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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States i

j Government. Neither the United States Government nor any agency theranf, or any of their
employees, makes any warranty, expressed or implied, or assumes any legal liability of re-
sponsibility for any third party's use, or the results of such use, of any information, apparatus,

,

product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights.
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i Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources:

; 1. The NRC Public Document Room,1717 H Street, N.W.
1 Washington, DC 20555

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Washington, DC 20555

3. The National Technical Information Service. Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,
it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NHC correspondence and ir.ternal NRC memoranda; N RC Of fice of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;

i Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
i licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales
Program: formal NRC staff and contractor reports, NRC sponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides. NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission issuances.

Documents available from the National Technical Information Service include NUREG series
reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission. 1

Documents available from public and special technical libraries include all oper. titerature items,
I such as books, journal and periodical articles, and transactions. federal Register notices. federal and

state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations,and non NRC conference
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nical Information and Document Control, U S. Nuclear Regulatory Commission. Washington, DC .
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purchased from the originating organitation or. if they are Americari National Standards, from the
American National Standards Institute.1430 Broadway. New York NY 10018
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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
transport 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 supplementary channel geometry data and
flood plain sediment samples. Radiological analysis of these samples included
gansna 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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SUPNARY

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.
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 tenninated in 1972
and waste disposal was discontinued in 1975. Other sources of radioactivity
include f allout 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 Sedinw!nt and Radionuclide Transport model,
SERATRA, for nontidal rivers. The sampling program is conposed of three phases
of data collection. Phase 1 data collection was conducted during November and
December 1977 (Ecker and Ontshi 1979), Phase 2 data collection during September
1978 (Walters, Ecker and Onishi 1982), and Phase 3 during Apell 1979 (Ecker,
WaltersandOnishi1982).

Suspended sedinw!nt, hed sediment and water samples were col'Iccted at
ten sampling stations covering approximately 45 miles of stream channel of
Cattaraugus and Buttennilk Creeks and a background station on Great Valley
Creek (Phase 2 only). A fourth samping trip was conducted during May 1980 to
obtain supplementary channcI geometry data and flood plain sedtim:nt sampics.
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 radionuclides had
significantly higher activity levels above background in the bed sediment,
suspended sediment, and water samples. Other radionuclides that are possibly

beint)ities are cesium-134, cobalt-60, plutonium-238 and 239 240 released into the surface water environment by the Nuclear Fuel Servicesfacil
, ,americium-241, curium-244 and tritium,
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INTRODUCTION

This study is part of a comprehensive program by the U.S. Nuclear Regu-
latory Comission to investigate the importance of fluvial sediment in the
transport of radionuclides in surf ace 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
transport model SERATRA developed by Pacific Northwest Laboratory (0nishi
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 surf ace water from entering the trenches.

In the early 1970's small increases of radioactivity were detected in the
streams 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 subsurf ace 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 imediately adjacent to the burial trenches. Although the results were
inconclusive, the study indicated the possibility of several sources of tritium
contamination: 1) downward migration resulting from f allout from the adjacent
nuclear 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 surf ace area and
a nearby stream. Shortly thereaf ter similar seepage was discovered at another
trench and based on these discoveries Nuclear Fuel Services, Inc. (NFS) closed
the burial site.

1
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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 by4

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
ganna-ray measurement and radiochemical analysis. The sediment samples were
separated 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 sunnarizes 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 will be presented under
separate reports.

:
|

|
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SITE DESCRIPTION

i

The Western New York Nuclear Service Center, shown in Figure 1, is located ;
i about 30 miles south of Buff alo, New York. The Center consists of a 3345-acre

site in. north central Cattarauq'aciated bedrock hills along the eastern, westernus County. The Center is situated along an ',

elongated rolling plain with g
and southern boundaries with the Buttermilk Valley along the northern boundary.4

All surface drainage of the Center discharges into Buttermilk Creek. At.the<

; northwest end of the property, Buttermilk Creek joins Cattaraugus Creek which
! flows in a westerly direction into Lake Erie, 39 miles away. Cattaraugus Creek

flows in a general westerly direction through the Zoar Valley, past Gowanda,,

New York and the Cattaraugus Indian Reservation, and discharges into Lake Erie
about 27 miles southwest of Buff alo, 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.
4

i The Franks Creek watershed (Figure 2), which includes Erdmans Brook,
collects the drainage from both the low- and high-level nuclear waste burial,

j sites. The creek joins Buttemilk 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
j 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
4 locations along the stream course.

2I Buttermilk Creek has a drainage area of 29.4 mi . For the period of
record from October 1961 to September 1%8, the average discharge of Butter-
milk Creek was 46.5 cf s. 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 Cattaraugus 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
1 of gravel, sand, silt, and clay on the narrow flood plain area. The flood

plain varies in width from 300 to 500 f t and is bounded. by high bluffs along
most of its length.

A reservoir upstream of the Buttemilk Creek inflow point collects run- '
,

off from a small watershed and periodically releases overflow into Buttermilk
5 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.

I 3 i
'

,
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C ttaraugus Creek has an estimated drainage area of 564 mi 2 at Lake Erie,A
432 miz at Gowanda and 218 mi 2 at the confluence 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 cf s on 7 March 1956, and 6 cf s,
respectively, on 21 August 1941.

Peak discharges generally occur on Cattaraugus Creek in October and
November, prior to the onset of winter snowf all and again in February and
March as a result of snowmelt. Low discharges generally occur during the
summer months of July through September when rainf all 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 Dan 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 requirenents of the village.

;

!
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SAMPLING PROGRAM

The data collection procedures for water and suspended sediment were modi-
fled 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 sampling 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 samples 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 to the high sus-
pended sediment load (50 to >500 mg/1) 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 Cattaraugus
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 gallons. 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 and 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

7
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300 gallons of water per hour at about 900 rpm. The sediment ret'ained in the
centrifuge was later partitioned into sand, silt, and clay fractions by further
centrif uging in the laboratory.

The dissolved phase used a set of three 0.3 p fiberglass filters to trap
any remaining particulate material not removed by the centrifuge. The filters
were placed directly in front of the sorption beds in the LVWS column. The
particulate free water then was passed through a series of three allurinum
oxide beds and three cation exchange beds to capture the colloidal and dis-
solved radiontclides. Water samples were taken at the discharge end of the
system for tritium analysis.

Bed Sediment Sampling

Samples of bed sediment were collected independently by using a scoop
for grab sampling at each sampling station. These samples were separated into
sand, silt, and clay in the laboratory before radiological analyses were per-
formed. Bed sediment samples were collected in Lake Erie just outshore from
the mouth of Cattaraugus Creek. The samples were collected in tubes which
were pushed by hand into the lake bed and capped immediately af ter withdrawal.

Water Quality Characteristics and Flow Velocity Measurements

The water quality charateristics measured during the sampling proram were
water temperature, pH and hardness. Water temperature is required to calculate
viscosity for the SERATRA code. The pH and hardness are used in evaluating
the adsorption and desorption coefficients.

The water velocity was measured for discharge computations at each sam-
pling station except the background station on Great Valley Creek and the bed
materal sampling stations at Erdmans Brook and Lake Erie. Velocity measure-
ments were taken at the 0.2 and 0.8 depths if the total depth was >2.5 ft.

