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1.0 INTRODUCTION

This is an interim report presenting the results of the first phase of an initial characterization
study for the Tonawanda FUSRAP Site. A plan for the study was prepared and approved
with several decision points identified in order to adjust the direction of the study in a
stepwise fashion based on data generated. This interim report presents a discussion of the
results of the initial characterization and makes recommendations for further study, based on
these results. This report should be read with caution since it contains some unrefined data
that may be different from those to be presented in the final report of the initial study. For
example, the Ra-226 data, because of the presence of elevated uranium, may be adjusted after
a second gamma spectrometry analysis of the samples, following a Rn-222 ingrowth period.
However, we believe that the recommendations contained in this report will not be affected by
these refinements.

For this study, the National Air and Radiation Environmental Laboratory (INAREL) received
eight whole soil samples of approximately 3 kg each from four individual sites collectively
referred to as the Tonawanda FUSRAP Site. The four sites are Ashland 1, Ashland 2, Linde,

4 i and Seaway. Two samples were received from each site, one sample collected to represent

' the maximum levels of radioactivity (Bias) and one to represent the average levels
(Systematic). The samples were designated as Ash I Bias, Ash I Systematic, Ash II Bias, Ash
Il Systematic, Linde Bias, Linde Systematic, Seaway Bias, and Seaway Systematic.

The primary objectives of the initial characterization study are to provide characterization of
the Tonawanda Site samples and determine if particle-size separation techniques can be
effective in reducing the volume of contaminated soil in these samples. A flowchart for the
proposed initial study is given in Figure 1-1.

2.0 EXPERIMENTAL
2.1 Sample Preparation

The eight whole soil samples for this study were received at the NAREL. The samples were
initially screened for gross beta/gamma activity using a Geiger-Mueller portable survey
instrument. After initial screening, each sample was thoroughly mixed and split into 400-mL
aliquots using a riffler. The aliquots were weighed, dried at 60°C for 48 hr, and then
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reweighed. Four aliquots from each whole soil were analyzed by gamma spectrometry (see
Section 2.5). The whole-soil samples taken from Ashland 1 and Linde (Ash [ Bias, Ash I
Systematic, Linde Bias, and Linde Systematic) were also analyzed for uranjum and thorium
by alpha spectrometry after they were ashed at 565°C for 72 hr (see Section 2.6).

2.2 Vigorous Wash

The vigorous washing process liberates small particles from large particles without generating
excessive fines. After sample preparation, each aliquot from every soil was vigorously
washed in water for 30 min at a rotational velocity of 350 rpm with a liquid-to-solid ratio of
4 mL/1g (SCA91a).

2.3 Wet Sieving
After vigorous washing, an aliquot of each soil sample was fractionated by size using wet

sieving with American Standard Testing of Materials (ASTM) standard sieves (SCA91b). The
aliquots were separated into size fractions at 4.75 mm (4 mesh), 2.38 mm (8 mesh), 1.19 mm

(16 mesh)}, 0.590 mm (30 mesh), 0.297 mm (50 mesh), 0.149 mm (100 mesh), 0.074 mm

(200 mesh), and 0.037 mm (400 mesh). The resulting fractions were dried at 60°C for 48 hr,
weighed, and analyzed for radionuclide content by gamma spectrometry. Alpha spectrometry
was performed only on fractions from two of the four sites, Ashland 1 and Linde.

2.4 Wash Water

Water from the vigorous wash and separation procedures for each sample was collected and a
Percol 788N flocculant was added to settle suspended material. The water was then filtered
through a 0.025-mm pore filter paper to separate suspended solids from the wash water. The
material retained on the filter was analyzed by gamma spectrometry and , if called for, by
alpha spectrometry and reported as the -400 activity. An aliquot of filtered wash water from
each of the eight whole soil samples was analyzed by gamma spectrometry.

2.5 Gamma Spectrometry

Whole soil samples, particle-size fractions, and wash waters were analyzed for gamma-

... emitting radionuclides using high-purity germanium detectors (EPA80C). The wash water
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es were counted for 1000 min, and the soil samples were counted for 100 or 1000 min,
according 1o the levels of radioactivity.

2.6 Alpha Spectrometry

Analyses for uranium and thorium radionuclides were performed by alpha spectrometry
(EPAB4). Uranium was extracted, coprecipitated with lanthanum flueride carrier, and
analyzed by alpha spectrometry. Thorium was separated by jon-exchange chromatography,
coprecipitated with lanthanum fluoride carrier, and analyzed by alpha spectrometry.

3.0 RESULTS AND DISCUSSION

3.1 Particle-Size Distributions

The particle-size distributions for each site are given in Tables A-]1 through A-8 and are
illustrated in Figures 3-1 through 3-8, The particle-size distributions for Ash 1, Ash JI, and
Seaway are similar with 49 percent or greater -400-mesh material, as illusirated in Figure 3-9.
Jish I Systematic soi} contains notably more gravel and coarse sand-sized material,

The Linde Bias and Systernatic soils are similar in their distributions with 41 and 37 percent
-400-mesh material, respectively. These soils also have 45 percent +50-mesh material,

3.2 Radionuclide Distributions

The primary radionuclides identified in the Tonawanda samples are members of the U-238
and U-235 decay series. Radionuclides associated with the Th-232 series are present at
quantities within the range of natural background. The nuclides of primary concern are
U-234, -235, and -238; Th-234 and -230; and Ra-226. The concentrations, determined for the
soil samples and their separated fractions, are given in Tables A-1 through A-8. The data are
graphically presented as a function of particle size in Figures 3-1 through 3-8. J
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‘_ Data determined by gamma spectrometry’ are presented for all whole soils and fractions and
R those from alpha spectrometry (U and Th) are given for the Ash I and Linde samples.

\ 3.2.1 Ash ] Samples

_ The radionuclide with the highest concentrations in the Ash I samples is Th-230. The average

: ‘ concentrations of Th-230 are 2,459 pCi/g and 1,724 pCi/g in the whole soils of Ash I Bias

and Ash I Systematic, respectively. The values in the sieved fractions range from 406 to

"% 1,748 pCi/g (coarse to fine) for Ash I Bias and from 179 to 1,637 pCi/g for Ash [ Systematic

i-J (Tables A-1 and A-2). Ra-226, Th-234, U-234, and U-238 have approximately equal
concentrations throughout all size fractions in both samples. They range from approximately
30 to 350 pCi/g (coarse to fine) for Ash 1 Bias and from approximately 30 to 170 pCi/g in
Ash I Systematic (Tables A-1 and A-2 and Figures 3-1 and 3-2).

