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INTRODUCTION
In July 1997, a report entitled "Comparability of in-Situ Gamma Spectrometry and Laboratory.Data”

was issued that assessed the combarabiliry of high-purity germanilrm detector (HPGe) measuremients -
with laboratory data generated from the analysis of physical samples. Results demonstrated thar total
uranium data generated by the HPGe were very comparable to total uranium data generated by
laboratory alpha spectrometry analysis of physical samples. Results further Showed that HPGe total
uranium data met all proposed quality control acceptance criteria for use at analytical support levels
(ASL) B and D. However, the report noted that additional data were needed to demonstrate
comparability of HPGe and alpha spectrometry data at concentrations of total uranium near or _
exceeding 1000 ppm in order for the HPGe to be reliably used for waste acceptance criteria (WAC)

activities.

This report extends the range of comparability to allow the HPGe to be used with confidence for total
uranjum WAC attainment measurements Further, this report strengthens the case for the routine use
of HPGe by demonstratmg that HPGe data are comparable to laboratory gamma spectrometry data,
laboratory bromoPADAP data, and laboratory inductively coupled plasma/mass spectrometry (ICP/MS)

data as well as with laboratory alpha spectrometry data.

THODS
In the July 1997 HPGe comparability report, HPGe data were compared to laboratory alpha

spectrometry data for total uranium. Alpha spectrometry was the method originally chosen at the
Fernald Environmental Management Project (FEMP) for comparison with the HPGe because FEMP
personnel had considerable expemse using that method and because alpha spectrometry is an .
established laboratory method routinely used by radroanalytrcal laboratories to generate hlgh qualxty
uranium isotopic data. However, FEMP personnel also have considerable expenence in analyzing
uranium by gamma spectrometry, by ICP/MS, and with a colorimetric method, bromoPADAP. Thus,
to strengthen the case for the routine use of HPGe, the same samples originally analyzed by aipha
spectrometry have been subsequently reanalyzed by these other three additional methods to demonstrate
comparability of HPGe with multiple analytical methods. Further, neW physical samples collected to

extend the range of comparability to WAC levels of total uranium (i030 ppm) have also been analyzed

7

by all four methods.
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Appendix B contains brief descriptions of bromoPADAP. and ICP/MS. Detailed descriptions of HPGe
_in-situ gamma spectrometry, laboratory.alpha spectrometry and laboratory gamma spectrometry are

contained in Appendix E of the July 1997 HPGe comparability report and are not duplicated here. -

WAC SAMP ATI
Based upon historical data, the dried sludge beds in the Sewage Treatment Plant area were selected as
the FEMP site most likely t0'cont_ain a sizeable area of "soil" containing uranium concentrations near,

or in excess of, 1,000 ppm. A schematic map of the sludge drying beds in the Sewage Treatment Plant

is shown in Figure 1. .

Eight exploratory HPGe readings were first taken in the study area to delineate a general pattern of
uranium contamination. The exploratory HPGe locations are depicted by solid triangles in Figure 1.

HPGe measured uranium-238 concentrations are shown in pCi/g in parentheses below the triangles.

(Uranium-238 concentrations may be converted to approximate total uranium concentrations in ppm by .

‘multiplying pCi/g by 3.0). The data show that total uranium concentrations increase to the south in the
sludge drying beds. Accordingiy, physical samples were collected (solid circles, Figure 1) in the

southern half of the dried sludge beds.

Becﬁusé the sludge beds contained high concentrations of uranium, 15 samples (and one duplicate)
were collected for each of the two locations. The rationale for taking 15 samples is provided in Section
2.2.2.3 of the July 1997 HPGe comparability report. Figure 2-5 of that same report presents the
sample numbering scheme, which was also used for this study. The location of the HPGe
measurements were at physical sample location 1, the very center point in the concentric circular rings.
As with the original stﬁdy, HPGe measurements were made at both 100 cm (1 ‘m) and 31 cm (1 ft) '

detector heights with a data acquisition time of 900 seconds.

