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ABSTRACT 

This report describes FY-1979 analysis results on flow, sediment and 
radionuclide data collected in Cattaraugus, Buttermilk and Franks Creek, New 
York. The objective of the study is to investigate the radionuclide transport 
in these streams as a part of a continuing program to provide data required for 
application and verification of the Sediment and Radionuclide Transport Model 
(SERATRA). Radiological analyses were performed on sand, silt and clay size 
fractions of suspended and bed sediment, as well as for dissolved radio­
nuclides. These include gamma-ray emitters plus 90sr, 238Pu, 239-240Pu, 
241Am, 244cm and 3H. Among radionuclides analyzed to date, a principal radio­
nuclide found in the study area is 137cs. Distributions of 137cs associated 
with suspended and bed sediments have sharp peaks at the mouth of the Franks 
Creek, revealing the contribution of 137cs from the NFS site. Concentration 
of 137cs associated with a clay size fraction of suspended and bed sediments 

at the mouth of Franks Creek were 32.5 ~ 1.5 and 134.0 ~ 0.90 pCi/g, respec­
tively. Cesium-134 and cobalt-60 associated with the bed sediment also have 
higher peaks at the mouth of Franks Creek. However, dissolved and particulate 
concentrations of other radionuclides analyzed under this study were generally 
very low and there is no clear evidence to indicate that these radionculides 
detected in this study area originated from the Nuclear Fuel Service site. 
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SUMMARY 

This report describes FY-1979 results of the field sampling program per­
formed on the Cattaragus, Buttermilk and Franks Creeks near the West Valley 
burial site (the Western New York Nuclear Service Center operated by the 
Nuclear Fuel Service Inc.), New York. The objective of this study is to inves­
tigate the radionuclide transport in these streams as a part of a continuing 
program to provide data required for application and verification of the 

Pacific Northwest Laboratory 1 S (PNL) sediment and radionuclide transport model, 
SERATRA. 

The program is divided into three phases: Phase 1, medium-flow condition; 
Phase 2, low-flow condition; and Phase 3, high flow condition. Under each of 
these three conditions, flow, sediment and radionuclide data in Cattaraugus, 
Buttermilk and Franks Creeks were collected and analyzed. Franks Creek 
receives runoff from the waste site of the Nuclear Fuel Service (NFS) Inc. and 
is a tributary of Buttermilk Creek which flows into Cattaraugus Creek. Cat-
taraugus Creek discharges into Lake Erie. 
2 and 3 were performed during November 30 -
1978; and April 26-29, 1979, respectively. 

Field data collection for Phases 1, 
December 5, 1977; September 20-27, 

Radiological analyses were performed on sand, silt and clay size fractions 
of suspended and bed sediment samples, as well as on filters, aluminum oxide 
and resin beds from filtering water samples. Radiological analyses were per­
formed for primarily gamma-ray emitters; however, 90sr, 238Pu, 239-240Pu, 241Am, 
244cm and 3H were also analyzed for selected samples. 

Among the radionuclides analyzed under Phase 2, a dominant radionuclide 
found in the study area is 137cs. Distributions of 137cs associated with 
suspended and bed sediments have sharp peaks at the mouth of Franks Creek, 

revealing the contributions of 137cs from the NFS into the Franks-Buttermilk­

Cattaraugus Creek System. The maximum levels of 137cs associated with sus­
pended and bed sediments at the mouth of Franks Creek were 32.5 ~ 1.5 and 
134.0 ~ 0.90 pCi/g in a clay fraction of sediment. Gamma activity in water 

was very low for Phase 1 samples. Cesium-137 levels in water at the mouth 
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of Franks Creek vary from 0.194 ~ 0.02 to 0.12 ~ 0.10 pCi/t and were not high 
enough to clearly distinguish them from background levels. 

Cesium-134 and cobalt-60 remaining in the stream bed sediments also have 
their highest concentrations at the mouth of Franks Creek. However, levels of 

these two radionuclides adsorbed by suspended sediment and those in dissolved 
forms were near background or below detection levels. 

Analyses of 238Pu, 239-240Pu, 90sr, 241Am, 244cm and 3H were 

performed for Phase 1 samples. Dissolved and particulate concentrations of 
these radionuclides were generally very low and there is no clear evidence to 

indicate that these radionuclides detected in the study area originated from 
the NFS site. 

During the Phase 3 field data collection, stream flow was monitored at 

nine temporary gaging stations and suspended sediment samples collected at 
seven of the locations. The gaging stations were established to provide 
detailed water and suspended sediment monitoring for a reach of Cattaraugas 
Creek from Bigelow Bridge (41.3 miles above Lake Erie) to a point about 900 ft 

below Frye Bridge (32.7 miles above Lake Erie). Five of the gages were located 
on tributary streams of the Cattaraugas Creek system and four on Cattaraugas 

Creek. The streamflow records provide input data for the hydraulic modeling 
of the creek system. The hydraulic modeling results will be used as input to 
SERATRA along with the suspended sediment data for the simulation of the water, 

sediment, and radionuclide movement. 
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PHASE 1 SAMPLING PROGRAM 

RADIOLOGICAL ANALYSIS 

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

tions of suspended sediment, bed sediment and water samples. Priority was 
given to gamma ray spectrometry analysis during the Phase 1 sampling program 

because of initial funding limitations and the relatively low costs of gamma 

ray spectrometry. Additional funding allowed the analysis of other radionu­

clides requiring radiochemical separation procedures, such as 90sr, 238Pu, 
239 •240 Pu, 241 Am and 244cm. However, the high costs of radiochemical separa­

tion did not warrant the analysis of all samples for non-gamma radionuclides. 
Results of the Phase 1 study are reported in Ecker and Onishi (1979). 

United States Testing, Inc., a commercial laboratory located in Richland, 

Washington, performed the majority of the gamma ray spectrometry, 90sr, 238Pu 
and 239Pu analyses of the Phase 1 samples. The University of Washington, 

Laboratory of Radiation Ecology also performed some gamma ray spectrometry, 

plutonium and strontium analysis, in addition to performing 241 Am, 244cm, and 

tritium analyses. PNL 1 s Physical Sciences Department performed gamma ray 

spectrometry analysis of one sample (FC-1). 

Gamma ray spectrometry analysis was performed using Ge(Li) diode systems, 

except the one sample analyzed by PNL 1 S Physical Sciences Department which 

utilized a large-volume Nai(T1) multi-dimensional gamma ray spectrometer 

system in the coincidence and noncoincidence modes (Ecker and Onishi 1979). 

Gamma ray spectrometry analysis by U.S. Testing, Inc. utilized a Canberra 
Model 7229 and 7248, Germanium-Lithium drifted diode and a Pulse Height Analy­

ses (PHA) program for interpretation of the Ge(Li) spectra. The published 
detection limit of U.S. Testing's gamma ray spectrometry analysis is 0.07 pCi/g 

based on a 500 minute count and 40 g of sample. For a 200 minute count the 

detection limit is 0.1 pCi/g. The above detection limits do not apply to all 

samples analyzed, however, since the sample sizes were often less than 40 g. 

In many cases, the suspended sand fraction and bed clay fraction quantities 

were less than 1 g. In such cases, the detection limits increased dramatically 
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and can be seen in the results of the gamma ray spectrometry analyses where the 
standard error (represented as + two standard deviations) is much greater than 
the mean value reported. 

A description of methods and procedures used by U.S. Testing, Inc., in 
their gamma emitters, plutonium and strontium analyses of Phase 1 samples were 

described in detail in Ecker and Onishi (1979). 

A description of the analytical methods and procedures used by the 
University of Washington, Laboratory of Radiation Ecology in their gamma ray 
spectrometry, plutonium, strontium, americium and curium analyses of the 
Phase 1 samples were also described in Ecker and Onishi (1979). 

GAMMA RAY SPECTROMETRY 

Tables 1 and 2 are the results of gamma ray spectrometry analysis of 
radionuclides dissolved in water. Gamma ray spectrometry results of dissolved 
radionuclides are reported as the total activity of a particular radionuclide 
(Table 1) and as the activity associated with each of the three resin beds, 
aluminum oxide beds and 0.3 ~m fiberglass filters {Table 2). Water samples 
were passed first through the filters, then through the aluminum oxide bed, 
and finally through resin {cation exchange) beds. 

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

Buttermilk Creeks. 

Gamma Activity Associated With Water 

Tables 1 and 2 are the results of gamma ray spectrometry analysis of 
radionuclides dissolved in water. In Table 2, the results are reported as the 
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TABLE 1. Gamma Ray Spectrometry - Radionuclides 

Cs-137 Cs-134 

FC-l I 11 0.12 (O.IQ) N.A. 

12) 0.194 (0.02) 0.005 ( .002) 

BC-3 < ,040 0.040 (.033) 

BC-4 I 11 N.D. N.A. 

CC-1 0.122 (.104) 0.084 (.07) 

CC-3 < .028 0.049 (.032) 

CC-5 0.026 (.022) < .083 

CC-9 < .049 0.079 {.063) 

(1) Unwers1ty of 'Washington 
(2} PNL 

Remain1ng samples analyzed by U.S. Test1ng 

N.D. Not De tee ted 
N.A. P>lot 1\nalyzed 
( ) Two Standard De~iations 

Co 60 ZrNb-95 Eu-155 Ce-144 --
N.D. N.D. N.D. N.D. 

0.044 ( .004) N.A. N.A. N.A. 

<,0123 0.069 (.050) 050 N.D. 

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

<,074 0.092 (.065) 0 110 (.097) < .119 

<.018 0.116 (.106) 0.263 (.234) N.D. 