Because of the radionuclide concentrations found in all fractions for both Ash I samples,
particle-size separation atone will not achieve the remediation factors required to meet site
cleanup criteria. Further characterization is needed to determine if density differences
between the host soil and the contaminant exist and could be exploited as a volume reduction

process. Scout tests could determine if the radioactive contaminants exist in chemical forms
that would permit volume reduction to be achieved through chemical extraction. A relative
large extraction factor would be required for successful Th-230 removal and a moderate one
for Ra-226 and uranium,

3.2.2 Ash H Samples

33 Only gamma spectrometry analyses were performed on the Ash II samples, thus no data are
available for Th-230. The results of the gamma counts are provided in Tables A-3 and A-4 ot
and illustrated in Figures 3-3 and 3-4. The Th-234 values may be used to estimate the U238 . .‘,{\
concentrations since these two nuclides should be in equilibrium. The average ratio of N
Y

Th-234 to U-238 as determined on the samples for which alpha spectrometry was performed
(Ash 1 Bias, Ash I Systematic, Linde Bias, and Linde Systematic) is 0.88; therefore, the

"Because of the large amount of uranium present in the samples, especially in the Linde samples, the Ra-226
values as determined by gamma spectrometry may be in error. We attempted to correct the values by several
calculational methods, but were unsuccessful. We have sealed aliguots of the samples to allow for ingrowth of
radon in order to arrive at 2 more accurate determination of the Ra-226. The results of the second gamma
counts were not available at the time of this interim report, but will be in the final report.

14



| uranium concentration can be estimated from the Th-234 values derived from gamma analysis.
There is no valid way to estimate the Th-230 concentrations. For further studies on these
samples, the Th-230 concentrations must be determined by alpha spectrometry.

The Ra-226 concentrations in the whole soil samples are 180 pCi/g for Ash Il Bias and
128 pCi/g in the Systematic sample (Tables A-3 and A-4). Based on the Th-234 gamma
values, the U-234 and U-238 concentrations are approximately 120 and 70 pCi/g in the Ash II
Bias and Systematic samples, respectively. The Ra-226 concentrations in the size {ractions
| range from 43 to 197 pCi/g (coarse to fine) in the Bias sample and from 30 to 132 pCi/g in
the Systematic sample.

B Since none of the particle-size fractions of either the Bias or Systematic samples contain
Ra-226 concentrations at or below 15 pCi/g, particle-size separation alone will not serve as a
volume reduction technique to achieve site cleanup criteria. Continuation of the initial
characterization study to evaluate the potential for density separation, as outlined in the
original proposal, and to perform chemical extraction tests is recommended (Section 4.0) to
evaluate these techniques as potential remediation methods.

" 323 Linde Samples

The Linde Bias whole-soil sample contains concentrations of U-234 and U-238 of
approximately 300 pCi/g, Ra-226 of 410 pCi/g, and Th-230 of 245 pCi/g. The +50 material,
which represents 45 percent of the sampie, has concentrations of U-234 and U-238, Ra-226,
- and Th-230 of 105, 35, and 31 pCi/g, respectively. The uranium is virtually evenly
distributed in the fractions with particle-sizes greater than 100 mesh. The analytical results

: are listed in Table A-5 and are shown in Figure 3-5.

The Ra-226 and Th-230 concentrations are greater than 15 pCi/g and the uranium above

60 pCi/g; therefore, particle-size separation techniques alone will not achieve results consistent
with cleanup criteria. However, these results suggest a significant potential for volume
reduction by attrition scrubbing of the +50 material in a solution that will extract the uranium.

i

Attrition has the potential to reduce the radium and thorium concentrations by removing
contaminated surface material from the coarse fractions. If the uranium can be removed so
that it is primarily concentrated in the -50 material, volume-reduction may be possible.

15



| ' The Linde Systematic whole-soil sample contains concentrations of U-234 and

U-238 of approximately 150 pCi/g, Ra-226 of 270 pCi/g, and Th-230 of 140 pCi/g. The
+100-mesh material, which represents 50 percent of the sample, has concentrations of U-234
and U-238, Ra-226, and Th-230 of 102 and 103, 64, and 37 pCi/g, respectively. The uranium
and Ra-226 are approximately evenly distributed in the fractions with particle sizes greater
than 200 mesh. The radioanalytical results are listed in Table A-6 and are illustrated in

Figure 3-6.
Results from the Linde Systematic samples also suggest, as do the Linde Bias samples, that
testing the effectiveness of attrition scrubbing to reduce the radioactivity in the +100-mesh

material and chemically extracting the uranium would be reasonable studies to perform.

3.2.4 Seawav Samples

Only gamma analyses were performed on the Seaway samples, thus, it is not possible to
determine the Th-230 concentrations.

The Seaway Bias sample data for Ra-226 and Th-234 are given in Table A-7 and illustrated
in Figure 3-7. The Ra-226 and Th-234 concentrations in the whole-soil sample are 119 and
13pCi/g, respectively. The U-238 and U-234 are expected to be below 60 pCi/g, based on
the Th-234 values as determined by gamma spectrometry. None of the particle-size fractions
have a Ra-226 concentration of 15 pCi/g or less. As previously stated, the Th-230
concentrations are unknown.

The Seaway Systematic sample data for Ra-226 and Th-234 concentrations are given in

Table A-8 and illustrated in Figure 3-8. The Ra-226 and Th-234 concentrations in the whole-
soil sample are 68 and 13 pCi/g, respectively. The U-238 and U-234 are expected to be
below 60 pCi/g, based on the Th-234 values determined by gamma spectrometry. None of
the particle-size fractions have a Ra-226 concentration of 15 pCi/g or less. However, the
Ra-226 concentrations in the +100 and +200 fractions are the lowest encountered in the
Tonawanda samples and may have the most potential for application of density separation or
chemical extraction techniques as volume reduction methods, depending upon the Th-230
concentrations in this soil.

16
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s ;%ﬁ? Continuation of the initial characterization study to evaluate the potential for density

separation, as outlined in the original proposal, and performance of chemical extraction tests
as potential remediation methods for the Seaway samples would allow for the evaluation of
these techniques as potential remediation methods for this study, following alpha spectrometry
analysis of the Systematic samples (see Section 4.0).