LYTIC T
Appendix A contains laboratory alpha spectrometry, laboratory gamma spectrometry, laboratory
bromoPADAP, laboratory ICP/MS, HPGe, and soil moisture data. The moisture data were used to

calculate laboratory results on a wet weight basis. HPGe data are also shown on a wet weight, or "as

2

is," basis to provide a common ground for comparing the different data sets.
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Total uranium data from HPGe measurements, alpha spectrometry, and gamma spectrometry have been
converted to ppm from pCi/g using the equations presented in Section 2.2.2 of the July 1997 HPGe
: comparability report. The bromoPADAP method measures ppm directly, while ICP/MS data are the
sum of masses of individual isotopes. Total propagated uncertainties (TPUs) are displayed for each
analytical method. The laboratory TPUs are presented as 1.96 o values while the HPGe uncertainties
reflect 1.96 o counting errors. Laboratory TPUs are greater than HPGe 1.96 o counting errors
because the former represents total system uncertainty, while the latter represents only one component

of system uncertainty.

Lastly, Appendix A contains a column representing the average for each sample of the concentrations
determined by the four different analytical methods. For example, for PBC-1-1, the average of 8.0
ppm in the last column is the average of 7.4 ppm (alpha spectrometry), 7.2 ppm (gamma
spectrometry), 11.3 ppm (bromoPADAP), and 5.9 ppm (ICP/MS). The standard deviation of 2.3 ppm

is the 1.0 o standard deviation associated with the four measurement data values given above.

The data in Appendix A are slightly different than the total uranium data in Appendix A of the

- comparability study issued in July 1997 for two reasons. First, more attention has been given to the
significant digits in the resuits reported by the laboratory Awhen. a computation like the conversion from
pCi/g to ppm pr the calculation of a weighted average is performed, slight differences may be apparent
if rounded results are 'used instead of unrounded values. Secondly, a formatting error (when data are
pulled from the sitewide database and displayed in a customized report like Appendix A, a program is
written which pulls the data and formats the report) in the final version of Appendix A in the July 1997

study resulted in some of the total uranium data varying slightly from correct values.

RISON OF HPGe AND LABORATORY DAT
Tables 1A through 1E summarize the data in Appendix A. Using the weighting factors shown in Table
2-4 of the July 1997 HPGe comparability report and the computational method described in Section
3.2.2. of the July 1997 HPGe comparability report, weighted means and standard deviations for each
sample collection area are shown in Tables 1A-1E. For each sample location in each 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 laboratory data for each

g
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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. -

Closeness of Laboratory and HPGe Data

Tables 2A through 2E summarize the closeness between laboratory data weighted means (Tables 1A-
1E) and HPGe data. The closeness between weighted means and HPGe data is expressed as the percent

relative deviation:

_ &, %
% RelativeDeviation =[ ——— ] x100
x

where:

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

%, is the mean of duplicates for HPGé measurements at a given detector height
% is the average of the two means

The percent relative deviations shown in Tables 2A-2E 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 Tables 2A-2E 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 smular when the relative deviation is greater than 20% but
less than 35% the data are defined as havmg ‘acceptable 51m11ar1ty When the relative deviation is

greater than 35%, the data are defined as dissimilar.

Excluding sample PBC-03-01 for reasons delineated in the July 1997 HPGe comparability report, the

averages of the relative deviations for all of the HPGe/laboratory comparisons are less than 20%. This
indicates that on an average basis, HPGe and laboratory data for total uranium are very similar. In this
regard, the average of the relative deviations for three of the laboratory methods/HPGe comparisons |

are remarkably similar. Thus, the average percent relative deviations for alpha spectrometry/HPGe are
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10.98 and 11.12 (for 31 cm and 100 cm detector heights); for gamma spectrometry/HPGe they are

- 8.55 and 11.47; and for bromoPADAP, they are 9.36 and 11.75. Further, the average percent relative

déviations for the "four method average"/ HPGE comparisdﬁ is 9.27 and 11.86 reépectively, for 31 cm -
and 100 cm HPGe detector heights. The degree of closeness is nof as good for ICP/MS and HPGe data
as for the other three laboratory methods. The averagé percent relative deviation for the ICP/MS and
HPGe comparisons are 15.56 and 16.67 for 31 cm and 100 cm detectoriheights.

The discussion above dealt with the averages of the percent relative deviations. Examination of Tables
2A-2E shows that a large majority of the individual percent relative deviations for given sampling areas
are below 20%. Some areas have percent relative deviations between 20% and 35% (acceptable

similarity), but very few instances occur where percent relative deviations are greater than 35%.