Both the water quality and velocity measurements were made using stan-
dard methods and procedures. A more detailed discussion can be found in the
Phase 2 report (Walters, Ecker and Onishi 1982) and the Phase 3 report (Ecker,
Walters and Onishi 1982).

SAMPLING STATIONS

The use of the LVWS sampling methodology sacrificed mobility since the
equipment required mounting on the bed of a truck. This precluded sampling at
two of the Phase 1 stations because of inaccessibility. The stations omitted
were: 1) BC-2 on Buttermilk Creek located about 1200 ft downstream from the
confluence with Franks Creek, and 2) BC-3 at Bond Road Bridge on Buttennilk
Creek. However, four bed core samples were collected from Lake Erie near the
mouth of Cattaraugus Creek and one additional bed sample from Erdnans Brook

10
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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 f ound 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 f acilities 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
I

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 Franks Creek and Butter-
milk Creek.

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

The NFS f acilities are located within the Franks Creek watershed and the
creek is the main uncontrolled outflow point from the f acilities area. There
is another outflow point just upstream at a siphon spillway of a small reser-
voir within the f acilities 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 surf ace water
outflow point for the NFS f acilities 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
f or Buttermilk Creek. The stream cross-section is located about 40 ft

11
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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 f rom Cattaraugus Creek. The cross-section is plotted in Figures A.8
| and A.9.
4

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

The station at BC-4 is an intermediate sampling station between the Franks
i Creek outflow and Cattaraugus Creek. The cross-section (Figures A.10, A.11 and

1.

A.12) is located about 100 ft downstream from the Thomas Corners Road bridge
and 0.2 miles upstream from Cattaraugus Creek.

Cattaraugus 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

i cross-sectional sampling point was positioned next to the right bank bridge
! abutment as shown in Figures A.13, A.14 and A.15.
?

Cattaraugus 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
; confluence.

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. Sampics were taken at various horizontal and vertical;

| distances over the cross-section as shown in Figures A.19, A.20 and A.21.
t

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

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

section is shown in Figure A.22.

!

!
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Cattaraugus Creek-Station 9 (CC-9) - Phase 1, 2 and 3

This station is located at Gowanda, New York, about 21 miles downstream
from Springville Dam. The stream cross-section, shown in Figures A.23, A.24
and A.25 is located about 150 ft downstream of Taylor Hollow Road Bridge. The
station is about 19 miles upstream f rom Lake Erie and is an intennediate point
between Springville Dam and Lake Erie.

Cattaraugus Creek-Station 11 (CC-11) - Phase 1, 2, and 3

This station is located underneath the New York Central Railroad Bridge
about 4000 f t upstream f rom the mouth of Cattaraugus Creek at Lake Erie. The
stream cross-section is shown in Figures A.26, A.27 and A.28.

Lake Erie Stations 1,2, 3, and 4 - Phase 2 and 3

Core samples of bed sediment were taken at f our sampling stations off-
shore from the mouth of Cattaraugus Creek. All four stations are located along
a line paralleling the shoreline about 0.75 mile offshore. The stations are
spaced at about 0.5 mile intervals along the line and are numbered one through
four from west to cast. Station 3 is located directly offshore from the mouth
of Cattaraugus Creek.

13



HYOROLOGY

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 f am, public, and private wells is replenished through natural
percol ation. 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 surf ace runoff collected in two lakes in the southern portion 'of
the center. These two lakes periodically release controlled water discharges
to Buttermilk Creek at two separate inflow points about one-half mile apart
and about two miles upstream from the Franks Creek confluence. The releases
from these lakes superimpose a small wave disturbance on the stage hydrograph
for time periods of from 2 to 3 hours. A major portion of the water collected
within the center will be returned to the drainage network and enter Lake Erie
by way of Cattaraugus Creek. The extreme flow events for Buttermilk Creek are
of short duration of hours or a few days. The high discharge events are much
higher than the mean daily flow which indicates that the high discharge events
are on the order of several hours in duration. The highest dic.harge recorded
for the period of record is 110.65m3/sec or 3896.5 cf s (D r* et al.1979).

The only one gaging station on Cattaraugus Creek is located at Gowanda,
New York. The watershed area upstream of the gage is 432 square miles. Annual
peak discharge records received from the USGS Water Resources Division, Albany,
New York, indicate that the maximum peak dishcarge of 34,600 cfs occurred on
March 7,1956 for the period of record from 1911 to 1975. The high discharges
normally occur during the spring season from snowmelt coupled with rainf all.

PHASE 1 FLOW CONDITIONS

During the Phase 1 sampling period from November 30 through December 5,
1977 the U.S. Geological survey gage was inoperable and no readings are avail-
able. Using precipitation records, topographic maps, and synthetic unit hydro-
graphs determined by Snyders Method (Viessman et al.1977) the hydrograph for
the sampling period was developed (Figure 5). Two significant events occurred
during the six-day sampling period. The first event was approximately 3065 cfs
during the first and second day of sampling. The second event of approximately
2970 cfs occurred during the fourth and fifth days of sampling. The lower
flows were on the order of 700 to 800 cfs.

PHASE 2 FLOW CONDITIONS

Daily average discharges for the period from September 15 through
September 28, 1978 were obtained frm the U.S. Geological Survey office at
Ithaca, New York. The discharge hydrograph for the time period is plotted in
Figure S. The hydrograph shows that the sampling took place during the reces-
sion curve where the runoff from an earlier rainfall event was being withdrawn

15
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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 cf s on April 29, 1979 (Figure 5). Approximately two weeks

i prior to the Phase 3 sampling program, Cattaraugus Creek experienced very high
flows. The peak discharge during this period was 3,330 cf s 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 regulated 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 f ast rising hydrographs in Buttermilk Creek
during periods of relatively low flow.

i
;
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SEDIENT 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 f actor that determines the transportability of a class of sediment.
The sizes range 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
have sufficiently high settling velocities and tend to concentrate near the
streambed during transport. These particles become part of the streambed
curing 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 rainf all-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 I 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.

19
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TABLE _1. Percentage of Sand, Silt and Clay in
Phase 1 Bed Sediment

Station Sand % Silt % Clay %

BC-1 98.55 1.25 0.20

FC-1 28.04 68 .51 3.45'

.

