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INTRODUCTION
In-July 1997, a report entitled "Comparability of in-Situ Gamma Spectrometry and Laboratory Data"
was issued Lhai assessed the comparability of high-purity germanium detector (HPGe) measurements
with laboratory data generated from the analysis of physical samples. The analytes measured by both

analytical techniques included total uranium, thorium-232, radium-226, potassium-40, and cesium-137.

The data in the above report indicated that radium-226 concentrations less than 1.0 pCi/g as measured
by the HPGe were generally close to, albeit higher than, those concentrations measured by alpha
spectrometry. However, for activities greater than 3.0 pCi/g, HPGe measurements were much lower
than alpha spectrometry measurements. Two studies were initiated to help resolve these differences
between laboratory and HPGe data. The first of these two studies addressed HPGe measurements of
radium-226 in the field in order to assess the degree of radon-222 (radon daughters are measured to
quantify radium-226 by gamma spectrometry) emanation from soils as a function of environmental

factors. The second investigated the accuracy of laboratory alpha spectrometry for radium-226. -

| This report documents the results o.f the study to stess the accuracy of alpha. spectrometry. In tandem
with that study, additional physical samples and HPGe measurements were collected from six locations

* to infill data gaps and to extend the range of radium-226 comparability. These new data are also
reported in this report. Finally, this report presents an empirical approach to correcting HPGe
measurements to compensate for radon-222 emanation from soils so that HPGe radium-226 data agree
more closely with laboratory data. The results of the study on environmental influences on radium-226

will be issued as a separate report.

ANALYTICAL METHODS
In order to assess the accuracy of the laboratory alpﬁa spectrometry method employed by' the FEMP
laboratory, a s_mall suBset of samples (5) analyzed as part'o.f _the July, 199‘) study wExs sent tb DOEs
Environmental Measurements Laborator}; (EML) for .analysié using a fadbn emaﬁaﬁon technique. |

_ EML also employed a fusion flux sample preparation technique to achieve total dissolutk;l of the
sample. The same small subset of safnples was also reanalyzed by the FEMP laboratory with a sample
preparation method -used for isotopic uranium analysis of soils. In this reanalysis, the FEMP laboratory
tested an alternative soil digestion technique (a'digestion solution consisting of a mixture of

concentrated nitric acid and concentrated hydrofluoric acid) which results in total dissolution of soil.
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The soil digestion technique originally employed by the FEMP involved a vigorous nitric acid leach
method, but may not have resulted in complete solution of radium-226. particularly at low
concentrations in soils. This is because soils were not totally dissolved. thereby releasing background

levels of radium primarily contained in the interiors of mineral grains.

Results of the FEMP and EML analyses on the smalil subset of samples are shown in Table 1. The
‘original results obtained using a vigorous nitric acid lead are contained in the second column. The
results obtained using the nitric/hydrofluoric acid total dissolution procedure are contained in the fourth
column. Finally, the results obtained by EML using a fusion flux total dissolution technique combined

with a radon emanation analytical method are shown in the sixth coiumn.

In general, the nitric/hydrofluoric acid total dissolution resuited in a significant increase in measured

- radium-226 relative to the nitric acid leach for low concentration samples (PBC-05-6, PBC-09-1). The
nitric/hydrofluoric acid total dissolution resulted in very comparable results to the nitric acid leach
results for high concentration samples (PBC-03-7, PBC-03-9). Finally, the nitric/hydrofluoric acid
total dissolution data agreed well with data generated by EML's fusion flux/radon emanation technique,
with the exception of PBC-10-1. The data in Table 1 for PBC-10-1 do not exhibit good agreement, and
this is believed to result from heterogerieity in the sample despite grinding and extensive
homogenization. As discussed below, this heterogeneity manifests itself in other high concentration
radium-226 samples, probably as a result of the presence of very small radium-226 enriched particles

which are practically impossible to homogenize.

All of the samples originally analyzed in the July 1997 report were reanalyzed using the
nitric/hydrofluoric acid technique. These are the resuits reported in Appendix A of this report. Table
2 cémpares the oriéinél data contained in the July, 1997 report with the reanalyzed data contained in
Appéndix A. For areas containing low concentrations of radium-226 (PBC-01, PBC-04, PBC-05,
PBC-06, PBC-08, and PBC-09), the reanalyzed data based upon total dissolution of soil are clearly

significantly higher. In this regard, the percent difference column in Table 2 is defined as:

[(total dissolution data - original data)/original data] x 100,

and the average values in Table 2 represent the average percent differences for a given area. The

average percent differences for the six low concentration areas listed above range from 70 to 120.

FER\COMPSTUDY\ADDENDUM\October 7, 1997 (12:35pm) 2 ,
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Conversely, the average percent differences for high concentration radium-226 areas (PBC-03, PBC-
10) range from 3.6 to 15.4. The negative percent differences for certain individual samples probably
result both from analytical variability as well as from sample heterogeneity. Similarly, some of the -

more extreme positive percent differences probably result from sample heterogeneity.

Area PBC-02 is anomalous relative to other low radium-226 concentration areas. Although it, too, is a
low radium-226 concentration area, relatively little increase in the radium—226 concentrations occurred
as a result of reanalysis using the nitric/hydrofluoric acid total dissolution. Accordingly, PBC-02 was

reanalyzed a second time to serve as a check on the validity of the first reanalysis. The data in

Appendix A and Table 2 are the average of these two reanalyses.

Because the nitric/hydrofluoric acid total dissolution method results in a more complete recovery of
radium-226, particularly in low concentration samples, it was used in the analysis of additional samples

collected from six areas. These.additional data are discussed in the section below.

RADIUM-226 DATA FROM THE SOUTH FIELD AREA
The radium-226 data in the July 1997 report were unevenly distributed in concentration range. Eight
of ten areas had radium-226 weighted mean concentrations below 1.}0 pCi/g; one area had a weighted
mean concentration of 3.0 to 3.5 pCi/g; and one area had a weighted mean concentration of 13.6
pCi/g. Six locations in the South Field were selected based upan RI/FS data to provide infill data
‘points. The locations of these six areas are shown in Figure 1. The areas are labeled PBC-12, -13, -
14, -15, -16, and -17. Baséd upon estimations from RI/FS data as to their degree of contaminﬁtion.
either 10 samples (and one duplicate) or 15 samples (and one duplicate) were taken at a given location.
Fifteen samples were taken at the more highly contaminated (and presumably more heterogeneous)
areas and ten samples were collected at the less highly contaminated (and presumably less o
heterogeneous) areas. The data for these six areas show that the estimates as to the degree of |
contamination were correct for five of tl_le six sample areas. PBC-12 turned out to be more highly
comaminated and heterogeneous than expected, so 10 samples may have been inadequate—;o '

characterize it adequately.