4.0 RECOMMENDATIONS

Analysis of data from the eight Tonawanda samples examined in this study (Section 3.0)
demonstrates that particle-size separation alone will not provide a successful remediation
solution for any of the sites. [ The data indicate, however, that other physical and/or chemical
properties of the samples might provide an approach to volume reduction, reducing the
contaminants to acceptable levels.) Specific tests are recommended to evaluate the potential
for remediation using these properties and provide additional information to assess the
radionuclide concentrations of several samples:

1. In an effort to control the cost of radioanalysis in this study, alpha spectrometry
analyses of Ash Il and Seaway samples were not performed. The study demonstrates
that Ash I contains high levels of Th-230 relative to U-238 and Ra-226. High levels
of Th-230 might make remediation by simple physical separation or chemical
extraction procedures difficult. Ash II and Seaway samples likely contain similar
concentrations of Th-230 to those of Ash I, since those sites received material from
Ashland 1 in the past. However, the actual concentrations of Th-230 in these soil
samples are not known. With only whole-soil material remaining from Ash II Bias
and Seaway Systematic soil samples after the study, the following recommendation is
made:

Perform thorium-230 analysis on all Ash 1l Systematic fractions, the Ash II whole soil
sample, all Seaway Bias fractions, and the Seaway Systematic whole soil sample.

2. The Linde Bias and Systematic soils contain 45 percent +50-mesh material with

Ra-226, Th-230, and U-238 at concentrations that might be reduced to proposed
standard levels (5/15 pCi/g for Ra-226 and Th-230 and 60 pCy/g for U-238) by
additional physical or chemical treatment. To reach acceptable concentrations, the
Ra-226 and Th-230 must be reduced by approximately one-half to one-fourth and the

17
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U-238 by less than one-half. The following recommendations are made to evaluate
two methods to reduce the contaminant levels in the +50-mesh fraction, one based on
chemical extraction experience with radium, thorium, and uranium contaminated soils
(EPAR89) and the other based on experience with soil washing in the presence of mild
solubilizing solutions (RIC89):

(a) Perform a scout chemical extraction procedure by treating Linde Bias and
Systematic +50-mesh fractions with nitric acid under conditions that maximize removal
of radium, thorium, and uranium. Hot, dilute nitric acid solutions have been very
effective in removing these radionuclides in previous soil studies (EPA89). If
successful, the nitric acid process might be substituted with sequential extraction
procedures that duplicate the extractive capacity of the acid but use less corrosive salt
and acid solwtions. Gamma and alpha spectrometry analyses will be performed on
starting material (+50-mesh fractions), extracted fractions, extracting solution, and
Jilters used to separate the solution.

(b)  Perform an attrition study on Linde Bias and Systematic +50-mesh fractions
using a mild (0.5 molar) uranium solubilizing agent of aqueous sodium bicarbonate
solution to remove surface coatings on the particles of the fractions and to solubilize
uranium contaminants. The +50-mesh material will be collected on a 50-mesh sieve
and the -50-mesh material will collected by filtration. Gamma and alpha spectrometry
analyses will be performed on both fractions and the filtered solution.

Other physical properties might be used to separate the contaminating material from
the host soil. One candidate property is density or gravity concentration (Bur84).
Several radiominerals and contaminated process material have a density greater than
typical soil (2.8 g/cc) and might be separated using this density difference. Linde and
Seaway soils have a higher potential for remediation by this method since they contain
lower concentrations of thorium-230 than do the Ash I and Ash II soils. The
following recommendation is made for a scout density separation study of the Linde
and Seaway Bias and Systematic soils and the Ash I and Ash II Systematic soils:

Combine the particle-size separation fractions from the soils into three fractions:

+50-mesh (+0.297-mm), -50/+200-mesh (-0.297/+0.074-mm), and -200/+400-mesh
(-0.074/+0.037-mm). Separate aliquots of the three fractions by the sink-float method

18
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using a sodium polytungstate solution with a density of 2.89 g/cc. Perform alpha
spectrometry analysis on both heavy and light fractions (the less-dense and more-dense
Jractions), and gamma spectrometry analysis on the light fraction only. If density
separation appears to be a promising remediation technique, perform the separation
on the Ash I and Ash Il Bias soils also.

Petrographic studies have been successful in identifying radiominerals and
radionuclide-contaminated process materials (EPA93 and EPA94). Specific
identification of contaminant material will provide information that might be useful in
selecting alternate remediation techniques. The following recommendation is made for

petrographic analyses:

Examine aliquots from the three combined fractions of Linde and Seaway Bias and
Systematic soils, described above in recommendation three, as well as aliguots from
the heavy fractions produced by heavy-liquid separation of both soils using both
binocular and polarizing petrographic microscopes. Make a statistical count of 150 to
300 grains on each size fraction and heavy mineral fraction to determine the mineral
composition of the soil.