BC-2/1 98.86 1.13 0.01
BC-2/2 99.308 0 . 68 9 0 .00 3

BC-3/1 99.46 0.53 0.01
BC-3/2 98.17 1.83 0.0

BC-4/1 98.53 1.47 0.0
BC-4/2 99 .0 8 0 .89 0.03

CC-1 99.24 0.759 0.002

CC-3/1 99.47 0.527 0.0028
CC-3/2 98.66 1.33 0.0043
CC-3/3 99.82 0.18 0 .00 34

CC-5/1 89.19 10.53 0.28
CC-5/2 81.09 18 . 68 0.23

CC-9 98.89 1.10 0.01

CC-11 87.47 11.34 1.18

?O
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TABLE 2.~ Percenta9e of Sand, Silt and Clay in
Phase 2 8ed Sediment

Station Sand % -Silt % Clay % '
'

BC-1 95.20 4.53 0.27'
- EB 41.90 50.26 7.87
FC-1 67.39 29.65 2.%
BC-4 84.35 14.87 0 .78

CC-1 91.53 .8.23 0.24
CC-3/1 65.13 34.17 0.70
CC-3/2 95.46 4.44 0.10

<

CC-3/3 82.92 15.58 1.50

CC-5/1 0.88 89.20 9.91<

CC-5/2 0.89 89.17 9.94

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. Percentage of * Sand, Silt and Clay in
Phase 3 Bed Sediment

Station Date ' Sand % Silt % Clay %

BC-1 4-26-79 95.83 4.01 0.16

EB *1

FC/EB *1

FC-1 4-29-79 77.20 21 .14 1.66

BC-4 4-26-19 95.95 3.84 0.21

CC-1 4-29-79 51.37 45.89 2.74

CC-3 4-27-79 98.99 0.98 0.03

CC-5 4-28-79 99.12 0.86 0.02

CC-6 4-26-79 98.58 1.38 0.04

CC-9 4-29-79 94.37 5.51 0.12

CC-11 4-29-79 60.09 39.30 0.61

LE-1 *2 4-25 -79 3.78 94.40 1.82
LE-2 4-25-79 9.05 89.46 1.49
LE-3 4-25-79 *3 *3 *3'

LE-4 4-25-79 83.09 16.67 0.24

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

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

Station Sand Silt Clay Total
BC-1 2.2 96.8 9.7 108.70

i FC-1 0.9 132.6 16.4 149.90

BC-2/1 20.1 85.1 3.75 108.954

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 2.7 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 1.3 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 53 .75

1 CC-5/1 0.2 3.8 2.4 26.40
CC-5/2

0.2d 0.2 29.3 2.7 32.20
i

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 27.15
0.8d 0.0 23.0 1.2 24.2

;

i

,

i
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TABLE 5. Concentration of Suspended Sediment in mg/l for Phase 2

Station Sand Silt Clay Total

GVC-1 0.170 4 .582 2.562 7.314

BC-1 0.575 10.870 2.283 13.728

FC-1 0.133 8.744 3.43 12.309

BC-4 0.544 59.562 17.680 77.786

CC-1 0 .54 13.997 3.433 17.974

CC-3/1 (top) 0.087 6.924 1.803 8.814

CC-3/1 (bottom) 0.173 10.148 4.466 14.787

CC-3/2 0.342 19.309 5. 54 5 25.196

CC-3/3 0.204 15.270 2.104 17.578

CC-5/1 0.021 34.445 4.142 38.608

CC-5/2 (top) 0.024 15.990 3.041 19.055 .

CC-5/2 (mid) 0.030 20.708 4.043 24.781

CC-5/2 (bottom) 0.002 44.401 4.827 49.230

CC-5/3 0.026 20.708 2.119 22.853

CC-9 0 .691 24.308 8.277 33.275

CC-11 (top) 0.073 12.869 3.041 15.983

CC-11 (bottom) 0.095 20.456 3.213 23.764
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TABLE 6. Concentration of Suspended Sediment in mg/l for Phase 3

. Station Date Sand Silt Cl ay - Total
BC-1 4-26-79 0.05 2.62 0.32 2.99

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 4 8. 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 5.55 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-i

1 238, and plutonium-239,240 are discussed in this section. These radionuclides
were identified 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 f acilities are BC-1, CC-1, and GVC (Figures 1
and 2). The station at BC-1 is located about one mile upstream of the f acili-
ties drainage outlet into Buttermilk Creek at FC-1. The station CC-1 is
located on Cattaraugus Creek about two miles upstream of the confluence 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/l (CC-3),
and 206 + 32 pC1/1 (CC-ll). The station BC-4, which is n arest the NFS site,

-

recorded the highest activity level.

Phase 2 (Fiqure 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 an3 CC-1.
The stations on Cattaraugus Creek downstream f rom the Buttermilk Creek outflow
all show levels slightly above background.

Phase 3 (Figure 7)

Background concentrations at CC-1 and BC-1 ranged from 145 pCl/l to
192 pC1/1. In Franks Creek, tritium concentrations ranged from 1038.71 +
50.97 pCi/l to 1788.31 + 70.15 pCi /1. Tritium concentrations in ButtermTlk-

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/1.
In Cattaraugus Creek the tritium concentrations ranged from background levels
to slightly elevated levels. The highest concentration of 234.53 + 37.07 pCill

-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-
t ion s. 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/g. -

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 (Figure 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 higher levels were found at the Franks Creek source sta-
tion. The maximum level 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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Phase 3

Bed Sediment (Figure 13)

The highest Sr-90 levels in bed sediment, with concentrations exceeding
1.0 pCi/gm were found in Erdmans Brook (EB), Franks Creek (FC-1 and FC/EB) and
at Thomas Corners Bridge on Buttermilk Creek (BC-4). The bed clay fraction at
FC-1 had a Sr-90 concentration of 7.44 + 0.45 pCi/gm. Background Sr-90 levels
in bad sediment were below 1.0 pCi/gm except in one sample from CC-1 where the

t
'

measured concentrationin the bed clay fraction was 9.70 + 6.21 pCi/gm. The
weight of this sample, however, was only 0.12 gm and is iirobably not represen-tative of the Sr-90 background levels.

Suspended Sediment (Figure 14)
i

in suspended sediment, Sr-90 levels exceeded 1.0 pCi/gm in Franks Creek
and Buttermilk Creek and at CC-6, CC-9 and CC-11 on Cattaraugus Creek. The

!
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FIGURE 12. Phase 2 Strontium-90 Concentrations in Water

highest background Sr-90 concentration in suspended sediment was found in the
sand fraction of BC-1 with a concentration of 1.47 + 0.688 pCi/gm collected on
April 28. ~

Dissolved (Figure 15)

Background Sr-90 levels in water varied from 0.144 pC1/1 at CC-1 to0.278 pCi/1 at BC-1. All water samples on Franks Creek and Buttermilk Creek
exceeded these background levels. The highest dissolved Sr-90 levels were
found in Franks Creek where all samples exceeded 10 pr.1/1 and the highest con-centration was 19.5 pCi/1. Strontium-90 levels in water of Cattaraugus Creek
varied between 2.0 and 5.0 pC1/1 except at CC-3 where the Sr-90 concentration
was less than 0.10 pCi/1.
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FIGURE 14 Phase 3 Strontium-90 Concentration in Suspended Sediment

CESIUM-134 (Cs-134)

Phase 1

Bed Sediment (Figure 16)

Cesium-134 activity was primarily found at the Franks and Buttermilk
Creeks sampling stations, it was below detection of the background stations
BC-1 and CC-1. The only Cattaraugus Creek stations recording any activity were
CC-5 at Springville Reservoir and CC-11 at the mouth of Cattaraugus Creek which
are both backwater areas where sediment deposits accumulate. The maximum
activity (2.17 + 0.64 pCi/gm) level was found with clay at CC-11.

_
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FIGURE 15. Phase 3 Strontium-90 Concentrations in Water

Suspended Sediment

Cesium-134 was detected only at the source station, FC-1. The maximum
activity of 0.24 + 0.19 pCi/gm was associated with sand. The levels for silt
and clay were 0.17 + 0.02 pCi/gm and 0.17 _+0.03 pCi/gm, respectively.