The rationale for 10 or 15 samples is provided in Section 2.2.2.3 of the July 1997 report. Figure 2-5

of that same report presents the sample numbering scheme, which was also used in this'study. The
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location of the HPGe measurements were at physical sample location 1. the very center point in the
concentric circular rings. HPGe measurements were made at 1.0 m detector height only. Rather than
taking a second set of measurements at 31 cm (1.0 ft) detector height; two sets of measurements were
taken, one in the morning and one in the afternoon. In the July 1997 comparability study, Section 5.7
(Figure 5-7) indicated that radium-226 concentrations in the morning could be significantly higher than
radium-226 concentrations in the afternoon. This resuits, in certain instances, from atmospheric
conditions favoring the retention of radon-222 in the soil. By taking morning and afternoon HPGe
measurements in the South Field, the data could be evaluated to see if environmental conditions caused

significant differences between morning and afternoon measurements.

AL DAT,
Appendix A contains laboratory alpha spectrometry, HPGe, and soil moisture data. The soil moisture
data were used fo calculate laboratory results on a wet weight basis. HPGe data are also shown on a
.wet weight, or "as is," basis to provide a common ground for comparing the two data sets. An "AM"
or "PM" designation is provided for all HPGe data to indicate whether the data were taken in thé
morning or afternoon. The "AM" data do not appear to be significantly higher than the "PM" data for
any of the locations. Two sets of alpha spectrometry data are provided. The data entitled "original
result” are the nitric acid leach data contained in the July 1997 report. The data entitled "total
dissolution result” are the data obtained by nitric/hydrofluoric acid total dissolution. Because the
samples from PBC-12 through PBC-17 had not been analyzed prior to issuance of the July 1997 report,

they were only analyzed using the nitric/hydrofluoric acid method.

Total propagated uncertainty (TPUs) are displayed for each analytical method. The laboratory TPUs
| are presented as 1.96 g values, while the HPGe uncertainties reflect 1.96 o counting errors.
Labdratory TPUs are gfeater_ than HPGe 1.96 ¢ counting errors because the former representé total
system'uncer't:iirit'y,' while the Iattér represents only one component of system uncertainty.

COMP OF e AND LAB RY DATA _ B

‘Table 3 summarizes the total dissolution data in Appendix A. Using the weighting factors shown in
Table 24 of the July 1997 HPGe comparability report and the computational method described in
Section 3.2.2 6f the same report, weighted means and weighted standard deviations for each sample

collection area are shown in Table 3. There are fewer 31 cm points than 100 cm data points in Table 3
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because 31 cm HPGe measurements were not performed in areas PBC-12 through PBC-17 for reasons
described above. For each sample area from which sample duplicates were collected, the average of -
the data for the duplicates was used in the weighted mean/standard deviation calculations. By
comparing the weighted average of the laboratory data for each area with the HPGe data for that same
area, an assessment of the degree of closeness of the data sets can be made. The section below

contains such assessments.

Table 4 summarizes the closeness between laboratory data weighted means (Table 3) and HPGe data.

The closeness between weighted means and HPGe data is expressed as the percent relative deviation:

(;1 -x-z)

% RelativeD eviation ={ 1x100

- F

where:

%, is the mean of the laboratory data weighted to simulate HPGe measurements at a given
detector height

%, is the mean of all HPGe measurements (inchiding both "AM" and "PM" measurements) at a
given detector height :

% is the average of the two means

The percent relative deviations shown in Table 4 are shown as negative and positive values in order to
provide a sense of possible bias. However, the averages of the relative deviations shown at the bottom

of Table 4 are calculated based upon the absolute value of the relative deviations.

Adopting criteria proposed in the July 1997 HPGe comparability report (Section 3.2.2) for interpreting
percent relative deviations, when the relative deviation between HPGe and laboratory data is less than
20%, the data are defined as being very similar; when the relative deviation is greater than 20% but
less than 35%, the data are defined as having acceptable similarity. When the relative d;;iation is
greater than 35%, the data are defined as dissimilar. Examination of Table 4 indicates that the absolute
values of almost all percent relative deviations exceed 20% and a majority exceed 35%. Not
surprisingly, then, the average of the absolute values of the percent relative deviations are 37.0 andlr

/0
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54.1, respectively, for 31 cm and 100 cm detector height data. Based upon the criteria presented

above, HPGe and alpha spectrometry data are defined as dissimilar. or not comparable.

Further inspection of Tables 3 and 4 indicates that the weighted mean of alpha spectrometry radium-

226 data for a given area is almost always higher than the corresponding HPGe measured radium-226
data for that area. Fﬁrther. the difference between alpha spectrometry data and HPGe data appears to
:inc.rease with incréasing radium-226 éoncemration in the soil (this increase is.shown more explicitly in

a graphical mode later in the report).

The fact that the laboratory data is biased high relative to field data for radium-226 is entirely
consistent with theory. In-sima gamma spectrometry measures activities of daughters ot radon-222. a
gas. Because radon-222 diffuses, or emanates, from the soil, it is not in equilibrium with radium-226.
Thus, the lower in-situ gamma data reflect loss of radon-222 relative to laboratory data which measures

radium-226 in soil directly.

Correlation of Laboratory and HPGe Data

Figures 2 and 3 show X,y scatter plots of the data in Tables 3. These figures show the minimum and
maximum HPGe measurements for each area. Error bars for the HPGe méasurements are not derived
from standard deviations in Table 3, but rather represent the 1.96 6 counting errors listed for HPGe
measurements in Appendix A. - Error bars for laboratory data represent upper and lower 97.5%

confidence limits based upon the weighted standard deviations in Table 3.

‘Four points are particularly noteworthy ba;c.ed upon elxami’nation.of Figures 2 and 3. First, comparison
of Figure 3 (100 cm data) with the corresponding Figure 3-6 (100 cm data) in the July 1997 HPGe
Comparability Report clearly shows that data are much more evenly distributed along the range of
radium-226 concentrations with the addition of data from the South Field. (Note ihat Figure 2 is for 31
cm data which has no additional points.) In this regérd'. the range of data has been extended to radium
concentrations in excess of 18.0 pCi/g. Second, the data clearly indicate a positive bias-i;l alpha
spectrorhetry data relative to HPGe data. Thus, all of the data, with the exception of PBC-02, fall
below the perfect correlation line (line with a slope of 1.0 bisecting the figure). Third, the large error
bars for the three data points having the highest radium-226 concentrations do not reflect analytical

error, but rather result from analyte heterogeneity, as can be inferred from the spread of data values in
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given areas (Appt::ndix A) relative to TPUs for individual data points. Fourth, the difference between
the plotted points and the perfect correlation line increases as a function of radium-226 (as measured by
alpha spectrometry). Thus, the degree of correlation of alpha spectrometry data with HPGe data
worsens as the concentration of radium-226 increases in the soil. However, as discussed in the section
below, a curve can be fitted through the plotted points in Figures 2 and 3 with a very high degree of
correlation. as demonstrated in Figures 4 through 6. This can be inferred to mean that HPCe is
probabfy very accurately measuring residual radon-222 daughters in the soil. This accuracy forms the
basis for derivation of a correction algorithm that empirically compensates for radon emanation from

soils.