19
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£14¢ Whaote Scil-Aliquot 158 45 411 13 1.1 a4 90.1 19 155 66 257 04
8345 Whole Soil-Aliquot 369.35 192 54 [ [} 816 22 288 6.5 122 6.3
£345 Whele Soil-Aliguot 38172 338 65 [ 0.4 723 1.1 284 59 207 C4
2347 Whate Soil-Aliquot 3978 136 79 0 [} 83.1 22 358 73 236 a5
Totsl |2070.16
8348 +4 mesh 23671 | 1173 29.2 056 o8 0.1 35 01 214 05 18 00
8349 A/+B mesh 39.61 1.96 853 104 [} [} 17.2 30 456 6.6 54 0.6
8150 /416 mesh 34.22 11 158 1.2 [ 0 437 41 134 154 9.7 o7
2151 ~£6/+30 mesh 3194 1.58 156 108 [ a 581 35 144 108 IX] 0.6
8352 ~30/+50 mesh 57.29 284 43% 147 [ [} 128 46 308 147 288 0.9
8353 -50/+ 100 mesh 117 5.80 566 123 0 [ 141 16 405 13 349 0.1
8354 -100/+290 mesh 155.23 169 523 105 14 06 112 29 141 3.4 3t9 c6
2355 -200/+400 mesh 178.68 885 497 s [} 0 105 30 181 93 303 Y
8356 460 mesh 116777 | 5785 413 6.9 1.6 0.d 8s.1 [k 386 7.0 253 04
Tote! {2018.45
Alphs Spectrometry Analyses Results
Welght U234 U-238 v-238 Th-227 Th-228 " Th-230 Th
Sample Sample Description Weight Percent Activi E: : Attvi Error dvi s e "
1d tgdry) . ty TTor Activity Error ty Actvity Errer AcHvity Error Activity Error Actlvity Error
9 |t pCugdry) | (pCuigdry) | Cladry) | (pCitgdry) | (pCUsery) | (pCUgdry) || (pCiigdry} | (pCUigdry) [{ (pCidry) | (pCi/gdry) * (pCifgdry) {(pCilgdry}{ {pCifgdry) | (pCiigdry)
8344  JWhole Soil-Akiquot 15846 3295 404 198 29 3355 4907 856 274 1.7 -16.1 ][ 20618 1020 239 163
8145 |Whale Soil-Aliquot 369.35 3510 2932 178 41 396.1 29.6 498 28.3 19.2 ;&LH 14703 j109.5 26 104
8346 |Whole Soit-Aliquot 331,72 4218 536 187 0.1 3757 498 1158 350 163 184 2597.1 126.5 193 81
8347 |Whole Scil-Aliquot 3978 3611 46.7 25.1 112 3535 459 6556 232 X 136 22675 1045 83 6.4
Total | 2070.16
8343 [+4 mesh 236.71 1173 432 6.0 13 13 467 63 153 59 60 42 1918 224 11 10
8349  {4/+8 mesh 3851 1.96 72 10:2 26 17 66.3 9.9 202 50 14 33 5805 259 Ls 12
8350 {-8/%16 mesh 412 1.70 1167 172 4.1 32 1075 164 184 690 20 40 5074 50 2.4 1.6
815F  [-16/430 mesh 31,94 1.8 2384 205 5.4 29 252 19.0 663 323 712 119 12958 1028 37 81
8352 |-30/+59 mesh 57.29 284 3028 18.0 4.1 2.6 2943 176 L8 357 -8R 4 -16.0 25850 144.5 134 102
8353 |-50/4100 mesh 1ns 5.30 358.2 222 173 31 1422 254 ERY 344 822 158 1289 4 1116 17 57
8354 }-100/+200 mesh 155.23 169 363.1 233 167 1z 1497 229 618 311 789 200 21649 1409 i 40
8355 {-200/+400 mesh 17868 385 309.9 19.8 1490 29 3199 203 1252 45.0 726 207 16982 1z 89 99
1356 |-400 mesh 1167.77 5785 311 3113 95 44 3074 310 50.2 140 1o 78 1583 § 636 09 25
Total | 201245
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Oversize Activity

C;;Sr:l:’:ltive W:ghl ;e;;:m Gammaz Spectromelry Alpha Spectromelry
(%) Ra-216 Re-118 Th134 U-234 U235 U238 Th-227 Th.228 Th-230 Th232
(pCiigdry) {pCilgdry} {pCilgdry) (pCi/gdry) (pCi/gdry) {pCi‘gdry) (pCilgdry} (pCifgdry) (pCligdry) (pCligdry)
+4 E1L73 292 08 4 43.2 13 46.7 i53 0.0 39318 NS
+3 1169 374 a? 49 47.2 13 495 t5.9 0.3 4205 9
+i6 1539 50.7 4.6 369 549 25 559 t6.0 0.7 43803 29
+36 1697 §4.2 [HR:] 469 720 31 70.8 03 5.6 5108 10
+350 19.81 1202 [ 839 £05.1 47 1029 104 -i8.3 BOB.2 4¢
+]co 2560 2212 04 E56.6 §62.4 16 157.1 425 <1238 1143 % 43
+200 3129 2909 o6 1592 2088 9.7 0%.6 469 434 13794 i3
+400 4215 3342 G5 2374 230.0 106 2264 634 49.5 1446.4 43
440 100.00 3798 1.1 3234 2769 10.0 2733 358 -20.3 1525.6 26
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TABLE g2
Ash 1 Sys
Gamms Spectromelry ; s Resuls
. weight Weight Ra-216 Ra-12§ Th-227 Th-234 U-138
Semple 14 Semple Doseription (zdry) Percent Activity Error Activity Error Agtivity Error Activity Errer Activity Errvor
(%) {pCifgdry) (pCiigdry) (pCilgdry} {pCifgdry) {pCi/gdry) {pCifgdry) (pCifgdry} (pCifgdry) (#Clgdry} (pCligdry)
B35% Whele Soil-aliquot 41555 176 48 10 0.4 56.5 15 9% | 4.2 10.7 03
2359 Whole Soif-Aliquot 4347 180 6.0 [ [} 483 18 747 4.1 109 04
1360 Whole Sofl-Aliguot 1755 201 52 10 0.4 536 16 958 18 124 a3
8351 Whele Seil-Aliquot 379.16 206 15 1.k 0.1 629 05 101 K 127 ol
Towl | 1969.82
$362 +4 mesh 251.04 12.80 34 12 06 0.2 68 06 195 20 2t 0.1
8363 -A/+8 meah .51 367 639 5.6 [ [ 173 18 42 45 39 o3
8364 -8/+16 mesh 5726 292 12 29 [ a3 339 09 69.6 25 69 0.2
2365 16/+30 mesh 47.79 244 164 0.9 0 0 50.9 14 26.9 16 100 0.6
8166 .30{+50 mesh 7597 387 202 4.1 [ a 664 49 86§ 9% 124 03
8167 _50/+100 mesh 133.2 6.79 258 82 0 [} B0.6 25 203 0.8 159 0%
2368 -HOB/+200 mesh 170,57 8,70 230 72 [ 0 713 2z §44 75 14.1 04
(3133 20074400 mesh 18394 9.18 244 B4 1.4 08 212 16 144 19 151 - 05
8170 400 mesh 959 52 49 44 t67 639 | 3] 05 48.3 i 80 4.6 99 04
Tow} 19612
Alphe Specirometry Analyses Results
Weight U-234 U-235 U-238 Th-227 Th-12% Th-230 Th-232
Welght
Semple I | Sample Deserlption]| ) "‘:“"‘ Activity Error Activity Error Activity Error Activity Exror Attivity Error Activity Error Activity Error
) (pCigdry) | (pClgdry) [{ (pClgdry} | (nCugdry) || (pCUIry} | (pCligdry) [} (pCirgdry) | (pClgdry) || (pCiigdry) | (pCilgdry) || (pCifgdry} | (pCitgdry) || (pCirgdry) | (pCisgdry)
8358 |Whole Soif-Aliquot | 41555 877 213 1.6 35 20.9 199 50.1 276 18 211 1254.4 95§ 129 9.t
2359  |Wholc Soil-Aliquot | 4347 1513 29.5 56 58 105.5 242 710 M0 8.0 177 1670.8 1109 11 6.6
8360  {Whole Scil-Aliquot | 3755 1356 139 55 47 140.9 244 56.7 0.7 0.2 23.7 1984 3 1276 188 214
BI61  [Whole Sofi-Aliquot | 379.16 98.4 136 48 28 93.9 13.3 4.7 1.9 2.3 7.1 1206.0 516 10.0 42
Toul | 1969.82 '
8362 [+4 mesh 251.04 1280 382 82 23 20 331 75 45 58 20 7.1 1682 122 09 7
8363 |4/+8 mesh RiE 3.67 593 17 24 14 62.0 78 160 58 05 a7 4196 227 Ly i4
23154 |-8/+16 mesh $7.26 292 733 25 6.0 22 710 83 214 7.5 11 19 764.0 335 45 11
£365  §-16/430 mesh 4179 144 739 9.4 53 21 36.0 9.7 323 16.4 03 68 7145 532 28 35
83166 |-30/+50 mesh 7597 187 1432 129 52 26 1353 124 519 287 705 -15.4 1400.0 1032 45 60
8367 . |-50/+100 mesh 133.2 6.79 1788 182 10.3 38 1772 18.0 1415 60.0 12 257 37228 2330 117 155
2368 |-100/4200 mesh 170.57 B.70 133.1 124 52 24 1312 12.1 483 2738 51 15.4 17374 1224 $7 56
8369  |-200/4400 mesh 183.94 918 1128 12.6 7.5 27 1129 13.0 42.0 249 28 121 1189.7 9437 79 86
8370 |-400 mesh 560.52 | 4944 1887 1114 2.6 320 2081 1123 6.6 135 R .4 1608 4 787 45 11
Toul | 1961.2 .
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) Crversize Activity
Cusr:;l;ltive WS::“:’::::M Gamma Speciromelry Alphs Spectrometry
(%) Ra-216 Ra-218 Th-134 U-134 U-235 U238 Th-227 Th-228 Th-230 Th-232
{pCifgdry} (pCligdry} (pCi/gdry) (pCifgdry) (pCifgdry) (pClrgdry) {pCifgadry) {pCigdry} {pCligdry) (pCligdry)