< .003 0.048 ( .037) 0.067 (.06) < .059 

<.017 ;'.141 ( .108) 0.172 {.063) <.146 

Dissolved in Water ( pCi /t) 

Ce-141 Ra-224 Ra-226 Ru-106 ______!S.:.iQ_ ---
N.A. N.A. N.D. N.D. N.D. 

N.A. N.A. N.A. 0.527 (,05) N.A, 

< .240 N.D. < .064 <. 210 6.97 (4.12) 

N.D. N.D. 0.42 (.15) N.D. N.D. 

<.009 N.D. <.075 <.095 4.53 (2.72) 

< .064 N.D. <.080 <.095 3.91 (.60) 

< .026 N.D. < .041 <.231 3.12 (2.0) 

'.021 N.D. 0.114 (.063) < .102 4.23 (2.67) 



TABLE 2. Gamma Ray Spectrometry- Radionuclides Dissolved in Water (pCi/t) 

Resin Beds Aluminum Oxide Beds ---· R-1 R-2 R.:·j-- Al-l Al-2 Al-3 F 1lters Total Activity 

BC-3 

Ru 106 <.210 <.150 < .00632 < .151 <.084 N.O. < .0127 less than 

Ra 226 <,0636 <.0195 <.00138 <.0415 <.0168 <.0268 <..,0582 less th.;m 

Cs 137 < .0403 < .0144 < -0004 <.0274 .... 0121 <..Q, 246 <..,00171 less than 

Cs 134 N.D. <.. .0208 <. 0020 <.0227 N.D. N.D. 0.040 ( .033) 0. 040 

K 40 2.86 {1.2) <.263 0.882 (.605) <.709 <..,814 1.33 (1.1) 1.90 (0.73) 6.97 

ZrNb 95 N .0. <.0397 N.D. N.D. N.O. <, 0285 0.0686 {'.050) 0.0686 

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

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

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

CC-1 

ZrNb 95 0.0758 (.06) <.0473 •'. 529 <.0512 .0475 •-.0714 0.0920 (.065) 0.1678 

Eu 155 <.00136 <.0225 N.D. , .. 0330 . 0671 <.0823 0.110 (.097) 0.110 

Ce 144 <.109 N.D. N. 0. <.199 N.D. N.D. N.D. less than 

""' Ra 226 < .00703 <.0747 <.0232 N.D. N. 0. <.00108 < •• 0348 less than 

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

Cs 134 ~ .0384 <:.0323 <.00379 < .0192 .0135 0.0839 ( .0703) <.0333 0.0839 

Co 60 <.0176 N.D. N.D. <.0119 N.D. <.0736 N.D. less than 

\ 40 1.16 (.81) N.D. 1.05 (.76) < 1. 34 1.06 '-.844 2.32 (.88) 3.48 

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

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

cc 3-3 

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

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

Cs 137 <.00506 < .0106 N.D. N.D. .00985 < .0273 less than 

Cs 134 0.0488 ( .032} < .00318 <.0101 < .0406 . 0479 < .00413 0.0488 

Co 60 <.0179 <.00756 <.01-29 N.D. .00558 <.0116 less than 

K 40 <.433 0.870 (.052) 0.668 ( .062) <.998 . 945 2.37 (.703) 3. 908 

Ce 141 N.D. < .0022 <.0140 N.O. .0637 <.0184 less than 

Ru 106 N.D. <.0950 N.D. --.0323 . 141 N.D . less than 

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



<Jl 

R-1 

CC-5 
ZrNb 95 .0283 
Eu 155 .0545 
Ce 141 < .0259 
Ra 226 < .0213 
Cs 137 < .0134 
Cs 134 < .0826 
K 40 < .384 
Ce 144 N.D . 
Co 60 N.D. 
Ru 106 N.D. 

CC-9 
ZrNb 95 0.0607 (0.53) 
Eu 155 < .0809 
Ce 144 < .146 

Ce 141 < .0206 
Cs 137 <.0203 
Cs 134 <.0316 
Co 60 <.0169 
K 40 0.881 (.722) 
Ru 106 N.D. 
Ra 226 N.D. 

N.D. Not detected 
( ) ~ two standard deviations 
R-1 through R-3 Resin Beds 

Resin Beds 
R-2 

N.D. 

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

< .0191 
< .0203 

0. 582 ( .44) 
< .0588 
< .0061 

N.D. 

0.0799 (.053) 
< .0720 
<.0650 

N.D. 
< .0039 
<.0259 

N.D. 
< .496 
< .0024 
< .0010 

Al-l through Al-3 Aluminum Oxide Beds 

TABLE 2. (Continued) 

Aluminum Oxide Beds 
R-3 Al-l Al-2 Al-3 Filters Total Activiti: 

0.0478 (.037) N.D. < .0404 "' .0658 <.0252 0.0478 

0. 0668 ( . 06 ) <.0555 N.D. < .0869 N.D. 0.0668 
< .Oll8 <.0088 N.D. < .0071 N.D. less than 
< .0318 < .0178 < .0408 < .0303 <.0266 less than 
< .0096 <.0037 < .0161 < .0072 0.0260 ( .022) 0.0260 
<.0019 < .0092 <.0033 <.0282 < .0136 less than 
< .175 <. 775 0.949 (.81) <.0033 1. 59 (.50) 3.12 

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

< .0009 N.D. N.D. < .0022 <.0026 less than 

N.D. <. 231 N.D. < .108 <.0555 less than 

N.D. < .0187 N.D. <.0949 < .0067 0.1406 

N.D. < .0254 <.0410 0.172 ( .065) N.D. 0.172 
< .0304 N.O. N.D. N.D. N.D. less than 

N.D. N.D. N.D. < .0006 < .0204 less than 

< .0146 " .0237 <.0013 < .0492 <.0143 less than 

< .0150 <.0103 <.0016 0.0791 ( .063) < .0213 0.0791 

<.0088 N.D. <.0024 <.0021 N.D. less than 

0.857 (.674) <. .612 < .0689 <. 243 2.49 (.722) 4.23 

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

<.0100 <.0101 <.0238 <.0322 0.114 (.063) 0.114 



LAKE ERIE 

0 5 

MILES 

SOUTH BRANCH 
CATIARAUGUS CREEK 

10 

SPRINGVILLE 

FIGURE 1. Franks-Buttermilk-Cattraugus Creek System with Sampling Locations 

6 



gamma activity associated with each of the resin beds, aluminum oxide beds, 
filters and total activity. The gamma activity in water was very low during 
the Phase 1 sampling program. Even 137cs levels in water were difficult to 
distinguish from the levels in the upstream control transect on Cattaraugus 
Creek. The counting errors as indicated by two standard deviations, in most 
cases, were very large compared with the reported likely value, even though 
some of the samples were counted for 2000 minutes. These large counting 
errors are not only a result of the low levels of activity, but also due to 
the size of the water sample taken. A different method for collection of 
large volume water samples, used during the Phase 2 sampling program, allowed 
larger water samples to be taken in the field and thus increased sensitivity. 

Results of gamma ray spectrometry analysis in Cattaraugus and Buttermilk 
Creeks indicate that during the Phase 1 sampling program in November and 
December 1977, the principal gamma emitting radionuclide with levels downstream 
of the NFS complex was 137cs. However, even for Cesium-137, its levels in 
water were very low and in only a few cases were they above detection. Results 
of Phase 1 sample analyses reveal that the levels of gamma emitters other than 
137cs, in a few cases, were greater in downstream samples than in background 
samples (e.g., 60co, 155Eu, 144ce, 106Ru and 95zr-Nb); but levels of 
these samples were too near the background levels, or the number of cases were 
too small in number to provide an accurate evaluation. 

PLUTONIUM AND STRONTIUM ANALYSIS 

Results of 238Pu, 239 ,240Pu, and 90sr analyses of suspended sediment and 
bed sediment for Phase 1 are summarized in Tables 3 and 4. Only two water sam­
ples, FC-1 and BC-4 were analyzed for Pu and Sr for reasons stated previously. 
The 238Pu and 239 ,240Pu in water of Franks Creek (FC-1) were 0.0134 ~ 
0.0026 pCi/i and 0.0020 ~ 0.0010 pCi/!, respectively. The levels in water of 
BC-4, Thomas Corners Bridge on Buttermilk Creek were 0.0154 ~ 0.003 pCi/i and 
0.0038 ~ 0.0015 pCi/i, respectively. 

Plutonium and Strontium in Suspended Sediment 

Very few suspended sediment samples had detectable levels of 238Pu, and 
all these were found in Franks Creek and Buttermilk Creek. The highest 238Pu 
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TABLE 3. Strontium and Plutonium Attached to Suspended Sediment 

FC-l(UW) 
Sand 
Silt 
Clay 

BC-1(UW) 
Sand 
Silt 
Clay 

BC2-l 
Sand 
Silt 
Clay 

BC3-1 
Sand 
Silt 
Clay 

BC4-1 
Sand 
Silt 
Clay 

CC3-1/ . 2d 
Silt 
Clay 

CC3-1/.5d 
Sand 
Silt 
Clay 

CC3-2 
Sand 

CC5-1 
Sand 
Silt 
Clay 

CC5-2/.5d 
Sand 
Silt 

CC9-1 
Sand 
Silt 
Clay 

Cll-1/ .8d 
Silt 
Clay 

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

238p0 

N.A. 
0.0074 (0.0007) 
0.0344 (.0028) 

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

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

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

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

<.024 
N.D. 

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

N.D . 

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

N.D. 
N.D. 

<.00235 
N.D. 
N.D . 

N.D . 
N.D. 

( ) ~one standard deviation 

8 

239-240p0 90sr 

N.A. N.D. 
0.0013 (.0004) <0.013 
0.0139 ( .0017) N.D. 

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

N.A. N.A. 