CORRECTION ALGORITHM FOR HPGe RADIUM-226 MEASUREMENTS
The data in Figures 2 and 3 have been replotted in Figures 4, 5, and 6. In these figures. though, HPGe

data constitute the x-axis and alpha spectromietry data constitute the y-axis. The axis switch allows for _
computational ease in calculating correction factors for radium-226 to compensate for radon-222 '

emanation from soil.

A series of different curves were fitted on a trial basis to the data points--linear regressions, polynomial
regressions, and power regressioﬁs. All regressions were fitted two ways: forced through the origin
and not forced through the origin. Second order polynomials consistently yielded the highest
correlation coefficients. Because little difference appéared in the coefficients of the second order
-polynomial equations and in the correlation cc;efﬁcients regardless of whether the curves were forced .
through the origin or not, a second order polynomial forced through the origin was utilized to give the

best fit to the data points. These curves are shown in Figures 4 through 6.

From the curves in Figures 4 through 6, a series of correction factors were calculated as shown below

in an example.

. : , , —
For a given HPGe concentration, an average calculated alpha spectrometry
concentration was determined from the polynomial equations in Figures 4 through 6.
Thus from Figure 4 (for example) if an HPGe measurement = 2.0 pCi/g, the
corresponding alpha spectrometry result is 4.48 pCi/g. Similarly, from Figure 5 if
HPGe = 2.0 pCi/g, then alpha spectrometry = 4.07 pCi/g; and from Figure 6 if HPGe
= 2.0 pCi/g, then alpha spectrometry = 3.66 pCi/g. By taking the average of the

/2
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three calculated alpha spectrometry concentrations. an HPGe measurement of 2.0 pCi/g
equates to an average alpha spectrometry value of 4.07 pCi/g.

The difference is then calculated between the average calculated alpha spectrometry
concentration from equations in Figures 4-6 and the concentration that would exist if

- there were a perfect correlation between HPGe and alpha spectrometry data (i.e., a
straight line going through the origin with a slope of 1.0). If there were a perfect
correlation between HPGe and alpha spectrometry data. a measured HPGe
concentration of 2.0 pCi/g would correlate to an alpha’ spectrometry concentration of
2.0 pCi/g.

The difference between the alpha spectrometry concentrations in Step 1 and Step 2 is
4.07 pCi/g - 2.0 pCi/g = 2.07 pCi/g. The difference of 2.07 pCi/g is a radium-226
“correction factor and represents radium-226 that is "lost” to HPGe measurements due

to radon-222 emanation from soils. '

Correction factors are calculated as described above for a number (16) of HPGe
concentrations between 0 and 6 pCi/g. These correction factors are then plotted against
HPGe concentrations as shown in Figure 7. These data points are described very well
by an equation having the form

Correction factor =  0.4369 (HPGe concentration)® + 0.167 (HPGe concentrauon)
+ 0.0001

Step4
To obtain a "correct” radium-226 concentration (i.e., a conqemration that
would be measured in the laboratory) from an HPGe measurement, a
correction factor is simply calculated from the equation in Figure 7 and added
to the HPGe measured radium-226 concentration. For example, an HPGe
measurement of 3.0 pCi/g yields a correction factor of 4.42 pCi/g. The
"corrected” radium-226 concentration is then 3. 0 pr/g + 4.42 pCi/g = 7.42
pCi/g.
Corrected HPGe Data :
The HPGe data in Tabie 3 have been "corrected” as described in Step 4 above. Tables 5A and 5B
show measured HPGe data contained in Table 3, measured alpha spectrometry data contained in"Table
3, and corrected HPGe data. Table 6 shows the closeness of corrected HPGe data and alpha _
spectrometry data. Based upon criteria described earlier in this report, corrected HPGe and alpha
spectrometry data would be assessed as having good comparability. Particularly noteworthy in this

regard is the fact that the average percent relative deviations are 14.8% and 14.5%, respectively, for

13
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31 cm and 100 cm data. This compares to average percent relative deviations of 37.0% and 54.1%

without correction.

Caveat

The HPGe correction process described above to compensate for radon-222 loss from soils should be
»regafded as preliminary. A large body of data have been obtained from repeated morning and
afternoon HPGe measurements at the same 'Field‘ Quality Contrdl Station since April 1997. These data
will provide a good data set to test the applicability of the correction process described above. A report

containing all of the Field Quality Control Station data should be issued in November.

SUMMARY.

L. Improvements have been made to the FEMP -alpha spectrometry method for analyzing
radium-226. A method employing concentrated nitric and hydrofluoric acid enables
soils to be totally dissolved. This allows more complete recovery of radium-226,
yielding concomitantly higher radium-226 concentrations--particularly for low
concentration samples. ’

2. All samples described in the July 1997 comparability report were reanalyzed using the
improved soil dissolution method for radium-226. Additionaily, physical sample
analyses and HPGe measurements from six locations in the South Field allowed a more
even distribution of data points from 0.5 pCi/g to over 18 pCi/g.

3. A process for obtaining correction factors for HPGe measured radium-226
concentrations was derived to compensate for "loss" of radium-226 due to radon-222
emanation from soils.

4. When these correction factors were applied to HPGe measurements made at 16
locations, the corrected data were very comparable with alpha spectrometry data
obtained from analysis of physical samples.

5. .The HPGe radium-226 correction process described in this report should be regarded

as preliminary. Data collected since April 1997 at a Field Quality Control Station
‘should provide a good test of the process.

14
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COMPARISON OF DIFFERENT SAMPLE PREPARATION METHODS
ON RADIUM-226 DATA

Sample FEMP HNO, Leach FEMP HNO,-HF Total | EML Fusion Dissolution
L.D. Dissolution

Result 1.96 Sigma Result 1.96 Sigma Result 1.96 Sigma.