By using four different analytical methods to analyze the physical samples, laboratory ahalytical effects
on the closeness of data can be differentiated from analyte heterogeneity effects. For example,
A"Bromol"ADAP dﬁia for PBC-01 have percent reléti\'/e deviations of 26.09 'and'37.5,6,' respectively, for
31 cm and 100 cm HPGe detector heights. Alpha spectrometry data, on the other hand, have percent
relative deviations of -18.18 and -7.79 for PBC-01. Conversely, every analytical method has a percent
relative deviation in excess of 20% fbr PBC-07 at a l.d m detector height. This indicates that either
the HPGe detector is biased low (the percent relative deviations are all positive), or that the HPGe is
detecting gamma rays from low contamination areas not reflected in the weighted average of the
physical samples. Use of the average of the four laboratory methods (Table 2E) should average out, to
a large extent, data variability due to analytiéal methods. The percent relative deviations in Table 2E
should then mostly reflect eithe; HPGe detector bias, analyté heterogeneity in the soil, or as expl_aincd

"in a later section possible limitations in the physical sample grid pattern.

This report contains data from two areas, PBC-18 and PBC-19, not included in the original July 1997
HPGe comparability report. As noted earlier, samples in these locations contain high concentrations of
uranium. Examination of the data in Appendix A reveals that total uranium concentrations are very
heterogeneous in Areas PBC-18 and PBC-71.9. However, this heterogeneity does not affect the overall
degree of closeness of HPGe and laboratory data. For example, Table 2A shows that the average
percent of relative deviations for alpha spectrometry and HPGe data are 10.98 and 11.12, respectively,

for 31 cm and 100 cm HPGe detector heights. The July 1997 HPGe comparability report, without data

FER\COMPSTUDY\ADDENDUM\September 10, 1997 (7:05am) 5 / 0
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from Areas PBC-18 and PBC-19, had corresponding average percent relative deviations of 11.2 and

10.3 (31 cm and 100 cm) for alpha spectrometry and HPGe data.

rrelation of Laboratory and HPGe Dat
Figures 2 through 6 show X,y scatter plots of the data in Tables 1A through 1E. These figures show
both of the individual HPGe measurements (two measurements were taken at the same detector height
except for Area PBC-06 in which six HPGe measurements were taken at each detector height. The
minimum and maximum valueé of those six measurements in PBC-06 were used in the figures) for a
given area plotted against the weighted averages of the laboratory measurements for the area. Error
bars for the HPGe measurements are not derived from standard deviations in Tables 1A-1E, but
represent the 1.96 o counting errors listed for each HPGe measurement in Appendix A. Error bars for
laboratory data represent upper and lower 97.5% confidence limits based upon the weighted standard

. deviations in Tables 1A-1E.

Two points arebarti‘cularly. note“‘/‘orthy based upon -ekaminatidn 6f Figures 2 through 6. First, th_éi '
figures clearly demonstrate that linear correlation of HPGe and laboratory data can be extended to total
uranium concentrations that exceed WAC limits (1030 ppm). . In this regard, Areas PBC-18 and PBC-
19 are bisected by the line having a slope of 1,0. Secondly, the figures clearly demonstrate that the
linear correlation of HPGe with laboratory data is independent of the particular laboratory analytical

method.

Li Re ion Analysi
- Linear regression analyses of the data in Tables 1A-1E were carried out using the regression tools built
~ into a comm'erc.ial spreadsheet. Table 3 contains the correlation coefficient, slope and intercept -

calculated from these regression analyses. Linear regressions have been performed for:
. HPGe vs. alpha spectrometry data at 31 and 100 cm detector heights
. HPGe vs. gamma spectrometry data at 31 cm and 100 cm detector heights.
. HPGe vs. ICP/MS data at 31 and 100 cm detector heights.
o HPGe vs. bromoPADAP data at 31 and 100 cm detector heighis.
. HPGe vs. "four method average" data at 31 and 100 crr; detector heights

I
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For each regression analysis, HPGe data comprised "y" coordinates while laboratory data comprised

", i

x" coordinates. -
The 31 cm data show very good linear regression characteristics: very high correlation coefficients
(greater than 0.99), line slopes near 1.0, and intercepts near zero. Using criteria outlined in Section
3.3 of the July 1997 HPGe comparability report, 31 cm HPGe data display a high degree of
comparability with laboratory data for total uranium for all four laboratory methods even extending
~ from near background concentrations (5 ppm) to WAC exceedance concentrations (1000 ppm). The'
comparability of 100 cm HPGe data with laboratory data is also good, but not as good as the 31 cm
data. Correlation coefficients are not quite as high, line slopes are a little more removed from 1.0, and
intercepts are a little further removed from 0.0. These differences are consistent across all four

analytical methods, and a possible reason for such differences is discussed later in the report.

