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ABSTRACT

A three-phase field sampling program was conducted on the Buttermilk-
Cattaraugus Creek system to investigate the transport of radionuclides in sur-
face waters as part of a continuing program to provide data for application and
verification of Pacific Northwest Laboratory's (PNL) sediment and radionuclide
trainsport model, SERATRA. Phase 1 of the sampling program was conducted during
November and December 1977; Phase 2 during September 1978; and Phase 3 during
April 1979. Bed sediment, suspended sediment, and water samples were collected
over a 45-mile reach of the creek system. Bed sediment samples were also col-
lected at the mouth of Cattaraugus Creek in Lake Erie. A fourth sampling trip
was conducted during May 1980 to obtain supp lementary channel geometry data and
flood plain sediment samples. Radiological analysis of these samples included
gamma ray spectrometry analysis, and radiochemical separation and analysis of
Sr-90, Pu-238, Pu-239,240, Am-241 and Cm-244. Tritium analysis was also per-
formed on water samples. Based on the evaluation of radionuclide levels in
Cattaraugus and Buttermilk Creeks, the Nuclear Fuel Services facility at West
Valley, New York, may be the source of Cs-137, Sr-90, Cs-134, Co-60, Pu-238,
Pu-239,240, Am-241, Cm-244 and tritium found in the bed sediment, suspended
sediment and water of Buttermilk and Cattaraugus Creeks.
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As part of a study on sediment and radionuc!ide transport in rivers,
Pacific Northwest Laboratory (PNL) is 1nvestigatln8 the effect of sediment on
the transport of radionuclides in Cattaraugus and Buttermilk Creeks, New York.
A source of radioactivity in these creeks is the Western New York Nuclear Ser-
vice Center which consists of a low-level waste disposal site and a nuclear
fuel reprocessing plant, Reprocessing operations were terminated in 1977
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 Fileld Sampling Program is to provide data
on sediment and radionuclide characteristics in Cattaraugus and Buttermilk
Creeks to verify the use of the Sediment and Radionucide Transport model,
SERATRA, for nontidal rivers., The sampling program 15 composed of three phases
of data collection. Phase 1 data collection was conducted during November and
December 1977 (Ecker and Onishi 1979), Phase ? data collect fon during September
1978 (Walters, Ecker and Onishi 1982), and Phase 3 during April 1979 (Ecker,
Walters and Onishi 1982),

Suspended sediment, bed sediment and water samples were collected at
ten sampling stations covering approximately 45 miles of stream channel of
Lattaraugus and Buttermilk Creeks and a background station on Great Valley
Creek (Phase 2 only). A fourth samping trip was conducted during May 1980 to
obtain supplementary channel geometry data and f lood plain sediment samples,
Radiological analysis of sand, silt and clay size fractions of suspended and
bed sediment, and water were performed. Results of these analyses indicate
that the principal radionuclides occurring in these two water courses, with
levels significantly higher than background levels, during the three phase
sampling program were cesium-137 and strontium-90. These radionuc!ides had
stgnificantly higher activity levels above background in the bed sediment,
suspended sediment, and water samples. Other radionuc!ides that are possibly
being released into the surface water environment by the Nuclear Fuel Services
facilities are cestum-134, cobalt-60, plutonium-238 and 239,240,
americium-241, curfum-244 and trit fum,
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INTRODUCTION

This study is part of a comprehensive program by the U.S. Nuclear Regu-
latory Commission to investigate the importance of fluvial sediment in the
transport of radionuclides in surface water systems. The study includes a
three-phase field data collection program to provide radiological and hydro-
logical data for calibration and verification of the sediment-contaminant
traniport model SERATRA developed by Pacific Northwest Laboratory (Onishi
1977).

The study area selected by the U.S. Nuclear Regulatory Commission is
located within the watershed of Cattaraugus Creek, in rural western New York.
During the 1960's the State of New York authorized the construction of a repro-
cessing plant near Cattaraugus Creek for spent fuel from nuclear reactors near
West Valley, New York, and to operate a radioactive waste disposal site at the
same location.

During the mid-1960's all burial trenches in the northern portion of the
site began to fill with water after the covers were in place. This created
a problem regarding burial of radioactive wastes at West Valley as the water
could transport the buried radionuclides out of the trenches and into the
environment. This led to the changing of burial procedures for the trenches
in the southern portion of the site. The revised procedures specified new
capping designs and these were required by the State in 1968 in an effort to
prevent surface water from entering the trenches.

In the early 1970's small increases of radioactivity were detected in the
sireams adjacent to the burial site area by the New York State Department of
Environmental Conservation (NYSDEC). The NYSDEC requested the U.S., Environ-
mental Protection Agency (USEPA) to provide assistance for an on-site investi-
gation of the problem to determine whether radionuclides were migrating from
the low-level waste burial areas through the subsurface to the surrounding
environment. A lithological boring study conducted in 1973 and 1974 showed
tritium contamination of the surface area and of the first 10 to 15 feet of
strata immediately adjacent to the burial trenches. Aithough the results were
inconclusive, the study indicated the possibility of several sources of tritium
contamination: 1) downward migration resulting from fallout from the adjacent
nuc lear fuel reprocessing plant, 2) spillage occurring during burial opera-
tions, and 3) lateral migration through the geologic medium directly from the
burial trenches.

By 1974 trenches in the north burial site area had accumulated high levels
of water while the water levels in the south trenches remained low due to the
modified capping procedures. In March 1975 water in one trench in the north
area seeped through the trench cap contaminating the adjacent surface area and
a nearby stream. Shortly thereafter similar seepage was discovered at another
trench and based on these discoveries Nuclear Fuel Services, Inc. (NFS) closed
the burial site,



The NYSDEC and NFS agreed that a program to control the water levels in
the north trenches was needed to prevent further seepage. A plan to pump water
from the trenches that had high water levels to a radioactive waste treatment
facility was approved by NYSDEC. The water was then to be diluted and released
into Erdmans Brook (also known as Franks Creek) under controlled conditions.
This pump down and treatment procedure was unacceptable for the long-term main-
tenance of the burial site but could be used as a temporary measure of control
of radioactive waste releases.

At the request of the U.S. Nuclear Regulatory Commission (NRC) a three-
phase field data collection pogram was planned to provide data for the veri-
fication of a sediment-contaminated transport model, SERATRA, developed by
Pacific Northwest Laboratory. Another purpose is to provide more detailed
information on radionuclide activity levels in the Buttermilk-Cattaraugus Creek
system, Creek bed and suspended sediment and water samples were collected for
gama-ray measurement and radiochemical analysis. The sediment samples were
separaied into sand, silt, and clay size classes for radiological analyses
because of the different transport and physicochemical properties of each.
Water discharge and water quality samples were collected at each station except
the background station on Great Valley Creek. This report summarizes the major
elements of the three phase sampling program and discusses the results of the
radiological analysis of the principal radionuclides that were consistently
detected at most sampling stations. These are tritium, strontium-90, cesium-
137, plutonium-238, and plutonium-239,240. The radionuclide, cesium-134, was
added for comparison with cesium-137, although it was not detected as fre-
quently as the others. Mathematical modeling results wi'l be presented under
separate reports,



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 north central Cattarau?us County. The Center is situated along an
elongated rolling plain with glaciated bedrock hills along the eastern, western
and southern boundaries with the Buttermilk Valley along the northern boundary.
A1l 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 the Zoar Valley, past Gowanda,
New York and the Cattaraugus Indian Reservation, and discharges into Lake Erie
about 27 miles southwest of Buffalo, New York. The distance from the conflu-
ence of Buttermilk and Cattaraugus Creeks to Gowanda is about 20 creek miles
and from that point about another 19 creek miles to Lake Erie.