(Ci/g) | TPU (pCifg) | (pCig) | TPU (pCi/g) | (pCilg) | TPU (pCi/g)
PBC-03-7 240 5.4 24.7 5.5 22.9 . 0.6
PBC-03.9 13.5 3.0 141 3.1 12.4 1.6
PBC-05-6 0.45 | 0.11 L1 0.2 0.92 0.03
PBC-09-1 0.37 0.09 0.98 0.22 0.86 0.01
PBC-10-1 3.3 0.74 53 1.2 2.62 0.01

/S




"TABLE 2

COMPARISON OF ORIGINAL AND TOTAL DISSOLUTION RADIUM-226 DATA

Sample ID | Original Data (pCi/g) | Total Dissolution Data (pCi/g) Percent Difference
PBC-01-1 0.48 0.79 64.6

PBC-01-2 |0.57 0.8 40.4

PBC-01-3 ] 0.40 0.81 1025

PBC-01-4 |0.47 . 0.77 . 63.8

PBC-01-5- | 0.72 0.79 9.7

PBC-01-6 | 0.40 0.89 122.5

PBC-01-7 |0.49 0.91 - 85.7

_ A Average = 69.9

PBC-02-1 |0.68 0.65 4.4

PBC-02-2 | 0.68 0.68 0.0

PBC-02-3 |0.51 0.6 17.6

PBC-024 |0.54 0.56 3.7

PBC-025 |0.59 0.8 35.6

PBC-02-6 | 0.61 0.59 3.3

PBC-02-7 | 0.51 0.45 -11.8

PBC-02-8 |0.51 0.53 3.9

PBC-02-9 |0.60 0.63 5.0

PBC-02-10 | 0.58 0.58 0.0

PBC-02-11 [0.81- "1 0.51 -37.0

Average = 0.9

10




(cTotlt;i:fei) ;’2 1 4 8
Sample ID | Original Data (pCi/g) | Total Dissolution Data (pCi/g) Percent Difference
PBC-05-1 |0.60 1.2 ) 100.0
PBC-05-2 |0.60 < 1.2 , 100.0
PBC053 |0.55 RN 100.0
PBC-054 | 0.58 1.1 - 189.7
PBC-05-5 |0.67 12 79.1
PBC-05-6 |0.45 1.2 166.7
PBC-05-7 |0.47 1.2 155.3
PBC-05-8 | 0.48 1 | 129.2
PBC-059 | 0.60 1.3 . 116.7
PBC-05-10 |0.45 1.1 144.4
PBC-05-11 |0.50 112 140.0

Average = 120.1

PBC-06-1 |0.60 1.2 100.0
PBC-06-2 |0.60 1.3 116.7
PBC-06-3 | 0.67 1.1 - 64.2
PBC-064 |0.59 1.2 ' 103.4
PBC-06-5 [0.70 1.2 71.4

| pBC06-6 | 0.69 1.2 73.9
PBC-06-7 |0.73 1.1 50.7 |
PBC-068 | 0.70 1.2 < 71.4
PBC-069 |[0.56 | 1.1 96.4
PBC-06-10 |0.76 . 1.2 57.9
PBC-06-11 [ 0.57 - 12 110.5

Average = 83.3
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TABLE 2

(continued)
Samplé ID | Original Data (pCi/g) | Total Dissolution Data (pCi/g) Percent Difference
| PBC-03-1 |12 8.4 -30.0
PBC-03-2 |11 11 0.0
PBC-03-3 | 13 13 0.0
PBC-034 |25 15 -40.0
PBC-03-5 |20 23 15.0
PBC-03-6 |7.1 14 97.2
PBC-03-7 |24 25 4.2
PBC-03-8 |22 23 4.5
PBC-039 | 14 13 -7.1
PBC-03-10 |15 16 6.7
PBC-03-11 [9.5 7.6 -20.0
PBC-03-12 | 8.3 7.4 -10.8
PBC-03-13 |5.0 7.6 520
PBC-03-14 | 4.8 1 4.6 4.2
PBC-03-15 | 5.4 5.7 5.6
PBC-03-16 | 5.1 4.3 -15.7
Average = 3.6

PBC-04-1 |0.44 1 127.3
PBC-042 |0.71 1.2 69.0
PBC-04-3 | 0.67 1.1 64.2
PBC-044 | 0.66 0.99 50.0
PBC-04-5 = |0.53 0.97 83.0
PBC-04-6 |0.62 0.98 58.1
PBC-04-7 | 0.68 1.1 61.8 —
PBC-04-8 | 0.51 1.1 115.7
PBC-04-9 |0.52 0.96 84.6
PBC-04-10 | 0.50 1.6 220.0

| PBC-04-11 |0.58 0.99 70.7

Average = 91.3




TABLE 2

(continued) :! 2 14 8
Sample ID | Original Data (pCi/g) | Total Dissolution Data (pCi/g) Percent Difference
PBC-07-1 - | 0.69 12 1739
PBC-07-2 |0.78 {12 153.8
PBC-07-3 | 0.64 1.1 71.9
PBC074 | 0.73 1.3 78.1
PBC-07-5 | 1.0 . 1.6 60.0
PBC-07-6 | 0.79 1.5 89.9
PBC-07-7 | 0.87 1.5 72.4
PBC-07-8 |0.74 1.3 75.7
PBC-07-9 | 0.61 1.5 145.9
PBC-07-10 | 0.67 1.1 64.2
PBC-07-11 |0.68 0.91 33.8
PBC-07-12 | 1.0 1.3 30.0
PBC07-13 | 0.62 0.88 41.9
PBC-07-14 | 1.3 1.7 30.8
PBC-07-15 | 0.83 0.94 13.3
PBC-07-16 | 0.20 1 450.0
‘ Average = 86.6
1 PBC-08-1 |0.42 0.94 123.8
PBC-08-2 | 0.33 0.8 142.4
PBC-08-3 |0.54 0.94 74.1
PBC-084 | 0.38 0.73 92.1
PBC08-5 |0.42 0.74 76.2
PBC-08-6 |0.36 0.71 972
PBC-08-7 |0.45 0.95 111.1

Average = 102.4
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TABLE 2

(continued)

Sample ID | Original Data (pCi/g) | Total Dissolution Data (pCi/g) Percent Difference
PBC-09-1 0.37 0.79 113.5
PBC-09-2 | 0.46 0.79 71.7
PBC-09-3 |[0.40 0.73 82.5

| PBC-094 | 0.37 0.65 75.7
PBC-09-5 |0.43 0.69 60.5
PBC-09-6 | 0.42 0.84 100.0
PBC-09-7 | 0.41 0.89 117.1

Average = 88.7

PBC-10-1 3.3 2.8 1-15.2
PBC-10-2 4.9 4.7 4.1
PBC-10-3 | 6.4 5.9 -7.8
PBC-104 |2.1 4.3 104.8
PBC-10-5 | 1.9 2.3 21.1
PBC-10-6 3.9 4.6 17.9
PBC-10-7 |[S5.0 3.9 -22.0
PBC-10-8 |2.0 3 50.0
PBC-10-9 |23 4.6 100.0
PBC-10-10 | 3.4 2.7 -20.6
PBC-10-11 |[3.4 3.1 -8.8
PBC-10-12 | 1.5 1.5 0.0
PBC-10-13 | 1.4 AT i 214
PBC-10-14 | 1.7 1.7 0.0
PBC-10-15 | 2.0 2.2 100
PBC-10-16 | 6.2 6.2 0.0