+4 12.80 340 0.6 19.5 382 23 111 4.5 2.0 1682 0.9
+& 16.47 407 oS 4.5 419 13 196 70 17 2244 11
+16 19.39 51.4 05 313 415 19 443 101 13 3053 16
430 21 82 54.0 6.5 375 511 3.1 49.0 126 1.2 353.4 1.8
+50 2570 B4 8 04 4438 650 490 62.¢ 194 -4 3 s 22
+100 1249 1200 03 715 388 53 86.1 449 8.4 HEFR 54
+200 41.19 1440 0.3 919 98.1 53 96.9 456 .56 1299.7 55
+400 50.56 162.6 0.5 1015 1009 57 1009 45.0 40 12793 59
-400 100 00 164.8 10 90.9 1443 14.1 153.9 576 26 1442 0 52
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TABLE
Ash it
Gamma Spectromety s Resulr
Weight Weight Ras-226 Ra-328 Th-227 Th-134 U235
Semple Id Sample Deseription (gdry) Pcr.cent Activity Error Activity Error Attivity Error Activity Error Activity Error
%) (pClgdry} | (pClgdry) {pCi/gdry) (pCiigdry) {pCilgdry) {pCilgdry) {pCilgdry) (pCilgdry) (wCUgdryy | pCrgdry
8400 Whaote Soil-Aliquot 454.72 1300 42 0% 03 579 1.3 125.0 14 110 02
£401 Whaole Soil-Aliguat 488,82 1%0.0 g1 06 a6 58.% 23 982 6.1 §15 03
2402 Whofe Sail-Aliquot 4353 178.0 4.5 10 03 556 1.3 118.0 42 509 03
£403 Whole Soil-Aliguot 450.1 116.0 48 i¢ 03 503 13 144,06 47 £G.? 03
Total 195854
B404 +4 mesh 106.28 559 428 27 oo Q.0 HIX] 09 316 25 2.6 0.2
8405 4j+8 mesh 42 8% 128 136.0 128 0 a.0 6%.5 4.3 1110 10,0 181 0.7
8406 B/416 mesh 45.1 237 2920 144 0.0 a0 1069 4,5 1710 b4 178 13
3407 -16/430 mesh 48 47 2.5% 3550 173 oo 0.0 125.0 31 1320 113 22k 1.0
8408 ~30/+50 meth 75.53 3197 329.0 9.6 oo 0.0 108.¢ 29 22310 g1 204 0,6
2409 -50/+100 mesh 11281 6.25 3850 104 1 21] 0.0 121.0 29 2480 &1 n7 0.6
410 -100/4200 mesh 140,51 13% 3450 87 0.0 0.0 {02.0 26 2280 1% N o5
8411 -200/+400 mesh 175.87 9.25 2320 16 0o 0.0 6.3 24 144.0 52 142 N 04
412 400 mesh 114825 60,38 150.0 44 15 03 527 14 6.6 36 92 03
Tota} |1961.7

Oversize Activity

Oversize Activity
Camulative Wfi:::i:emr::nt Gamma Spectrometry
Sample ) Ha-226 Ra-12% The234
{pCifgdry} {pCuigdry} (pCligdry)
+4 5.59 428 0.0 30
45 7.84 82.2 0.0 540
+18 1032 1309 0.0 312
+10 12.76 157 00 113
+50 1674 2121 00 1378
+100 2298 259.1 00 167.8
+200 3037 2800 00 1824
+400 39.62 768 8 09 1734
400 160.00 197.1 09 1210

