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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 garnrna spectrometry analysis of the samples, following a Rn-222 ingrowth perio_£. 

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 (NAREL) 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, 

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 

II 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/garnrna 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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Figure 1-1 Flowchart for Tonawanda Initial Characterization. 
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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 I Bias, Ash I 

Systematic, Linde Bias, and Linde Systematic) were also analyzed for uranium 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!lg (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 (SCA9lb). 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 radionuciide 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 (EP A80). The wash water 
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were counted for 1000 min, and the soil samples were counted for 100 or 1 000 min, 
according to the levels of radioactivity. 

2.6 Alpha Spectrometry 

Analyses for uranium and thorium radionuclides were performed by alpha spectrometry 

(EPA84). Uranium was extracted, coprecipitated with lanthanum fluoride carrier, and 

analyzed by alpha spectrometry. Thorium was separated by ion-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· I through A-8 and are 

illustrated in Figures 3-1 through 3-&. The particle-size distributions for Ash I, Ash Il, and 

S'"""''v are similar with 49 percent or greater -400-mesh material, as illustrated in Figure 3-9. 

I Systematic soil contains notably more gravel and coarse sand·sized material. 

The Linde Bias and Systematic soils are similar in their distributions with 41 and 3 7 percent 

-400-me;;h material, respectively. These soils also have 45 percent +50-mesh material. 

3.2 Radionudide Distributions 

The primary radionuclidcs 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. 
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Data determined by ganuna spectrometry' are presented for all whole soils and fractions and 

those from alpha spectrometry (U and Th) are given for the Ash I and Linde samples. 

3.2.1 Ash I 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 I Systematic 

(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 I 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 alone 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 a5 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 chelilical 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 II Samples 

Only ganuna spectrometry analyses were performed on the Ash II samples, thus no data are 

available for Th-230. The results of the ganuna counts are provided in Tables A-3 and A-4 

and illustrated in Figures 3-3 and 3-4. The Th-234 values may be used to estimate the Uc238 

concentrations since these two nuclides should be in equilibrium. The average ratio of 
' 

Th-234 to U-238 as determined on the samples for which alpha spectrometry was performed 

(Ash I 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 aliquots of the samples to allow for ingrowth of 
radon in order to arrive at a 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 

,,, 
V,S. 

if 



'1 
.1 

j 

I 
] 

) 

] 

] 

l 
] 

J 

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 II 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 fractions 

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. 

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. 

3.2.3 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 sample, 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. 

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. 
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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 

+I 00-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 + 1 00-mesh 

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

3.2.4 Seaway 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 

1~)pCi/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. 
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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. 

2. 

In an effort to control the cost of radioanalysis in this study, alpha spectrometry 

analyses of Ash II 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 II Systematic fractions, the Ash II whole soil 

sample, all Seawcy Bias fractions, and the Seawcy Systematic whole soil sample. 

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 pCilg for Ra-226 and Th-230 and 60 pCi!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 

(EP A89) 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 solutions. Gamma and alpha spectrometry analyses will be performed on 

starting material (+50-mesh fractions), extracted fractions, extracting solution, and 

filters used to separate the solution. 

(b) Peiform 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 glee) 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 thoriurn-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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4. 

using a sodium polytungstate solution with a density of 2. 89 glee. Perform alpha 

spectrometry analysis on both heavy and light fractions (the less-dense and more-denst 

fractions), 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 II Bias soils also. 

Petrographic studies have been successful in identifying radiominerals and 

radionuclide-contaminated process materials (EP A93 and EP A94). 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 aliquots from 

the heavy fractions produced by heavy-liquid separation of both soils using both 

binocular and polarizing petrographic microscopes. Make a statistical count of 15 0 to 

300 grains on each size fraction and heavy mineral fraction to determine the mineral 

composition of the soil. 

19 
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Results 

Weight R.a-116 lb-228 Th-127 Th-234 U-235 
WHght 

Sample ld Sample Denriptlol' 
(gdry) 

Percent Activity Error Activity Error Activity Error Activity Error Activity Error 
(%) (pCilgdry) {pCtlgdry) (pCi/gdry) {pCilgdry) (pCifgdry) {pCI/gdry) (pCi/gdry) (pCi!gdry) (pCl/gdry) (pCifcdry) 