The Franks Creek watershed (Figure 2), which includes Erdmans Brook,
collects the drainage from both the low- and high-level nuclear waste burial
sites. The creek joins Buttermilk Creek about 0.5 miles downstream from the
burial sites. About 100 ft upstream from its confluence with Buttermilk Creek
the flow passes through a 12 ft wide concrete railroad culvert. The creek is
entrenched in a narrow V-shaped valley downcut through previously undisturbed
glacial till containing significant amounts of very stiff, erosion resistant
material. The creek channel is steep with chutes and pools and a cross-
sectional width varying from 2 to 10 ft. Swampy areas can be found at certain
locations along the stream course.

Buttermilk Creek has a drainage area of 29.4 mi2. For the period of
record from October 1961 to September 1968, the average discharge of Butter-
milk Creek was 46.5 cfs. The extreme maximum and minimum discharges 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 Cattarauqus 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 gravel, sand, silt, and clay on the narrow flood plain area. The flood
plain varies in width from 300 to 500 ft and is bounded by high bluffs along
most of its length,

A reservoir upstream of the Buttermilk Creek inflow point collects run-
off from a small watershed and periodically releases overflow into Buttermilk
Creek. Discharge from the reservoir is regulated by a siphon spill-way that
maintains reservoir levels below a certain elevation. Once the siphon is
primed, large quantities of water are discharge in a short period of time, pro-
ducing extermely fast rising hydrographs in Buttermilk Creek during periods of
relatively low flow.
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Cattaraugus Creek has an estimated drainage area of 564 miZ at Lake Erie,
432 mi¢ at Gowanda and 218 miZ at the conf luence with Buttermilk Creek. Based
on the United States Geological Survey (USGS) gage records for Cattaraugus
Creek at Gowanda, New York, the average discharge for the period of record,
1940 to 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., Cattaraugus Creek, as well as Buttermilk Creek, can be categorized as
“flashy" due to their very rapid changes in discharge. Cattaraugus Creek dis-
charges can vary upwards of 5000 cfs in a 24-hr period.

Cattaraugus Creek flows unrestricted from its headwaters to Lake Erie
except for Springville Dam located about 2.5 miles downstream from the conflu-
ence of Buttermilk Creek (Figure 2). Springville Dam is a 20 ft high dam that
creates a small reservoir extending about 0.5 miles upstream through a narrow
rock gorge with walls approximately 1000 ft high. The dam and reservoir system
provides water supply for a run-of-the-river hydroelectric plant operated by
the village of Springville. The plant's generators supply about 20% of the
electric power requirements of the village.




SAMPLING PROGRAM

The data collection procedures for water and suspended sediment were modi-
fied following the Phase 1 field work. The modification of the data collection
procedures was necessary due to the variations in levels of suspended sediment
concentrations and radioactivity which in some cases required the processing of
large volumes of water in the field. The following sections briefly discuss
the sngling procedures used in Phase 1 and the modified procedures used during
Phases 2 and 3.

PHASE 1 PROCEDURES

Large volume samples, suspended sediment samples and bed sediment samples
were collected at each station for analyses. The method for collection of the
large volume water sampies is shown in Figure 3. 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 separtion of
suspended solids from water. Standard filtering methods for separating sus-
pended solids from water could not be used in the field due te the high sus-
pended sediment Toad (50 to >500 mg/!) in Cattaraugus and Buttermilk Creeks,
and because of the extreme difficulty in dividing suspended sediment into size
fractions (i.e., sand, silt and clay) for radiological analysis once the sus-
pended sediment is impregnated on filters.

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 large volume water
sampler (LVWS). The LVWS is discussed in more detail in the folowing section.

PHASE 2 PROCEDURES

Because of the los radioactivity levels found in the water of Cattarauqus
and Buttermilk Creeks, certain modifications were made to the sampling proce-
dures used in Phase 1. The water processed for radiological analysis of sus-
pended sediment and water was increased from 80 gallons to 400 gallonc., The
separation of suspended sediment from water was included in the field sampling
to eliminate the need of transporting large volumes of water. The in-stream
sampling of water anc¢ suspended sediment was accomplished by utilizing a large
volume water sampler developed by Pacific Northwest Laboratories. The sampling
apparatus, including the LVWS, is shown in Figure 4, A discussion of the
principle of the LVWS and the analysis procedure can be found in the Phase 2
report (Walters, Ecker and Onishi 1982). Basically the method allows the pro-
cessing of a large volume of water in the field within a relatively short
period of time that eliminates the necessity of separating the suspended
sediment and other particulates from the water in the laboratory. The
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(Franks Creek watershed). The channel cross-sections at most sampling stations
were surveyed during each of the three phases. The cross-sections provided
channel geometry for water discharge computations and were used to locate sam-
pling points for the data collection program. The cross-section plots for
each phase can be found in Appendix A. The individual stations are briefly
described in the following paragraphs.

Great Valley Creek (GVC) - Phase 2 Only

This station is located about 5 miles south of BC-1 and about 2 miles
north of the town of Ashford, New York. The sampling point is in the upper
watershed area of Great Valley Creek which is a tributary of the Allegheny
River. The station provides a sampling point in a watershed not a part of
the Cattaraugus Creek system but near the NFS facilities and is considered a
background station. No cross-section was surveyed.

Erdmans Brook (EB) - Phase 2 and 3

Erdmans Brook, sometimes referred to as Franks Creek, is defined as a
small tributary to Franks Creek as shown in the map of Figure 2. Only bed
material samples were taken at this location and provide a comparison of
radioactivity levels with bed material samples at other locations. No cross-
section survey was made of the sampling station.

Franks Creek-Erdmans Brook (FC/EB) - Phase 3 Only

Only bed materials were taken at this location to provide a comparison of
radioactivity levels with bed material samples at other locations. No cross-
section survey was made at the sampling station. The sampling station was
located about 2000 ft upstream of the confluence of Franke Creek and Butter-
milk Creek.

Franks Creek-Station 1 (FC-1) - Phase 1, 2, and 3

The NFS facilities are located within the Franks Creek watershed and the
creek is the main uncontrolled outflow point from the facilities area. There
is another outflow point just upstream at a siphon spillway of a small reser-
voir within the facilities area that peridically releases to Buttermilk Creek.
The sampling station cross-section (Figures A.1, A.2, and A.3) is located at
the Baltimore and Ohio Railroad culvert outlet which is about 100 ft upstream
of the confluence with Buttermilk Creek. This creek is the only surfaice water
outflow point for the NFS facilities monitored in this study.

Buttermilk Creek-Station 1 (BC-1) - Phase 1, 2, and 3

This station is upstream of the mouth of Franks Creek and therefore
upstream of the outflow from the NFS facilities. It is a background station
for Buttermilk Creek. The stream cross-section is located about 40 ft

11



upstream of the Fox Valley Road bridge and is plotted in Figures A.4, A.5
and A.6. The suspended sediment sample was taken at about mid-depth of the
cross-section sampling point,

Buttermilk Creek Station 2 (BC-2) - Phase 1 Only

This station is located on Buttermilk Creek Approximately 1,200 ft down-
stream from the confluence of Franks Creek and about 2 miles upstream from
Cattaraugus Creek (Figure A.7).