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

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

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

0.0988 (.049) 2.40 (.12) 
N.D. 0.819 (.61) 

N.D. 0.757 ( .36) 
<.00478 0.354 (.038) 
<.017 1.01 (.56) 

N.D. <.64 

N.D. 10.1 (4.5) 
N.D. 2.66 (.13) 
N.D. 0.770 (.28) 

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

<.0163 0.717 (.33) 
N.D. 2.17 (.11) 
N.D. 0. 931 (.45) 

<.0056 1. 55 ( .077) 
<.0398 0.788 (.56) 

(pCi/g) 



TABLE 4. Strontium and Plutonium Attached to Bed Sediment (pCi/g) 

238Pu 239,240Pu 90Sr 

FC-1{UW) 
Sand 0.0051 (. 0009) 0.0030 ( .0006) <0.042 
s i 1 t N.A. N.A. <0.022 
Clay 0.0028 (. 0009) 0.0003 (. 0010) <0.028 

BC-1 {UW) 
Sand 0.0020 (. 0004) 0.0006 ( .0002) <.013 
Silt 0.0613 (0.0161) 0.0239 (0.0093) <.03 
Clay 0.0051 (0.0023) <0 .0014 N.D. 

BC2-1 
Sand N.D. N.D. 0.0721 (0.045) 
Silt N.D. N.D. 0.315 (0.045) 
Clay N.D. < 0.680 < 0. 592 

BC3-1 
Sand N.D. < 0.0008 0.237 (0.045) 
Silt < 0. 0681 <0.0487 0.234 {0.045) 
Clay N.D. N.D. 3.38 

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

BC4-1 
Sand N.D. <0.284 <0.330 
Clay N.D. <0.210 0.243 (0.045) 

CC3 Mixed Bed {UW) 0.0039 (. 0011) 0.0025 ( .0010) 

CC3-1 
Sand N.D. N.D. <0.030 
Si 1 t N.D. N.D. 0.0480 (. 045) 
Clay N.D. <0.473 <4.50 

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

CC9-1 
Sand N.D. <.00687 0.0841 (0.045) 
Silt N.D. N.D. 0.0480 (0.045) 
Clay N.D. N .·D. < 0.287 

N.A. Not Analyzed 
N.D. Not Detected 
( ) ! one standard deviation 
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value was found associated with the suspended silt fraction of BC3-1 (0.236 + 

0.16 pCi/g). At FC-1 the suspended silt and clay fractions had 238Pu levels­

of 0.0074 + 0.0008 pCi/g and 0.0344 + 0.0028 pCi/g, respectively. Detectable 
levels of 238Pu were also found in the suspended sand fraction of BC-2, 
station 1 and the suspended silt fraction of BC-1. 

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

Detectable levels of 90sr in suspended sediment were found at most tran­
sects. The highest recorded value was found in the suspended sand fraction of 
CC-5, station 1 in Springville Reservoir with a 90sr value of 10.1 ~ 4.5 pCi/g. 

Figure 2 is a comparison of 90sr levels in the suspended sand, silt and 
clay fractions of Phase 1 samples. The highest 90sr levels in suspended 
sediment were found in Springville Reservoir (CC-5) on Cattaraugus Creek. 

Strontium-90 levels in the suspended sediment of Cattaraugus Creek were as high 
or higher than those in suspended sediment of Buttermilk and Franks Creeks. 

Plutonium and Strontium in Bed Sediment 

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

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

found at FC-1, BC-4 (mixed bed), BC-1 and CC-3 mixed bed. The highest 
239, 240Pu value of 0.0129 ~ 0.0093 pCi/g was found in the bed silt fraction 

of BC-1, the upstream control transect on Buttermilk Creek. Strontium-90 

levels in bed sediment varied from below detection to 0.315 ~ 0.045 pCi/g. 
The highest value was found at BC-2, station 1 in the bed silt fraction. 

10 
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FIGURE 2. Strontium-90 in Suspended Sediment 
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AMERICIUM AND CURIUM ANALYSIS 
Americium-241 and 244cm analysis of suspended sediment, bed sediment 

and water of FC-1 and BC-1 and mixed bed samples of BC-4, CC-3 and CC-11, were 
performed by the University of Washington. The results of these analyses are 
summarized in Table 5. The highest 241Am levels were found in the bed clay 
fraction of BC-1 with a value of 1.00 + 0.30 pCi/g. The suspended clay sample 
of BC-1 had a 241Am value of 0.94 + O.J1 pCi/g. Americium-241 levels in 
suspended sediment of FC-1 were le~s than the counting error. The 241Am 
value in water of FC-1 was 0.00163 + 0.00024 pCi/g. The mixed bed sample 
of CC-11, at the mouth of Cattaraug~s Creek, had an 241Am value of 0.28 + 

0.06 pCi/g. 

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

0.00002 pCi/t. 

TRITIUM ANALYSIS 

Three water samples, located at BC-4, CC-3 and CC-11 were analyzed for 
tritium. The tritium levels in these water samples were 461 + 35 pCi/t, 305 + 

36 pCi/t and 206 ~ 32 pCi/t, respectively. 
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TABLE 5. Americium-241 and Curium-244 Analysis Performed by the University 
of'Washington (pCi/g for particulates and pCi/t for dissolved 
radionuclides) 

FC-1 
Suspended Sand 
Suspended Silt 
Suspended Clay 

Bed Sand 
Bed Silt 
Bed Clay 
Water 

BC-1 
Suspended Sand 

Suspended Silt 
Suspended Clay 

Bed Sand 
Bed Silt 
Bed Clay 

BC-4 
Mixed Bed 
Water 

CC-3 
Mixed Bed 

CC-11 
Mixed Bed 

241Am 

NA 
<0.06 
<0.18 

0.40 ( 0. 07) 
0.23 (0.06) 
0.74 (0.13) 
0.00163 (0.00024) 

NA 

0.47 (0.13) 
0.91 (0.31) 
0.26 (0.04) 
0.28 (0.13) 
1.00 (0.30) 

0.20 (0.04) 
<0.00046 

<0.04 

0.28 (0.06) 

244cm 

NA 

0.05 (0.01) 
1.29 (0.08) 
0.28 (0.02) 
0.24 (0.02) 
0.30 (0.03) 
<0.00002 

NA 
0.50 (0.04) 
0.64 (0.05) 
0.29 (0.03) 
0.24 (0.03) 
0.59 (0.04) 

0.29 (0.03) 
0.00004 (0.00002) 

<0.01 

0.18 (0.02) 

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

RADIOLOGICAL ANALYSIS 
Similar to the Phase 1 Program, radiological analyses were performed on 

sand, silt and clay size fractions of suspended sediment and bed sediment; and 
for water. All radiological counting was performed by the University of 
Washington, Laboratory of Radiation Ecology. 

Particulate radionuclides described by three sediment size fractions 
(sand, silt and clay) of suspended and bed sediments counted by the University 
of Washington, are shown in Tables 6 and 7. Sampling locations are shown i n 
Figure 1. 

Based on the percentage of each sediment si ze fraction for both suspended 
and bed sediments, weighted-average particulate radionuclide concentrations 
were calculated and results are shown in Tables 8 and 9. Changes of suspended 
particulate radionuclide concentrations associated with sand, silt, clay and 
composite suspended sediment with respect to the river locations are shown in 
Figures 3 through 8. Vertical lines in these figures indicate the range of 
two standard deviations . Each cesium-137 distribution associated with clay, 
silt and composites sediments shown in Figure 3, has a sharp peak at the mouth 
of the Franks Creek, revealing the introduction of 137cs from NFS into the 
Buttermilk-Cattaraugus Creek system. This figure also indicates that 137cs 
associated with clay has consistantly a several times higher concentration than 
one associated with silt at the same location. This may be due to a higher 
exchange capacity of clay as compared to silt's capacity. Uranium-235 associ­
ated with the composite sediment also reveals a small peak at FC-1 as shown in 
Figure 4. Cesium-134, radium- 226, thorium-228 and thorium-232 do not show any 
discernible peaks releated to radionuclides released to Buttermilk-Cattaraugus 
Creek system from the Franks Creek, as shown in Figures 5 through 8. 

Similarly, particulate radionuclides associated with sand, silt, clay and 

composite sediment in the river bed are shown in Figures 9 through 15. Cesium-
137, shown in Figure 9, clearly indicates that concentrations in Erdmans Brook 
(which is a tributary of Franks Creek closest to the NFS disposal site) and 
Franks Creek are the highest for all the three sediment size fractions as 

14 
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c.n 

TABLE 6. Gamma Ray Spectrometry Analysis--Radionuclides Adsorbed by Suspended Sediment, 
Phase 2, counted by the University of Washington 

Sample 
Statoon Wt. tt7Cs '"Cs "'Co .. K 1"'Ra Ulfh "'Th IUU "'U 1•1Am "'Sb '"IIi """Rh 101Rh •neu "Zn \•Mn '"Ce 

g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pCo/g pCi/g pCi/g pCo/g pCi/g pCi/g pCi/ g pCi/g pCi/g pCi/ g pCi/g 

Background 
Silt 4.6 0.89 0.42 21.9 1.68 3.95 1.89 4.76 0.96 3.57 

( 0.39) ( 0.31) (12.3 ) ( ) ( 1.17) ( 0.55) ( 4.65) ( 0.76) ( 1.93) 
Clay 2.6 2.57 41.5 1.24 

( 0.73) ( 1.5 ) ( 0.76) 

FC-1 
Silt 8.7 11.7 0.34 219 080 1.31 098 

( 060) ( 0.13) ( s.o) ( 0.21) ( 0.73) ( 0.25) 
Clay 3.4 32.5 27.4 2.54 065 

( 1.5 ) (17 1 I ( 0.74) ( 0.57) 

BC-1 
Silt 10.9 0.13 14.7 0.93 1.42 1.32 0.11 0.53 

( 0.13) ( 4.1 ) ( 0.17) ( 0.56) ( 0.22) ( 0.11) ( 0.37) 
Clay 2.3 0.66 39.9 1.73 2.63 2.40 4.19 

( 0.31) ( 91 ) ( 038) ( 1.16) ( 0 47) ( 2.30) 

BC-4 
Silt 59.6 2.06 200 1.06 1.03 1.35 014 2.35 

( 0.14) ( 26) ( 0 10) ( 0.26) ( 0.13) ( 0.08) ( 0.96) 
Clay 17.7 N.A N.A. N.A. N.A N.A. N.A. N.A. N.A. N.A. N.A . N.A. N.A. N.A. N.A N.A. N.A . N.A. N.A. 