8344 Whole Soil-Aliquot lSB 46 421 7.1 1.1 0.4 90. I 19 "' 6.6 25_7 0.4 

3345 Whole Soil-Aliquot )69 35 192 " 0 0 81.6 2.2 "' 6.5 \U O.J 

1346 Whole Soil-Aliquot ::m.n "' 6.5 1.1 0.4 72.3 1.7 284 59 20.1 04 

8347 Whole Soil-Aliquot 397.8 386 7.9 0 0 83-1 2.2 "' 7.3 236 0.5 

Total 2070.16 

8348 +4 mesh 216.71 I 1.73 19.2 0.6 0.8 0.1 35 0.1 21.4 0.5 18 0.0 

8349 -4/+8 mesh 39.61 1.96 86.3 10_4 0 0 17.2 3.0 45.6 6.6 54 0.6 

8350 -81+16 mesh 34.22 1.70 158 11.2 0 0 43.7 4.1 "' 15.4 9.7 0.7 

3351 ·16f+JO mesh 31 94 1.58 196 10.8 0 0 58.2 3.5 144 108 I 1.9 0.6 

8352 -30/+50 mesh 57.29 H4 455 14.7 0 0 128 46 305 14.7 28.1 0.9 

8151 -50/+100 mesh 117 5.80 566 12.1 0 0 141 3.6 405 " 349 0.7 

&354 -100/+200 mesh 155.23 7.69 "' 10.5 1.4 0.6 112 2.9 341 8.4 319 0.6 

8355 -200/+400 mesh 175.611 '" 497 11.11 0 0 105 3.0 381 93 30,3 0.7 

ll56 -400 mesh 1167.71 57_85 4ll 6.9 1.6 0.4 85.1 1.8 386 70 251 04 

Total 2018.45 

Alph1 Spe1:trometry Analyses Results 

Weight U-U.t U-235 U-131 Th-217 Th-228 Th-l.JO Th-ll:t 
Sample 

Sample Detc:rlptlon 
Weight 

Percent Activity Error ld tsdryJ Aclivity Error Activity Error Activity Error Activity Error Activity Error Mtlvity Error 
(%) (pCI/gdry) (pCilcd17) (pCI/&dry) (pCIIs:dry) (pCI/Jdry) (pCilcdry) (pCilgdry) (pCI/j:tdry) (pCi!gdry) (pCilgdry) (pCi!gdry) (pCilgdry) (pCilgdry) (pCi/gdry) 

1134~ Whole Soil-Aliquot 358.46 3295 40A 19.8 8.9 335.5 40,7 85,6 27.4 -U -16.1 2063_!1 102.0 23_9 !OJ 

8345 Whole Soil-Aliquot 369.35 391.0 29.2 17.1 4.1 396.1 29.6 49.8 28.3 19.2 IU 1470.3 109.5 12.6 10 4 

8346 Whole Soil-Aliquot 381,72 421.8 Sl.6 18.7 10.1 375.7 49,8 115,8 35.0 10.3 18.4 2597.\ 126.5 19.3 97 

8347 Whole Soil-Aliquot 397.8 36U 46.7 25.1 11.2 353.5 45.9 65.6 23.2 -8.8 -IH 2267 s 100 " 64 

Total 2070.16 

8348 +4 mesh 236.71 I \.73 43.2 6.0 2.3 1.3 46.7 6.3 ISJ 5.9 0.0 42 393.8 224 3.1 2 0 

!349 -4/+S mesh 39.61 1.96 71.2 10.2 2.0 17 66,3 9.9 20.3 6.0 3A 38 580 5 259 1.6 12 

SJSO -8/+16 mesh 34.22 1.70 116.7 17.2 4.1 32 107.5 16_4 18.4 6.0 1.0 4.0 507 4 250 2.4 16 

8JSI -16/+30 mesh 31.94 us 238.4 20.5 9.1 29 215.2 \9.0 66.3 32_8 -77.2 -21.9 1295 8 1028 37 81 

BJS2 -30/+50 mesh 57.29 2.84 302.8 18.0 14.1 2.6 294.8 17.6 87,1 36.7 -88 4 -16.0 2585 0 1445 '" 102 

8353 -50/+IOO mesh 117 5.80 358.2 22.2 17.8 3.1 342_2 21.4 83.8 341 ·82 2 -15 s 2289 4 1316 )7 57 

8354 -100/+200 mesh 155.23 7.69 363.1 23.7 !6.7 3.2 349J 22.9 618 322 -78.9 -20 0 2164 9 140 9 20 " 
IJSS -200/+400 me:osh 178.68 8.85 309.9 19.8 14.0 2.9 319.9 203 125.2 45.0 -72 6 -20 7 1698 2 1!7 2 "' 99 

8)56 -400 mesh 1\67_77 57.85 31 Ll 313 9.5 4.4 307.4 31.0 502 140 10 " 1583 4 "' " 25 

Total 201845 
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Cumulative 
Cumulative 

Gamma Spectrometry 
Welehl Pucent 

Sample 
(%) Ra-126 Ra·lll Th-134 

(pCilgdry) (pCilgdry) (pCil~:dry) 

•• 11.73 29.2 0.8 2L4 

•• 13 69 37.4 0.7 24.9 

.,. IS.39 S0.7 0.6 36.9 

'" 16.97 64.2 0.6 46.9 

•SO 19.81 120.2 0.5 83,9 

+100 25.60 221.2 0.4 156.6 

+200 33.29 290.9 0.6 199.2 

+400 42.15 334.2 0.5 237.4 

-400 100.00 379.8 L1 323.4 

TABLE A-I 
Ash I 

Oversize 

Oversize Acthity 

U-134 U-235 U-138 
(pCI/gdry) {pCi/gdry) (pCi/gdry) 

43.1 2J 46.7 

41.2 23 49.5 

54.9 2.5 55.9 

12.0 3.1 70.8 

105.1 4.7 \02.9 

162A 7.6 157.1 

208.8 9.7 201.6 

130.0 106 226.4 

216.9 10.0 273.) 

A-2 

Alpha S~ttromelry 

Th-217 Th-128 Th-230 Th·lll 
(pCi/gdry) (pCi/gdry) (pCII~:dry) (pCilgdry) 

!5J 00 393.8 3.1 

15.9 0.5 420.5 2.9 

160 0.7 4)0,\ 2.9 

20.9 ~6 5!0.8 30 

)04 ·18.3 808.! 4.5 

42.5 .)z_g 1143.5 43 

46.9 -43.4 IJ79.4 38 

63.4 -49.5 \446.4 4.8 

55_8 -20_) 1525.6 2.6 



Results 

Wr-ight RJa-226 Rl-225 Th-227 Th-234 U-135 
Wri~tht 

Sump!~ ld Sampl~ Ikscription 
(gdry) 

Percent Activity Error Activity Error Adivity Errar Activity Error Activity Error 
("/•) (pCilsdrrl (pCitcdry) (pCi/gdry} {pCilgdry) (pCi/gdry) (pCilgdry) (pCitgdry) (pCilgdry) (pCllgdry) (pCVgdry) 