Buttermilk Creek-Station 3 (BC-3) - Phase 1 and 3

This cross-section is located on Buttermilk Creek about 100 ft downstream
of the abandoned Bond Road Bridge. The abandoned bridge is about 1.3 miles
upstream from Cattaraugus Creek. The cross-section is plotted in Figures A.8
and A.9,

Buttermilk Creek-Station 4 (BC-4) - Phase 1, 2, and 3

The station ac BC-4 is an intermediate sampling station between the Franks
Creek outflow and Cattaraugus Creek. The cross-section (Figures A.10, A.11 and
A.12) 1s located about 100 ft downstream from the Thomas Corners Road bridge
and 0.2 miles upstream from Cattaraugus Creek.

Cattarauqus Creek-Station 1 (CC-1) - Phase 1, 2, and 3

This station is located directly beneath Bigelow Bridge (Elk Street
Bridge) and is the upstream background station for Cattaraugus Creek. The
cross-sectional sampling point was positioned next to the right bank bridge
abutment as shown in Figures A.13, A.14 and A.15.

Cattarauqus Creek-Station 3 (CC-3) - Phase 1, 2, and 3

The stream cross-section for this station is located about 100 ft down-
stream of Felton Bridge (Mill Street Bridge). The sampling points were varied
over the cross-section for each phase as shown in Figures A.16, A.17 and A.16.
This is the first sampling station downstream of the Buttermilk Creek
conf luence,

Cattaraugus Creek-Station 5 (CC-5) - Phase 1, 2 and 3

This station is located in Springville Reservoir about 500 ft upstream of
the concrete spillway., Samples were taken at various horizontal and vertical
distances over the cross-section as shown in Figures A.19, A.20 and A.21,

Cattarauqus Creek -Station 6 (CC-6) - Phase 3 Only

This station is located in Zoar Valley near Frye Bridge and is an inter-
mediate sampling point between Springville Dam and Lake Erie. The CC-6 cross-
section is shown in Figure A.27.

12
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HYDROL OGY

The Nuclear Fuels Service Center is located within an area that normally
receives enough monthly precipitation to provide surplus water runoff through-
out the year. Small quantities of water that are withdrawn from the ground
water by farm, public, and private wells is replenished through natural
percolation. Therefore, the natural water supply is more than adequate to
supply the needs of the center and area. The water supply for the center is
provided by surface runoff collected in two lakes in the southern portion of
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from basin storage. The flow at Gowanda during the sampling period varied from
520 cfs on September 20 to 171 cfs on September 26, 1978. Flows approaching
base flow conditions at Gowanda existed for the last two or three days of the
sampling period. The average daily discharge of 731 cfs for Cattaraugus Creek
at Gowanda indicates that very low flow conditions existed during most of the
sampling period.

PHASE 3 FLOW CONDITIONS

During the Phase 3 sampling program the discharge at the Gowanda gage
increased from 540 cfs on April 26 to 910 cfs on April 28 and then decreased
to less than 600 cfs on April 29, 1979 (Figure 5). Approximately two weeks
prior to the Phase 3 sampling program, Cattaraugus Creek experienced very high
flows. The peak discharge during this period was 3,330 cfs on April 13, 1979.
The small peak superimposed on the major hydrograph peak is due to a siphon
spillway release from a small reservoir on Buttermilk Creek just upstream of
the FC-1 sampling station. Discharge from the reservoir is requlated by the
siphon spillway which maintains reservoir levels below a certain elevation.
Once the siphon is primed, large quantities of water are discharged in a short
period of time, producing extremely fast rising hydrographs in Buttermilk Creek
during periods of relatively low flow.
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SEDIMENT CHARACTERISTICS

The sediment transported by a stream can have a wide range of sizes,
shapes, densities, and chemical properties. Particle size is perhaps the
dominant factor that determines the transportability of a class of sediment.
The sizes ran?e from boulders down to the finest of clay particles. Two dis-
tinct categories of stream sediment load can be defined for the range of sizes:
1) bed material load, and 2) wash load.

The bed material load consists of sand sizes and larger particles that
nave sufficientiy high settiing velocities and tend to concentrate near the
streambed during transport. These particles become part of the streambed
auring low flow conditions. The wash load consists of silt and clay sized
material that tend to be dispersed rather uniformly through the water column,
The finer particles of this category can be colloidal in behavior.

This distinction has been introduced for two reasons. First, there is a
great difference between the transport velocity of the two categories. The
wash load moves through the river system with the same velocity as the water.
During floods, the washload particles can easily travel from their point of
origin in the watershed to their point of final deposition. In constrast, the
bed material transport velocity is several orders of magnitude less than the
flow. During floods, the bed material load travels only short distances and
traverses these distances in short hops. Bed particles can require years to
travel the same distance wash load particles travel during one flood event,

The second reason for the distinction between the two categories is that
the wash load is source dependent. It is derived primarily from overland flow
during rainfall-runoff events and is determined by erosion characteristics of
the watershed. The bed material is already available in the stream channel bed
and moves only when sufficient water velocity is reached. Therefore, the rate
of transport of bed particles depends on the availability of particles in the
bed and the flow rate of the stream.

The percentages of sand, silt, and clay in the channel bed sediment sam-
ples for Phases 1, 2 and 3 are listed in Tables 1, 2 and 3, respectively. The
concentrations in milligrams per liter (mg/1) of sand, silt and clay in the
suspended sediment samples for Phases 1, 2 and 3 are listed in Tables 4, 5 and
6, respectively. The percentage values of bed sediment (Tables 1, 2 and 3)
indicate that lower percentages of silt and clay were present during Phase 1
as compared to Phase 2 and 3 values. This could be due to the higher flow
velocities of the Phase 1 flow conditions entraining the finer bed material.
During the extreme low flow conditions of Phase 2 the percentages of silt and
clay found in the bed material were much higher. The higher concentrations of
sand in the suspended sediment samples of Phase 1 can also be attributed to
the higher flow velocities,
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TABLE 2. Percent of Sand, Silt and Clay in
Phase 2 Bed Sediment

Station Sand % Silt % Clay 2

BC-1 95.20 4.53 0.27
EB 41.90 50.26 7.87
FC-1 67.39 29.65 2.96
BC-4 B84.35 14.87 0.78
cc-1 91.53 8.23 0.24
€C-3/1 65.13 34.17 0.70
CC-3/2 95.46 4.44 0.10
€C-3/3 82.92 15.58 1.50
CC-5/1 0.88 89.20 9.91
CC-5/2 0.89 89.17 9.9
CC-5/3 0.30 86.60 13.10
cc-9 92.61 7.33 0.06
cc-11 8.77 83.88 7.35
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TABLE 3.

Station
BC-1

EB
FC/EB
FC-1
BC-4
cc-1
cC-3
cc-5
CC-6
cc-9
cc-11
LE-1 *2
LE-2

LE-3
LE-4

Percentage of ‘Sand, Silt and Clay in

Phase 3 Bed Sediment
Date

4-26-79
*]

*1

4-29-79
4-26-79
4.-29-79
4.27-719
4-28-79
4-26-79
4-29-719
4-29-79
4-25-79
4-25-79

4-25-719
4-25-79

*]1 Station not sampled.
*2 Lake Erie Stations 1 through 4,
*3 Core sample lost.