Dissolved (Figure 17)

The maximum concentration of Cs-134 in water was detected at the
Cattaraugus Creek background station CC-1 (0.084 + 0.07 pCi/1). The lowest
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activity level of 0.005 + 0,002 pCi/l was detected at the source station FC-1.
For tne stations analyzed the trend in activity levels is to increase in the
downstrcam dirertion.
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.. . Bed Sediment (Fiqure 18)

I' The highest. activity levels are associated with clay with no definite
'

trensi indicated between sand and silt as to which has the lowest activity.
t. Cesium-134 ^was found'predominantly at the stations in close proximity to the

NFS facilities, The, highest activity levels for sand and silt were found in
Erdmans/ Brook with a gradual decrease in the downstream direction to BC-4 near
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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
sampling stations and was below detection downstream of the dam. That the
radionuclide 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
,

I Cesium-134 was f ound 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-
ciated with the cla
0.31 pC1/gm (silt) y at CC-3.

The activity levels at GVC and FC-1 were 0.42 +
and 0.34 j; 0.13 pCi/gm (silt), respectively. ~

Dissolved

Cesium-134 was detected at only one station (CC-3) during the Phase 2
sanpling. The level at CC-3 was 0.13 f,0.04 pCi/1.

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 1.131,1

0.15 pCi/gm (clay) was f ound at FC-1.

Suspended Sediment
'

Cesium-134 was found only at station FC-1 and was predominantly associated
with clay. The maximum activity level of 0.458 j; 0.102 pCi/gm was detected on
the clay fraction.

Dissolved

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

|

|

|
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CESIUM-137 (Cs-137)

Phase 1

Bed Sediment (Figure 19)

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/g). In very few cases were the Cesium-137
levels in bed samples downstream of the NFS f acilities 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 samles had Cesium-137
levels greater than 100 pCi/g. TEese samples were located at BC-3, station 1

,

|

(bed clay: 125 + 3.1 pCi/g), BC-4, station 1 (bed sand: 125 + 7.4 pCi/g), ;

and CC-11 (bed cTay: 113 + 2.2 pct /g).
,

The Cesium-137 levels in the bed sample from Franks Creek (FC-1) was
surprisingly low. The bed sand and clay fractions were 1.0 + 0.11 pCi/g and
1.11 + 0.11 pCi/g, respectively. The bed silt fraction had a Cesium-137 value_

of 0.77 + 0.09 pCi/g.
_

Suspended Sediment (Figure 20)

At BC-1, the upstream background station on Buttermilk Creek, Cesium-137
levels associated with suspended sand, silt and clay were, respectively,
0.63 pCi/g, 0.11 pCi/g, and 0.36 pCi/g. At CC-1, the background station on
Cattaraugus Creek, Cesium-137 levels associated with the suspended sand and
suspended clay fractions were less than the counting error.

The highest Cesium-137 levels in suspended sediments were generally found
in Buttermilk Creek and the one Franks Creek sample, and were associated with
the suspended sand and clay fractions. At BC-2, station 2 and BC-3, station 2,
the Cesium-137 levels associated with suspended sand were 14.50 + 0.82 pCi/g
and 13.6 + 1.1 pCi/g, respectively. These two stations are the Tirst two
stations Townstream of Franks Creek which drains the NFS f acility. Cesium-137
associated with suspended sand at FC-1 (10.5 + 2.1 pCi/g) was slightly lower

,

than BC-2, station 2 and BC-3, station 2; however, the suspended silt and clay
fractions with Cesium-137 values of 5.17 + 0.26 Ci/g and 11.3 + 0.6 pCi/g,

_

respectively, at FC-1 were the highest levels associated with the suspended
silt and clay fractions found during the Phase 1 sampling program.

The Cesium-137 levels in suspended sediment of Cataraugus Creek were
generally lower than those in Buttermilk and Franks Creeks, and in many cases
the levels were comparable to the levels in suspended sediment of the two

43
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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-

tjgns of sanples taken in Springville Reservoir, except for CCS-2/.5d, had
WCs levels slightly greater than 5 pC1/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 station, FC-1.

Phase 2

Bed Sediment (Figure 22)

The results for Cesium-137 indicate that the NFS f acilities 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 pCi/g 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
surf ace drainage water from the NFS f acilities. The activity level for clay
and silt were 32.5 + 1.5 pCi/g and 11.7 + 0.6 pCilg, 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 pCilg, respectively. Although FC-1 is the
only station analyzed for the NFS f acilities drainage system, it does show
considerably higher levels as compared to the other stations and corresponds
to the trend of the bed sediment.

46
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FIGURE 21. Phase 1 Cesium-137 Concentrations in Water

Dissolved (Figure 24)

Only Cesium-137 indicated a significantly higher activity level at the
Franks Creek sampling station for gamma counting analysis. The activity levels
decrease in the downstream direction and Cesium-137 was not detected at all
three background stations (GVS, BC-1, and CC-1). The maximum activity level
was detected at FC-1 (0.55 pCi/1) with the next highest level of BC-4
(0.028 pCi/1) about two miles downstream.
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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 pC1/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 Tiad higher Cs-137 concentrations than
the silt and sand. The highest bed sediment background concentration was
22.74 + 3.26 pCi/gm, and was f ound 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 pCilgm.
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Suspended Sediment (Figure 26)

Cesium-137 concentrations in the suspended sediment of Cattaraugus,
Buttermilk and Franks Creeks were fairly uniform varying from about 1 pCi/gm
to about 25 pCi/gm (4-26-79). The highest 1cvels 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)

Cesium-137 concentrations in water were below detection limits at the
upstream control stations on Cattaranqus and Buttermilk Creeks. The highest
levels in water were found in Franks . reek (FC-1) where concentrations varied
from 0.11 + 0.0072 pC1/1 to 0.64 + 0.64 pCi/1. One water sanple in Springville
Reservoir iin April 26 had a relatTvely high Cs-137 concentration of 4.50 pCi/1.

PLUTONIUM-238 (Pu-238)

Phase 1

Bed Sediment

Very few bed sediment samples had detectable levels of Pu-238. The
highest Pu-238 value was f ound in the bed silt fraction of Bc-1 (0.0613 +
0.0161 pC1/g). The bed sand fraction of FC-1, bed clay fraction of BC-l~and
mixed bed sanple of BC-4 had similar Pu-238 levels.

Suspended Sedinent

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
f ound associated with the suspended silt f raction of BC3-1 (0.236 + 0.16 pC1/g).
At FC-1 the suspended silt and clay fractions had Pu-238 levels of 0.0074 +
0.0000 pCl/g and 0.0344 1 0.0028 pCi/g, respectively. Detectable levels oT
Pu-238 were also found in the suspended sand fraction of BC-2, station 1 and
the suspended silt f raction of BC-1.

Dissolved

Only two water samples were analyzed for Pu-238 (FC-1 and BC-4). The
level of Pu-238 at these stations were 0.0134 + 0.0026 pCi/l at FC-1 and
0.015410.003 pC1/1 at BC-4 (Thomas Corners Bridge).