3358 Whole Soil-Aliquot 415.55 176 4.8 1.0 0.4 56,5 1.5 9lU 4.2 10.7 0.3 

!359 Whole Soil-Aliquot 434.7 180 6.0 0 0 48,5 1.8 74_7 4.1 \0.9 0.4 

5360 Whole Soil-Aliquot 375.5 201 S.2 1.0 0.4 63.6 16 95.8 3.8 IH 0.3 

8)61 Whole Soil-Aliquot 379.16 206 19 1.1 0.2 62.9 OS 101 1.5 12_7 0.1 

Total \969.82 

8362 +4 mesh 2SI.04 12.80 34 22 0.6 0.2 6.8 0.6 19.5 2.0 2.1 0.1 

8363 -4/+8 me!h 71.91 3,67 63.9 5.6 0 0 17.3 18 42 4.S 3.9 0.3 

8364 -Bf+\6 mesh 51.26 2.92 Ill 2.9 1.1 0.3 33.9 0.9 69.6 2.S 6.9 0.2 

8365 -16/+30 mesh 47.79 2.44 164 10.9 0 0 50.9 3.4 86.9 7.6 JO_O 0.6 

8366 -301+50 mesh 75.97 3.!17 202 14.1 0 0 66A 4.9 86.1 9.1 12.4 0.8 

8]67 -S0/+100 mesh 133.2 6.79 "' 82 0 0 80.6 l.S 203 10.8 15.9 0.5 

8368 -1001+200 mesh 170.57 vo 230 7.2 0 0 73.3 '' 144 7.5 14.1 0.4 

8369 -2001+400 mesh 183.94 9.38 244 84 lA 0.6 81.2 2.6 144 7.9 IS .I OS 

8370 -400 mesh 969_S2 49.44 167 6.9 IS 0.6 48.3 2.1 80 46 9.9 " Toat 1961.2 

Atphft Spectrometry Analyses Results 

Weight U-234 U-235 U-238 Th-227 Th·llS Th-130 Th-231 
Weight 

Sample Jd Sample Description 
(gdry) 

Percent AttiYity Error Activity Error AttiYity Error AttiYII:y Err-or AttiYity Error ActiYity Error Activity Error 
W•l (pCl/sdry) {pCVcdry) (pCVgdry) (pCilgdry) (pCilgdry} (pCilgdry) (pCi/gdry) (pCI/cdry) (pCi/gdry) (pCi/gdry) (pCilgdry) (pCilgdry) (pCil&dry) (pCi/gdry) 

8358 Whole Soil-Aliquot 41S.SS 87.7 21.S 1.6 35 80.9 19.9 50.1 27.0 ·1 .II -21. I 1254_4 9SS !2.9 9 I 

BJS9 Whole Soil-Aliquot 434.7 ISJJ 29.S 5.6 5.8 IOS,S 24.2 71.0 34_0 -8.0 -17.7 1670.11 110 9 31 66 

8360 Whole Soil-Aliquot J15.s 135.6 23.9 5.5 4.7 140.9 24.4 56.1 30.7 20.1 23.7 1984 3 127.6 188 '" 
8361 Whole Soil-Aliquot 379.16 98.4 13.6 4.8 2,8 93_9 13.3 43.7 11.9 lJ 7.1 1206.0 526 10.0 42 

Tool 1969.82 

8362 +4 mesh 251.04 12.80 ]8.2 8.2 2.3 2.0 33,1 7.5 4.5 S.8 -2_0 -7.1 168.1 182 0.9 17 

8363 -4/+8 mesh 71.91 3,67 59.3 7.7 2.4 1.4 62.0 7.8 16.0 S.8 ~.s -3.7 419.6 227 1.9 I 4 

8364 -8/+16 mesh 57.26 2.92 73.3 8.5 6.0 2.2 71.0 8.3 21.4 7.5 1.1 3.9 764.0 3ll 45 " 
8365 -161+30 mesh 47.79 2,44 79.9 9.4 5.2 2.1 86,0 9.7 32.5 16.4 ~3 ~.8 734.5 "' " ll 

1366 -30/+50 mesh 75.97 3.87 143.2 12.9 8.8 2.6 135.3 12,4 57.9 28.7 -71 s -15.4 1400_0 1032 4S 60 

8367 -50/+100 mesh IJJ.l 6.79 171!.8 18.2 !OJ 3.8 177.2 18.0 141.5 60.0 42 2S.7 3722 8 2)3 0 IU ll 5 

836B -100/+200 mesh 170.57 8.70 133.1 12.4 5,2 2.0 137.2 12.7 48_3 27.8 S I 15_4 1737.4 122 I l7 66 

8369 -200/+-400 mesh 18H4 9.38 112.8 12.6 7.5 " 118.9 13.0 42.0 24.9 2.8 12.7 1189.7 942 7.9 86 

&170 -400 mesh 969.52 49.44 188,7 Ill _4 22.6 32.0 2011.1 112.3 70.6 U.S ·II -BA 1608 4 787 4S J J 

To til 1961.2 
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Cumulative 
Cumulative 

Gamma Sp«trometry 
Weight Percenl 

Sampl~ 
("/o) Ra-126 Rll·l21 Th-134 

(pO/gdry) (pG/gdry} (pCi/&dry) 

•4 12-80 34,0 0.6 19.5 

•• 16.47 40.7 OS 24.5 

'" 19.39 514 0.6 31.3 

•30 21 112 64.0 OS )7.5 

•SO 2570 ... 0.4 44_8 

•100 32.49 121.0 O.J 77.9 

<200 41.19 \44.0 0.] 91,9 

<400 50.56 !62.6 o.s IOU 

400 10000 164-8 1.0 90.9 

TABLE A-2 

Ml 

---· 

Ovenire Activity 

U-234 U-235 U-238 
(pCi/gdry) (pCi/gdry) (pClfgdry) 