Sand %
95.83

77.20
95.95
51.37
98.99
99.12
98.58
94.37
60.09

3.78

9.05

3
83.09

22

21.14
3.84
45.89
0.98
0.86
1.38
5.51
39.30
94 .40
89.46

*3
16.67

Clay %

0.61

1.82
1.49

*3
0.24



TABLE 4. Concentration of Suspended Sediment in
mg/1 for Phase 1

Station Sand Silt Clay Total

BC-1 2.2 96.8 9.7 108.70
FC-1 0.9 132.6 16.4 149,90
BC-2/2 13.7 95.6 42.8 152.18
BC-3/1 0.5 18.1 1.8 20.40
BC-3/2 8.1 31.9 g7 42.70
CC-1 1.8 36.0 1.85 39.65
CC-3/1

0.2d 2.15 27.3 1.2 30.65

0.5d 2.6 23.85 33 27.75

0.8d 2.8 26.5 1.15 30.45
CC-3/2 0.5 26.85 29.2 56.60
CC-3/3 0.6 25.25 27.9 83.7%
CC-5/1 0.2 3.8 2.4 26.40
CC-5/2

0.2d 0.2 29.3 2.7 32.20

0.5d 0.2 32.1 3.4 35.70

0.8d 0.2 28.2 3.1 31.50
cC-9

0.2d 0.7 25.3 1.15 27.18

0.8d 0.0 23.0 .2 24.?
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TABLE 5. Concentration of Suspended Sediment in mg/1 for Phase 2
Sand

Station

GVC-1

BC-1

FC-1

BC-4

cc-1

CC~3/1 (top)
€C-3/1 (bottom)
cC-3/2

CC-3/3

cc-511

CC-5/2 (top)
CC-5/2 (mid)
CC-5/2 (bottom)
CC-5/3

cC-9

CC-11 (top)
CC-11 (bottom)

0.170
0.575
0.133
0.544
0.54

0.087
0.173
0.342
0.204
0.021
0.074
0.030
0.002
0.026
0.691
0.073
0.095

she
4,582
10.870
B.744
59.562
13.997

6.924
10.148
19.309
15.270
34 445
15.990
20,708
44,401
20.708
24 .308
12.869
20.456

24

Clay
2.562

.283
.43

.680
.433
.803
.466
.545
104
.142
041
.043
.827
119
277
3.041
3.213

N & s W e N ;D eWw oy e

o<}

iotal

7.
13.
12.
77.
17.

8.
14,
25.
17.
38.
.055

19

24,
49.
22.
33.
15.
23.

34
728
309
786
974
314
787
196
578
608

781
230
853
275
983
764



TABLE 6. Concentration of Suspended Sediment in mg/1 for Phase 3

Station Date Sand Silt Clay Total
BC~1 4-26-79 0.05 2.62 0.32 2.9
4-27-79 2.89 50.12 7.12 60.13
4-28-79 0.65 13.22 4.7 18.59
FC-1 4-26-79 (am) 0.66 71.95 26.22 98,83
4-26-79 (pm) 0.91 12.37 3.97 17.25
4-27-79 (am) 0.49 55.30 22.81 78.60
4-27-79 (pm) 0.99 48.86 21.23 71.08
4-28-79 (am) 0.06 6.11 3.28 9.45
BC-3 4.27-79 0.71 14 .07 2.82 17.60
BC-4 4-26-79 0.16 16.95 0.00 17.11
4-27-79 0.65 57 .20 14 .66 72.51
4.28-79 0,17 11.96 3.45 15.58
cC-1 4.26-79 0.15 4.11 0.23 4.49
4-47-79 1.64 89.25 22.70 113.59
CC-3 4.-27-79 2.36 36.25 8.29 46 .90
CC-5 4-26-79 0.40 21.98 5.45 27.83
4-27-79 1.16 30.80 5.5 37.51
4-28-79 1.02 10.62 1.33 12.97
cC-9 4-29-79 0.83 5.59 1.08 7.50
cC-11 4-29-79 3.71 13.37 1.84 18.92
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RADIOLOGICAL ANALYSIS

Results of the radiological analysis of bed sediment, suspended sediment,
and water samples for tritium, strontium-90, cesium-134, cesium-137, plutonium-
238, and plutonium-239,240 are discussed in this section. These radionuclides
were fdentified as having a relatively higher level of activity in the vicinity
of the Nuclear Fuel Services (NFS) facilities at West Valley, New York. The
background stations near the NFS facilities are BC-1, CC-1, and GVC (Figures 1
and 2). The station at BC-1 is located about one mile upstream of the facili-
ties drainage outlet into Buttermilk Creek at FC-1. The station CC-1 is
located on Cattaraugus Creek about two miles upstream of the cornfluence with
Buttermilk Creek. The station GVC (Phase 2 only) is located on Great Valley
Creek which is a part of the Allegheny River system and a separate basin from
Cattaraugus Creek.

TRITIUM (H-3)

Phase 1

Only three water samples at stations BC-4, CC-3, and CC-11 were analyzed
for tritium. None of the samples were from background stations. The tritium
levels at these stations were 461 ¢ 35 pCi/l (BC-4), 305 *+ 36 pCi/) (CC-3),
and 206 * 32 pCi/i (CC-11). The station BC-4, which is neéarest the NFS site,
recorded the highest activity level.

Phase 2 (Figure 6)

The highest level of tritium is found at station FC-1 (3413.93 + 92.98)
with the lowest levels found at the background stations GVC, BC-1 and CC-1.
The statiorns on Cattaraugus Creek downstream from the Buttermilk Creek outf low
all show levels slightly above background.

Phase 3 (Figure 7)

Background concentrations at CC-1 and BC-1 ranged from 145 pCi/l to
192 pCi/1. In Franks Creek, tritium concentrations ranged from 1038.71 ¢
50.97 pCi/1 to 1788.31 + 70.15 pCi/l. Tritium concentrations in Buttermi 1k
Creek downstream of the confluence with Franks Creek were slightly elevated,
with concentrations ranging from 211.84 + 36.75 pCi/1 to 315.20 * 38.33 pCi/l.
In Cattaraugus Creek the tritium concentrations ranged from background levels
to slightly elevated levels. The highest concentration of 234.53 + 37.07 pCi/)
was found in Springville Reservoir (CC-5) on April 28,
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Suspended Sediment (Figure 9)

Detectable levels of Sr-90 in suspended sediment were found at most sta-
tions. The highest recorded value was found in the suspended sand fraction
of CC-5, station 1 in Springville Reservoir with a Sr-90 value of 10.1 +
4.5 pCi/q.

The highest Sr-90 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.
Phase 2

Bed Sediment (Figqure 10)

The trend for strontium-90 is one of decreasing activity levels downstream
from the Erdman's Brook station (EB). The highest activity levels for sand
(1.57 * 0.17 pCi/g), silt (3.42 + 0.21 pCi/g), and clay (11.07 + 0.65) were
found at station EB. The levels at the background station CC-1 were all below
detection. The trend is one of much higher levels at station EB relative to
other stations with below detection levels at the background station CC-1, and
decreasing activity downstream.

Suspended Sediment (Figure 11)

The maximum concentrations of strontium-90 in suspended sediment were
detected at the background stations. The activity levels at GVC and CC-1 were
84.04 *+ 4.84 pCi/gm and 778.85 * 43.24 pCi/gm, respectively. The other sta-
tions showed a trend of decreasing activity in the downstream direction from
the source station at FC-1.