Average =15.4




£ 2148

COMPARISON OF ALPHA SPECT;?;%T;Y AND HPGe RADIUM-226 DATA
HPGe Setting Area Alpha Spectrometry HPGe
’ Weighted Weighted Mean* Std. Dev.
Mean Std. Dev. (pCi/g) (pCl/g)
(pCi/g) (pCi/g) -
31 em(l ft) PBC-01 © 0.80 0.01 0.64 | 0.01
PBC-02 0.63 - 0.02 0.66 0.01
PBC-03 11.4 1.3 4.2 0.15
PBC-04 1.09 0.06 0.82 0.03
PBC-05 1.2 0.02 0.72 0.04
~ PBC-06 1.2 0.02 0.80 0.01
PBC-07 1.24 0.04 0.80 0.01
PBC-08 0.87 0.04 0.65 0.01
PBC-09 0.78 0.02 0.73 0.03
PBC-10 | 3.3 0.03 1.9 0.04
= —
1.0 m PBC-0] 0.81 0.02 0.6 0.01
(3.28 ft.) " PBC-02 0.61 - 0.03 0.68 0.02
| PBC-03 13.1 1.6 4.3 0.05
~ PBC-04 1.1 0.06 0.8 0.02
PBC-05 1.2 0.02 0.73 0.01
PBC-06 1.2 0.02 0.8 0.01
PBC-07 1.26 0.06 1.03 0.08
PBC-08 0.81 0.04 0.61 0.02
PBC-09 0.77 | 0.02 0.69 0.002
PBC-10 3.5 0.40 1.7 0.01
PBC-12 6.8 0.09 2.1 0.04
PBC-13 1.5 0.07 0.94 ~0.06
PBC-14 1.2 0.05 0.78 0.03
~ PBC-15 1.6 0.20 0.78 0.01
PBC-16 18.4 2.9 sil 006
PBC-17 11.2 1.4 3.8 0.06

* Average of "AM" and "PM" measurements.
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TABLE 4

CLOSENESS OF ALPHA SPECTROMETRY AND HPGe RADIUM-226 DATA

Area % Relative Deviation of % Relative Deviation of
Means (31 cm)* Means (100 cm)*
PBC-01 22.22 29.79
PBC-02 4.65 -10.85
PBC-03 - 9231 101.15
PBC-04 28.27 131.58
PBC-05 50.00 48.70
PBC-06 40.00 40.00
PBC-07 43.14 20.09
PBC-08 28.95 28.17
PBC-09 6.62 -10.96
PBC-10 53.85 69.23
PBC-12 105.62
PBC-13 45.90
PBC-14 42.42
PBC-15 68.91
PBC-16 113.19
PBC-17 98.67
Average = 37.00 - Average= 54.08

® Negative signs indicate that alpha spectrometry data are less tha HPGe data; positive signs
Indicate that alpha spectrometry data are greater than HPGe data. Signs are not taken into
Account in the computation of the above averages.
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TABLE 5A '
CORRECTED 31 cm HPGe RADIUM-226 DATA -
Measured Alpha
Measured HPGe Correction Corrected HPGe Spectrometry
Area Concentration Factor (pCi/g) Concentration Concentration
(pCi/g) (pCi/g)- (pCi/g)
PBC-01 " 0.64 0.28 0.92 0.8
 PBC-02 0.66 0.30 0.96 ' . 0.63
PBC-03 4.2 8.39 12.59 11.4
PBC-04 0.82 0.43 1.25 A 1.09
PBC-05 0.72 0.34 1.06 _ 1.2
PBC-06 0.8 0.41 1.21 1.2
PBC-07 0.8 041 1.21 : 1.24
PBC-08 0.65 0.29 0.94 0.87
'PBC-09 0.73 0.35 1.08 0.78
PBC-10 1.9 1.88 378 3.3




TABLE 5B
CORRECTED 100 cm HPGe RADIUM-226 DATA

Correction

Corrected HPGe

Measured Alpha

Measured HPGe Spectrometry
Area Concentration Factor (pCi/g) Concentration Concentration
(pCi/g) (pCi/g) ipCi/g)
PBC-01 0.6 1 0.25 0.85 0.81
PBC-02 0.68 0.31 0.99 0.61
PBC-03 4.3 8.77 13.1 13.1
PBC-04 0.8 0.41 1.2 1.1
PBC-05 0.73 0.35 1.1 1.2
PBC-06 0.8 0.41 1.2 1.2
PBC-07 1.03 0.63 1.66 1.26
PBC-08 0.61 0.26 0.87 0.81
PBC-09 0.69 0.32 1.01 0.77
PBC-10 1.7 1.54 3.2 3.5
PBC-12 2.1 227 4.4 6.8
PBC-13 0.94 0.54 1.5 1.5
PBC-14 - 0.78 0.39 1.2 1.2
PBC-15 0.78 0.39 1.2 1.6
PBC-16 5.1 12.19 17.3 18.4
'PBC-17 3.8 6.92 10.7 11.2

M




TABLE 6

t 2148

CLOSENESS OF ALPHA SPECTROMETRY AND CORRECTED HPGe RADIUM-ZZG DATA

Area % Relative Deviation of % Relative Deviation of
Means (31 cm)* Means (100 cm)*
PBC-01 -14.23 -5.24
PBC-02 41.22 -47.70
PBC-03 -9.89 1 0.20
PBC-04 -13.39 - -9.45
PBC-05 12.11 10.44
PBC-06 0.75 0.75
PBC-07 2.53 -27.41
PBC-08 -1.71 -7.29
PBC-09 -32.35 -26.94
PBC-10 -13.68 7.79
PBC-12 43.59
PBC-13 1.47
PBC-14 2.36
PBC-15 30.88
PBC-16 6.23
PBC-17 4.35

Average = 14.79

Average= 14.51

* Negative signs indicate that alpha spectrometry data are less tha HPGe data; positive signs
Indicate that alpha spectrometry data are greater than HPGe data. Slgns are not taken into
Account in the computation of the above averages.

25




._.::...L: 0 ..E 051 . , . | _ FL%\&Q

SNY3LL1Vd 3TdNVS ANV SNOILVIO1 AGNLS "dWOD  “L  39N9i4 961 naLSAS SISO e o v

NO11vI071 31dWvS °

“OZuow.._ — m/@l

f . ‘ . ) . N . : C otrse
[LALTH R

' 27 ! . : ’ ' : | L AYER

| TR ENA
Ll VIuv | + ! ..“

¢ . . . . [ AT

91 viyy @

€L v3IYy . ¥ . R
| V3IYv

(]

..,.“mml L (AR 31 et 00651 REEPREE RAETER L] 05t/ Ey e

e350-140-c0



3
3
35

(wdd) uw 30dH B
(wdd) xe§y 30dH @

{6aod) eteq 39dH

) gzeg-wnipey Joj ejed Anowonoads eydjy pue (wd | €) 9DdH usamiag UOieRIo0]
. Z aInbi4 .