A-5
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Gamma Spectrometry

. Weight | Weisht Ra-226 Ra-218 Th-227 Th.134 U238
Sample Id Semple Description (€ Percent Activity Error Activity Error Activity Error Activity Errar Activity Error
. %4} (pCigdry} {pCligdry) {pCifgdry) (pCirgdry) (pCifgdry) {pCirgdry) (pCifgdry) (pCi/gdry) (pCifgdry) | (pClgdrm)
8414 Whole Soil-Aliquot 510.05 1220 37 oE 9.2 276 09 508 28 7.4 02
8415 Whole Soil-Afiquet $79.25 1510 34 09 02 314 i 54.7 27 6.8 02
8416 Whole Sail-Aliquat 50397 154.0 X 00 0.0 415 L6 942 37 93 03
$417 Whole Soil-Aliquot 51574 126.0 45 12 03 352 11 596 13 76 03
Tout 267901
B418 +4 mesh 0.2 3.99 302 25 0.7 02 43 C.7 14.9 24 1.8 02
8419 A/+8 mesh 3761 187 154.0 1.6 0.0 0.0 54.1 3.7 76.5 16 9.5 0.7
8420 -B/+16 mosh 431.63 217 194.0 16.9 00 2.0 £53 36 96.4 7.7 £2.0 [T
8411 -16/430 mesh 67 131 2330 1o 00 20 £6.0 3.0 1220 3.4 14.5 0.6
8411 -30/450 mesh 13242 6.59 1490 56 0.6 0.0 416 1.6 TR0 45 91 043
8423 -50/+100 mesh 143.53 714 1770 78 0.0 80 465 23 HLe 71 103 05
8424 -100/+200 mesh 142.t6 1.07 2350 7.1 0.0 09 62.2 2.2 125.0 56 143 0.4
8425 ~200/+400 mesh 189.28 942 156.0 6.1 00 00 417 18 298 4.0 9.5 Y
8426 400 mesh 11744 58.42 1070 43 08 04 8.0 12 56.3 13 6.4 03
Totat |2010.23

Owersize Activity

c - Orversize Activity
mmukstive
CI;I:I:;[;[IiVE Weight Percent — Gamma Spectrometry
{%) -116 Ra-128 Th-234
{pCifgdry) (pCi/gdry) (pCifgdry)
+4 . 359 302 a7 14.9
+3 586 9.7 0.5 346
+i6 303 i03.3 03 513
+30 1136 £413 0.2 72.0
+50 17.9% t44.2 0.2 742
+100 25.09 1535 0.1 84.7
+200 3216 1714 0.1 933
+400 41.58 167.9 o w07
400 100.00 1323 0.5 706

A-6
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TABLE
Linde
Gamma Speclrometry 5 Results
o weight Weight Rz-226 Ra-228 Th-227 Th-234 U-215
Sample 1d Semple Doseription (edry) P"(':;‘C“‘ A:.livily Errar Activity Etror Activity Error Activity Errar Activity Error
4 (pCifgdry} {pCiigdry} (pCifgdry) {pCilgdry) (pCilgdry) {pCiigdry) {pCi/gdry) {pCiigdry) || (pCifgdry} | (pCi/gdry)
8372 Whols Soit-Aliquot 594 05 4550 68 3] 05 127 L5 3178 4.6 263 0.4
337} Whole Soil-Aliquot 61904 3750 1.7 03 0.1 49 43 28340 13 221 6.1
8374 Whole Soib-Aliquet 615,42 4050 69 .o 00 110 1.6 29140 66 215 04
2375 Whale Soil-Alquot 607,66 4050 6.4 86 0.4 70 1.0 2240 5.2 23% 04
Totat 243617
8376 +4 mesh 614.52 25.49 B9 20 s 0.1 0.0 a0 349 ig 24 6.1
83717 4/48 mesh £60.22 6.64 454 1.3 0.0 co 0.0 ap 2.1 50 58 04
B3I78 ~3/+16 mesh Ei9.38 4.95 93.1 89 00 GO 00 a0 1260 54 10 s
83179 «16/410 mesh B1.46 338 8090 108 0.0 0.0 09 00 t13o 6.2 29 0.6
23l80 ~30/+50 mesh 109.79 4,55 712 29 09 eX ] 00 G0 1150 7.2 69 03
3181 -50/+100 mesh 10137 4435 2310 95 00 0.0 25 B3 127.0 19 13.7 06
182 -100/+200 moth B9.65 172 48290 134 090 0.6 04 o0 2130 g9 27.7 03
3183 +200/+400 mesh 148.79 &17 5690 123 09 2.0 i9.2 13 27940 5.6 325 0.7
3184 ~400 mesh 980.0 40.64 1230 .1 0.0 a.0 251 20 69 67 420 0.5
Total 241149 i
Alpha Spectrometry Analyses Resutlis
) Weight U-134 U-235 U-238 Th-227 Th-228 Th-230 Th-131
Weight
Sampie id [Sample Description {gdry) P:’;’M Actvity Error Activity Err¢r Activity Error Activity Error Activity Error Activity Error Activity Ervor
%) (pCUgdry) | tpCligdry) || (pClgdry) | (pClgdry) || (PCURdY) | (pCUigdry) I} (pClgdry) | (pCiigdry) {§ (pCifgdry) | (pCilgdry) || (pCiigdry) | (pCi'gdry) || (pCilgdry) | (pCirgdry)
8312 Whole Soil-Aliquet | 594.05 3148 3t5 134 53 3083 30 EL3 6.2 -4.3 -5.8 21319 9.2 it i5
8373 Whole Soil-Aliquet | §19.04 2893 2956 25 4.5 27718 pi i 114 17 01 83 3066 281 71 4.1
8374 Whole Soil-Aliquot | 61542 1933 269 166 52 318.5 284 E1.2 47 <10 32 EBS.D £2.9 0.6 09
B375 Whole Soil-Aliquot | 607.66 1102 251 96 15 © 3008 246 131 12 34 Gl 2543 W07 11 %4
Total §2436.17
8376 +4 mesh 614.52 1549 87.4 ne 33 29 a7 10.9 35 11 27 41 247 53 35 36
8377 448 mesh 16612 £.64 127.0 103 8.1 22 136.6 108 I.5 2.6 1.7 43 389 6.4 21 16
8378 -8/+16 mesh 11938 4.95 133.5 nao 57 | 5] 1354 112 38 38 03 42 304 6.2 0.6 (1R}
2179 -16/430 mesh 81.46 338 110.1 113 6.5 246 130 1.7 13.1 18.5 23 143 288 FAN] 20 80
2130 -30/+50 mesh 10979 4.55 1347 122 52 20 1232 11.5 1.0 4.1 +1.3 4.0 569 34 13 14
3331 -$0/+10C mesh 107.37 4.45 157.6 15.1 9.3 3.0 154.8 1438 16.0 206 14 128 1073 303 21 &6
3382 -100/+200 mesh £9.65 372 230.8 203 92 30 242§ 213 10.5 165 543 -143 2264 195 51 5.9
333) -200/+400 mesh 148.79 6.17 30613 223 140 33 3049 223 16.4 6.7 -186 3.8 3244 217 25 18
33184 400 mesh 980.01 4064 4687 412 19.0 6.5 44 4 40.7 19.4 9.7 -3 &4 4498 137 2% jo
Total 241119

