0.13 “High fired" soil
Seil - 4 soil April 71 EPA{avg.) 1735 1220 Cross check study
LRE 1547 = 855 Nevada test soil
Soil - 5 s0i1 May 71 EPA(avg) 208 + 117 Cross check study
LRE 96 + 54 "High fired" soil
Soil - 6 5011 June 71 EPA{avg) 18164 #2800 Cross check study
LRE 21433 + 306 Pacific Islands soil
35047  NBS #4350 river sediment 1975 NBS .038 + .003
LRE .042 + .018
LLL #1170 std. sojution 1973 LLL 1303 =+ 28
LLL 1320 + 20
LLL 1265+ 5
MCL 1255 + 15
MCL 1272 + 6
LFE 1330 + 27
LRE 1273 £ 64
EIC 1207 + 54
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TABLE B-3.

(contd)

B. Collection on Joint Cruises. 239, gqopu Dev
Sample Type Laboratory Particulate lotal Ava.*SD. %
Bikini Atol1l - 1972
Lagoon water - STA B-2 surface LLLaa 28+ 2 107 + 4 91.3419 +17
PRNC 88 t 7 oV + 8
LRED 30 £2 69+ 4 -24
" - STA .B-15 surface LLL 4.7 £ .6 66 + 2 +34
PRNC = a9 4 g 88.3%06 g
LRE 3.1 + .2 33 5 -33
" - STA B-165 29m LLL 5.6 + .6 60 + 3 +5
PRNC - 76 + 7 97-0t21 433
LRE 6.4 + .1 35 £ 2 -38
" - STA B-25 surface LLL 9.7 £ .9 79 + 3 + 8
PRNC S g7 ag 730885 g
LRE -- --
" - STA B-25 50m LLL -- 64 % 3 -33
PRNC 127 = g P 53
LRE - --
" - STA B-30 surface LLL -- --
PRNC 56 + 3 +30
LRE 2.5+ .3 29+ 3% #8 3
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TABLE B-3. ({contd)

B. Collection on Joint Cruises {cont'd.) 239, 240
Sampie Type Date Laboratory . Pu Dev.
Particulate Total Ava.+*S.D. . 4
Bikini Atoll - 1972 (cont'd.)
Lagoon water - STA B-30 45m LLL - --
PRNC -- 81 = 2 +15
LRE 29 + 1 60 + 3 -15
Bomb Crater water - STA C-3 surface LLL 10 1 38 =1 a8 oi16 )8
PRNC ~- 32 =1 T -27
LRE 13.6 = .3 62 + 2 +40
" - STA C-3 44m LLL 27 + ] 38+ 2 + 9
PRNC ~-- - 33 + 3
LRE 24 £ 2 31 + 3 -9
" - STA C-8 surface 1972 LLL -~ 47 £ 4 -13
PRNC -- 68 +3 00t 4og
LRE 14,6 £ .6 48 = 8 -11
Deep ocean water - STA D-1 300m LLL -- 1 £ 6 28 +37 +827
PRNC -- hx 1 - -82
LRE -- -
" - STA D-7 surface LLL - 3.5 +0.2 + 1
PRNC . __ 3.45+.07
LRE 0.13+0.06 3.4 1.2 -1
Eniwetak Atoll - 1972
Lagoon water % mi. off Leroy Surface LLL 18 + .9 15 + 4 +20
% flood - _
% ebb } LRE 0.45 x0.1 12 £ 3.5 20
! Enewetak Dock Surface ? LLL -- 1.6 +0.2 1.43%.25 +12
flood LRE 0.47 +0.1 1.25+ 0.2 T ~12
. Japtan Surface ? LLL - 2.8 =7 +30
Surface flood LRE 0.62 +0.1 1.5+ 0.2 2.14+.65 -29
Surface ebb LRE 1.15 20,2 2.14x 0.4 0
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TABLE B-3. {contd)
B. Collection on Joint Cruises {(cont'd.) 233, 240p ) Dev.
Sample Type Date Laboratory Particulate Total  Avg.*S5.D. 13
Eniwetak Atoll - 1972 {cont'd.)
Lagoon water - Runnit Dock Surface ? LLL -- 43.6 £ 1.4 -23
1 flood, b 571219 +2
~ ebb YLRE 26.9 +1.4 70.6 + 6.6 3
" - 200 yds off
Runnit 15m : LLL 77.0 + 3.1, +11
flood LRE 34.3 20,9 61.1 + 2.6 2V =1y
Crater water - Mike Crater 33m LLL -- 1510 + 60 , +79
ebb  LRE 164 5 179+ 844 941 g
1 1 t Surface LLL - 190 + 0.8 -5
flood LRE 11.13 0.6 21.1 + 5.6/ 20:0¢1.5 g
Washington Coastal Waters - 1976
Coastal Water JDF-8 Surface BNWL 0.14 + .01){0.69+0,12 - 5 i
N 480 27.1; W 124045 2" LRE < ,06 )(0_3410,] ) equim Bay
LRE <0,59
LRE (batch) 0.5 +0.25
JDF-8 {50m) Surface BNWL 0.00 +0.01 0.12+0.04
N 489 30,0'; W 1269 46.0' LRE <0.008 0.14+0.14
LRE 0.061+0.045 §.19+0.19
LRE (batch) < .44
HOH-5 mi. Surface BNIL 0 0.18+0,05
N 47940'; W 124933.6°' LRE 0.03 0.26+0.26
LRE (batch) < .4
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TABLE B-3. {contd)