38.2 2.l Ul 

4H 2.l 39.6 

47.5 2.9 44.3 

51.1 l.l 49.0 

65.0 4.0 62_0 

88.8 S.J 86_1 

98.1 S.J 96.9 

100.9 5.7 100,9 

144-3 JU 153,9 

A-4 

Alph• Spectrom~try 

Th-127 Th-228 Th-230 Th-232 

{pCi/gdry) {pCi/gdry) (pCI/~;dry) (pCI!gdry) 

45 -2_0 1682 0.9 

70 -17 224.1 II 

!OJ .!.J 305 5 1.6 

126 -1.2 JSJA 1.8 

194 -11 g 5 II l 2.2 

44.9 -8.4 I 182.5 , .. 
45_6 -5_6 1299.7 55 

45.0 40 1279 J 5.9 

57.6 -2.6 1442 0 5.2 



Wti&hl 
Wei~thl 

Sample Jd Sample Dcstriptio• 
(:dr:r) 

Percent 
(%) 

0400 Whole Soil-Aliquot 494.72 

1401 Whole Soil-Aliquot 488,82 

11402 Whole Soil-Aliquot 485 3 

11403 Whole Soil-Aliquot 490.1 

Total 1958.94 

8404 -1-4 mesh 106 28 5.59 

8405 -4/+8 mesh -42.88 2.25 

0406 ·8/+16 mesh 45.1 2.37 

8407 -16/+30 mesh 48.47 2.55 

8408 -30/+SO mesh 75.53 3.97 

!409 -S0/+100 mesh 118.81 6.25 

8410 -100/+200 mesh 140.51 7.39 

!411 -200/+400 mesh 175,!7 9.25 

!<112 -400 mesh 11411.25 60.38 

Total 1901.7 

IU-126 

Activity Error 

TABLE 

A'h II 
Gamml Spectrometry 

Ra-221 

Activity 

Results 

Error Attivity 
{pCilsd'1'l (pCilgdry) (pCifgdry) (pCilgdry) (pCilgdry) 

180.0 u 0.9 0.3 57.9 

190.0 81 00 0.0 58.5 

178.0 4.5 1.0 0.3 55.6 

176.0 4.8 1.0 0.3 59.3 

42.8 2.7 00 0.0 11.0 

180.0 12.8 0.0 0.0 69.5 

292.0 1-4.1 0.0 00 106.0 

355.0 17,3 0.0 0.0 125.0 

329.0 ' ' 0.0 0.0 108.0 

385.0 10.4 0.0 0.0 121.0 

345.0 8.7 0.0 00 102.0 

232.0 7.6 0.0 0.0 76.3 

150.0 4.4 1.5 0.3 52.7 

Oversize Activity 

Ovcnizc Activity 

Cumulative 
Cumulative 

Gamma Sp«tromelr:r 
Wtisht Perunt 

Sa111ple 
(%) RA-226 Ra-228 

(pCilgdl')') (PCifsdry) 

+4 5.59 42_8 0.0 

+8 7.84 82.2 0.0 

+16 10.22 130.9 0.0 

+30 12.76 17S.1 0.0 

+50 16.74 212. I 0.0 

>100 22.98 259.1 0.0 

-l-200 30.37 280.0 0.0 

>400 39.62 268.8 0.0 

~00 100.00 197.1 0.9 

A-5 

Th-227 Th-23-4 U-235 

Error Atli'l'ity Errn Activity Error 
(pCi/gdry) (pCI/gdry) (pCi/gdr:r) (pCI/r;dry) (pCI/gdry) 

1.3 125.0 3.9 JLO 0.2 

2.3 98.2 6.1 11.5 0.3 

1.3 I !8.0 4.2 10.9 03 

1.3 144,0 47 10.7 0.3 

0.9 31.0 2.5 2.6 0.2 

4.3 II LO 10.0 11.1 0.7 

4.5 171 0 I 1.4 17.8 08 

5.7 2no 13_8 22.1 LO 

2.9 223.0 8.1 20.4 0.6 

2.9 248_0 " 23_7 0.6 

2.6 228.0 7.9 21.1 o.s 
2.4 144.0 5.2 14.2 0.4 

1.4 86.6 36 9.2 0.3 

Th-234 
(pClfgdl')') 

lLO 

54.0 

81.2 

Ill.) 

137.8 

16H 

182A 

173_4 

121.0 



-

Wdghl Ra-216 RJ!-228 Th-227 Th-23~ U-235 
Wtighl 

Sample ld Sample De1cripthm 
(gdry) 

l'erctnt Activity Error Acdvlty Error Activity Error Activity Error Attivity EtTor 
("!.) {pCl!gdry) (pCI/gdry) {pCI/gdry) {pCUgdry) (pCi/gdry) (pCi/gdry) (pCi/gdry) (pO/gdry) (pCI/z;dry) (pCIIa:dry) 