A-7
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Overyize Attivity

c.;::;zve wg::u::::ﬂt Ra-226 G""m::iﬂ::;mmﬂf! Th-234 U234 U-235 e
%) - - - U-238 Th-227 Th-218 Th-230 Th-232
(pCi/gdry) (pClgdry) {pCisgdry) (pCi/gdry) {pCilgdry) (pCi/gdry) (pCifgdry) (pCi/gdry) (pCi/gdry) {pCirgdry)

+4 2549 8.9 0.8 349 87.4 10 871 35 2.7 247 35
+8 3213 164 [X3 46.7 955 48 973 3t 2.5 7.1 3z
+16 3108 267 0.4 56.5 19e6 49 1024 32 2.1 215 2.9
+30 40.46 3L 0.5 61.2 01,4 50 103.3 50 22 276 P
+50 £5.01 352 0.5 86.7 1043 5.0 1053 43 1.8 106 25
+100 49.47 $33% 0.4 2.1 109.5 54 109.7 53 1.9 315 25
4200 S3.ER 833 0.4 19 1180 57 119.0 $.7 27 507 2.7
+400 59.36 1138 0.3 102.4 1374 66 1383 638 43 741 26
400 100.00 1733 02 86.0 2718 1156 257.5 12,1 ER! 2298 16

A-8
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o weight Weight Ra-22& Ra-218 Th217 Th-234 U-238
Sample 1d Samyple Description {£drs) ?er.“nl Activity Error Activity Frror Activity Error Activity Error Activity Error
{%) (wCilgdry) | (pCigdry} (pCifgdry) {pCilgdry) {pCiigdry) {pCiigdry) {pCligdry) {pCilgdry} {pCilgdry} | (pClgdry)
8186 Whote Soil-Aliquet 484 76 300.0 63 0.0 04 10.3 i5 1760 52 176 04
2387 Whole Soil-Aliquot 5324 260.0 43 0.9 021 2.9 09 166.0 33 149 0}
8388 Whole Soil-Aliquet 520.72 J[ 240 49 0.0 T 8.1 12 123.0 40 142 03
£139 Whole Soil-Aliguet 4568 06 2740 49 £1 C4 3.1 [+3] 16G.0 18 i5¢ 03
Totl 200594
3150 +4 mesh 313.74 1582 23.5 1.0 o8 0.2 0.0 0.0 8. 2.4 45 02
2191 4148 mesh 161.12 .12 E45.0 43 [:X4] 0.6 09 0.0 1020 14 83 02
§19: B/+ 16 mesh 16744 244 503 33 Ga 00 00 0.0 14.4 5 4.0 0z
839 <16/+30 mesh 122.09 6.16 780 B.1 .0 0.0 0.0 2.0 853 6.1 54 0.4
8394 -30/+50 mesh 123.7 624 586 67 09 05 00 .0 848 50 52 04
8395 -50/+100 mesh 107,04 540 749 2.0 0.0 0.0 ¢.0 0.6 507 53 6.1 0.5
8396 -100/+200 mesh 108.03 545 1360 143 0. 0.0 00 0.0 109.0 7% 69 03
8357 -200/+400 mesh 149.91 1.56 2470 103 0.0 0.0 41 22 117.0 90 14.2 - 66
8398 400 mesh 730,29 3682 3650 62 1.0 0.5 8.5 13 155.0 44 20 04
Totzl |1581.35
Alpha Spectrometry Analyses Resuits
Weight b-23¢ y-238 U-238 Th-217 Th-224 Th-130 Th-132
Sample 14 | Sample Deseription ‘(,:;i:;;' Percent Activity Errer Actvity Error Actvity Error Activity Error Activity Error Activity Error Activity Error
%) 8 (pCugdry) {(pCiigdry) |} (pClgary) |pCugeryy | (PCUsArY) | (pCHRAr) || (pCiradry) | (pCugary) i (pCuedry) | (pCirgdey) || (pCiigdry) | pCirgdryt || (pCligdry) | ipCigdry)
8386 |Whole Soil-Aliguat 4B4.76 143.4 133 49 20 143.7 13.1 s 532 N3 16 $62.9 138 48 38
8387  |Whole Soil-Aliguos 5324 154.9 14.7 65 24 158.6 149 6.7 17 22 13 1257 L2 18 13
8188 |Whole Soil-Atiquot 520.72 1502 132 24 27 148.4 13.1 59 34 54 29 1520 124 15 13
3389 {Whole Sail-Aliquat 468.06 1345 3.0 5.9 25 147.4 139 78 18 -9 13 129 101 24 13
Towl | 200594
8390 |+4 mesh 113.74 1582 1027 9.8 53 1.9 1676 9.8 12 30 o1 44 21 5.4 0E 13
839t [|-4/+2 mesh 16132 8.12 1105 129 53 14 1105 129 22 26 08 39 218 16 03 10
2392 |-B/+is mesh 167.44 8.44 19,1 13,6 63 26 103.7 123 16 38 4 42 612 80 22 16
8393 |-16/+30 mesh £22.09 £.16 86.4 106 5.1 2.3 1014 1T 58 38 10 43 309 63 10 12
8394 |-307450 mesh 237 624 90,4 9.9 16 (] 932 10.0 43 36 22 45 402 70 06 08
8395  |-50/+100 mesh 107.04 540 89.6 8.7 5.7 19 90.5 8.7 5.0 3.5 07 43 605 8.6 1l 14
8396  |-100/+200 mesh 108.03 5.45 1159 10.9 64 22 1151 10.9 104 48 00 39 1515 131 09 16
8397 |-200/+400 mesh 149,51 7.56 137.5 123 50 19 1244 s 65 40 30 22 1848 i16 t9 14
8358|400 mesh 73020 | 3682 170.5 164 70 2.6 1925 179 718 63 16 40 3042 186 37 19
Total 198336
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EE Oversize Activity
Camulati
G Spect 2k
Camulative Weight Percent Ii ammas Specirometry Alphs Spectromeiry
Sample ) Ra-216 Ra-128 Th-234 U234 U135 U238 The-227 Th-128 Th-230 Th-23¢
{pCilgdry} (pCiigdry) (pCifgdry) {pCi/gdry} (pCligdry) (pCifgdry} {pCifgdry) (pCi/gdry) (pCligdry} {pCilgdry)