CC-1 
Silt 14.0 0.35 17.5 0.77 1.11 1.18 0.19 0.39 0.09 18.8 

( 0.19) ( 5.0 ) ( 0.19) ( 0.57) ( 0.24) ( 0.12) ( 0.29) ( 0.041 (13.3 ) 
Clay 3.4 1.10 32.4 1.16 1.54 

( 0.41) (10.9 I ( 0.47) ( 0.531 

CC 311 Top 
Silt 6.9 1.16 1.13 123 1.45 1 25 0.39 

( 0.30) ( 1.03) ( 0 30) ( 0.921 ( 0.39) ( 0.28) 
Clay 1.8 2.80 084 39.9 3.34 3.47 

( 0.98) ( 0.71) (32.7 ) ( 126) ( 1.38) 

CC 311 Bottom 
Silt 10.1 1.76 0.30 25.7 0.76 1.75 1.42 

( 0.38) ( 0.21) ( 7.2 ) ( 0.24) ( 0.84) ( 0.35) 
Clay 4.5 2.88 36.7 1.15 182 0.49 

( 0.50) (134 ) ( 0.50) ( 0.57) ( 0421 

cc 312 
Silt 19.3 1.n 24.5 1.11 180 026 1.95 0.162 0.359 

( 0.27) ( 5.3 ) ( 0.20) ( 0 27) ( 0.15) ( 1.79) (0.099) (0.323) 
Clay 5.5 4.29 33.8 1.03 2.62 1.86 0.171 

( 0.45) (10.6 ) ( 0.34) ( 1.02) ( 0.45) (0.105) 

cc 3/3 
Silt 15.3 1.72 20.3 0.77 0.92 0.98 0.13 

( 0.20) I 3.4 I ( 0.13) ( 0.341 ( 0. 16) ( 0.08) 
Clay 2.1 5.00 31 8 2.42 

( 0.95) (15.8 I ( 089) 

Others 
pCi/g 

1' 0Pb· 9.67 
( 8.04) 



...... 
0'1 

Sam pi~ 
Stallon WI. U7Cs "'Cs '"Co .. K 

g pCilg pCilg pCllg pCi/g 

CC S/1 
Soh 34 4 1.17 19.5 

( 0.13) (H) 

Clay 4,1 2.8-4 97 
( 0 21) ( 2 3 ) 

CC S/2Top 
Soh 160 1.01 193 

( 0.23) (U) 

Clay 3.0 2.09 37 5 
( 0.57) (11.3 ) 

cc 512 Mod·d~ptn 
Sill 

I 

20.7 1.15 21.1 
( 0.14) ( 30) 

Clay 4.0 2.15 32.9 
( 0.49) (H 2 l 

CC 512 Bonom 
5ih -4-44 1.11 19 0 

( 0. 15) ( 28) 

Cl<~y 48 2.07 -400 
( Q.-41) I 0901 

CC 513 
Silt 207 1.20 17.4 

( 0.23) ( l9) 

Clay 21 2.36 31.1 
( 0.69) (14.6 ) 

cc 9 
Silt 24 3 1.85 25 7 

( 0.22) (0) 

Cl<~y 83 2.74 27 0 
( 0.3-4) (56) 

CC 11 Top 
Sih 12.9 1.-41 19.0 

( 0.20) ( 36 l 
Clay 30 2.51 338 

( 0.59) (11 .9 l 

CC 11 Bonom 
Slit 20.5 1.82 19.2 

( 0.20) ( 3 1 ) 

Clay 3.2 2.n 21.1 
( 0.57) (16.8 ) 

N.A. ·Not analyzed 
Blanks indocat• a radoonuclod~ le•el was ~low det~ction. 

) parenth~~ r~pr~ent two standard deviations . 

"'Ra lllTh 
pCi/g pCi/g 

0.96 0.95 
( 0.09) ( 0.27) 

083 0.90 
( 0 10) ( 0.27) 

0.85 0.79 
( 0 .17) ( 0.53) 

100 
( 0.72) 

1.15 1.36 
( 0.12) ( 0.31) 

1.57 1.61 
( 0.-48) ( 1.47) 

092 1.13 
r 0.111 ( 0.32) 

1.1-4 1.96 
( 0.36) ( 1.01) 

1.00 1.0-4 
( 0.17) ( 0.52) 

0.87 1.43 
( 0.15) ( 0.49) 

111 1.37 
( 021) ( 0.59) 

1.10 1.20 
( 0 ,.., ( 0.-4-4) 

1-46 1.80 
( 0.72) ( 1.66) 

1.02 1.36 
( 0.13) ( 0. 36) 

2.77 
( 1.56) 

TABLE 6. (Continued ) 

"'Th '"U HIU l•lAm "'Sb .l078j ••'"'Rh 000Rh nseu "Zn t•Mn 0'"'(~ Others 
pCi/g pCo/g pCi/g pCi/g pCi/g pC./g pCi/g pCi/g pCi/g pC!Ig pCi/g pCi/g pCi/g 

1.38 015 1.15 0.1-4 
( 0 12) ( OOS) ( 0.58) ( 0.11 I 

091 01-4 199 
( 0 .12) ( 006) ( 0 75) 

1 33 017 
( 0.231 ( 0.11) 

2.38 
( 0.60) 

1.-46 0.22 172 
( 0. 15) ( 0.09) ( 1 09) 

182 1.39 0.91 
( 062) ( 088) ( 0.88) 

135 013 
( 01-41 ( 006• 

192 0)0 4 37 
( 0 42) ( 0 211 ( 2 23) 

1.15 015 
( 0.22) ( 009) 

2.-43 
( 0.84) 

l-48 021 212 007 0 .. 17 

( 0 21) ( 0121 ( 1 411 ( 0.05) ( 0 .. 15) 
1 61 0 25 

( 0281 ( 0141 

098 018 
( 0 .18) ( 009) 

2.01 049 
( 0.63) ( 0 35) I 

1 

1.-4-4 0.17 1.00 0.22 
( 0.17) ( 0.08) ( 0.72) ( 0.1 4) 

2.54 
( 0.80) 

1..-



1-' 
....... 

Slilloon 
fractoon 

FC-1 
Sand 

Soh 

Clay 

TABLE 7. Gamma Ray Spect rometry Analys i s --Radionuclides Adsor bed by Bed Sedi ment 
Phase 2, Counted by the Un i versity of Washington 

% 1PCs •ucs .. Co .. K '"'Ra "'Th '"Th ,.,,U HlllJ l•'Am 11'Sb IU~a. '
0""Rh IOIRh vcr '\'Eu "Zn '"Mn 

pCi/g pCi/g pCo/g pCotg pCo/g pCo/g pCo/g p(·o K p(otg pCo/g pCo/g pCo/g pCi/g pCo/g pCi/g pCo/g pCo/g p(.o/g 

7H 27.7 0. 47 0 44 141 0 51 0.47 0 59 008 0 91 
I 050) I 007) I 0081 I 2 0 l I 009! I 0.321 ( 0 111 I 0061 I 0 591 

232 28.6 0 52 0 45 15 5 0114 0.62 104 016 0 82 011 
I 0601 I 0081 ( 0081 ( 2 2 I I 0111 10.42) ( 0 13o c 0081 ( 0 71) ( 0 071 

2.3 134.0 2.81 Ul 39 2 1.74 U2 2.31 0 57 )57 1114 015 
( 0.901 ( l~) ( 0141 I 34 I ( 0181 I 0631 I 0.221 c 0141 I 1 521 I 0 591 ( 0 20) 

Erdm•ns Brook 
Coam• S•nd 325 72.1 1.24 0 59 14 5 0.78 056 0114 018 163 025 013 0 .11 004 

( 0.501 I 0 061 ( 005) ( l .J I ( 0081 ( 0 321 1 0101 I 0061 I 0721 I OW I 0 051 I 0061 1 OOJ1 
Med S.nd 218 43.7 0 85 064 1l6 0.71 1.01 082 016 1.33 0114 0 13 

l 0.40) I 0061 I 0061 I lSI I 0081 1 0.261 I 0.09) I 0061 l 0691 1 0.071 I 0051 
Fone S.nd 8.3 21.3 0 42 039 120 0.57 0.51 0.65 088 0.42 

( 0.50) ( 0.07) ( 008) I 2.1 I ( 0 10) ( 0.35) I 0.12) ( 0.85) ( 0.08) 
Sih 32.4 29.5 0.66 0.54 15 2 1 03 0.82 1.14 020 1 22 0.62 0 33 015 83.1 

( 0.40) ( 006) I 0061 I 18 I ( 008) ( 0.27) I 0 10) ( 0061 1 0 741 ( 0.07) I 0 11) ( 0061 152.5 I 
Cl•y 5.1 112.0 258 1 61 JS 7 1.30 181 2.07 020 1.94 2.25 009 

( 1.0 I ( 0141 l 0 15) I 30 I c 0 17) ( 0.61) I 0.20) ( 0 11) ( 091) c 0171 ( 005) 

BC·l 
S•nd 984 oos 11.7 061 0 73 067 010 086 019 

( 0.02) I 14 I c 0051 ( 0 14) I 007) c 0041 I 0491 1 008o 
Soh 1 s 010 004 119 091 088 097 1.10 148 

( 0.04) ( 0031 I 14 I c 0061 I 0141 ( 007) I 0041 I 047) 
Cl•y 0.09 593 4 .17 305 202 

134 9 I ( 3.611 1 1611 ( 1 OS! 