Dissolved (Figure 12)

Significantly h gher levels were found at the Franks Creek source sta-
tion. The maximum lcvel of Sr-90 (20.39 pCi/1) found at FC-1 was considerably
higher than the 0.868 pCi/l found at BC-4., The levels at the downstream sta-
tions decrease to near background levels in Cattaraugus Creek.
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the mouth of Buttermilk Creek. The background station BC-1 near the NFS
facilities showed relatively very low levels as did the background station at
CC-1 on Cattaraugus Creek. Both BC-1 and CC-1 are not affected by water and
sediment outflow from Franks Creek. Downstream at the Springville Reservoir
stations (CC-5/1, 5/2, and 5/3) Cesium-134 was sparsely found at the three
samp ling stations and was below detection downstream of the dam. That the
radionuc lide was not found in appreciable levels in Springville Reservoir and
was not detected downstream except at one sampling point in Lake Erie may be
attributed to its short half-life of about two years.

Suspended Sediment

Cesium-134 was found only at three sampling stations which were GVC
(background), FC-1 (source), and at CC-3 located just upstream of Springville
Reservoir. It was not found in the waters of the reservoir or at any other
station downstream of CC-3. The maximum value of 0.84 + 0.71 pCi/gm was asso-
Clated with the clay at CC-3. The activity levels at GVC and FC-1 were 0.42 +
0.31 pCi/gm (silt) and 0.34 + 0.13 pCi/gm (silt), respectively.

Dissolved

Cesium-134 was detected at only one station (CC-3) during the Phase 2
sampling. The level at CC-3 was 0.13 + 0.04 pi/n.,

Phase 3

Bed Sediment

Cesium-134 was found only in the bed sediments of the source station at
FC-1 and the two bed sediment sampling stations on the site at EB and FC/EB
near the waste burial grounds. The radionuclide was detected on all three
classes of sediment (sand, silt and clay). The maximum value of 1.13 +
0.15 pCi/gm (clay) was found at FC-1. g

Suspended Sediment

Cesium-134 was found only at station FC-1 and was predominant ly associated
with clay. The maximum activity level of 0.458 *+ 0.102 pCi/gm was detected on
the clay fraction,.

Dissolved

Cesium-134 was not detected in the water samples during Phase 3,

a2



CESIUM-137 (Cs-137)

> WA

Phase 1
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The Cesium-137 levels at the two upstream background stations are very
low, the highest background value being found associated with the bed clay
fraction of CC-1 (0.16 *+ 0.08 pCi/q). In very few cases were the Cesium-137
levels in bed samples downstream of the NFS facilities found to be at or below

these control levels.

The highest Cesium-137 in bed sediments were found in Buttermilk Creek
and at the mouth of Cattaraugus Creek (CC-11). The clay fraction generally
had the highest Cesium-137 levels, as would be expected, due to the large
specific surface area of clay size sediment and the affinity of Cesium-137 for
sediment. An exception to this was BC-4, station 1, where the Cesium-137 level
associated with bed sand was 125 + 7.4 pCi/g. Three samples had Cesium-]
levels greater than 100 pCi/g. These samples were located at BC-3, station 1
(bed clay: 125 + 3.1 pCi/qg), BC-4, station 1 (bed sand: 125 + 7.4 pCi/q),
and CC-11 (bed clay: 113 + 2.2 pCi/q).

ium-13/ levels in the bed sample from Franks Creek (FC-1) was
lhe bed sand and clay fractions were 1.0 + 0.11 pCi/qg and
/9, respectively. The bed silt fraction had a Cesium-137 value
1/4q.

pended Sediment (Fiqure 20)

| the upstream backarour tation on Buttermilk Creek Cesium-137
’ ’

wr1ated with suspended s | ‘ it and c| 1y were, resped t /""/,
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han the ounting error.
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,
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upstream background 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 Cesium-137 were found associated with one or more size fractions of
suspended sediment. Near the bed of CC-3, station 1 the suspended sand frac-
tion had a Cesium-137 value of 9.02 *+ 2.2 pCi/g. All the suspended clay frac-
f39ns of samples taken in Springville Reservoir, except for CC5-2/.5d, had

Cs levels slightly greater than 5 pCi/g.

Dissolved (Figure 21)

Cesium-137 was detected in the water samples at only three stations (FC-1,
CC-1 and CC-5). The maximum level of 0.194 + 0.02 pCi/1 was detected at the
source statien, FC-1.
Phase 2

Bed Sediment (Figqure 22)

The results for Cesium-137 indicate that the NFS facilities are a source
of this radionuclide. Activity levels at BC-1 (background) were either very
low or below detection. The station at or near the NFS site had the highest
overall activity levels for sand, silt and clay. Although station FC-1 and
CC~3/3 both recorded levels of 134.0 + 9.89 pCijg for clay which were the
highest for any sediment, the general trend is a decrease in levels in the
downstream direction. The trend for sand is one of high activity levels at
Station EB near the NFS site (72.1 * 0.5 pCi/g), which was detected on the
coarse fractions, to near uniform levels from 2.04 + 0.16 to 1.14 + 0.07 pCi/g
at CC-3 and CC-5. Below Springville Dam the activity levels drop To less than
that of the reservoir levels to 0.34 + 0.06 pCi/g at CC-9 and 0.73 *0.05 pCi/g
at CC-11.

Suspended Sediment (Figure 23)

Only the clay and silt samples were analyzed since all the sand samples
were less than one gram. Cesium-137 indicated significant levels of activity
above background. These higher levels were found only at Station FC-1 in the
surface drainage water from the NFS facilities. The activity level for clay
and silt were 32.5 * 1.5 pCi/g and 11.7 * 0.6 pCi/g, respectively. These
levels are considerably lower than those for bed sediment at this station.
The corresponding activity levels for bed clay and silt at station FC-1 were
134.0 + 0.90 pCi/g and 28.6 * 0.60 pCi/g, respectively. Although FC-1 is the
only station analyzed for the NFS facilities drainage system, it does show
considerably higher levels as compared to the other stations and corresponds
L0 the trend of the bed sediment.
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FIGURE 24, Phase 2 Cesium-137 Concentrations
in Water

Phase 3

Bed Sediment (Figure 25)

The highest Cs-137 levels in bed sediment were found in Franks Creek
(FC-1) with some concentrations exceeding 50 pCi/gm. The Cs~137 concentration
of one bed clay sample at FC-1 was 244.8 + 1.07 pCi/gm. The clay sizes of bed
and suspended sediment samples generally had higher Cs-137 concentrations than
the silt and sand. The highest bed sediment background concentration was
22.74 + 3,26 pCi/gm, and was found in the clay of CC-1. The highest suspended
sediment background Cs-137 concentration was also found at CC-1 with a concen-
tration of 0.981 *+ 0.036 pCi/gm.
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Suspended Sediment (Figure 26)

Cesium-137 concentrations in the suspended sediment of Cattaraugus
Buttermilk and Franks Creeks were fairly uniform nrying from about péilgn
to about 25 pCHr (4-26-79). The highest levels were found in Franks Creek
(FC-1), closely followed by Buttermilk Creek and then Cattaraugus Creek., The
lowest nonbackground Cs-137 concentrations in suspended sediment were found in
Springville Reservoir (CC-5) and at Frye Bridge (CC-6) on Cattaraugus Creek.