8414 Whole Soil-Aliquot 530.05 122_0 1.1 OB 0.2 276 09 60,8 2.8 7.4 0.2 

8415 Whole Soil-Aliquot 529,25 111_0 " 0.9 0.2 )]_4 II 54.7 2.7 6.8 0.2 

8416 Wholt Soil-Aliquot 503.97 154.0 5.1 0.0 0.0 41.5 1.6 94_2 77 9.3 0.3 

11417 Whole Soil-Aliquot 515.74 126.0 4.5 1.2 O.J 35.2 u 69.6 1.8 76 0.3 

Total 2079.01 

8418 +4 mesh 80.2 J.99 30.2 2.5 0.7 0.2 4.8 0.7 14-9 24 1.8 0.2 

8419 4H8 mesh 31-61 1_&7 154.0 11.6 00 00 54J 1.1 76.5 7.6 9.5 0.7 

8420 -8/+16 mesh 43.63 2.17 194.0 10.9 00 0.0 65.3 J6 96A 7.7 12.0 0.6 

8421 -16/+30 mesh 67 J.JJ 233.0 11.0 00 0.0 66.0 J.O 122 0 ... 10 0.6 

8422 -30/+50 mesh 132.42 6.59 149.0 5.6 0.0 0.0 41,6 1.6 780 45 91 O.J 

8423 -50/+JOO me:!!h 141.53 7,14 171_0 7.8 0.0 0.0 46.5 2.) 111.0 7.1 108 OS 

8424 -100/+200 mesh 142.16 1.01 235.0 7.1 0.0 0.0 62.2 2.2 125.0 56 141 0.4 

8425 -200/+-400 mesh 189.28 9.42 156.0 61 0.0 00 41.1 18 80.8 4.0 9.5 0.4 

8426 -400 mesh 1174.4 58.42 107.0 4.8 0.8 0.4 28.0 1.2 S6J l.l 6.4 0.1 

Total 2010.23 

Oversize Activity 

Overslte Activity 

Cumulative 
Cumulative 

Gamma Spcdromctry 
Wdr;ht Percent 

S•mple 
(%) Ra-ll6 Ra-128 Th-234 

(pO/gdry) (pCllgdry) (pCi/gdry) 

" ).99 30.2 0.7 14.9 

" 5.86 69.7 0.5 34.6 

'" 8.o3 103.3 O.J su 

"' 11.36 14U 0.2 72.0 

'" 11.95 144.2 0.2 74_2 

•IIXJ 25.09 153.5 0.1 84_7 

+-200 32.16 171.4 0.1 93.5 

+-400 41.58 167.9 0.1 907 

~IX) 100.00 132_3 0.5 706 
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Gamma Spectrometry 

Wdght Ra-226 RJo-228 Th-227 Th-234 U-235 
Wtight 

Sample ld Sample lktniption 
(gdry) 

Pereenl Activity Error Acthity Error Activity Error Atti\'ity Error Activity Error 
("/o) (pCi/gdry) (pCi/gdry) (pCi/gdry) (pCilgdry) (pCi/gdry) (pCi/gdry) {pCi/gdry) (pCilgdry) (pCilgdry) (pCilgdry) 

11372 Whole Soil-Aliquot 594.05 455.0 6.8 0.9 OS 12.7 IS 317,0 4.6 26_3 0.4 

8)7) Whole Soil-Aliquot 619.04 375.0 1.7 0.9 0.1 49 OJ 288.0 IJ 21.1 0.1 

8374 Whole Soil-Aliquot 615.42 405.0 6.9 0.0 00 I LO 16 29LO 6.6 2H 04 

BJ7S Whole Soil-Aliquot 607.66 405,0 6.4 0.6 0.4 7.0 10 224.0 5.2 2l_S 04 

Total 2436.17 

8376 +4 mesh 614.52 25.49 8.9 2.0 0.8 0.1 00 0.0 34.9 I.B 2.4 0.1 

11377 -4/+8 mesh 160.22 6.64 45.4 7.7 0.0 0.0 00 0.0 92.1 5.0 5 g 0.4 

8)78 -8/+16 mesh 119.38 4.95 93.1 89 00 0.0 00 0.0 120.0 5.4 7.0 0.5 

8379 -16/+30 mesh 81.46 3.38 80,0 10.8 0.0 0.0 00 00 IIJ 0 62 8.9 0.6 

8]80 -30/+50 mesh 109.79 us 7L2 8.9 0.0 0.0 0.0 0.0 II s.o 7 2 6.9 0.5 

!Dill -50/-HOO mesh 107.37 4.45 237,0 '·' 0.0 0.0 2.5 1.8 127_0 7.9 !3_7 0.6 
' 

8382 -100/+200 mesh 89.65 3.72 482.0 13.-4 0.0 0.0 00 0.0 2JJ.O 8.9 27,7 08 

8383 -200/+400 mesh 148.79 6J7 569.0 12.3 0.0 0.0 19.2 ] ] 279.0 6.6 J2.5 0.7 

8384 -.400 mesh 980.01 40.64 723 0 8.1 0.0 0.0 2LI 2.0 61 9 67 420 0.5 

Total 2411.19 

Alpha Spectrometry Analyses Results 

-------- -

Weight U-134 U-235 U-138 Th-127 Th-228 Th-230 Th·lll 

Sample fd Sample Description 
Weight 

Percent 
(gdry) Activity Error Activity 

·~· 
Activity Error Activity Error Activity Error Activity Error Activity Error 

(%) (pCVcdrrJ (pCVgdry) (pCUgdry) (pCVzdry) (pCUgdry) (pCilgdry) (pCUgdry) (pCil&dry) (pCi/gdry) {pCi/gdry) (pCilgdry) (pCilgdry) (pCi/gdry) (pCilgdry) 

8372 Whole Soil-Aliquot 594.05 314.8 Jl.S 13.4 S.3 308.3 31.0 11.3 6.2 ~] -U 2JJ 9 19-2 1.2 I S 

8373 Whole Soil-Aliquot 619.04 2119.8 29.6 9.5 4.5 277.3 28.7 11.4 7.7 0.3 8.5 306.6 "' 71 " 
8374 Whole Soil-Aliquot 615.42 2935 26.9 16.6 S.2 318.5 28.4 11.2 4.7 -1.0 ·3.2 lSD 129 06 09 