Phase 2

Bed Sedinent (figure 28)

Plutonium-238 was detected at all stations. The highest values are asso-
clated with clay where the maximum activity level of 0.057 + 0.006 pCl/g was
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FIGURE 26. Phase 3 Cesium-137 Concentrations in Suspended Sediment

detected at EB. The activity levels for the Buttermilk-Franks Creek system
were significantly higher than the Cattaraugus Creek station. The activity
levels decrease in the downstream direction.

Suspended Sediment (Fiqure 29)

The trend for Pu-238 concentrations is one of a slight decrease in
activity level in the downstream direction. Plutonium-238 was below detection
at the background station GVC. The maximum value of 0.0096 + 0.0029 pCi/gm
was detected at the source station FC-1.
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Dissolved (Fiqure 30)

Plutonium-238 was detected at stations FC-1, BC-4, and CC-1 and was below
detection at the stations downstream of the Buttermilk Creek confluence. The
maximum value of 0.0017 + 0.058 was detected at the source station FC-1._

Phase 3

Bed Sediment (Figure 31)

The highest background level of Pu-238 was found at the background sta-
tion CC-1 on Cattaraugus Creek. The maximum level at this station was 0.034 +
0.020 pCi/gm for silt. The Pu-238 concentration of 0.71 + 0.105 pCi/gm for ~

the bed sediment sand sanple was the only activity level above background.
_
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Suspended Sediment

Suspended Sediment (Fiqure 32)

The highest background level of Pu-238 was found at the background sta-
tion CC-1. The maximum background value of 0.043 + 0.029 pCi/gm was detected

,

on sand at this station.

The station where activity levels of suspended sediment exceeded back-
ground were FC-1/1 (sand: 0.073 + 0.063 pCi/g) on April 26, CC-6 (sand:

-

0.316 + 0.137 pCi/g) on April 28, and CC-9 (clay: 0.085 + 0.047 pCi/g) on
April 79. _

Dissolved (Figure 33)

Pu-238 background concentrations detected in water varied from
0.00023 pCi/1 to 0.00032 pCi/1 at BC-1. The highest dissolved Pu-238 levels
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FIGURE 30. Phase 2 Plutonium-238 Concentrations
in Water

were found in Franks Creek (0.00183 pCi/1) and Buttemilk Creek at Thomas
Corners Bridge (0.00231 pCi/1). Dissolved Pu-238 levels at CC-6, CC-9 and
CC-11 in the lower reach of Cattaraugus Creek were above the levels at the
upstream background stations.

PLUT0NIUM-239,240

Phase 1

B_ed Sediment

The only bed sediment samples with detectable levels of Pu-238,240 were
found at FC-1, BC-4, BC-1 and CC-3. The highest Pu-239,240 value of 0.0239 +
0.0093 pCi/g was found in the bed silt fraction of BC-1, the upstream back- -
ground station on Buttermilk Creek.
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Suspended Sediment

Detectable levels of Pu-239,240 in suspended sediment were found only at
FC-1, BC-1 and near the surf ace of CC-3, station 1. The highest Pu-239,240
value of 0.0988 + 0.049 pCi/g was found in the suspended sand fraction of CC-3,
station 1. The suspended silt and clay fractions of FC-1 had Pu-239,240 levels
of 0.0013 + 0.0004 pCi/g and 0.0139 0.0017 pCi/g, respecti vely.

,
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Dissolved

Only two water samples were analyzed for Pu-239,240 (FC-1 and BC-4).
The levels of Pu-239,240 at FC-1 and BC-4 were 0.002 + 0.001 Ci/1 and 0.0038 +
0.0015 pCi/1, respectively.

I
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Phase 2

Bed Sediment (Figure 34)

The trends for Pu-239,240 are very similar to those for Pu-238. It was
detected at all stations and the highest values are associated with clay at
Station FC-1 (0.05 f; 0.006). The highest activity levels are found for
stations of the Buttermilk-Franks Creek system.

Suspended Sediment (Figure 35)

The higher activity levels of Pu-239,240 were consistently found in the
upstream stations FC-1 and BC-4 and the background station GVC. The maximum
value of 0.027 + 0.007 pCi/gm at FC-1 was associated with clay. Activity
levels were detected on silt only downstream of the Buttermilk Creek con-
fluence.

Dissolved (Figure 36)

The maximum value of Pu-239,240 detected in water samples was
0.00058 pCi/l at the background station CC-1. The activity level at the
source station, FC-1, was 0.0056 j; 0.00009 pCi/1.

Phase 3 :

Bed Sediment (Figure 37)

The overall trend near the NFS f acility for Pu-239,240 was one of the
higher activity levels at the source station, FC-1, and relatively high levels
at the nearby sampling stations. The maximum value of 0.785 + 0.113 pCi/gm
was associated with sand at station FC-1. Plutonium-239,240 was detected on
all three classes of sediment (sand, silt and clay) at the stations in the
immediate vicinity of the NFS f acilities (EB, FC/EB, and FC-1). At all sta-
tions on Cattaraugus Creek below the Buttermilk Creek confluence Pu-239,240
was found primarily with sand. The overall trend is a decrease in activity
level in the downstream direction.

Suspended Sedinent (Fiqure 38)

Although the detectable activity levels do not necessarily decrease in
the downstream direction, fewer samples are yielding detectable levels. The
higher value of activity levels are associated with the clay samples at FC-1,
CC-1 (background), and CC-9. The maximum value of 0.048 + 0.008 pCi/1 was

,

f ound at CC-1.

Dissolved (Figure 39)

Plutonium-239,240 was detected in f our out of five samples at FC-1. The
maximum activity level of 0.0008 pCill was detected at FC-1. Most of the
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samples at other stations were below detection. However, octectable levels
were f ound at both background stations BC-1 and CC-1.

LAKE ERIE

Phase 2

Lake Eric Bed Sediment

The Lake Eric sampics 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 von analvno
radiochemically because of the cost per sample (Table 8). All samp e3 nei e

analyzed as composites without separation into sand, silt, and clay.

The same gamma-emitting radionuclides that were prevalent in the
Cattaraugus-fluttermilk Creek sampics were found in Lake Erie sediment. There

62

i

I
|



Pu 239.240 A550CIATED WITH SUSPENDED SEDIMENT
0.1

. euntRwtK - cAnARAucus
: f, Rape < 5 C attK, catix

, ,

- , , , .

- ,I
I -.

| 5
k, '

|
0.01

.

. s ..

h ? I,""

,

o -

$ I[s

q 3 2 . . >s ..

g . R 9
0.001 --

;
,

, [

-

k t h 5|
N: i ;

s

3 E t. h i @ ds

: d

N h - b
, : d d d.

.
s .* '

b b $.b-

' l 1 44
'

s . g 3 3
:

'

N A 'b ''
' '

0.0001
-

.6
? ?e ?g~

59 m v v c:o
353 M M O O O2 O2

SAMPt. LNG STAil0N

FIGURE 35 Phase 2 Plutonium-239,240 Concentrations
in Suspended Sediment

was no trend indicated as to which section of the core samples had higher
activity levels. Ilowever, sanpling point four consistenty had lower overall
activity levels than the other three sampling points.

The results of sanples analyzed radiochemically indicated that Sr-90,
Pu-238, and Pu-239,240 were all detected in the Lake Erie sedirrent. Sampling
points 1 and 2 had the most consistent detectable levels of the five radio-
nuclides. Plutonium-239,240 was detected at all four sampling points.