+4 15.82 215 0z 583 1027 53 107.6 3.3 0.1 PN 08

+8 21.94 647 05 731 1054 5.3 108.6 e 02 26 .8

+16 3238 61.0 o4 735 169.0 56 1073 kN 42 332 1.2

430 38,54 637 43 754 1054 55 106.3 35 ¢o 3z8 1.2

+50 44,78 61.0 o4 16 1033 5t 1045 18 a3 339 1.t

+10¢ 50.17 i; 643 o4 EEA i9t8 5.2 1030 7 63 36,7 N

+200 3562 713 4] 862 1032 53 104.2 44 63 430 1l

+400 63.18 923 0.3 846 107.3 5.2 106.6 45 4.1 643 12

~400 100.00 1927 0.5 110.9 t366 59 138.2 11.0 0.5 152.7 21




Results
Sample I Sample Description (gdry} r":“‘“ Activity Error Activity Error Activity Error Activity Error Activity Error
(%) {pCigdry) (pCilgary) (pCilgitry} (pCilgdry} " (pCligdrey} (pCifgdry) {pCifgdry) {pCilgdry) (pCitgdry) | (pCligdry)
8438 Whole Soil-Aliquot 402.4 1530 61 GO 00 246 [&1] 15 24 90 0.4
#4219 Whale Soil-Aliquot 421.96 1389 43 0e 63 228 12 185 13 83 ¢l
£430 Whale Soil-Aliquot 4072 §58.0 54 06 0.0 298 1.5 178 32 93 [P
8431 Whale Soil-Aliquot 40675 150.0 52 0% 03 5% 12 218 39 38 0.3
Tow! 12063.47
8432 +4 mesh 160.5 .04 133 20 9.3 02 00 00 4.4 §2 L4 0.1
8413 4/+8 mesh 47.44 238 921 69 0.0 o6 B6 R 18 49 56 04
8434 -8/+16 mesh 43.5) 2.18 E57.0 87 9.0 R 214 24 281 48 39 0.5
8435 «[6/+30 mesh 44.05 22 2030 16.0 0.0 0.0 30.6 39 357 9.5 122 0.2
B436 -30/+50 mesh 78.63 194 1640 6.6 0.0 0.0 389 [ 31 295 38 29 0.4
3437 -50/+100 mesh 15293 7.66 95.0 70 .0 a0 393 £9 373 4.7 1.4 G4
8438 -100/+200 mesh 743 73 1850 83 0.0 0.0 346 ig 341 39 0.8 [+X]
B439 -200/+400 mesh 21266 1068 1980 4.9 09 90 8.9 £9 319 44 120 - 0.4
B440 406 mesh 108235 40 160.0 5.3 il a4 230 L2 184 28 9.3 03
Totsl 1199699
Oversize Activity
J— Oversize Activity
Cnsr:;l;llive Weight Percent Gammas Spectrometry
{%) Ra-116 Ra-228 Th-134
{pCi/gdry) {pCifgdry} (pCilgdry) -

+4 8.04 233 0.5 4.4

+8 .41 39.0 04 8.5

+i6 12.59 595 Q.3 119

+30 14.80 80.9 a3 18.5

+50 1814 8.3 0.2 203

+100 26.39 1264 02 156

+200 3502 1409 0.1 217

+400 4577 1542 ol 287

450 100.00 1574 0.8 234
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Seaway Systzees
Gamma Specirometry A5555 Results
o Weight | Weieht Ra-216 Re.218 Th-217 Th-234 U235
Sample 1d Sumiple Deseription (gdry) Pﬂ;:enl Activity Error Actvity Error Activity Error Activity Error Activity Erver
%) {pCifgdry) (pCifgdry) {(pCigdry} (pCigdry} {pCifgdry) (pCilgdry) {pCilgdry) (pCuigdryy (pCiigdry) (pCigdry)
8447 Whoie Soil-Aliquot 491.29 663 19 Lo 92 93 08 1.z 2.1 4G 62
8443 Whele Soil-Aliquot 53403 381 8 o7 a2 9 0.7 16.9 17 35 92
8444 Whele Soil-Aliguot 0T .17 699 36 00 g 88 i 133 z1 4.1 012
R445 Whole Seil-Aliquot 52097 763 38 o9 02 153 il 174 B 4.6 02
Tetal | 204346
2446 +4 mesh 10174 519 219 9 1.3 0s 00 oo 78 2] 1.3 02
£447 +4/+8 mesh 4189 209 268 42 co 00 0.0 oo 7.1 3z (K] 0.2
B448 -B/+16 mesh 4111 206 50.7 (3] o 00 9.4 La 193 4.6 10 0.4
#449 -16/+30 mesh 4349 2.17 54.7 61 0.e 00 9.0 9 181 4.1 13 04
8450 -30/+5¢ meth 104.16 521 416 10 0.6 0.0 5.2 03 145 24 15 0.2
5451 S50/4100 mesh 186.99 9.35 529 3.3 0.0 090 71 09 12.5 20 31 02
8452 -FO0 200 mesh 13482 674 7.s 4.6 0.6 090 92 5.2 13.1 20 43 03
B453 2004400 mesh 158.29 792 884 53 0.0 040 205 16 155 kR 5.4 - 03
8454 400 mesh 1185.1% 59.27 kai 3z 12 03 £0.7 09 1.5 L9 47 02
Towl |1959.67
Ovensize Activity
- Orversize Activity
Cusl:ls‘f;&ve W:ght .Pe:;;at Gamma Specirometry
(%) Ra-216 Ra-228 Th-234
(pCligdry) (pCligdry) (pCigdry)

+4 519 9 i3 78

+8 728 233 09 1.6

+16 934 193 0.7 103

+0 11.51 34.1 0.6 %)

+50¢ 16.72 165 04 126

+104 2697 424 03 12.6

+208 3282 483 02 127

+409 40.73 56.1 02 132

200 100,00 689 08 122
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