Correlation Between HPGe (100 cm) and Alpha Spectrometry Data for Radium-226
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Alpha spectrometry Data (pCi/g)
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100 cm HPGe vs Alpha spectrometry Data

Figure 4

for Radium-226 (including PBC-12)

(forced through origin)
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Figure5 : 2148
100 cm HPGe vs Alpha spectrometry Data
for Radium-226 (excluding PBC-12)
(forced through origin)
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Alpha Spectrometry Data (pCi/g)
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31 cm HPGe vs Alpha Spectrometry Data for Radium-226

Figure 6
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Figure 7 ; 2148

Correction Factor as a Function of HPGe Measurement
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APPENDIX A

- RADIUM-226 RESULTS
DETERMINED BY HPGe AND ALPHA SPECTROMETRY

J7



HPGE (pCi/g) " ALPHA (pCi/g)
Total Total
AM Original  Originai  Dissolution Dissolution
Sample Id Det Ht PM Moisture % Resuit TPU Result TPU Resuit TPU
Area: AREA01-PBC 4 ' .
PBC-1-1 -1l m PM ‘ 241 .59 .04 B 2 1 4 8
PBC-1-1 1 m PM . 241 .60 .04 .
PBC-1-1 3l m PM 24.1 65 .04
PBC-1-1 3 m PM 241 63 .04
PBC-1-1 24.1 A48 14 79 .20
PBC-1-2 23.6 57 13 30 .20
PBC-l-ﬁ 20.6 40 12 81 20
PBC-1-4 20.4 47 1 17 .20
PBC-1-5 24.4 72 17 79 .20
PBC-1-6 d 20.6 40 .12 .89 22
PBC-1-7 o 221 49 A1 91 .22
‘44
1

* Duplicates

26-Sep-97



b Duplicafcs

26-Sep-97

HPGE (pCi/g) ALPHA (pCi/g)

N . Total Total
Sample Id Det Ht :ﬁ Moisture % Resuit TPU 01;:35::::1 0?’%1331 'Di;s:::::m DissToll,xgion
Area:  AREA02-PBC
PBC-2-1 1 m PM 219 67 04
PBC-2-1 1l m PM 219 .70 04
PBC-2-1 31 m PM 219 67 04
PBC-2-1 3lm PM 219 66 .04
PBC-2-1 219 68 16 65 12
PBC-2-2 242 68 16 68 12
PBC-2-3 19.1 51 15 60 11
PBC-2-4 22 54 13 56 10
PBC-2-5 243 59 14 - .80 14
PBC-2-6 22 61 14 59 1
PBC-2-7 18.5 St 12 45 .080
PBC-28 19 51 15 53 095
PBC-2-9 19 60 14 63 11
_ PBC-2-10 30.1 58 14 58 10
PBC-2-11  * 18.6 81 19 51 098

35 ,




DIUM-226 RESULTS DETERMIN

HPGE (pCi/g) ~ ALPHA (pCi/p)
Total Total
, AM Original . Original .  Dissolution Dissolution.

Sample Id Det Ht PM Moisture % Result TPU Result TPU Resuit TPU
Area:  AREA03-PBC ' - ’
PBC-3-1 1 m PM 212 425 .09 N 21 4 8
PBC-3-1 1 m PM 212 432 .09 o '
PBC-3-1 31 m PM 212 109 09
PBC-3-1 31 m PM 212 130 .09
PBC-3-1 212 12 2.8 8.4 14
PBC-3-2 25.9 11 2.5 1 2.6
PBC-3-3 26.1 13 30 13 3.0
PBC-34 ' 25 o 25 5.6 15 24
PBC-3-5 174 .20 4.4 23 5.2
PBC-36 22 7.1 L7 13 2.2
PBC-3-7 | 21.7 24 5.4 5 56
 PBC-3-8 ) 241 22 s0 23 52
PBC-3-9 22 14 3.0 13 3.0
PBC-3-10 . 173 15 3.3 16 3.6
PBC-3-11 18.2 95 2.1 76 12
PBC-3-12 23.1 8.3 1.9 74 1.7
PBC-3-13 213 5.0 11 76 . 13
PBC-3-14 - 28.6 4.8 Ll 46 100
PBC-3-15 * 24.4 ‘ 54 12 5.7 13
PBC-3-16 ° 21.1 ' 5.1 1.2 43 99

4

R .
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* Duplicates

31

26-Sep-97

HPGE (pCi/g) ALPHA (pCi/g)

o ) Total Total
Sampie Id Det Ht -::: Moisture % Result TPU 0};5;1::11 O:glgal Di;ue):::ion Dis'slt)ll,x{;ipn
Areca: AREA04-PBC
PBC~-1 " m PM 213 79 .04
PBC-4-1 I m PM 273 82 o4
PBC-4-1 31 m PM 2713 80 04
PBC~4-1 3 m PM 273 85 .04
PBC-4-1 213 44 13 1.00 25
PBC4-2  * 249 71 16 1.2 28
PBC-4-3 263 67 15 L1 28
PBC-4-4 26.6 66 15 99 24
"PBC4-5 23.1 53 12 97 24
PBC~4-6 26.3 62 15 98 24
PBC-4-7 25.3 68 16 Ll 26
PBC-4-8 29.5 51 12 1.00 25
PBC-4-9 26.7 52 12 .96 23
PBC-4-10 216 50 12 1.6 38
PBC-4-11  °® 25 58 14 99 24




AP
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HPGE (pCi/g) © ALPHA (pCi/g)
Total Total
AM ' Original  Original  Dissolution Dissolution
Sample Id Dct Ht PM Moisture % Result - TPU Resuit = TPU Result TPU
: : -

Area:  AREA05-PBC , , E 921 48
PBC-5-1 1 m PM 218 7 04 |
PBC-5-1 I m PM 218 .74 04 |
PBC-5-1 31 m PM 218 69 .04
PBC-5-1 ‘31lm PM 218 74 04
PBC-5-1 21.8 60 14 1.2 26
PBC-5-2 2 | 60 14 1.2 27
PBC-5-3 - 24.9 ' 5013 L1 s
PBC-54 : 23.9 .58 14 1.1 26
PBC-5-5 | 257 e 15 1.2 28
PBC-5-6 2.8 45 1.2 21
PBC-5-7 254 47 11 1.2 28
PBC-58 | 22.3 48 a3
PBC-5-9 215 | 60 14 13 29
PBC-5-10 * 2 45 11 L1 25