BC-4 
Sand 95.8 11.2 0.21 014 106 0.45 0.31 048 0.07 0 57 008 

I 0.20) I 0.031 I 0.031 ( 1 14) ( 005) ( 0.17) ( 0.06) I 0.031 I 0 321 ( 0.04) 
Soh 4.0 15.2 0.27 019 11) 0.77 0.90 0.93 011 063 0.25 007 005 

I 0.30) I 004) I 005) ( 1.30) ( 007) ( 0 21) I 008) c 0041 I 0 421 ( 0.07) ( 0061 ( 002) 
Clay 02 108.0 187 347 2.26 617 3 28 

( 2.8 I I 0481 (18.0 I ( 1 00) ( 2.54) I 108) 

CC-1 
S.nd 987 0.19 940 036 037 0 43 oos 

( 004) c 1 09) I 0041 I 0091 c 004i I 0021 
S.h u 098 007 115 0.92 0.96 097 015 1.98 005 018 

I 0091 ( 0061• I 20) ( 008• l 0191 ( 009• I 0061 1 0711 I 0041 10 12) 
Cl•y 004 14 8 0.90 17.7 195 310 068 

I 1.7 ) I 0 871 1169) I 1 001 ( 1001 I 061) 

CC-311 
S•nd 79 3 2.04 0.05 9 93 0.44 0. 43 0.44 007 0.50 

( 0.16) ( 0.04) ( 1 67) I 0.06) ( 0.18) ( 0.07) ( 0.04) ( 0.38) 
Soh 20. 4 N.A. N.A N.A N.A N.A N.A. NA N.A N.A N.A. N.A NA. N .A N.A N.A. N.A 
Clay 0.4 21.8 337 168 2.26 0 33 014 

( 1.5 ) ( 9 7 I ( 0401 I 0 531 ( 0 261 ( 0 13) 

Olher 
pCi/g 



~ 
CP 

Swoon ·~. 1P(\ H"Cs .. Co "'K 
Fr~Ctton pColg pCo/g pCog p(o lll 

n :-1 •2 
~nd 993 1.15 029 9 67 

( 0 07) ( 0 27) (1.211 
Soh 07 2.11 012 10.9 

( 0 211 ( 0061 ( 2 5 I 
Cliy 002 uo 1.75 

( l 4 I ( 1 571 

cc J J 
Sind 95 2 1,U 982 

( 007) ( 1151 
Soh 44 27.6 061 1)4 

( OSOI ( 007) ( 2101 
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TABLE 8. Suspended Particulate Radionuclides of Gamma Emitters 

location Am Bi Co Cs 
241 207 60 134 

Background 0.42 
( 0.31) 

BC-1 

CC-1 0.39 
( 0.29) 

FC-1 0.34 
( 0.13) 

BC-4 

CC-3/1/Top 1.13 0.18 
( 1.03) (0.15) 

CC-3/1/Bottom 0.30 
( 0.21) 

CC-312 0.162 
(0.099) 

CC-313 

CC-5/1 

CC-5/2/Top 

CC-5/2/Mid 

CC-5/2/Bottom 

CC-5/3 

CC-9 

CC-11/Top 

CC-11/Bottom 

Blanks indicate a radionuclide level was below detection 
Parentheses ( ) represents two standard deviations 

Cs Ce 
137 144 
1.46 3.57 

( 0.50) ( 1.93) 

0.21 
( 0.16) 

0.48 18.8 
( 0.23) (13.3 ) 

17.4 
( 0.85) 

2.06 
( 0.14) 

1.49 
( 0.43) 

2.07 
( 0.41) 

2.25 
( 0.31) 

2.10 
( 0.29) 

1.35 
( 0.14) 

1.19 
( 0.27) 

1.27 
( 0.18) 

1.12 
( 0.18) 

1.30 
( 0.27) 

2.04 
( 0.25) 

1.61 
( 0.27) 

1.93 
( 0.25) 

PCi/g in Suspended Sediment 
K Mn Ra Rh Rh Th Th 
40 54 226 101 102m 228 232 

28.2 1.68 1.62 3.95 
( 8.3 ) ( 0.61) ( 1.17) 

18.2 1.02 1.44 1.56 
( 4.8) ( 0.20) ( 0.25) ( 0.64) 

19.8 0.82 0.09 1.21 1.11 
( 6.0) . ( 0.24) ( 0.04) ( 0.29) ( 0.57) 

23) 0.80. 1.40 1.31 
( 8.3 ) ( 0.21) ( 0.32) ( 0.73) 

20.0 1.06 1.35 1.03 
( 2.6) ( 0.10) ( 0.13) ( 0.26) 

8.14 1.23 1.68 1.82 
( 6.67) ( 0.30) ( 0.58) ( 1.38) 

28.71 0.87 1.52 1.75 
( 8.98) ( 0.31) ( 0.41) ( 0.84) 

26.20 1.07 1.81 0.59 
( 6.39) ( .228) ( 0.31) ( 0.23) 

21.40 0.77 1.14 0.92 
( 4.83) ( 0.13) ( 0.24) ( 0.34) 

18.43 0.945 1.33 0.94 
( 2.38) ( 0.09) ( 0.12) ( 0.27) 

22.28 0.873 1.50 0.79 
( 5.86) ( 0.26) ( 0.30) ( 0.53) 

22.54 1.20 1.50 1.39 
( 4.40) (0.165) ( 0.20) ( 0.45) 

21.02 0.939 1.40 1.21 
( 2.60) (0.134) ( 0.17) ( 0.38) 

18.62 1.00 1.26 1.04 
( 4.87) ( 0.17) ( 0.27) ( 0.52) 

25.45 0.17 0.910 0.07 1.74 1.38 
( 4.52) ( 0.15) ( 0.16) ( 0.05) ( 0.22) ( 0.50) 

21.71 1.16 0.093 1.17 1.30 
( 5.15) (0.249) ( 0.06) (0.26) ( 0.67) 

19.36 1.02 1.58 1.54 

( 4.93) ( 0.13) ( 0.25) ( 0.52) 

u u Zn Eu 
235 238 65 155 

4.76 0.96 
( 4.85) ( 0.76) 

0.11 4.19 0.53 
( 0.11) ( 2.30) ( 0.37) 

0.19 
( 0.12) 

0.65 
( 0.57) 

0.14 2.35 
( 0.08) ( 0.96) 

0.39 
( 0.28) 

0.15 
( 0.05) 

0.26 1.95 0.17 0.36 
( 0.15) ( 1.79) (0.105) ( 0.32) 

0.13 
( 0.08) 

0.15 1.24 0.14 
( 0.05) ( 0.60) ( 0.11) 

0.17 
( 0.11) 

0.22 1.72 0.12 
( 0.09) ( 1.09) ( 0.11) 

0.15 0.41 
( 0.07) ( 0.22) 

0.15 
( 0.09) 

0.22 2.12 
( 0.12) ( 1.41) 

0.18 
( 0.09) 

0.17 1.00 0.22 
( 0.08) ( 0.72) ( 0.14) 
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TABLE 9. Weighted Average of Concentrations of Particulate Radionuclides of Gamma 
Emitters in River Bed 

local ion Am Bi Ce Co Cs Cs Cr 
2•1 207 , .. 60 1J4 137 57 

BC-1 0~9 001 
( 0039 ( 0006 

CC-1 0.0013 
( 0.0008 

Erdm~ns Brook 0 25 0.20 062 0 97 
( 0 22 0 07 I ( 006 ( 0 07 

FC-1 0.026 048 o s• 
0.016 ' 1 0.08 ( 010 

BC·• 0.14 0 21 
I 0.03 ( 003 

CC·311 0 039 
0031 

CC·lf2 029 
0.27 

CC·313 0.0064 .o 0)8 
( 0.0011) ( 0.004 

CC-511 

CC·512 0004 
0002 

CC·S/3 0 57 0.035 
0.42 ( 0.022 I 

CC·9 

CC-11 

L---

No sand da1a for BC·1 (Cs 1371 
No sand, silo da1a for CC-512, CC-11, (MnH) 
No und da1~ for BC-•. CC-3/1, 3/2, 513, 9, Rh101 

Bl~nks ondoc~1e ~ r~doonuclode level w~s below de1ec1ion 
Puentheses ( 1 represen11 1wo s1~nd~rd devi~oions 

0.206 
( 0.041 

47 0 2692 
I 0.44 I 17.01 

30 4 
I 0.53 :· 
116 

( 0.21 ) 

170 
1 0.14 ) 

1.16 
( 0..07 •' 

230 
I 0.09 ) 

110 
I 0 21 ) 

144 
1 017 I 

1 44 
1 0.17 ) 

0.34 
I 006 

0 74 0115 
010 009 

Eu K 

155 40 
0.19 11.7 

I 008 1 4 I 

00013 9.4 
I 0 0015) 1.1 I 

15 4 
I 1 7 ) 

15 0 
( 2.1 ) 

10 6 
( 1 14 I 

600 
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0001 9 67 
( 0 0008 ( 122 ) 

0 005 10 07 
( 0 003 ( 1 21 I 

0170 16 82 
0.162 ' I 3 •2 I 

15 93 
I 3 01 I 

0151 16 27 
0132 ) 2.86 ) 