Dissolved (Figure 27)

Cestum-137 concentrations in water were below detection limits at the
upstream control stations on Cattaravqus and Buttermilk Creeks. The highest
levels in water were found in Franks reek (FC-1) where concentrations varied
from 0.11 * 0,0072 pCi/1 to 0,64 * 0.64 pCi/1. One water sample in Springville
Reservoir on April 26 had a relatTvely high Cs-137 concentration of 4,50 pCi/1,

PLUTONIUM-238 (Pu-238)

Phase |
Bed Sediment

Very few bed sediment samples had detectable levels of Pu-238. The
highest Pu-238 value was found in the bed silt fraction of Be-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 Pu-238 levels,

Suspended Sediment

The only suspended sediment samples that had detectable levels of Pu 238
were found in Franks Creek and Buttermilk Creek. The highest Pu-238 value was
found associated with the suspended <ilt fraction of BC3-1 (0.236 * 0,16 pCi/g).
At FC-1 the suspended silt and clay fractions had Pu-238 levels of 0.0074 +
0.0008 pCi/g and 0.0344 + 0.0028 pCi/g, respectively, Detectable levels of
Pu-238 were also found in the suspended sand fraction of BC-2, station 1 and
the suspended silt fraction of BC-],

Dissolved

Only two water samples were analyzed for Pu-238 (FC-1 and BC-4), The
level of Pu-238 at these stations were 00,0134 + 0,0026 pCi/1 at FC-1 and
0.0154 + 0,003 pCi/1 at BC-A4 (Thomas Corners Bridge).
Phase 7

Bed Sediment (Figure 28)

Plutonium-238 was detected at all stations. The highest values are asso-
Clated with ¢ lay where the maximum activity level of 0,057 * 0,006 pCi/g was
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FIGURE 34. Phase 2 Plutonium-239,240 Concentrations
in Bed Sediment

samples at other stations were below detection. However, oetectable levels
were found at both background stations BC-1 and CC-1.

LAKE ERIE
Phase 27

Lake Erie Bed Sediment

The Lake Erie samples were taken less than a mile outshore from the mouth
of Cattaraugus Creek in an area where flood deposits of sediment from the creek
would likely accumulate., The core samples were separated into two-inch sec-
tions for analysis. Gamma counting was performed on all three two-inch Sec-
tions at each station (Table 7). Only the top two-inch sections vo<a aaalwreq,
radiochemically because of the cost per sample (Table 8). Al SaMY e wei e
analyzed as composites without separation into sand, silt, and clay.

The same gamma-emitting radionuclides that were prevalent in the
Cattaraugus-Buttermilk Creek samples were found in Lake Erie sediment. There
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FIGURE 36. Phase 2 Plutonium-239,240 Concentrations
in Water

Cs-137, Sr-90, Pu-238, and Pu-239,240 were found in the core samples; however,
all the radionuclide concentrations were below the background levels found in
bed and suspended sediment of Cattaraugus and Buttermiik Creeks.

FLOOD PLAIN SAMPLES

A series of nine surface sediment samples were collected during the
supplementary data collection trip during May 1980. A set of seven samples
was obtained from the flood plain and channel bar areas of Buttermilk Creek
and two samples from the confluence area of Buttermilk and Cattaraugus Creeks
(Figures 40 and 41). The samples were collected from the top two inches of
the nine sampling stations. The radiological analysis results are shown in
Tables B.1 and B.2 in Appendix B.
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TABLE 8. Concentration of Radionuclides in Lake Erie Bed Sediment at
the Mouth of Cattaraugus Creek. Results of radiochemical
analysis of alpha and beta emitting radionuclides. Values
In parentheses are one standard deviation of the propagated
counting error, T

STATION: Lake Erie

Radionuc lide Concentration (pC

Sampling Sampling wt.,
Point Analysis (qg) Sr-90 Pu-238

1 25.0 0.220(0.130) 0.0018(0.0005)
64.1 0.573(0.047) 0.003(0.0013)
3 50.0 <0.00027 0.0004(0.0001)
4 67.5 (a) <0.00004

Sampling
Point Pu-239, 240 Am-241 Cm-244

1 0.0067(0.0016) 0.019(0.005) 0.039(0.008)

2 0.0047(0.0018) 0.011(0.003) 0.0062(0.0017)
3 0.005(0.0005) <0.0019 0.017(0.004)

4 0.0033(0.0016) <0.0014 <0.0001

(a) Sample lost during analysis
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TABLE 9. Results of Gamma Ray Spectrometry Analysis of Phase 3, Lake Erie Core Samples

Camp le
We ight
Analysis (9) k40 Co60 Cs-1M _ Cs-1¥) Bi-214 R3-226 Ra-228 W28 w23 U238 Am24)
Statton |
Top 2 Inches M1 8.91{0.377) <0.052 <«0.068 0.127(0.018) 0.496(0.036) 0.482(0.035) 0.785(0.090) 1.16(0.061 0.241 «0.763 <0.174
ind 2 inches 3.0 8.40(0.259) 0.0 <(0.047 0.147(0.014) 0.607(0.025) 0.590(0.025) 0.900(0.070) 1.28(0.04 <D.16% 11,538 0.1}
Ird 7 inches RO.¢ 9.35(0.268) 0.0 <0 M1  06.200(0.012) <0.074 «0.072 0.467(0.057) 0.700{0.057) <D 145 0,446 <0.108
Statton 27
Top 72 inches 8s 7.58(1.11) <0.188 <0.'34 <0.173 «0.381 «0.370 <«0.929% 1.11(0.156) <0 7)8 <«2.09 0.824(0.119)
2nd 2 inches 8.5 10.99(0.976) <0.162 <0D.197 <0.149 <0. 306 «0.297 <«0.784 0.368(0.126) «0.639 <1.04 0.913(0.108)
Jrd 72 inches 8.5 8.74(1.56) <D 306 <0.320 <0.290 <0.519 <«0.504 «1.38 0.6 d.12 <307 <0543
Station 1
Top 72 inches 8. 8.84(1.79) <0.189 <0.394 <0.349 «0.628 <0.609 «1.58 <0.780 «0.138 <3.64  0.526
2nd 2 inches 8.5 16.76 (0.754) <0.120 <0.138 0.437(0.038) «0.217 «0.211 «0.519 2.14(0.098) <0.445 1.2¢ 1.09(0.076)
Ird 2 inches 8.5 12.8111.61)  <D.276 <0.3209 0.529(0.100) <0.553 «0.5%7 «1.25% 0.150(0.150) <18 <3.00 0.974({0.168)
Station &
Top 2 inches an.s 9.12(0.238) <0.032 <0.039 0.156(0.011) 0.267(0.023) 0.259(0.022) 0.346(0.048) 0.650(0.0:6) <u.139 <V.419 <0.097
2nd 2 inches B7.9 7.65(0.201) «0.027 «0.031 0.148(0.010) ©0.271({0.017) 0.263(0.016) 0.501(0.042) 0.5’!’0.&3) .11 «0.351 <0.081
Ird 7 inches £3.7 7.27(0.329) <0.0A7 <0.059 0.136(0.019) <0.105 0. 102 «0.266 0.682(0.038) 0. 199 0. 611 (0144
TABLE 10. Results of Analysis of Phase 3 Lake Eri« Core Smples for Alpha/Beta Emitters
Sample Weight
Analysis (g) Sr-90 Pu-238 Pu-239,240 Am-241 Cm-244
Station 1
Top 2 inches 79.1 0.019 (C.013) <0.00004 0.003 (0.001) <0.0008 <0.0002
Znd 2 inches 73.0 <0.0015 «0.0004 0.0005 (0.0004) <0.0009 <0.0002
Ird 2 inches 80.43 0.021 (0.005) <0.00004 0.003 (0.001) 0.0016 (0.0013) 0.0006 (0.0005)
Station 2
Top 2 inches 8.5 0.118 (0.064) <0.0003 <0.002 <0.0075 <0.0017
2nd 2 inches 8.5 0.282 (0.100) <0.0003 «0.002 <0.0075 0.0053 (O.M;
Ird 7 inches 8.5 <«0.013 «0.0004 <0.002 0.0109 (0.0070) 0.0062 (0.0040
Station 3
Top 2 inches 8.5 0.174 (0.059) <0.0004 0.007 (0.005) 0.025 (0.020) <0.0017
2nd 2 inches 8.5 0.143 (0.044) 0.003 (0.002) 0.005 (0.002)  <0.0075 <0.0017
Ird 7 inches 8.5 0.067 (0.041) <0.0004 0.004 (0.003) <0.007% 0.0035 (0.0029)
Station 4
Top 2 inches 80.5 0.017 (0.008) <0.00004 0.0005 (0.0003)  0.0016 {0.0011) <0.0002
2nd 2 inches 87.5 0.015 (0.008) <0.00003 <0.0002 <0. <0.0002
ird 2 inches 83.75 0.023 (0.009) 0.0004 (0.0008) <0.0002 0.0048 (0.0020) 0.0035 (0.0020)
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CONCLUSIONS