Phase 3

Lake Eric Core Samples

Results of gamma ray spectrometry analysis and alpha / beta analysis of
Lake Erie core sanples are shown in Tables 9 and 10. Detectable levels of
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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 Buttermilk 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 Buttennilk Creek
and two sartples 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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IABLE 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.

STATION: Lake Erie

Radionuclide Concentration (pCi/g)

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

1 25.0 0.220(0.130) 0.0018(0.0005)
2 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 Gama Ray Spectrometry Analysis of Phase 3, Lake Erie Core Samples

Sa.ce
belght

anairsts (g) t 40 _co-60 cs-134 ts-137 8s-214 na-226 a.-228 it 228 H31 _u-238 am-241

Station I
Top 2 inches 79.1 8.91(0.377) <0.052 <0.068 0.127(0.018) 0.496(0.036) 0.482(0.035) 0.185(0.090) I.16(0.061) <0.241 <0.763 <0.174

2nd 2 inches 13.0 8.40(0.259) <0.037 <0.047 0.147(0.014) 0.607(0.0251 0.590(0.025) 0.900(0.070) 1.28(0.034) ' <0.169 <0.535 <0.123
3rd 2 inches 80.4 9.35(0.268) <0.036 <0.f141 0.200(0.012) <0.074 <0.072 0.467(0.057) 0.700(0.057) <0.145 <0.446 <0.105

Top 2 inches 8.5 7.58(1.11) <0.188 <0.234 <0.173 <0.381 <0.370 <0.929 1.11(0.156) <0.778 <2.09 0.824(0.119)Station 2

2nd 21pchas 8.5 10.99(0.976) <0.162 <0.L97 <0.149 <0.306 <0.297 <0. 784 0.368(0.126) <0.639 <l.74 0.913(0.106)

3rd 2 inches 8.5 8.74(l.561 <0.306 <0.320 <0.290 <0.519 <0.504 <l.35 <0.634 <l.12 <3.07 <0.54 3

Station 3
Top 2 inches 8.5 8.84(1.79) <0.389 <0.394 <0.349 <0.628 <0.609 el.58 <0.780 <0.138 <3.64 <0.526

2nd 2 inches 8.5 10.76 (0.754) <0.120 <0.138 0.437(0.038) <0.217 <0.211 <0.519 2.14(0.098) <0.445 <l.24 1.09(0.076)

3rd 2 taches 8.5 12.81(1.61) <0.776 <0.3209 0.529(0.100) <0.553 <0.537 <l.25 0.150(0.150) <l.OR < 3.02 0.974(0.168)

Station 4
lop 2 inches 80.5 8.12(0.238) <0.032 <0.039 0.156(0.011) 0.267(0.023) 0.259(0.022) 0.34e(0.048) 0.650(0.026) <0.139 <0.419 <0.097

2nd 2 faches 87.9 7.65(0.201) <0.027 <0.031 0.148(0.010) 0.271(0.017) 0.263(0.016) 0.501(0.042) 0.592(0.023) <0.112 <0.351 <0.081

3rd 2 inches 83.7 7.27(0.329) <0.047 <0.059 0.136(0.019) < 0.105 <0.102 <0.266 0.682(0.038) <0.199 <0.611 <0.144

TABLE 10. Results of Analysis of Phase 3 Lake Erie Core Sneles for. Alpha / Beta Emittersw
o

Sapple belght
Analysts (g) Sr-90 Pu-238 Pu-239.240 An-241 Co-244

Station 1
Top 2 inches 79.1 0.019 (0.013) <0.00004 0.003 (0.001) <0.0008 <0.0002

2nd 2 inches 13.0 <0.0015 <0.0004 0.0005(0.0004) <0.0009 <0.0002

3rd 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 faches 8.5 0.282 (0.100) <0.0003 <0.002 <0.0075 0.0053 (0.0028)

3rd 2 inches 8.5 <0.013 <0.0004 <0.002 0.0109 (0.0070) 0.0062 (0.0040)

Station 3
Teo 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

3rd 2 inches 8.5 0.067 (0.041) <0.0004 0.004 (0.003) <0.0075 0.0035 (0.0029)

Station 4
Top 2 inches 80.5 0.017 (0.000) <0.00004 0.0005(0.0003) 0.0016 (0.0011) <0.0002

2nd 2 inches 87.5 0.015 (0.000) <0.00003 <0.0002 ' <0.0007 <0.0002

3rd 2 inches 83.75 0.023 (0.009) 0.0004 (0.0004) <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 f allout from the stacks at the NFS site
that has accumulated on the surrounding watershed surf ace and is periodically
washed into the creek system by overland flow due to rainf all 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
are 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 f allout from the stacks:

l

1. The results of gamma-ray measurement for the bed sediment samples
indicate that the NFS site is a possible source of Cesium-134 and
Cesium-137,

2. The results of the radiochemical analyses on the bed sedinent
samples indicates that the NFS site is a possible source of
Strontium-90, Plutonium-238, and Plutonium-239,240.

3. The same dominant radionuclides found in the bed sediment of Butter-
milk and Cattaraugus Creeks are found to be dominant in Lake Erie
sediments.

4. The same dominant radionuclides found in the bed sediment samples
are also found associated with the suspended sediment. Those
radionuclides analyzed by gamma-ray measurement showed generally
lower levels for the suspended sedinent as compared to the bed
sediment. During Phase 2, the opposite was generally true for the
alpha and beta-emitting radionuclides analyzed radiochemically where
levels associated with suspended sediment are slightly higher than
those for bed sediment.

5. For both suspended and bed sediment samples the clay fractions had
the highest activity levels overall followed by silt and then sand.

6. Radionuclides were found more consistently in the bed sediment
samples. Radionuclides were found much less frequently in the water
than in either the bed sediment or suspended sediment samples.

7. The results of the gamma-ray measurement and radiochemical analysis
of the water samples indicate tat the NFS site is a possible source
of Cesium-137, Strontiuns90, Plutonium-238, and tritium.
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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 I Silt II Clay

Sample Weight
Analysis (gms) 68.17 18.56 18.56 2.13

Sample Weight
Field (gms) 189.7 45.8 45.8 2.13

K-40 11.57 (0.49) 11.0 (1.6) 11.60 (0.74) 37.6 (4.3)

Co-60 <0.08 <0.21 <0.13 <0.83

Cs-134 <0.08 c0.22 <0.14 <0.92

Cs-137 9.15 (0 .07) 13.27 (0.15) 13.37 (0.14) 97.34 (0.94)

Ce-144 <0.51 <1.22 <0.80 <4.7

Bi-207 <0.05 <0.14 <0.09 <0.56

B i-214 0.43 (0.04) <0.41 0.66 (0.0d) <1.47

Ra-226 0.42 (0.04) 0.55 (0.13) 0 .64 (0 .0 8) <1.4

Ra-228 0.78 (0.11) 1.32 (0.29) 1.52 (0.17) <3.5

Tn-228 0.61 (0.03) 0.95 (0.12) 1.53 (0.07) 3.22 (0.46)

U-235 <0.33 <0.85 <0.55 <3.3

U-238 0.25 (0.25) <1.9 <1.4 <8.7

Am-241 <0.27 0.50 (0.09) <0.2 4 <1.4

B.1
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TA8LE 8.1. (contd)