11.73 
1 82 l 

13 47 

I 213 I 

PCo/11 on Bed SE'dom!'nl 
Mn Po Rd Rh Rh Th Th u u 
54 210 216 101 102m 228 212 235 238 

0 61 008 067 073 010 086 
0 OS ) 0~ :· 007 I 0 1• : •1 0.~ ', 089 ) 

0 368 00006 0.438 0 377 0.05 0025 
( 0 040 l ( 0 0005) 0.04 ) 009 0.02 ( 0009 I 

0 86 0 013 0 092 0.98 080 0168 1 386 
( 0 09 ) 0009 0042 I 010 ) 0. l1 ) 005 ,· 0 74 I 

0 61 0006 073 0.55 0.11 0.95 
010 I I 0005 I 0.12 0 35 ' 007 ( 0 64 I• 

0 466 0.002 0079 0.50 0345 007 0 571 
( 0 05 ) 0.0008 ( 0 04 I( 0.06 ) 0176 ) ( 0.03 l ( 0.32 ) 

0 155 0 0005 0.357 034 0051 0 396 
( 0 05 ) 0 0005 0 057 ) 014 I• 003 0 JO ) 

0 )8.4 0 0002 0434 0 44 010 0 446 
( 0~ I 00001 005 011 I• 0.03 o 407 I 

0 415 0 459 0 191 0.085 0 466 
( 0 04 ) ( 005 I( 0 12 I( 0.03 0 38 ) 

1 014 0 OS 1.26 112 0180 1 971 
I 0123 ) 0 04 ' 0 175 ) OJl ) 009 106 ) 

0 026 1 014 1.23 1068 0.177 
0 016 1 0107 I 1 0145 I 034 I· 0067 I 

1127 0.007 1 373 0 862 0 181 1448 
I 0117 ) 0.006 ) 0.16 ) 0 32 ) 0 58 ) 0 879 ) 

0 430 0 371 0 45 0 002 100 
006 I 008 ) 017 ) 0 0015) 0 548) 

0 016 0 695 0 995 0852 0 473 1 026 
0 011 006 ' 

010 l 0 21 ) 0 324 0 456 l 

Sb Zn 
125 65 

0 533 
0053 

0~2 

0014 I 

0 01 
002 

0002 
·(0.00151 

0 021 
0.020 I 
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well as the composite bed sediment. Cesium-137 concentrations in the riverbed 
decrease downstream from Franks Creek. This is clear evidence that most of 
137cs existing in the Franks-Buttermilk-Cattaraugus Creek system has come 
from the NFS site. Similar to 137cs associated with suspended sediment, 
137cs associated with clay bed sediment at a given location has a higher con­
centration than one associated with silt bed sediment at the same location. 
Cesium-137 associated with bed sand has the lowest concentration among those 
associated with sand, silt and clay, probably reflecting the differences in 
exchange capacities of sand, silt and clay particles . The 134cs and 60co 
remaining in the stream bed sediment have also originated from the NFS site, as 
shown in Figure 10 and 11. Although uranium-235 associated with composite bed 
sediment also has higher concentrations in Erdmans Brook and Franks Creek, 235u 
associated with clay bed sediment at the Erdmans Brook location shows the smal­
lest concentrations compared to other locations (Figure 12). As shown in Fig­
ures 12 through 15 other gamma emitters, e.g., 226Ra, 228Th and 232Th, do not 
have clearly discernible peaks near the NFS site to indicate measurable input 
from the waste facility. 
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PHASE 3 SAMPLING PROGRAM 

During FY-1979, a hydrologic analysis for Phase 3 was performed. 
However, no radiological analysis for Phase 3 has been conducted yet. 

HYDROLOGIC DATA COLLECTION 

Purpose of Monitoring Effort 

The purpose of the hydrological monitoring task is to provide input data 
of the actual flow conditions during the sampling period for unsteady state 
flow modeling. The results of the unsteady state flow computations will pro­
vide hydraulic input data for the sediment-contaminant model SERATRA. The 
collected hydrologic data include river stage readings versus time at temporary 
gage locations, vertical velocity measurements, channel cross-section surveys, 
and water surface slopes. 

Certain sediment data are required as input to SERATRA and were collected 
simultaneously with the gage readings. These data are wash load concentrations 
(clay and silt fractions) and channel bed material samples (sand fractions). 
Wash load concentrations versus time are required at all primary channel net­
work and tributary inflow points. Bed material samples are necessary for the 
determination of sand size fraction distribution. 

The primary stream system under study consists of a length of Buttermilk 
Creek that extends from the mouth of Franks Creek at the NFS facilities to its 
confluence with Cattaraugas Creek which is about 12,500 feet of channel. The 
length of Cattaraugas extends 39 miles downstream to its outlet at Lake Erie. 
This is the assumed pathway of radionuclide migration for surface waters. In 
order to simplify model verification, a short reach of Buttermilk and 
Cattaraugas Creek system about 10 miles long was selected for detailed monitor­
ing. The reach extends from just above the confluence with Buttermilk Creek 
to just upstream of Connoisarauley Creek. This reduces the number of tribu­
taries that require monitoring to two which are Spring Brook and Spooner Creek. 

Hydrographs of water discharge versus time are required at all significant 
inflow points of the selected reaches of Cattaraugas and Buttermilk Creeks. 

35 



The channel geometry will be determined from the cross-sectional surveys and 
the channel slope measured from USGS topographic maps. Using these data the 
unsteady flow model will generate water depths and average cross-sectional 
velocities at specified points along the channel length for input into SERATRA. 
The wash load sediment concentration versus time and bed material size 
distribution data are not required for the unsteady flow modeling but will be 
input data for SERATRA. 

CATTARAUGAS CREEK WATERSHED 

Location 

Cattaraugus Creek flows in a westerly direction through the Zoar Valley 
and empties into Lake Erie about 27 miles southwest of Buffalo, New York. The 
principal community on Cattaraugas Creek is Gowanda, New York which is located 
about 19 stream miles upstream from Lake Erie. The confluence of Buttermilk 
Creek is 20 miles further upstream from Gowanda. The total drainage area of 
the watershed is 564 square miles. 

The watershed area upstream of Buttermilk Creek includes 218 square miles 
and above Gowanda about 432 square miles. 

Geomorphology 

The Cattaraugas Creek watershed in Western New York lies within the 
Allegheny Plateau physiographic province. The pre-glacial erosional surface 
of the watershed was dissected upland with deeply incised valleys. Many of 
the valleys have been buried by a considerable volume of glaci~l deposits with 
the result that much of the present drainage is post-glacial and bedrock 
valleys which have depth and direction varying from the present valleys. 

The present course of Buttermilk Creek is incised into glacial deposits 
and recent alluvium which fill a deep pre-glacial bedrock gorge. The channel 
pattern in the vicinity of its confluence with Franks Creek is that of a 
braided stream where at low flows there will be multiple channels. 

At low flows Buttermilk Creek discharge follows a meandering underfit 
channel pattern among the alluvial islands within its narrow flood plain. At 
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many locations the bankline is poorly defined and unstable. Evidence of very 
recent bank caving exists at some locations. Two primary causes generally 
assumed to be responsible for a braided condition are (1) a sediment load 
which exceeds the transport capacity of the stream, and (2) a steep channel 
slope, which tends to produce a wide shallow channel where bars and islands 
easily form. 

At about the mid-point of the reach between the Franks Creek outlet and 
the confluence with Cattaraugas Creek the channel begins to establish a 
meandering plan geometry. Bendway development gives an S-shaped appearance 
which increases in size as the confluence with Cattaraugas Creek is approached. 
Meandering is a trading process of erosion and deposition. Material is eroded 
from the concave banklines of bendways and deposited on point bars (convex 
banklines) over a period of time. For easily erodible banks this process leads 
to a noticeable migration of the bendways over a period of years. 

Cattaraugas Creek from the mouth of Buttermilk Creek to its outlet at 
Lake Erie has a meandering plan view geometry. There are reaches where 
alluvial islands and bars are present which cause a braided appearance at low 
flows. For the most part these multi-channeled reaches appear to have remained 
stable where the islands and bars tend to remain in their general location. 
Some islands lie adjacent to a bankline and have well-established vegetation. 
Many of the point bars are clear of established vegetation indicating pro­
longed inundation during the high water season or growth of the alluvial bar 
area. Both of these phenomena usually work in concert which is probably the 
case for Cattaraugas Creek. 

Near Lake Erie the Cattaraugas Creek flood plain is much wider and ter­
races are prevalent. Numerous meander scrolls are evident in the cleared 
agricultural lands and can be determined by the difference in soil type and 
moisture content. Other cutoff bendways of more recent origin are in the form 
of oxbow lakes which may receive flow from the creek during spring floods. It 
is difficult to determine if the meandering process is very active without a 
sequence of aerial photos and mapping covering a sufficient time period, how­
ever, the presence of erosion control structures at a bridge near Gowanda 
indicates meandering may still be active enough to introduce significant 
quantities of sediment into the streamflow. 
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Hydrology 

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 quantitites 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 sup­
ply the needs of the center and area. The water supply for the center is pro­
vided by surface 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 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. A report by Dana et al. (1979) discus­
ses the USGS gage records on Buttermilk Creek from 1968 to 1973. They summa­
rized the flow hydrograph characteristics for Buttermilk Creek as follows: 

"A hydrograph of daily discharge for water year 1962 is very 
"spikey" with high discharge flow events lasting only a day or two. 
Base-flow occurs from early summer to mid-fall and is approximately 
0.3m3/sec or less. The fall and winter peaks represent discrete 
rainstorm or thaw events. Spring runoff from snow melt is punctu­
ated by rainfall events. The mean monthly discharge is much less 
(maximum = 2.sm3/sec in May) than the summation of daily discharge 
that includes a rainfall peak (14.sm3/sec, max.)." 