In many cases the radiological results indicated comparatively high
activity levels at the background stations GVC, BC-1 and CC-1 relative to the
other locations. All the background stations are located from the surface
water drainage system of the NFS site but they are in close proximity of the
facilities. This may be a result of fallout from the stacks at the NFS site
that has accumulated on the surrounding watershed surface and is periodically
washed into the creek system by overland flow due to rainfall and snowmelt
runoff. By this process, higher background levels could be most anywhere
upstream of the site and would depend to an extent on wind speed and direc
tion. It seems probable that background activity levels near the NFS site
wre significantly higher than the more distant areas of the watershed.

The following conclusions are based on an evaluation of the radiological
analysis results where the background stations are all in close proximity to

the NFS site and could possiby be biased by fallout from the stacks:

The results of gamma-ray measurement
indicate that the NFS site is
Cesium-137.

for the bed sediment samples
a possible source of Cesium-134 and

The results of the radiochemical analyses on the bed sediment
;amp les indicates that the NFS site is a possible source of
ytrontium-90, Plutonium-238, and Plutonium-239,240.

The same dominant radionuclides found in the bed sediment of Butter-

milk and Cattarauqu: reeks are found to be dominant in Lake Erie
ediments.

The same dominant radionuclides found in the bed sediment samples

are also found associated with the suspended sediment. Those
radionuc lides analyzed by gamma-ray measurement showed generally
lower levels for the suspended sediment as compared to the bed

ediment. During Phase 2, iLhe oppos

»

ite was qgenerally true for the
1lpha and beta-emitting radionuclides analyzed radiochemically where
with suspended sediment are slightly higher than
liment.,

led and bed sediment samples the clay

|

fractions had
ivity levels overall followed by silt

ind then sand.
l1des were found more consistently in d sediment
Radionuc lides were found much less frequently

in the water
in etther the bed sediment o suspended sediment

samp ies.

j1ts of the gamma-ray measurement
AleY samp 1 ¢ 1Nat« .i‘Y. tat the Nf .
\ Str nium
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APPENDIX A

SAMPLING STATION CROSS-SECTION AND

SAMPLING POINTS FOR PHASES 1 , and 3
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SAMPLING STATION BC-3
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SAMPLING STATION BC-4
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FIGURE A.11. Phase 2 Cross-Section of BC-4
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FIGURE A.13. Phase 1 Cross-Section at CC-1
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FIGURE A.14. Phase 2 Cross-Section at CC-1

A.11




DISTANCE BELOW DATUM (ft)
Rl 0 -~ (= W = N

-
=]

L. B.

SAMPLING STATION CC-1
AT
BIGELOW BRIDGE
CATTARAUGUS CREEK NEAR SPRINGVILLE, NEW YORK

CROSS SECTION AT UPSTREAM SIDE OF BRIDGE
1 MAY 1979

BLVWS SAMPLING POINT ——
R.B.

BRIDGE
ol/, ABUTMENT

(VIEW 1S DOWNSTREAM)
W TR TR GRCE e T e K TS SR N Y M

40 60 80 100 120 140 160 180
DISTANCE (ft)

FIGURE A.15. Phase 3 Cross-Section at CC-1
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FIGURE A.18. Phase 3 Cross-Section at CC-3
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SAMPLING STATION CC-5
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FIGURE A.21. Phase 3 Cross-Section at CC-5
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SAMPLING STATION CC-9
Al
GOWANDA, NEW YORK

CROSS SECTION 150 ft DOWNSTREAM OF TAYLOR HOLLOW ROAD BRIDGE
I MAY 1979

BLVWS SAMPLING POINT

i
\ /”“”““\/
s |

80 100 120
DISTANCE ()

Phase 3 Cross




CC-11 MOUTH CATTARAUGUS CREEK

feet Delow datum

rvi

AT
-

paaad e aaly o s ad s a s i aa ly

100 125 175 200 225

DISTANCE (feet)

1

FIGURE A.26. Phase 1 Cross-Section at CC-11




BELOW DATUM (ft.

[ 4
.

D1 STANCE

BLVWS SAMPLING
POINTS

SAMPLING STATION CC- 11
MOUTH OF CATTARAUGUS CREEK
AT LAKE ERIE
24 SEPT. 1978

(VIEW IS DOWNSTREAM)

1
180

DISTANCE (1t,)

f_llx!JRt »’A.“‘/_. Phase 2 Cross-Section at




"\ :\A’ .v.‘. -

£ R

i

SAMPLING STATION CC-11
Al
MOUTH OF CATTARAUGUS CREEK
LAKE ERIE

29 APRIL 1979

BLVWS SAMPLING POINI

N

\

No—o”’

(VIEW IS DOWNSTREAM)

- | ' |
100 ' 180

DISTANCE (ft)

Section




APPENDIX B

RESULTS OF RADIOLOGICAL

ANALYSIS OF FLOOD PLAIN SEDIMENT SAMPLES




IABLE B.1. Results of Gamma Ray Spectrometry Analysis of Flood Plain
and Channel Bar Deposits

STATION: 1

Radionuclide Concentration Flood Plain Sediment

pCi/gm

Sand Silt 1 Silt I1

Samp le Weight
Analysis (gms) 68.17 18.56 213

Sample Weight
Field (gms) 189.7 . 45.8 2.13

K-40 11.57 (0.49) v .6) .60 (0.74) 37.6 (4.3)
Co-60 <0.08 ol <0.83
5~134 <0.08 0.22 <.).14 <0.92
9.15 (0.07) 13.27 (0.15) 3.37 (0.14) 97.34 (0.94)
<0.51 <1.22 <0.80 <4.7
<0.05 <0.14 <0.09 <0.56