STATION: 2

Radionuclide Concentration - Flood Plain Sediment
pci/gm

Sand Silt Clay

Sample Wei
Analysis ( s) 70.04 22.06 0 .19

Sample Wefght
Field (gms) 96.7 29.5 0.2

K-40 12.76 (0.53) 8.54 (0.54) -

Co-60 <0.09 <0.09 <11.4

Cs-134 <0.09 <0.10 <11.3

Cs-137 7.40 (0.07) 2.90 (0.06) 30.2 (2.6)
Ce-144 <0.55 <0.56 <60.6

Bi-207 <0.06 <0.06 <6.9

Bi-214 <0.16 0.55(0.06) <18.49

Ra-226 0.33 (0.04) 0.54 (0.06) 2.98 (2.98)
Ra-228 <0.37 0.79 (0.14) <48.3

Th-228 0.97 (0.05) 1.05 (0.06) <15.6

U-235 <0.36 <0.39 <42.7

U-238 <1.07 0.37 (0.32) <92.6

Am-241 <0.29 <0.17 <15.9

B.2



TABLE B.I. (contd)
/

'

STATION: 3

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Silt I Silt II Clay

Sample Wei
Analysis (ghtgms) 70.61 19.9 19.9 0.11

,

Sample Weight -

Field (gms) 168.0 19.9 19.9 0.1

K-40 13.01 (0.54) 7.77 (1.48) 8.17 (0.63) -

Co-60 0.12 (0.03) <0.18 <0.10 <20.2

Cs-134 <0.09 <0.20 <0.11 <20.0

Cs-137 10.08 (0.08) 2.87 (0 .08) 2.76 (0.06) 43.74 (5.5) '

Ce-144 <0.58 <1.1 <0.63 <107.0
'

Bi-207 <0.06 <0 .12 <0.07 <12.0

Bi-214 0.31 (0.05) <0.35 <0.21 <32.68 '

Ra-226 0.30 (0.04) <0.34 <0.20 <31.7

Ra-228 0.55 (0.11) <0.78 <0.44 <86.3

Th-228 0.51 (0.04) 0.45 (0.09) 0.78 (0.06) <27.9

U-235 <0.38 <0.73 <0.44 75.8

U-238 <1.1 <1.7 <1.1 <164.9

Am-241 <0.30 0.47 (0.08) <0.18 <28.2

B.3
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TABLE B.1. (contd) ,

STATION: 4

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand I Sand II Sand III Silt Clay

Sample Weight
Analysis (gms) 86.1 86.1 86.1 21.89 0.25

'

Sample Weight
Field (gms) 201.4 201.4 201.4 21.9 0.2

| K-40 9.39 (0.4) 11.2 (0.48) 8.59 (0.97) 2.5 (2.5)

Co-60 0.08 (0.02) <0.09 <0.12 <4.1

Cs-134 13.2 (0.2) <0.12 <4.4

Cs-137 9.11 (0 .9) 8.49 (0.08) 9.28(0.08) 7.78 (0.07) 71.1 (2.1)

Ce-144 <0.53 <0.67 <22.9.

Bi-207 <0.06 <0.08 <2.8

Bi-214 0.46 (0.04) 0.74 (0.08) <6.98

Ra-226 0.44 (0.04) 0.72 (0.08) <6.8

Ra-228 0.68 (0.10) 1.51 (0.20) <16.8

Th-228 0 .72 (0 .04) 0.69 (0.05) 1.18 (0.06) 14.4 (2.6)

U-235 <0.35 <0.46 <15.9

U-238 <1.0 1.17 (0.37) <40.8

Am-241 <0.28 0.41 (0.05) <6.9
-

B.4
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TABLE B.1. (contd)

STATION: 5

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Silt Clay
__ _

Sample Weight
Analysis (gms) 20.0 69.47 1.06

Sample Weight
Field (gms) 55.1 130.3 1.6

K-40 8.07 (0.52) 11.70 (0.51) 30.1 (5.6)

Co-60 <0.08 <0.08 <0.83

Cs-134 <0.08 <0.09 <1.0

Cs-137 2.71 (0 .05) 3.77 (0 .05) 17.41 (0.04)

Ce-144 <0.49 <0.53 <5.2

Bi-207 <0.06 <0.05 <0 . 61

Bi-214 0.27 (0.05) 0.65 (0.05) <1.54

Ra-226 0.27 (0.05) 0.63 (0.04) <1.5

Ra-228 0.24 (0.13) 1.36 (0.13) <4.1

Th-228 0.75 (0 .06) 1.02 (0.04) 5.4 (0 .51)

U-235 <0.35 <0.35 <3.7

U-238 <0.89 <1.04 -

t

Am-241 <1.5 <0.28 <1.6

B.5
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TABLE B.1. (contd)
t

STATION: 6

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand I Sand II Silt Clay

Sample Weight
Analysis (gms) 21.02 21.02 65.12 0.34

,

%
Sample Weight
Field (gms) 41.3 41.3 86.2 0.3

K-40 8.92 (0.50) 10.41 (1.4) 9.52 (0.58) --

Co-60 <0.07 <0.18 <0.09 <7.7

Cs-134 <0.08 <0.18 <0.09 <7.7

Cs-137 2.20 (0.04) 2.04 (0.07) 1.41 (0.04) 7.03 (1.9)

Ce-144 <0.46 <1.04 <0.58 <42.2

Bi-207 <0.06 <0.12 <0.06 <4.8

Bi-214 <0.16 <0.33 0.62 (0.07) <12.66

Ra-226 <0.15 <0.32 <0.18 <12.3

Ra-228 0.32 (0.12) 0.49 (0.28) <0.43 <31.7

Th-228 0.72 (0.06) 0.54 (0.10) 1.09 (0.05) <10.9

U-235 <0.32 <0.72 <0.38 <29.6

U-238 <0.84 <1.6 <1.2 13.3 (13.3)

Am-241 <0.14 0.56 (0.03) <0.31 <11.2

B.6
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IABLE B.1. (contd)

STATION: 7

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Silt I Silt II Clay

Sample Weight
Analysis (gms) 71.63 65. 58 1.08 0.63

Sample Weight
Field (gms) 91.7 133.9 133.9 0.7

K-40 11.67 (0.49) 11.16 (0.54) 8.38 (6.2) 28.4 (10,5)

Co-60 <0.09 <0.09 <1.1 <1.7

Cs-134 <0.08 <0.09 <1.1 <1.9

Cs-137 5.79 (0.05) 3.42 (0 .54 ) 4.97 (0.59) 28.19 (0.88)

Ce-144 <0.49 <0.54 <6.0 <9.9

Bi-207 <0.05 <0.06 <0 . 68 <1.2

Bi-214 0.39 (0.04) <0.17 <1.84 <3.08

Ra-226 0.38 (0.04) 0.65 (0.05) < 1. 79 <3.0

Ra-228 0.69 (0.10) 0.84 (0.12) <4.80 <7.5

Th-228 0.71 (0.03) 1.35 (0.05) 2.99 (0.67) <3.3

U-235 <0.32 <0.36 <4.21 <7.1

U-238 <0.95 <1.1 <11.4 <18.5

Am-241 <0.26 <0.29 <1.8 <3.1

B.7
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TABLE B.1. (contd)