PBC-5-11 ¢ 27.6 .50 A2 1.2 .26

I

. .
Duplicates 26-Sep-97



! APPENDIX

1 - RADIUM-226

HPGE (pCi/g) * ALPHA (pCi/g)
Total Total
AM Original  Original Dissolution Disselution

Sampie Id Det Ht PM Moisture % Result TPU Resuit TPU Result TPU
Arca: -AR£A06;PBC
PBC-6-1 1 m AM 267 79 .03
PBC-6-1 1 m AM 267 81 04
PBC-6-1 1 m AM 267 .80 04
PBC-6-1 I m AM 267 80 .04
PBC6-1 1 m AM 267 79 .04
~ PBC-1 I m AM 267 79 04
PBC6-1 31 m PM 267 80 .04
PBC-6-1 3 m AM 267 . 79 04
PBC6-1 31 m PM 267 81 04
PBC-6-1 31 m PM 267 8 .04
PBC-%-1 31 m AM 267 79 .04
PBC-6-1 31 m PM 267 . 80 .04
PBC-6-1 267 , 60 % 12 28
PBC6-2 27.5 60 14 13 28
PBC-6-3 : 27 67 15 1.1 26
PBC-6- 243 59 14 1.2 26
PBC-6-5 | 24.7 70 16 12 29
PBC-6-6 28.1 - 69 16 1.2 28
PBC-7 268 73 17 1.1 26
PBC-6-8 25.3 70 16 1.2 28
PBC69 ¢ 24.1 | 56 13 11 27
PBC-6-10 26.5 A 76 18 98 17
PBCs6-11  * 244 713 12 26

3N

. ' 6
. ,
Duplicates 26-Sep-97




D BY

HPGE (pCi/g) " ALPHA (pCi/g)

Total Total
AM ' Original  Original  Dissolution Dissolution

Sample Id Det Ht PM Moisture % Result TPU Result TPU Resuit TPU
Area: AREAQ07-PBC
PBC-7-1 I m AM 284 109 .05 .
PBC71 1 m AM 284 97 03 & 2148
PBC-7-1 3l m PM 284 81 04 -
PBC-7-1 31 m AM 284 79 04
PBC-7-1 28.4 R 16 1.2 30
PBC-7-2 - 29.5 - .78 18 C12 28
PBC-7-3 28.4 64 15 L1 27
PBC-7+ A 26.6 73 17 1.3 30
PBC-7-5 215 10 2 1.6 37
PBC-7-6 27 79 18 s 35
PBC-7-7  * \ 272 87 20 L5 36
PBC.7-8 25 | o By, 1.3 31
PBC-7-9 28.7 61 14, 1.5 36
PBC-7-10 27 67 15 R 26
PBC-7-11 21.7 | 68 16 o .23
PBC-7-12 28.5 w00 26 1.3 31
PBC-7-13 286 B I 88 22
PBC-7-14 23.7 1.3 29 L7 39
PBC-7-15 | 28.9 83 19 94 23
PBC-7-16 * 27 20 050 11 217

¥0
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i APPEI\DD( - R.-\DIUM 226 RESULTS DETERMINED BY HPGE AND ALPHA

HPGE (pCi/g)  ALPHA (pCi/g)
Total Total
AM Original  Original  Dissolution Dissolution

Sample Id Det Ht PM Moisture % Result TPU Result TPU Resuit TPU
Arca: AREA08-PBC
PBC-8-1 I m AM 299 60 04
PBC8-1 1 m AM 299 62 04
PBC-8-1 3l m AM 299 64 03
PBC-8-1 31 m AM 299 66 .04
PBC-3-1 29.9 42 13 94 23
PBC-82  ° - 3511 33 079 80 20
PBC-8-3 | 26.3 54 12 94 22
PBC-84 - 309 38 091 7 18
PBC-8-5 28.2 42 097 74 .19
PBC-8-6 | 34 36 . 71 18
PBC87 ¢ 326 45 10 95 2

1\

. . ' 8
«
Duplicates 26-Sep-97 ’
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PENDIX 1 - RADIUM 226 RESULTS DETERMINED BY HPGE ANDALPHA
HPGE (pCi/g) ALPHA (pCi/g).
Total Total
‘ AM Original  Original  Dissolution Dissolution
Sampie Id Det Ht PM Moisture % Result TPU Result TPU Result TPU
Area: AREA09-PBC ,
PBC-9-1 1 m PM 293 69 .04 Al
PBC-9-1 1 m PM 293 69 04 ‘ 21 4 8
PBC-9-1 3l'm PM 293 Il .04
PBC-9-1 31 m PM 293 75 04
PBC-9-1 29.3 37 087 79 14
PBC-9-2 21.3 46 A1 79 13
PBC-9-3 26.3 40 094 73 13
PBC-94 * 26.3 37 086 65 12
PBC-9-5 26.4 43 099 69 12
PBC-9-6 248 42 097 84 15
 PBC97  * 25.6 41 099 89 16
y2
® Duplicates 9



HPGE (pCi/g) ALPHA (pCi/g)

Total Total

AM Original  Originai  Dissolution Dissolution
Sample Id Det Ht PM Moisture % Result TPU Result TPU Result TPU
Arca: - AREA10-PBC
PBC-10-1 1 m PM 208 166 .07
PBC-10-1 1 m PM 208 167 .07
PBC-10-1 31 m PM 208 185 .07
PBC-10-1 31 m PM 208 190 .07
PBC-10-1 20.8 | 3.3 74 2.8 65
PBC-10-2 19.1 4.9 11 +7 11
PBC-10-3 17.4 6.4 1.4 5.9 1.4
PBC-10- 18.8 21 46 43 1.00
PBC-10-5 21.8 1.9 42 2.3 53
PBC-10-6 16.7 39 91 4.6 1.00
PBC-10-7 188 5.0 1.1 3.9 90
PBC-10-8 18.8 2.0 44 3.0 68
PBC-10-9 16.8 2.3 52 4.6 1.00
PBC-10-10 * 20.5 3.4 77 2.7 63
PBC-10-11 19.3 3.4 76 3.1 73
PBC-10-12 20.4 1.5 34 1.5 37
PBC-10-13 16.6 1.4 32 1.7 41
PBC-10-14 17.8 1.7 38 1.7 40
PBC-10-15 18.4 2.0 45 2.2 53
PBC-10-16 * 15.2 6.2 14 6.2 14
),
10

¢ Duplicates
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HPGE (pCi/g) ALPHA (pCi/g)