8375 Whole Soil-Aliquot 607.66 310.2 25.1 9.6 3.5 300.9 24.6 1J.1 7.2 -3.4 ~.I 250 207 II I 8 

Totll 2436.17 

8376 +4 mesh 614.52 25.49 87.4 10.9 ].9 2.0 87.1 10.9 3.5 J I 2.7 41 24.7 SJ JS J6 

8377 -4/+8 mesh 160.22 6.64 127.0 10.3 81 2.2 136.6 10.8 u 2.6 L7 4] )6.0 64 21 I 6 

8378 -8/+16 mesh 119.38 4_95 133.5 11.0 S.1 1.9 135.4 11.2 7.6 ].8 ~] ~.2 ]04 6.2 06 09 

!379 -161+30 mesh 81.46 3.38 110.1 11.3 6.5 2.6 113.0 11.7 IU IU 28 1-4.3 288 271 00 00 

8380 -30/+50 mesh 109 79 4.55 134.7 12.2 5.2 2.0 123.2 Jl.5 7.0 4.1 .LJ ~.0 569 84 I J 14 

8381 -50!+100 mesh \OU7 4.45 157.6 15.1 9.3 J.O I S4.8 14.8 16.0 206 " 128 107 J 705 " 66 

8352 -100/+200 mesh 89.65 3.72 230.8 20.5 92 3.0 242.5 2U 10.5 16.5 ~" -10 226 4 7'5 5 I 59 

8.383 -200/+400 mesh 148.79 6_17 301J 22.3 14.0 3 3 lOU 22.5 16.4 6.7 -18 6 .J.O 324 4 217 " " 
8384 -400 mesh 980 01 40.64 468.7 43.2 19.0 6.5 431.4 40_7 198 97 -13 -84 449 8 ]J7 " '0 

Toa! 2411.19 
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Cumubthc 
Cumulative 

Gamma Sp«trometry 
Wdghl Ptru·nt 

Sample 
(%) JU-226 Ra-211 Th-234 

(pCi/gdry) (pClfgdry) (pCil~~:dry) 

,, 2$.49 ,<, o<s 34.9 ,, J2.13 16.4 0<6 46.7 

'" 37.08 26.7 0<6 56.5 

•30 40.46 31.1 o<s 61.2 

'" 45.01 35.2 0.5 66.7 

•100 49.47 n.J 0.4 72.1 

-+200 53.18 8U 0.4 81.9 

"" S9.J6 JJJ.8 0<3 102.4 

~00 100.00 l7J.J 0<2 86.0 

TABLE A-5 
Linde 

Oversize 

Ovcnize Acth•ity 

V-234 U-235 U-238 

(pCilgdry) (pCifgdry) (pCi/gdry) 

87A 3<9 87.1 

95.5 '<' 97.3 

100.6 0 102.4 

101.4 s<o 103.3 

IOU s<o IOD 

109.5 SA 109.7 

118.0 5<7 119.0 

137.1 6<6 IJBJ 

211.8 11.6 257.5 

A-8 

Alph• Spec1romdry 

Th-227 Th-US Th-130 Th-231 

(pCi/gdry) (pCi/gdry) {pCi/gdry) (pCIIgdry) 

3.5 2<7 24} 3.5 

3<1 2<5 21.1 3<2 

32 2<1 27,5 ,<, 
4<0 22 27.6 n 
4J 1.8 J0_6 ,<, 
S.J 1.9 ns u 
5<7 -2.7 S07 2<7 

'<' ~<3 HI 2<6 

12.1 -3. I 229JI 2<6 



l__,__.._; ··---' 

R~u!Ls 

Weight Ra-226 Ra-2211 Th-227 Th-23<1 U-1:35 
Wright 

Stmplt ld Sunple Dtsniption 
(gdry) 

Percent Activity Error Activity Error Activity Error Activity Error Activity Error 
(%) (pCifgdry) (pCI/gdry) (pCI/gdry) (pCi/gdry) {pCilgdry) (pCi/gdry) {pCI/gdry) {pCilgdry) (pCI/gdry) (pCI/;:dry) 

BJS6 Whole Soil-Aliquot 484 76 300.0 6.3 00 00 10.1 1.6 176.0 5.2 17.6 0.4 

U87 Whole Soil-Aliquot HH 2600 4B 0.9 0) 2.9 09 160_0 Jl ]4_9 0) 

8)88 Whole Soil-Aliquot 520.72 244 0 4.9 0.0 0.0 8.1 1.2 123.0 4.0 14.2 OJ 
UZ9 Whole Soil-Aliquot 468 06 274.0 4.9 II 0.4 Jl 0.9 160.0 ,, 15.9 OJ 

Totti 2005.94 

8390 +4 mesh )13_74 15.112 23.5 3.0 0.8 0.2 0.0 0.0 58,) 2.4 46 0.2 

1391 --4/+8 11le$h 16U2 11.12 145.0 " 0.0 00 0.0 0.0 102,0 3.4 8) 0.2 

8)92 -ll/+16 mesh 167.44 11.44 50.1 33 0.0 00 0.0 0.0 74.4 26 40 0.2 

1)9] -16/+JO mesh 122.09 6.16 78.0 8.1 0.0 0.0 0.0 0.0 85) " " 0.4 

!394 -J0/+50 mesh 123.7 6,24 58.6 6.1 0.9 0.5 00 0.0 84.8 50 5.2 0.4 

1395 -50/+100 mesh 107,04 SAO 74.9 9.0 0.0 00 00 0.0 80_7 ') 6.1 0.5 

tl96 -100/+200 mesh 1011.03 5.45 136.0 14.3 00 0.0 00 0.0 109.0 19 69 0.8 

U97 -200/+400 mesh 149.91 7.56 241.0 10.3 0.0 0.0 u 2.2 117.0 9.0 14.2 0.6 

8398 -400 mesh 730.29 36.82 365.0 6.2 1.0 0.5 8.5 IJ 156_0 4.4 211 0.4 

Total 1983.]6 

Alpha Specuometry Analyses Resu!l!l 

Weich! U-234 V-235 U-131 Th-%27 Th-228 Th-230 Th-232 

Sample ld Sample Delcription 
Welxht 

Percent 
(gdry) Attivlty Error Activity Error Activity Error Activity Error Activity Error Activity Error Activity Error 