C. Internal Comparisons of BLVWS and Batch Methods 239,240, Dey.

Sample Type Depth Method Particulate Total Avg.+S.D. %

Bikini Atoll - 1976

Lagoon Water STA B-3 Surface Batch - 55.1 ¢+ 7.4 18.9 + g +13
BLVKS 16.7 + 1.0 42.7 %+ 2 2 E -13

n " 29 m Batch -- 72.2 + 8.2 + 7
BLYMS 50.2 + 3.6 62.9 + 4 67.5 = 7 -7
n STA B-8 Surf Batch - 41.8 + 9.7 +20
BLVMS < .3 27.7 + 3.7 34.7 210 _20
" " 17m Batch - 32.6 + 6.0 + 3
BLVKS 2.17 + .17 30.8 + 2.4 N7 +1.3 g

! " 40m Batch - 28.3 + 4.4 -2
BLVYS 3.71 + .5 29.5 + 4.5 8.9+ .9

" STA B-15 Surf Batch - 61.3 + 22.4 +63
BLVLIS 1.6 +.2 235+ 1.4 37.5 +20 37
BLYIS 1.9 + .2 27.8+ 1.4 -25
" " 17m Batch - 36.2 = 4.7 + 5
BLVKS 1.7 + .2 32.7+ 3 34.5 £ 3 -5

" " 37m Batch - 44.1 + 9.3 + 7
BLVNS 2.3 +.2 38.41% 4.3 41.3 £ 4 -7

L STA B-25 Surf Batch -- 76.7 = 9.7 +28
BLYWS 217 + .14 42.8 % 5.7 59.7 +24 _28
n STA B-32 Surf Batch - 40.6 + 9.4 +18
BLYHS 6.6 + .4 28.2 1 2 32.9 + 7 -14
BLVIS 6.1 + .5 29.9 4+ 1 -9
" " 17m Batch - 45,6 + § +13
BLVYIS 5.0 +.6 34.7 + 3 40.2 + 8 13
" " 33m Batch - 44,6 £ b + 3
BLYWS 10.2 +1.6 42.4 + 3 43.5 £ 1.6 _ 3

dSamples by LLL and PRNC were collected by the "Batch" method at a time which was usuailly before the long time

BLYWS collections (continued)

bThe LRE and BNWL samples were collected continuously over a time period at 2-4 hours using the BLVWS sampler
which separated the particulate and soluble fractions; in 1972 two sorption beds of Al903 were used and in 1970

four Al903 beds were used.

CThe LRE "Batch" collections were made during the BLVMS pumping to compare directly the two methods. The pluto-
nium method of Wong et al. {1976) was emploved.



The disintegration rate of the 232 spike was detergined by comparison
Sf the activities of aliquots (in quadruplicate) of the 32 spike and a
38y §tandard solution electroplated simulatneously onto platinum discs.
The 238y solutions used for the stand%rd were prepared by dissolving pre-
cisely weighted amounts of 99%% pure 238U "D-38" metal supplied by the LLL.

The 208pg 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 rdiocactivity 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 cm 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
239,240py determination was 5.3% of the mean concentration of 2. S.D. for
the six analyses. The precision for 238pPy measurement was 11% of the mean
at 2. S.D. for the six analyses. The higher deviation about the mean for
239py replicates is probably due to poorer counting statistics (average of
124 counts/800 minutes in the 238 peak vs. 5000 counts/800 minutes in the
239,240p, peak); all six 238py concentrations found were within 2. S.D.
counting errors of each other (Marshall 1975).

QuaTity 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 radionuciides 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 T10A separation procedures.
Although Berkelium is unusual among the transamericium actinides, in 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 HNO3 -
Hp0p solution which was used to maintain the oxidation states of Pu (VI?
in the initial extraction step of the T10A procedure {Keller 1971). The T10A
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).

B-14



Because no information was found concerning the plating efficiency of
radionuclides which would interfere in the analysis of polonium by the T]uton-
1Hm proEedurea gsed 1n this work8 solutions with known quantities of 2

24R3 and 208pg were prepared and plated as pre-
vious1y descr1bed

Table B-3 shows the interlaboratory comparison results of plutonium
analysis. Results of the January 1976 interlaboratory comparison of Opq
in solution was Environmental Protection Agency (EPA) 164.4 + 4.5, LRE
166 + 5.4. The chemical procedures have been checked by the compar1sons
between 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 "duplicates" six results fell outside the esti-
mated errors of the two laboratories. It is not clear as to which laboratory
was correct or whether both Taboratories 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 Eeriod of 2-4 hours. Noshkin (1974) has shown
at Enewetak that variations in Pu concentrations as great as a factor
of 3 can exist at certain Tlocations 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 taboratories, 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 stightly higher
values than the BLVWS method.
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APPENDIX C

CROSS-SECTION SHAPES AND SAMPLING LOCATIONS
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