The high discharge events are much higher than the mean daily flow which indi­
cates that the high discharge events are on the order of several hours in dura­
tion. The highest discharge recorded for the period of record is 110.65m3/sec 

or 3896.5 cfs (Dana 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, 
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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 rainfall. 

HYDROLOGIC DATA COLLECTION 

The routing of water and sediment through the Buttermilk-Cattaraugus Creek 
system will require monitoring the water discharge and suspended sediment con­
centrations at all significant inflow points. Because of the size (564 square 
miles) and complexity, including 16 significant tributaries from Buttermilk 
Creek to Lake Erie, a sub-basin area of the watershed in the immediate vicin­
ity of NFS was selected for "more detailed" hydrologic monitoring. The area 
includes a 12,500 ft reach of Buttermilk Creek from just upstream of Franks 
Creek to its confluence with Cattaraugus Creek. The reach of Cattaraugus Creek 
is about 8 streamlength miles and begins at Bigelow Bridge upstream of the 
Buttermilk Creek confluence and extends downstream past Springville Dam to a 
point about 800 ft below Frye Bridge. A map of the study area and gage loca­
tions is shown in Figure 16. Two tributaries, Spooner Creek and Spring Brook, 
have significant drainage areas and are included as inflow points for water and 
sediment. Springville Dam and reservoir are located about 2.5 miles downstream 
from the mouth of Buttermilk Creek and act as an intermediate control section. 
The reservoir serves only as pondage for the small hydroelectric plant at the 
dam but does trap large quantities of sediment. Flow depth over the spillway 
was monitored and total flow was measured at a section about 1500 ft downstream 
of the dam. The difference between the flow over the spillway and the total 
discharge measured downstream will provide an estimate of the water passing 
through the turbines. 

An automatic water stage recorder has been established by the New York 
State Geological Survey at Thomas Corners Bridge over Buttermilk Creek. This 
gage provided continuous stage and time data for the monitoring period and 
serves as a check on upstream gage readings. Periodic surges of flow occur on 
Buttermilk Creek due to controlled reservoir releases upstream from the NFS 
ponds and last for about 2 to 3 hr. Because of the difficulty of minute by 
minute monitoring of the upstream inflow point on Buttermilk Creek by field 
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personnel, the continuous record of the Thomas Corners Bridge gage was used to 
insure all surges were accounted for. During the monitoring period only one 
surge occurred and gage readings taken at the upstream inflow point corresponds 
very closely with those at Thomas Corners Bridge. An instream discharge mea­
surement was also obtained at the peak of the surge. 

Suspended sediment samples are required at all inflow points on Cat­

taraugus and Buttermilk Creeks. Samples were also taken immediately below the 
dam and at the outflow point below Frye Bridge as a check on the amount of 
sediment being transported through the system. Bed material samples are 
required at these locations to determine a size distribution of the sand avail­

able for transport. This information together with the water discharge will be 
used to compute channel bed material transport rates. 

Stream Gage Network 

Establishment of Gages 

The staff gages were fabricated in the field using 3/4 in. galvanized pipe 
in lengths of 4 ft. One inch wide masking tape was used to outline 1 in. divi­
sions with black and red spray paint as shown in Figure 17. The painted pipe 

sections were driven into the stream bed about 2 ft and tied back with 1/8 in. 
cable or nylon rope for stability. 

Monitoring of Gages 

Beginning at 0730 on April 26, 1979 the reading of all gages in the study 
area commenced. The readings were taken by field personnel including the gage 
at Connoisarauley Creek which is very near the Frye Bridge gaging station. 
The auxiliary gage at South Branch Cattaraugus Creek proved to be too far down­
stream to effectively monitor, therefore, only two readings area available for 
that location. The gage readings are tabulated in Tables 10 through 17 for all 
monitored gages. 

Water Discharge Measurements 

Velocity measurements at specified intervals across the cross-section are 
required in order to determine the water discharge for the range of water 
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surface elevations during the monitoring period. The velocity measurements 
together with the cross-sectional area and water surface slope will determine 
the water discharge and channel roughness. These data would then be used to 
develop discharge hydrographs for each gage location. The discharge hydro­
graphs would be used as input at all inflow points for the unsteady state flow 
modeling. 

Sediment Sampling 

Five suspended sediment samples were collected in plastic 1 liter bottles 
at each inflow and outflow point and below the dam. The number of samples was 

limited by project costs but it is believed that enough samples were collected 

to determine the changes in sediment inflow. One bed material sample was col­
lected at the sampling points by scooping materials from the bed at two or 
three locations along the discharge range. The wash load samples are tabulated 
in Table 18. Table 19 is a summary of collected data for all gage locations. 
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TABLE 10. Water Surface Stages, Connoisarauley Creek 

Location: Gage at left bank tied to bridge Wingwall about 
0.4 miles upstream of Cattaraugas Creek 

Datum: Top of gage = 100.0 ft. (arbitrary) 

Date Time Stage Remarks 

4/26/79 0745 96.92 
1102 96.92 
1438 96.92 
2020 96.92 Light rain 
2203 96.92 Light rain 
2325 96.92 Light rain 

4/27/79 D140 96.92 
0305 97.00 
0435 96.96 Light rain 
061D 97.00 
0748 97.04 
0952 97.D4 
1108 97.13 
1420 97.08 
1626 97.08 
1750 97.08 
2137 97.04 
2320 97.04 

4/28/79 D141 97.00 
0335 97 .DO 
0506 97.DD 
D745 97.00 
D930 97.00 
1110 97.00 
1440 97.DO 
1750 96.96 Light rain 
2150 96.96 
2310 96.96 

4/29/79 0100 97.00 
0245 97.00 
0444 96.96 
0655 96.96 
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TABLE 11. Water Surface Stages, Spooner Creek 

Location: Gage at left bank under Zoar Valley Road Bridge 
0.5 miles upstream of Cattaraugas Creek 

Datum: Top of gage = 100.0 ft. (arbitrary) 

Date Time stase Remarks 
4/26/79 0730 97.21 Wind 5-10 mph (est.) 

1053 97.21 Wind 0-5 mph (est.) 
1415 97.21 Wind 5-10 mph (est.) 
2000 97.17 Light rain 
2150 97.17 Light rain 
2335 97.21 Light rain 

4/27/79 0125 97.21 
0255 97.21 Light rain 
0440 97.21 Light rain 
0620 97.25 
0755 97.29 
0940 97.29 Light rain 
1056 97.25 
1400 97.29 
1615 97.25 
1740 97.25 
2120 97.25 
2300 97.29 

4/28/79 0100 97.33 
0320 97.29 
0455 97.29 
0730 97.25 
0915 97.25 
ll05 97.25 
1330 97.25 
1730 97.21 Light rain 
2145 97.21 
2250 97.25 

4/29/79 0050 97.29 
0230 97.29 
0430 97.29 
0646 97.25 
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TABLE 12. Water Surface Stages. Spring Brook 

Location: Gage at center of channel about 1000 ft upstream 
of Cattaraugas Creek 

Datum: Top of gage : 100.0 ft. (arbitrary) 

Date Time Stage Remarks 

4/26/79 0833 97.67 
1142 97.67 
1525 97.67 
2100 97.62 Light rain 
2240 97.62 Light rain 

4/27/79 0055 97.62 
0215 97.67 
0355 97.62 Light rain 
0520 97.67 Light rain 
0655 g7,71 Light rain 
0820 97.71 
1028 97.71 
1215 g7,75 
1515 97.75 
1704 97.71 
2050 97.71 
2215 g7,71 
2359 97.71 

4/28/79 0230 97.67 
0425 g7 .67 
0540 97.67 
0815 97.67 
1003 97.67 
1145 97.67 
1410 97.61 
1830 96.67 Light rain 
2225 96.67 
2340 97.61 

4/29/79 0135 97.67 
0325 97.61 
0515 97.67 
0730 96.57 
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TABLE 13. Water Surface Stages, Franks Creek 

Location: Gage at left wall of railroad culvert barrel about 
150ft upstream of Buttermilk Creek at sampling 
station FC-1. 

Datum: Top of gage = 100.0 ft. (arbitrary) 

Date Time Stage Remarks 
4/26/79 0940 97.33 wind 5-10 mph (est.) 

1035 97.33 
1135 97.33 
1230 97.33 
1330 97.33 
1430 97.33 
1500 97.33 
1730 97.33 
1830 97.33 
1930 97.33 
2030 97.33 Light rain 
2130 97.37 
2230 97.33 Heavy rain 
2330 97.37 Rain stopped 

4/27/79 0030 97.33 
1030 97.33 
0230 97.37 
0330 97.33 
0350 97.33 Light rain 
0410 97.33 Rain stopped 
0430 97.33 light rain 
0500 97.33 Light rain 
0530 97.37 Light rain 
0600 97.37 Light rain 
0630 97.42 Steady rain increased 

sediment load 
0945 97.46 
1100 97.46 
1200 97.50 
1300 97.50 
1400 97.50 
1505 97.50 
1605 97.50 
1707 97.50 
1800 97.50 
1900 97.46 
1953 97.45 
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TABLE 13. Continued 

Date Time Stage Remarks 

4/27/79 2110 97.46 
2200 97.46 
2300 97.42 

4/28/79 0000 97.42 
0100 97.42 
0200 97.42 
0300 97.42 
0400 97.42 
0500 97.37 
0600 97.37 
0700 97.37 
0827 97.37 Warm and sunny 

Light breeze 
0920 97.37 
1035 97.37 
1125 97.37 
1225 97.37 Cloudy 
1325 97.37 
1425 97.37 
1530 97.37 
1630 97.37 Intermittant rain 
1730 97.42 Steady light rain 
1830 97.42 Raining 
1930 97.42 Rain stopped 
2030 97.42 
2130 97.42 
2230 97.42 Cloud cover 

breaking up 
2330 97.42 

4/29/79 0030 97.42 
0130 97.42 
0200 97.42 
0330 97.42 
0600 97.42 
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TABLE 14. Water Surface Stages, Buttermilk Creek 

Location: Gage at left bank about 150 ft upstream of 
Franks Creek and about 12,500 ft upstream of 
Cattaraugas Creek at station BC-lA. 