("/.) 
<PCVcdryJ (pCUgdry) (pCtlr;dry) (pCl/&dcy) (pCI/gdry) (PCVBdry) (pCVgdry) (pCilsdryJ (pCII!!:dry) (pCi/gdry) (pCi/gdry) (pCi/gdry) (pCVgdry) (pCi/gdry) 

1)16 Whole Soii-Ailquot 414,76 143.4 13.3 4.9 2.0 143.7 13.1 11.6 5.2 ·1.0 .]_6 162_9 '" " " 
8387 Whole Soil-Aiiquol H2.4 154.9 14.7 65 ,.. 158.6 14.9 6.1 3.7 -2.2 -U 125.7 Ill 1.8 IJ 

8388 Whole Soil-Aliquot 520.12 \50.2 13.2 9.4 2.7 148.4 13.1 5.9 ' ' -5.4 -2.9 152 0 124 15 IJ 

8389 Whole Soil-Aliquot 468.06 134.5 13,0 5.9 2.5 147.4 13.9 7.8 ) 8 -1.9 .J.) 112.9 101 24 " 
Total 2005.94 

8)90 +4 mesh JJJ.74 15.81 102.7 9.5 53 1.9 107.6 9.8 32 JO ~.I ~· 2ll " 08 I J 

8391 -4/+8 mesh 161.12 8.12 110.5 12.9 5.3 2A 110.5 12.9 2.2 2.6 08 39 21.8 46 09 10 

8192 -8/+16 mesh 167.44 8.44 119.1 13.6 63 2.6 103.7 IU 3.6 " ·I< -42 632 90 22 16 

8393 -16/+30 mesh 122.09 6J6 86.4 10.6 5.1 2.3 101.4 11.7 5.8 ) 8 10 4) )09 " 10 12 

8394 -30/+50 mesh 1237 6.24 90.4 9.9 2.6 1.5 93.2 10,0 " 3.6 22 45 40 2 70 06 08 

8l9S -501+100 mesh 107.04 SAO 89.6 8.7 5.7 1.9 90.5 8.7 5.0 3.5 01 4) 605 86 II " 
8)96 -1001+200 mesh ]08_03 5.45 115.9 10.9 64 2.2 115 1 10.9 104 " 00 .)9 151.5 !J.l 09 16 

8397 -200/+400 mesh 149.91 756 \37.5 12.3 5.0 1.9 124.4 11.5 6.5 40 .J 0 ·22 1&4 8 1]6 19 " 
1398 -400 mesh 730.29 36.82 170.5 16.4 7.0 2.6 191.5 17.9 21.8 6) 16 40 3042 '" )1 19 

Tot1! 1983.36 
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Ovttlize Activity 

Cumulatl¥t 
Cumulativf 

Gamma Sp«trometry Alphlll Spedrometry 
Welahl Ptrctnl 

Sample 
("X.) Ra-216 Rll-118 Th·Z34 U-234 U·2l5 U·23S Th-227 Th-213 Tb·2JO Th-232 

(pO/cdry) (pCU;:dry) (pCUgdry) (pO/gdry) {pCilgdry) (pCUgdry) {pCifgdry) (pCI/gdry) (pCilgdry) {pCifcdry) 

H 15.82 2U 0.8 53,3 102.7 5.3 107.6 3.2 ~.I 23.1 0.8 

•• 23.94 64.7 0.5 73,1 105.4 5.3 108.6 2.8 0.2 22.6 0.8 

+16 32.38 61.0 0.4 73.5 109.0 5.6 107.3 3 I ~2 33.2 1.2 

+30 3&,54 63_7 0.3 15.4 105.4 5.5 106.3 3.5 0.0 32.8 1.2 

+SO 44.78 61.0 0.4 76.7 103.3 5.1 104.5 3.6 0.3 33.9 1.1 

+100 50.17 60 0.4 77.1 101.8 5.2 103.0 3.7 0.3 36.7 II 

+200 55.62 71.) 0.3 80.2 103.2 5.3 104_2 4.4 0.3 480 II 

HOO 63.18 92.3 0.3 &4.6 IOU 5.2 106.6 4.6 ~.I 64.3 1.2 

400 100.00 192.7 0.5 110.9 130.6 5.9 138.2 11.0 0.5 152 7 2.1 
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Weight Rll-226 Ra-221 Th-127 Th-234 U-llS 
Weight 

Sample Jd Sample Det:cripti!m 
!cdry) 

fen:enl Activity Error Activity Error Activity Error Activity Error Activity Error 
(%) (pCilgdry) {pCilgdry) (pCilgdry) (pCilgdry) (pCi/gdry) (pCi/gdry) (pCi!gdry) (pCilgdry) (pCi/gdry) (pCLigdry) 