-HETEROGENEITY OF TOTAL URANIUM CONCENTRATIONS

Areas PBC-18 and PBC-19 are excellent aréas to examine to effect of analyte heterdg’eneity on HPGé |
readings. In area PBC-18, total uranium concentrations (four method average) range from a low of
560 ppm to a high of 2000 ppm. In area PBC-19, total uranium concentrations (four method average)
vary from a low of 448 ppm to a high of 1780 ppm. HPGe measurements of total uranium (depehding
upon detector height) fall approximately in the middle of these low and high readings for each area.
One of the principal strengths of HPGe is that it gives a very representative average reading for a given
area (the size of which depends upon the detector height). Taking into account the total uranium
concentration of the individual samples, HPGe measured total uranium concentrations appear

subjectively to be very representative of areas PBC-18 and PBC-19.

Areas PBC-18 and PBC-19 also offer the opportunity to examine the effect of analyte heterogeneity
with respect to physical samples. Clearly, if physical samples were the basis to provide information on
the average total uranium concentration, the probability of one, two, or even three samples providing a
reliable, representative average does not appear high. Further, one, two, or even three samples taken
in each area may not provide reliable information as to the range of uranium concentrations in those

areas.

1
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The major point to be made is that both in-situ measurements and laboratory measurements have
strengths and hrmtanons in heterogeneous areas. The strengths and hmltanons in heterogeneous areas
do not reflect upon the validity of the analytical measurement but rather indicate the necessity to plan a

sampling strategy that maximizes the strengths and minimizes the limitations given the intended use of

the data.
CONCLUSIONS _
The following conclusions are the most important ones to be drawn from the data and discussions in
this report: X
1. HPGe can be used to accurately measure total uranium concentrations over a wide
range of values from near background to greater than WAC levels (1030 ppm).
2. HPGe shows good comparability of data with data measured by a variety of laboratory
" analytical methods. Thus comparability is independent of the analytical method used.
3L HPGe can yield very representatlve average total uramum concentratrons in areas in

which uranium is very heterogeneously distributed.-
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COMPARISON OF ALPHA SPECTROMETRY AND HPGe TOTAL URANIUM DATA

HPGe Setting |  Area ~Alpha Spectrometry . _ HPGe A
© Weighted | Weighted |  Mean Std. Dev.
~ Mean(ppm) Std. Dev. (ppm) (Ppm)
1 (ppm) ‘ L
31 em(1 ft) PBC-01 7.5 0.3 9.0 0.6
PBC-02. 30 1.4 31.2 1.9
PBC-03 1078 216 291 10.4
PBC-03* 288 11.2 291 . 10.4
PBC-04 58 1.9 56.6 1.5
PBC-05 36 3.8 42.2 0.8
PBC-06 84 2.6 76.7 1.3
PBC-07 160 8.6 141 1.3
PBC-08 5.1 0.5 5.8 0.3
PBC-09 5.9 0.2 6.6 | 1.2
PBC-10 65 3.1 ' 80.9 0.4
PBC-18 1141 120 1064 2.1
PBC-19 894 71 1047 4.6
1.0m PBC-01 7.4 0.4 8.0 **
(328 1) PBC-02 26 1.4 26.0 2.8
PBC-03 447 130 287 7.9
PBC-03* 285 16.7 287 7.9
PBC-04 56 3.1 58.6 1.8
PBC-05 45 5.4 47.9 1.7
PBC-06 88 3.8 - 75.9 2.9
PBC-07 174 13.4 140 2.0
PBC-08 4.9 0.6 5.3 0.3
PBC-09 6.2 0.2 6.9 0.5
PBC-10 55 3.6 740 0.4
PBC-18 1053 140 891 2.1
PBC-19 764 82 871 8.4

* Sample PBC-03-01 excluded from data set
** Only one HPGe measurement. Second measurement did not detect any gamma rays for

uranium-238 and was excluded as a valid measurement

1
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TABLE 1B
COMPARISON OF GAMMA SPECTROMETRY AND HPGe TOTAL URANIUM DATA
HPGe Setting Area . - Gamma Spectrometry - HPGe .
| " |..Weighted | Weighted Mean ~ | Std. Dev..
A }_:Mean:(ppm) Std. Dev. - (ppm) (ppm)
sl s | (ppm) - :

31 em(1 ft) PBC-01 8.2 0.9 9.0 .