STATION: 8

Radionuclide Concentration - Flood Plain Sediment
pC1/gm

Sand Silt Clay ;,

Sample Wei ht
Analysis ( s) 69.00 20.40 0.11

Sample Weight
Field (gms) 121.1 28.2 0.2

K-40 13.08 (0.55) 7.70 (0.55) --

Co-60 <0.10 <0.09 <18.4

Cs-134 <0.09 <0.11 <17.8

Cs-137 9. 94 (0 .0 8) 4.04 (0.06) 39.6(4.7)

Ce-144 <0.58 <0.57 <96.7

Bi-207 <0.06 <0.06 <11.1

B1-214 0.33 (0.05) 0.73 (0.06) <29.77

Ra-226 0.32 (0.05) 0.71 (0.06) <28.9

Ra-228 0.72 (0.12) 1.21 (0.14) <73.2

Th-228 0.89 (0.05) 1.23 (0.06) <25.2

U-235 <0.38 <0.40 <66.7

U-238 <1.12 <1.04 <149.1

Am-241 <0.31 <0.17 <25.1

B.8
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TABLE B.1. (contd)

STATION: 9

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Silt I Silt II Clay

Sample Weight
Analysis (gms) 70.42 0.20 20.32

Sample Weight
Field (gms) 187.0 57.8 57.8 0.2

K-40 11.78 (0.43) - 8.01 (1.29)
Co-60 <0.06 <9.1 <0 .16

Cs-134 <0.06 <9.6 <0.17

Cs-137 0.05 (0.01) - 0.12 (0.04)
Ce-144 <0.38 <50.2 <0.95

Bi-207 <0.04 <5.7 <0.11

Bi-214 0.41 (0.04) <15.62 0.64 (0.10)
Ra-226 0.40 (0.03) <15.2 0.62 (0.10)
Ra-228 0.82 (0.09) <41.1 1.07 (0.25)
Th-228 0.77 (0,03) <13.0 0.65 (0.10)
U-235 <0.25 <35.2 <0.67

U-238 <0. 72 <79.1 1.00 (0.49)
Am-241 <0.19 <13.2 0.50 (0.07)
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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

Analysis (ght,gms) 68.17 18.56 2.13
Sample Wei

Sample Weight,
Field (gms) 189.7 45.8 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 0.35 (0.006) 0.174 (0.059)

Cm-244 0.043 (0.011) <0.0001 <0.0001
'

i
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TABLE B.2. (contd)

STATION: 2

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Silt Clay

Sample Weight,
Analysis (gms) 70.04 22.06 0.19

Sample Weight,
Field (gms) 96.7 29.5 0.2

Sr-90 12.29 (4.68)

Pu-238 0.0042 (0.0004) 0.0015 (0.0005) 0.016 (0.015)

Pu-239, 240 0.0047 (0.0005) 0.0028 (0.0006) <0.074

Am-241 0.04 (0.014) <0.0001 1.6 (0.76)

Cm-244 0.021 (0.011) <0.00001 <0.001

e

.
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TABLE B.2. (contd)

STATION: 3

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Silt Clay

Sample Wei ht,
Analysis ( ms) 70.61 19.90 0.11

Sample Weight,
Field (gms) 168.0 19.90 0.1

Sr-90 0.034 (0.022)

Pu-238 0.0055 (0.0005) 0.0026 (0.0005) 0.058 (0.033)

Pu-239, 240 0.0081 (0.0008) 0.0037 (0.0005) <0.13

Am-241 0.012 (0.008) <0 .0002 4.39 (1.13)

Cm-244 <0.0001 0.132 (0.055) 1.05 (0.45)

B.12
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- TA ELE B.2. (contd)

STATION: 4

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Sil_t Clay

Sample Weight,
Analysis (gms) 86.1 21.89 0.25

Sample Weight,
1 Fte1d (gms) 201.4 21.9 0.2

Sr -90

Pu-238 0.352 (0.023) 0.0056 (0.0007) 0.028 (0.008)

Pu-239, 240 0.445 (0.025) 0.0078 (0.0008) <0.056

Am-241 0.013 (0.002) 0.147 (0.097) 1.75 (1.60)

Cm-244 0.0015 (0.0007) <0.001 <0.0008
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TABLE B.2. (contd)

STATION: 5

Radionuclide Concentration - Flood Plain Sedirrent
pCi/gm

Sand Silt Clay

Sample Weight,
Analysis (gms) 20.0 69.47 1.06

Sample Weight,
Field (gms) 55.1 130.3 1.6

Sr-90 2.92 (1.29)

Pu-238 0.0026 (0.0004) 0.0022 (0.0002) 0.0132 (0.004)

Pu-239, 240 0.0028 (0.0005) 0.0033 (0.0002) <0.013

Am-241 0.018 (0.008) 0.012 (0.005) <0.0028

Cm-244 <0.0001 <0.0002
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IABLE B.2. (contd)

STATION: 6

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Si_ I t Clay

Sample Wei ht,
Analysis ( ms) 21.02 65.12 0.34

i Sample Weight,
Field (gms) 41.3 86.2 0.3

Sr-90 3.82 (1.75) -

Pu-238 0.0024 (0.0006) <0.0001 <0.008

Pu-239, 240 0.003(0.0006) <0.0003 <0.041

Am-241 0.033 (0.021) <0.0001 1.95 (1.07)

Cm-244 <0.00001 0.118 (0.111) 1.64 (0.69)

.

B.15

._



..

TABLE B.2. (contd)

STATION: 7

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

coarse sand-
fine oravel Sand Silt Clay

Samplc Wei ht,
Analysis ( s) 1.08 71.63 65. 58 0.34

Sample Weight,
Field (gms) 1.2 91.7 133.9 0.7

Sr-90 0.062 (0.039) 2.39 (1.25)

Pu-238 0.029(0.16) 0.0044 (0.0002) 0.0027 (0.0002) 0.024 (0.006)

Pu-239,
240 <0.013 0.0053 (0.0003) 0.0034 (0.0003) <0.022

Am-241 <0.003 <0.0001 4.0 (0.28) 1.12 (0.31)

Cm-244 <0.0002 0.16 (0.12) 0.16 (0.14) <0.0003
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TABLE B.2. (contd)

STATION: 8

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Silt Clay

Sample Wei ht,
Analysis ( s) 69.00 20.40 0.11

Sample Weight,
Field (gms) 121.1 28.2 0.2

Sr-90

Pu-238 0.0054 (0.0007)- 0.0013 (0.0003) <0.028

Pu-239, 240 0.0065(0.0007) 0.0011 (0.0002) <0.127

Am-241 0.013 (0.002) 0.025 (0.004) <0.027

Cm-244 0.0015 (0.0007) <0.00001 <0.027

s
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TABLE B.2. (contd)

l STATION: 9

Radionuclide Concentration - Flood Plain Sediment
pCi/gm

Sand Silt Clay

Sample Wei
Analysis (ght,gms) 70.42 20.32 0.2

Sample Weight,
Field (gms) 187.0 57.82 0.2

Sr-90 1.79 (1.34)

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)

Am-241 0.005 (0.003) <0.0002 <0.015

Cm-244 <0.0001 <0.001

.
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