8428 Whole Soil-Aliquot 402.4 153.0 6.1 00 0.0 24.6 16 7.5 2.4 9.0 0.4 

8429 Whole Soil-Aliquot 421.96 IJS 0 4.3 0.9 0.3 2H 12 18.5 2.5 8.3 0.3 

8430 Whole Soil-Aliquot 4072 158.0 5.4 0.0 0.0 29.8 u 17.6 3.2 9.3 O.J 

!4)1 Whole Soil-Aliquot 406.75 I 50.0 5.2 08 0.3 15J 1.2 23.8 JO 8.8 0.3 

Totti 2063.47 

8-02 t4 mesh 160.5 8.04 23.) 20 0.5 0.2 0.0 00 44 12 14 0.1 

8433 -4/t8 ml:!lh 47A4 2-38 92J 69 0.0 00 8.6 1.8 22.6 49 5.6 04 

8434 -8/+16 mesh 4J SJ 2.18 157.0 8.7 0.0 0.0 27.4 24 2U 48 8.9 O.S 

8435 -16/+30 mesh 44 OS 2.21 203.0 16.0 0.0 0.0 30.6 3.9 55,7 " 12.2 0.9 

1436 -30/+SO mesh 78 63 3.94 164.0 6.6 0.0 0.0 38,9 18 29.5 3.8 9.9 04 

8437 -S0/+100 mesh 152.93 7.66 195.0 7.0 0.0 0.0 39.3 1.9 J7_J 4.7 I 1.4 04 

84)8 -100/+200 mesh 174.3 11.73 185.0 6.3 0.0 0.0 34.6 1.8 JO 3.9 !0,8 0.4 

84)9 ·200/+400 mt!h 212.66 10.6S 198.0 6.9 0.0 0.0 311.9 1.9 31.9 4.4 120 0.4 

8440 .-400 mesh 1082.95 SUJ \60,0 53 1.1 04 23.0 1.2 18.4 28 9.5 0.3 

Total 1996.99 

Oversize Activity 

Oversize Activity 

Cumulative 
Cumulative 

Gamma Sp«tromdry 
Weight Percent 

Sample 
(%) &·116 Ra·llS Th-134 

(pCi/gdry) (pCifgdry) (pCi/gdry) 

+4 8.04 2).3 0.5 44 

" 10.41 39.0 0.4 8.5 

+16 12.59 S9,S O.J II .9 

+30 14.80 80.9 O.J 18,5 

+SO 18.74 98.3 0.2 20.8 

+100 26.39 126.4 0.2 25.6 

+200 35.12 140.9 0.1 27_7 

+400 45.77 IS•t2 0.1 28_7 

-400 100.00 ISH 0.6 23_1 
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Weight 
W~ght 

Sampl~ ld S•mplt Dl'scription 
(gdry) 

Pcrc:ut 
(".4) 

8442 Whole Soil-Aliquot 491 29 

8443 Whole Soil-Aliquot H40J 

8444 Whole Soil-Aliquot S07 17 

8445 Whole Soil-Aliquot 520 97 

Toul 2043_46 

!l446 +4 mesh !OJ 74 5.19 

8447 .-4/+8 me!!ih 41 119 2.09 

11448 -!/+16 mesh 41 'II 2.06 

H49 ·16/+JO mesh 43.49 2.17 

11450 -30/+SO me~h 104.16 S.ll 

8451 -S0/+100 mesh 186.99 9.35 

8452 -100/+200 mesh 1)4,82 6.74 

8453 -200/+400 mesh 158.29 7.92 

8454 --400 m~h 1185.18 59.27 

Toll] 1999.67 

Ra-226 

Activity Error 

Seaway 
Gamma Spectrometry 

Ra-2lR 

Activity Error Activity 
(pCilgdry) (pCilgdry) (pCi!~:dry) (pCi/gdry) (pCi/gdry) 

668 19 10 02 9J 

"' " 07 02 6.9 

699 l6 00 00 " 
761 J.S 09 02 JU 

219 2.9 lJ OS 00 

"' 
., 00 00 0.0 

50.1 6S 00 00 96 

547 6.1 0.0 0.0 9.6 

41.6 J.O 00 0.0 6.2 

S2.9 l.l 0.0 0.0 7.1 

7U 4.6 0.0 00 9.1 

88.S 6.3 0.0 0.0 20.5 

77.7 3.2 1.2 0.3 10.7 

Ovenize Activity 

Ovenlze Ac:dvlty 

Cumuladve 
Cumulative 

Gamma Spectrometry 
Weight Peruat 

Sample 
(%) Ra.-116 Ra-221 

(pCVedry) (pCVr;dry) 

+4 5.19 21.9 Ll 

+8 7.28 23.3 0.9 

+16 9.3<1 29.3 0.7 

+JO 11.51 34.1 0.6 

+60 16.72 36.5 0.4 

+100 26.07 42A OJ 

+200 32_82 48J 0.2 

+400 40.73 56.1 0.2 

~00 100.00 68_9 0.8 

A-12 

Th-!27 Th-234 U-235 

Error Activity Error Activity Error 
(pCilgdry) (pCilgdry) (pCilgdry) (pCi/gdry) (pCI/&dry) 

08 112 1.1 <0 0.2 

07 109 1.7 J5 02 

II IJ l 21 41 02 

II 17A " 4 6 0.1 

00 " 2J lJ 0.2 

00 7.1 1.1 16 0.2 

" 198 46 JO 0.4 

1.9 IBJ 4.1 J J " 0.8 10 24 2.6 0.2 

0.9 12.5 2.0 Jl 0.2 

1.2 13, I 2.0 4.1 0.3 

1.6 15,5 1.1 ,.. 0.3 

0.9 IU \.9 4.7 0.2 

Tb-234 

(pCI/gdry) 

7.8 

7.6 

\OJ 

118 

12.6 

12.6 

12_7 

ll2 

122 
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