' Total Total
A 7 AM Original  Original  Dissolution Dissolution
Sample Id Det Ht PM Moisture % Resuit TPU Result TPU Result TPU
Arca: -PB - -7
PBC-12-1 AREAliz mCAM 22.8 209 .06 ; 214 8
PBC-12-1 1 m AM 228 217 06
PBC-12-1 1 m-AM - 228 215 - .06
PBC-12-1 1 m PM 228 213 .06
PBC-12-1 l m PM 228 207 .06
PBC-12-1 I m. PM 228 214 .06
PBC-12-1 2238 : .58 92
PBC-12-2 18.3 ‘ 49 1l
PBC-12-3 - 13.9 10 1.7
PBC-124 15.7 ‘ 11 1.7
PBC-12-5 * 211 | 32 74
PBC-12-6 17.7 : ' 8l 13
'PBC-12-7 . 138 | 7.1 12
PBC-12-8 10.3 7.1 1.6
PBC-12-9 23.5 | 5.1 12
PBC-12-10 | 2.1 ‘ 33 76
PBC-12-11 * 194 - 35 80

s

26-Sep-97
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¢ Duplicates

26-S'ep-9 7

HPGE (pCi/y) ALPHA (pCi/p)
- Totai Total
AM Original  Original  Dissolution Dissolution
Sample Id Det Ht PM Moisturec % Result TPU Result TPU Resuit TPU
Arca: AREA13 PBC
PBC:13-1 1 m PM 19.7 96 05
PBC-13-1 1 m AM 19.7 1.01 .05
PBC-13-1 1 m PM 19.7 91 05
PBC-13-1 1 m AM 197 89 .05
PBC-13-1 1 m PM 19.7 86 .05
PBC-13-1 1 m AM 197 101 .05
PBC-13-1 19.7 1.7 40
PBC-13-2 20.6 1.7 39
PBC-13-3 16.2 1.3 31
PBC-13-4 18.1 1.2 29
'PBC-13-5 17.9 1.2 29
PBC-13-6 23.7 1.7 40
PBC-13-7 * 16.3 1.6 38
PBC-13-8 18.1 L4 34
PBC-13-9- 18.9 1.8 42
PBC-13-10 23.7 17 40
" PBC-13-11 ® 14.3 L5 37
Ys
12




* Dupilicates

26-Sep-97

HPGE (pCi/g) ALPHA (pCi/g)
Total Total
7 AM ) » Original  Original  Dissclution Dissolution
Sample Id Det Ht PM Moisture % Resuit TPU Result TPU Resuit TPU
: Al4-PB -
:r;zu-l e 1 mC PM  15.1 74 .04 B 21 -4 8
 PBC-14-1 1 m PM 151 76 .04
PBC-14-1 Il m PM 151 76 .03
PBC-14-1 1 m AM 151 77 .03
PBC-14-1 I m AM 151 80 .04
PBC-14-1 1 m AM 151 82 .04
PBC-14-1 ¢ 15.1 L5 36
PBC-14-2 12.9 1.00 25
PBC-14-3 14.6 1.2 30
PBC-14-4 14.1 L5 35
PBC-14-5 13 L1 27
PBC-14-6 13.5 L1 26
PBC-14-7 13.8 14 34
PBC-14-8 15.7 1.2 29
PBC-14-9 13.6 1.2 29
PBC-14-10 13 1.2 30
PBC-14-11 * 16 1.3 32
Yo
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HPGE (pCi/g)  ALPHA (pCi/g)
Total Total
AM ' Original  Original  Dissolution Dissolution
Sampie Id Det Ht PM Moisture % Result TPU Result TPU Result TPU
Area:’ AREAI1S-PBC
PBC-15-1 1 m PM 23 8. .04
PBC-15-1 1 m AM 23 718 04
-PBC-15-1 1" m AM 23 78 04
PBC-15-1 1 PM 23 76 .04
PBC-15-1 1 PM 23 719 04
PBC-15-1 23 1.3 30
PBC-15-2 17.5 1.3 32
PBC-15-3 16.3 26 42
PBC-15-4 ° 18.8 1.3 22
© PBC-15-5 20.2 1.2 29
PBC-156 16.2 28 .46
PBC-15-7 13.1 1 28
PBC-15-8 17.9 12 21
PBC-15-9 224 1.4 24
PBC-15-10 148 1.1 27
PBC-15-11 * 17.9 1.4 33
® Duplicates ' 26-Sep-97 I4
——




* Duplicates

26-Sep-97

HPGE (pCvg) " ALPHA (pCi/g)
Total Total
AM Original  Original  Dissolution Dissolution .
Sampie Id Det Ht PM Moisture % Result TPU Result TPU Resuit- ' TPU
Area: AREA16-PBC )
PBC-16-1 ' m AM 121 502 .09 ;”2 148
_PBC-16-1 1 m AM 121 509 .09 -
PBC-16-1 I m PM 121 512 .08
PBC-16-1 1 m AM 121 513 .09
PBC-16-1 1l m PM 121 519 .09 )
PBC-16-1 12.1 77 1.8
PBC-16-2 12.9 9.7 22
PBC-16-3 10.6 27 6.1
PBC-16-4 12.9 29 6.4
PBC-16-5 116 23 5.1
PBC-16-6 18.7 25 5.6
PBC-16-7 16.1 30 70
PBC-16-8 13.8 14 313
PBC-16-9 212 16 3.6
PBC-16-10 * 12.5 12 27
PBC-16-11 13.2 16 3.5
PBC-16-12 15.4 11 2.4
PBC-16-13 12.1 17 3.8
PBC-16-14 24 15 34
PBC-16-15 i8 50. 110
PBC-16-16 * 162 - 1 2.5
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| APPENDIX | - RADIUM-22 RESULTS DETER)

1

* ‘Duplicates

26-Sep-97

HPGE (pCi/g) ALPHA (pCi/g)
' Total Total
AM - Original  Original  Dissolution Dissolution
Sampie Id Det Ht PM Moisture % Result TPU Result TPU Resuit TPU
Areca: AREA17-PBC
PBC-17-1 1 m AM 212 381 .07
PBC-17-1 1 m PM 212 386 .08
PBC-17-1 1l m AM 212 377 .08
PBC-17-1 1 m AM 212 373 08
PBC-17-1 Il m PM 21.2 3.73 07
PBC-17-1 212 61 L5
PBC-17-2 21.7 14 31
PBC-17-3 245 14 3.1
PBC-17+4 28.8 11 2.4
PBC-17-5 21.1 16 3.5
PBC-17-6 218 - 18 4.1
PBC-17-7 15.4 13 2.9
PBC-17-8 19.9 2.3 .54
PBC-17-9 19.8 1.2 29
PBC-17-10 18.9 4.4 99
PBC-17-11 17.6 7.6 1.7
PBC-17-12 17.5 10.0 2.3
PBC-17-13 254 14 3.2
PBC-17-14 21.6 12 2.8
PBC-17-15 * 25 20 4.5
PBC-17-16 * 27.4 22 4.9
Y0
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