PBC-02- 34 2.6 31.2
PBC-03 | 1183 241 291 10.4
PBC-03* 301 15 291 . 104
PBC-04 57 3.5 56.6 1.5
PBC-05 37 3.2 42.2 0.8
PBC-06 86 53] 767 1.3
PBC-07 173 10 141 1.3
PBC-08 5.4 0.5 5.8 0.3
PBC-09 68| 04 . 6.6 - 1.2
PBC-10 71 3.0 80.9 04
PBC-18 | 1185 97 1064 2.1
PBC-19 1029 82 1047 4.6
1.0 m PBC-01 8.6 1.0 8.0 o
(.28 1t.) PBC-02 26 2.3 26.0 2.8
PBC-03 485 146 287 7.9
PBC-03* 306 23 287 7.9
PBC-04° 61 4.3 58.6 1.8
PBC-05 45 4.7 47.9 1.7
' PBC-06 96 . 5.0 75.9 2.9
PBC-07 190 16 140 2.0
PBC-08 46| 0.7 5.3 0.3
PBC-09 . 10| 0.7 6.9 0.5
PBC-10 67 3.6 74.0 0.4
PBC-18 1197 129 891 2.1
PBC-19 918 99 871 84

*  Sample PBC-03-01 excluded from data set
** Only one HPGe measurement. Second measurement did not detect any gamma rays for
uranium-238 and was excluded as a valid measurement. '5
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TABLE 1C
COMPARISON OF ICP/MS AND HPGe TOTAL URANIUM DATA
HPGe Setting Area ICP/MS » .HPGe -
‘ - Weighted ‘Weighted Mean | Std.Dev.
Mean (ppm) Std. Dev. (ppm) (ppm)
S (ppm)
31 em(1 ft) PBC-01 7.1 0.7 9.0 0.6
PBC-02 35.2 1.9 31.2 1.9
PBC-03 1028 208 291 10.4
PBC-03* 268 14.9 291 . 104
PBC-04 55.5 1.7 56.6 L5
PBC-05 39.2 3.0 42.2 0.8
PBC-06 95.1 3.2 76.7 1.3
PBC-07 160 9.1 141 1.3
PBC-08 3.2 0.2 5.8 0.3
PBC-09 | 6.3 0.4 6.6 EEvi
PBC-10 67.2 3.5 80.9 04
PBC-18 1120 90 1064 2.1
PBC-19 915 86 1047 4.6
1.0m PBC-01 8.5 0.8 8.0 **
(3.28 ft.) PBC-02 315 2.6 26.0 2.8
PBC-03 422 126 287 7.9
PBC-03* 267 19.0 287 7.9
PBC-04 55 238 58.6 1.8
PBC-05 47.1 4.0 47.9 1.7
PBC-06 99.6 3.7 75.9 2.9
PBC-07 180 13.6 140 2.0 |
PBC-08 3.5 02] 5.3 0.3
PBC-09 6.3 0.5 6.9 0.5
PBC-10 56.7 4.0 74.0 0.4
PBC-18 1100 116 891 2.1
PBC-19 787 100 871 8.4

*  Sample PBC-03-01 excluded from data set

** Only one HPGe measurement. Second measurement did not detect any gamma rays for

uranium-238 and was excluded as a valid measurement

1
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TABLE 1D
COMPARISON OF BROMOPADAP AND HPGe TOTAL URANIUM DATA

-| HPGe Setting Area A BromoPADAP - - HPGe =
) Weighted Weighted |~ Mean.- | Std. Dev:.
Mean (ppm) Std. Dev. | (ppm)
: (ppm) ' '
. e N 0 7777 D s
31 em(1 ft) PBC-01 11.7 03] 9.0 0.6
PBC-02. 31.6 1.6 31.2 1.9
PBC-03 984 188 | 291 10.4
PBC-03* 297 12.5 291 _ 104
PBC-04 60.4 2.0 56.6 1.5
PBC-05 41.2 2.5 42.2 0.8
PBC-06 83.6 2.5 76.7 1.3
PBC-07 157 10.1 141 1.3
PBC-08 5.3 0.2 5.8 0.3
PBC-09 68| 021 - 66 12
PBC-10| 66.4 3.0 8091 0.4
PBC-18 126 | 91 1064 2.1
B PBC-19 880 101 1047 46|
1.0 m PBC-01 11.7 0.5 8.0 o
@B28ft) | ppc.g2 28.2 2.1 26,0 2.8
PBC-03 433 114 287 7.9
PBC-03* 293 18.1] - 287 7.9
PBC-04 58.0 3.2 58.6 1.8
PBC-05 47.1 3.5 47.9 1.7
PBC-06| . 878 33 0 759l . 29
PBC-07 179 15.2 140 . 2.0
PBC-08 5.3 0.4 5.3 0.3
PBC-09 6.7 0.2 6.9 0.5
PBC-10 58.9 3.6 74.0 0.4
PBC-18 1137 124 891 2.1
PBC-19 857 113 871 8.4