0.43 (0.04) <0.41 0.66 (0.03) <1.47

0.42 (0.04) 0.5 (0.13) .64 (0.08) <1.4

0.78 (0.11) 1.32 (0.29) .52 (0.17) <3.5
0.61 (0.03) 0.95 (0.12) N 3.22 (0.46)

<0.85 <3.3

<8.7

<1.4




TABLE B.1. (contd)

STATION: 2

Radionuc lide Concentration - Flood Plain Sediment
pCi/gm

Sand Silt Clay

Sarple Weight
Analysis (gms) 70.04 22 .06

Sample Weight
Field (gms) 96.7

K-40 12.76 (0.53)
<0.09 <0.09
<0.09 <0.10
(0.07) 2.90 (0.06)
<0.56
<0.06

0.55 (0.06)




TABLE B.1. (contd)

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Silt 1 Silt IL__ Cde

Sample Weight
Analysis (gms) 70 .61 " 19.9 0.11

Sample Weight
Field (gms)

7.77 (1.48) 8.17 (0.63)

2.87 (J.08)




TABLE B.1. (contd)

STATION: 4

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand | Sand I1 Sand 111 Silt

Sample Weight
Analysis (gms) 86.1 86.1 86.1

Sample Weight
Field (gms) 201.4 201.4 21.9

K-40 9.39 {0.4) 11.2 (0.48) .59 (0.97)
Co-60 0.08 (0.02) <0.09 <0.12
13.2 (0.2) <0.12

8.49 (0.08) 9.28 (0.08) .78 (0.07)
<0.53 <0.67
<0.06 <0.08

.46 (0.04) .74 (0.08)

).44 (0.04) .72 (0.08)

0.68 (0.10) .51 (C.20)

0.72 (0.04) .69 (0.05) .18 (0.06)
<0.35 <0.46

.17 (0.37)

0.41 (0.05)




(contd)

mncentration Flood Plain Sediment
pCi/gm

()‘!t_

Samp le Weight

i‘\!;q‘, yS1S ‘/f"”'_;‘

Samp le Weight

Field (gms)




TABLE B.1. (contd)

STATION: 6

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand 1| Sand 11 Silt

Sample Weight
Analysis (gms) 21.02 21.02 65.12

Sample Weight
Field (gms) . 41.3 86.2

K-40 .92 (0.50) 10.41 (1.4) 9.52 (0.58)
Co-60 0.0 <0.18 <0.09 <7.7
134 <0.08 <0.18 <0.0 <7.7
2.20 (0.04) 2.04 (0.07) . g 7.03 (1.9)
<1.04

<0.12




TABLE B.1. (contd)

STATION:

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Silt 1 Silt Il

Sample Weight
Analysis (gms) 71.63 65.58 1.08

Sample Weight
Field (gms) sl 33.9 133.9 0.7

11.16 (0.54) 8.38 (6.2) 28.4 (10.5)
<1.7

<1.9




TABLE B.1. (contd)

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Silt Clay

Sample Weight
Analysis (gms) 20.40

Sampie Weight
Field (gms) 121.1 28.2

K-40 3. 7.70 (0.55)
Co-60 5 L <0.09
<0.09 <0.11

9.94 (0.08) .04 (0.0F)
<0.58 <0.57
<0 .06 <0.06

.33 (0.05) 0.73 (0.06)

(0.05) C.71 (0.06)

21 (0.14)

0.89 (0.05) 1.23 (0.06)

<0.40
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TABLE B.2. Results of Radiochemical Analysis of Flood Plain and
Channel Bar Deposits for Alpha/Beta Emitter

STATION: 1

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Silt Clay

Sample Weight,
Analysis (gms) 68 . .13

Sample Weight,
Field (gms) S, 2.13

Sr-90 0.024 (0.007)
Pu-238 0.0024 (0.0002) <0.0004 0.042 (0.004),
Pu-239, 240 0.0062 (0.0004) <0.0016 0.046 (0.004)
Am-241] <0.0001 .35 (0. 0.174 (0.059)

Cm-24 0.043 (0.011) <0.0001 <0.0001




TABLE B.2. (contd)

yTATION: 2

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand

sample Weight,
Analysis (gms) 70.04

Samp le Weight,
Field (gms) 96.7 29, 0.2

12.29 (4.68)
0.0042 (0.0004) (0.0005) 0.016 (0.015)
0.0047 (0.0005) 8 (0.0006) <0.074
0.04 (0.014) 1.6 (0.76)

0.021 (0.011) <0.001




TABLE B.2. (contd)

STATION: 3

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand

Sample Weight,
Analysis (gms) 70.61 19.90

Sampie Weight,
Field (gms) 168.0 19.90

.034 (0.022)
(0.0005) 0.0026 (0.0005) 0.058 (0.033)
(2.0008) 0.0037 (0.0005) <O.

(0.008) <0.0002




STATION: 4

TACLE

(contd)

Radionuclide Concentration - Flood Plain Sediment

Sample Weight,
Analysis (gms)

Sample Weight,
Field (gms)

>r -90

Sand

pCi/gm

Silt

0.352 (0.023)
0.445 (0.025)

0.013 (0.002)

21.89

21.9

0.0056 (0.0007)

0.0078 (0.0008)

0.147 (0.097)

0.028 (0.008)
<0.056
1.75 (1.60)

<0.0008




STATION: 5

TABLE B.2.

(contd)

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sample Weight,
Analysis (gms)

Sample Weight,
Field (gms)

Sr-90
Pu-238
Pu-239, 240
Am-24]

Cm-244

Sand

Silt

20.0

55.1

0.0026 (0.0004)
0.0028 (0.0005)
0.018 (0.008)

<0.0001

69.47

130.3

0.0022 (0.0002)

0.0033 (0.0002)

0.012 (0.005)

1.6
2.92 (1.29)
0.0132 (0.004)
<0.013
<0.0028

<0.0002




TABLE B.2. (contd)

,yTA:l()Nf b

Radionuclide Concentration Flood

pCi/gm

lain Sediment

Sand Silt

Sample Weight,
Analysis (gms) 21.0?2 65.

>amp le Weight,
Field (gms)

(0.0006)

0.0006 )




IABLE B.2. (contd)

(,TATI‘)N ]

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

coarse sand-
fine aoravel Sand

Samplc Weight,
Analysis (gms) 1.08

Sample Weight,
Field (gms) 91.7

062 (0.u39)

0.0044 (0.0002) .0027 (0.0002)

.0053 (0.0003) 0.0034 (0.0003)
<0.0001 4.0 (0.28)

).16 (0.12) 0.16 (0.14)




(contd)

TABLE B.2.

STATION: 8

Radionuclide Concentration Flood Plain Sediment

pCi/gm

Sand

Silt Claz

Sample Weight,

Analysis (gms) 69.00

Samp Weight,

Field (gms) 2i:]

Sr-90
0.0054 (0.0007)
0.0065 (0.0007)
0.013 (0.002)

0.0015 (0.6007)

0.11

0.0013 (0.0003)
0.0011 (0.0002)
0.025 (0.004)

<0.00001




TABLE B.2. (contd)

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Silt

Sample Weight,
Analysis (gms) 70.42 20,32

Sample Weight,
Field (gms) 187.0 57.82

Sr-90 79 (1.34)

D

Pu-238 <0.0001 0.0002 0.031 (0.24)

Pu-239, 240 0.0005 (0.0002) 0.0012 (0.0004) 0.064 (0.30)
0.005 (0.003) 0.0002 <0.015

.0001 <0.001
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