Datum: Top of gage = 100.0 ft. (arbitrary) 

Date Time Stage Remarks 
4/16/79 0930 95.71 

1030 95.71 
1100 95.71 
1140 95.71 
1205 95.71 
1230 95.71 
1300 95.71 
1330 95.71 
1400 95.71 
1430 95.71 
1500 95.71 
1530 95.71 
1600 95.71 
1730 95.71 
1830 95.71 
1930 95. 71 
2030 95.71 Light rain 
1130 95.71 Intermittent ra1n 
2230 95.71 Heavy rain 
1330 95.71 Rain stopped 

4/27/79 0030 95.71 
0130 95.71 
0230 95.71 
0330 95.71 
0350 no reading light rain 
0410 no reading Rain stopped 
0430 95.75 Light rain 
0500 95.75 Light rain 
0530 95.75 Light rain 
0600 95.75 Light rain 
0630 95.75 Very light rain 
0945 95.92 Steady rain increased 

sediment load 
1100 95.92 
1100 96.00 
1300 96.00 
1400 96.04 
1505 96.04 

4/27/79 1600 96.04 
1705 96.00 
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TABLE 14. Continued 

Date Time Stage Remarks 

1730 96.42 
1737 96.50 
1739 96.54 
1741 96.58 
1745 96.58 
1758 96.50 
1815 96.54 
1830 96.54 
1855 96.54 
1917 96.54 
1934 96.54 
1955 96.04 
2020 95.96 
2110 95.87 
2130 95.87 
2200 95.87 
2300 95.87 

4/28/79 0000 95.83 
0100 95.83 
0200 95.79 
0300 95.79 
0400 95.79 
0500 95.79 
0600 95.79 
0700 95.79 
0830 95.79 
0925 95.79 
1030 95.79 
1128 95.79 
1230 95.79 
1330 95.79 Cloudy 
1430 95.79 
1540 95.79 
1630 95.79 Intermittent rain 
1730 95.79 Steady light rain 
1830 95.79 Rain continuing 
1930 95.79 Rain stopped 
2030 95.79 
2130 95.79 
2230 95.79 Cloud cover breaking up 
2330 95.79 

4/29/79 0030 95.79 
0130 95.79 
0200 95.79 
0330 95.79 
0602 95.79 
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TABLE 15. Water Surface Stages, Cattaraugas Creek at Scobey Bridge 

Location: Gage at right bank about 500 ft downstream of 
Scobey Hill Road Bridge 36.15 miles upstream 
of Lake Erie 

Datum: Top of gage = 100.0 ft. (arbitrary) 

Date Time Stage Remarks 
4/26/79 0812 94.83 

1126 94.83 
1510 94.83 
2045 94.83 
2225 94.83 

4/27/79 0020 94.83 
0155 94.83 
0320 94.83 
0505 94.87 Light rain 
0635 94.87 Light rain 
0816 94.92 
1014 94.96 
1201 95.04 Raining 
1500 95.21 
1645 95.17 
2150 95.21 
2325 95.17 

4/28/79 0215 95.17 
0415 94.17 
0530 95.17 
0755 95.12 
0945 95.12 
1130 95.08 
1335 95.04 
1815 95.00 Light rain 
2205 94.96 
2320 94.92 

4/29/79 0125 94.96 
0310 94.92 
0506 94.96 
0715 94.96 
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TABLE 16. Water Surface Stages. Springville Dam - Cattaraugas Creek 

Location: Gage attached to steel ladder in forebay of power 
·plant 36.4 miles upstream of Lake Erie near 
sampling station CC-5. 

Datum: Top of gage = 0.0 ft. (level with spillway crest) 

Oate Time Stage Remarks 
4/26/69 0800 0.25 

1117 0.25 
1456 0.25 
2040 0.25 Light rain 
2218 0.25 Light rain 

4/27/79 0035 0.25 Light rain 
0330 0.21 
0515 0.25 Light rain 
0640 0.33 Light rain 
0822 0.38 
1005 0.29 
1153 0.38 
1445 0.50 
1655 0.50 
1845 0.50 
2200 0.54 
2335 0.50 

4/28/79 0155 0.58 
0405 0.58 
0525 0.54 
0805 0.42 
0905 0.42 
1133 0.42 
1402 0.42 
1800 0.33 Light rain 
2215 0.38 
2325 0.33 

4/29/79 0120 0.33 
0300 0.33 
0459 0.33 
0715 0.21 
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TABLE 17. Water Surface Stages, Cattaraugas Creek at Bigelow Bridge 

Location: Gage at right bank under bridge 41.3 miles 
upstream of Lake Erie at sampling station 
CC-1. 

Datum: Top of gage = 100.0 ft. (arbitrary) 

Date Time Stage Remarks 
4/26/69 0845 95.79 

1150 95.79 
1538 95.79 
2125 95.79 Light rain 
2252 95.79 Light rain 

4/27/79 0105 95.79 
0225 95.79 
0405 95.83 Light rain 
0530 95.83 Light rain 
0700 95.83 Light rain 
0835 95.87 
1040 95.92 Light rain 
1223 95.96 
1530 96.04 
1710 96.04 
2100 96.08 
2227 96.12 

4/28/79 0015 96.12 
0250 96.08 
0437 96.04 
0550 96.04 
0825 96.00 
1010 96.00 
1200 95.96 
1420 96.96 
1845 95.87 Light rain 
2235 95.92 
2250 95.92 

4/29/79 0200 95.96 
0335 95.87 
0523 95.87 
0740 95.87 
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TABLE 18. Suspended Sediment Samples 

(Wash Load Only) 

Sample Concentration 
Location No. Date Time Stage (mg/t) 

Franks Creek (FC-1) 1 4-26 1635 97.33 60.0 
2 4-27 1100 97.46 238.0 
3 4-28 0920 97.37 88.3 
4 4-28 1425 97.37 84.0 
5 4-29 0556 97.42 128.2 

Buttermilk Creek (BC-1A) 1 4-25 1537 95.71 3.7 
2 4-27 1100 95.92 31.4 
3 4-28 0925 95.79 8.3 
4 4-28 1430 95.79 1.4 
5 4-29 0559 95.79 8.4 

Cattaraugas Creek at 1 4-26 1538 95.79 4.05 
Bigelow Bridge (CC-1) 2 4-27 1530 76.04 28.0 

3 4-28 0250 96.08 49.8 
4 4-28 1845 95.87 27.2 
5 4-29 0035 95.87 3.8 

Cataraugas Creek at 1 4-25 1510 94.83 13. 7 
Scobey Bridge 2 4-27 1500 95.31 37.9 

3 4-28 0215 95.17 39.5 
4 4-28 1815 95.00 15.6 
5 4-29 0310 94.92 4.4 

Cattaraugas Creek at 1 4-26 1428 94.83 3.2 
Frye Bridge 2 4-27 1410 95.04 17.6 

3 4-28 0135 95.17 44.8 
4 4-28 1745 94.96 24.3 
5 4-29 0240 94.92 4.2 
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TABLE lB. Continued 

Sample Concentration 
Location No. Date Time Stage (mg/~) 

Spring Brook 1 4-26 1525 94.67 127.2 

2 4-27 1515 97.75 199.8 

3 4-28 0230 97.67 212.1 

4 4-28 1820 97.67 191.8 

5 4-29 0325 97.61 132.4 

Spooner Creek 1 4-26 1415 97.21 28.2 

2 4-27 1400 97.29 11.4 

3 4-28 0100 97.33 31.4 

4 4-28 1730 97.21 5.2 

5 4-29 0230 97.29 (a) 

(a) sample container damaged in shipment 
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TABLE 19. Data Summary 

CROSS WATIR 
GAGE LOCATION STAGE VELOCITY SECTION SURFACE 

SLOPE 

FRANKS CREEK • • • 
BUffiRMI Ll< CREEK • • • • 
THOMAS CORNERS Ill 
BRIDGE • 
BIGELOW BRIDGE • • • • 

121 
SPRINGVILLE DAM • 
SCOBEY BRIDGE • • • • 
FRYE BRIDGE • • • • 
SPRING BROOK • • • • 
SPOONER CREEK • • • • 
CONNOI SARAULIY CREEK • • • • 
SOUTH BRANCH • • • • CATTARAUGAS CREEK 

l. NEW YORK STATI GEOLOGICAL SURVEY AUTOMATIC STAGE RECORDER. 

2. DEPTH OF FLOW OVER SPILLWAY. 

SUSPENDED 
SEDIMENT 

• 
• 

• 

• 
• 
• 
• 

l. AUXILIARY GAGES TO MONITOR FLOW FROM TYPICAL LARGE TRIBUTARY BASINS. 

CHANNEL 
BED REMARKS 

SEDIMENT 

• INFLOW 

• INFLOW 

INTIRMEDIATI GAGE 
BUffiRMILK CREEK 

• INFLOW 

CONTROL SECT I ON AND 
RESERVOIR 

• I NTERMEDIATI GAGE 
DOWNSTREAM OF DAM 

• OUTFLOW 

• INFLOW 

• INFLOW 

INFLOW-AUXILIARY GAGE Ill 

INFLOW-AUXILIARY GAGE Ill 
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