*  Sample PBC-03-01 excluded from data set
** Only one HPGe measurement. Second measurement did not detect any gamma rays for
uranium-238 and was excluded as a valid measurement \1
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COMPARISON OF FOUR METHOD AVERAGE WITH HPGe TOTAL URANIUM DATA

HPGe Setting | =~ Area " Four Method Average HPGe
| o Weighted | Weighted- | Mean .| Std. Dev.
Mean(ppm) Std. Dev. (ppm) (Ppm)
: ; (ppm) - S
31 em(1 ft) PBC-01 8.6 0.3 9.0 0.6
PBC-02. 32.5 1.7 31.2 1.9
PBC-03 1068 213 291 10.4
PBC-03* 289 13 291 10.4
 PBC-04 60.5 3.3 56.6 1.5
PBC-05 38.4 3.1 42.2 0.8
PBC-06 87.2 3.2 76.7 1.3
PBC-07 162 9 141 1.3
PBC-08 4.8 0.2 5.8 0.3
PBC-09 6.4 1.0 66| 1.2
PBC-10 6.5 2.9 80.9 0.4
PBC-18 1143 98 1064 2.1
PBC-19 929 83 1047 4.6
1.0 m PBC-01 9.0 0.3 8.0 o
(3.28 ft.) PBC-02 28.1 1.9 26.0 2.8
PBC-03 447 129 287 7.9
PBC-03* 288 19 287 7.9
PBC-04 60.6 4.2 58.6 1.8
PBC-05 46.1 4.2 . 47.9 1.7
PBC-06 93.0 | 3.7 75.9 2.9
PBC-07 181 14 140 2.0
PBC-08 4.6 0.2 5.3 0.3
PBC-09 6.5 1.1 6.9 0.5
PBC-10 59.5 3.3 74.0 0.4
PBC-18 1122 125 891 2.1
PBC-19 831 97 871 8.4

*  Sample PBC-03-01 excluded from data set
** Only one HPGe measurement. Second measurement did not detect any gamma rays for
uranium-238 and was excluded as a valid measurement - 8



DRAFT = 2149
TABLE 2A
CLOSENESS OF ALPHA SPECTROMETRY AND HPGe TOTAL URANIUM DATA
Area. _ * % Relative Deviation of % Relative Deviation of
-~ Means 31 ecm)* - | = = Means (100 cm)*-
PBC-01 T -1.79
PBC-02 3.92 R E 0.00
PBC-03# 114.97 43.60
PBC-03** - -1.04 -0.70
PBC-04 2.44 4.54
PBC-05 _ -15.86 -6.24 )
PBC-06 9.09 ' 14.77
PBC-07 | 12.62 | 21.66
PBC-08 -12.84 | -7.84
PBC-09 | -1120 o -10.69
PBC-10 - | 2180 | 2946
PBC-18 698 16.67
PBC-19 -15.77 - -13.09

Average (using PBC-03) = 20.47 Average (using PBC-03) =14.69
Average (using PBC-03**) =10.98 Average (using PBC-03**)=11.12

* " Negative signs indicate laboratory data are less than HPGe data; positive signs indicate
laboratory data are greater than HPGe data. Signs are not taken into account in the
computation of the above averages which appear at the bottom of each column.

"> Sample PBC-03-01 excluded from data set.
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TABLE 2B

f -

£ 2149

CLOSENESS OF GAMMA SPECTROMETRY AND HPGE TOTAL URANIUM DATA

Area ‘ "% Relative Deviation of % Relative Deviation of
Meauns (31 cm)* _Means (100 cm)* -
B PBC-01 -9.30 7.23
PBC-02 8.59 0.00
PBC-03# 121.03 51.30
PBC-03** 3.38 6.41
PBC-04 0.70 4.01
PBC-05 -13.13 624
PBC-06 11.43 23.39
PBC-07 . 20.38 30.30
PBC-08 -7.14 -14.14
PBC-09 . 2.99 1.44
PBC-10 ©-13.03 9.93
PBC-18 10.76 29.31
PBC-19 -1.73 - 5.25
Average (using PBC-03) = 18.35 Average (using PBC-03) =15.21
Average (using PBC-03**) =8.55 Average (using PBC-03**)=11.47
* Negative signs indicate laboratory data are less than HPGe data; positive signs indicate

laboratory data are greater than HPGe data. Signs are not taken into account in the
computation of the above averages which appear at the bottom of each column.

** Sample PBC-03-01 exéluded from data set.

0
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DRAFT
TABLE 2C
CLOSENESS OF ICP/MS AND HPGE TOTAL URANIUM DATA
Area % Relative Deviation of % Relative Deviation of -
oo » Means (31 cm)* Means (100 cm)* = -

- PBC-02 12.05 19.13

PBC-03# 111.75 38.08
PBC-03** -8.23 -71.22

PBC-04 -1.96 -6.34

PBC-05 -7.37 -1.68

PBC-06 21.42 27.01

PBC-07 12.62 25.00

PBC-08 -57.78 -40.91

PBC-09 -4.65 -9.09

PBC-10 -18.50 - 26.47

PBC-18 5.13 20.99

PBC-19 -13.46 -10.13

Average (using PBC-O3) = 24.19 Average (using PBC-03) - =19.24
Average (using PBC-03**) =15.56 Average (using PBC-03**)=16.67
* Negative signs indicate laboratory data are less than HPGe data; positive signs indicate

laboratory data are greater than HPGe data. Signs are not taken into account in the
computation of the above averages which appear at the bottom of each column.

**  Sample PBC-03-01 excluded from data set.

2
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TABLE 2D A
. CLOSENESS OF BROMOPAPAP AND HPGE TOTAL URANIUM DATA

Area - | % Relative Deviation of % Relative Deviation of
' ' _ Means 31 cm)* . | N Means (100 cm)*
PBC-01 26.09 37.56
PBC-02 1.27 8.12
PBC-03# 108.71 40.56
PBC-03** 2.04 2.07
PBC-04 6.50 -1.03
PBC-05 -2.40 ' -1.68 -
~ PBC-06 8.61 14.54
PBC-07 10.74 24.45
PBC-08 -9.01 0.00
PBC-09 , 2.99 N - -2.94
- PBC-10 | . 969 | . 22m
" PBC-18 ' 5.66 | 24.26
PBC-19 ' -17.33 -1.62

Average (using PBC-03) = 18.25 Average (using PBC-03) = 14.96
* Average (using PBC-03**) =9.36 Average (using PBC-03**)=11.75

Negative signs indicate laboratory data are less than HPGe data; positive signs indicate
laboratory data are greater than HPGe data. Signs are not taken into account in the
computation of the above averages which appear at the bottom of each column.

~ Sample PABC-.O3-01‘ excluded from data set.
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DRAFT
TABLE 2E
CLOSENESS OF FOUR METHOD AVERAGE AND HPGE TOTAL URANIUM DATA

Area % Relative Deviation of 7 Relative Deviation of .

- Means 31 cm)* =~ - - Means (100 cm)*
PBE)I 4.55 11.76 R
PBC-02 4.08 7.76
PBC-03# 114.35 43.60

PBC-03** -0.69 0.35
PBC-04 6.66 3.36
PBC-05 -9.43 -3.83 -
PBC-06 12.81 20.25
PBC-07 13.86 25.55
PBC-08 -18.87 -14.14
PBC-09 . -3.08 -5.97
PBC-10 - -18.06 272
PBC-18 7.16 22.95
PBC-19 -11.94 470
Average (using PBC-03) = 18.74 Average (using PBC-03) =15.47
Average (using PBC-03**) =9.27 Average (using PBC-03**)=11.86
* Negative signs fndicate laboratory data are less than HPGe data; positive signs indicate

laboratory data are greater than HPGe data. Signs are not taken into account in the
computation of the above averages which appear at the bottom of each column.

**  Sample PBC-03-01 excluded from data set. -



DRAFT

| TABLE 3 91
LINEAR REGRESSION PARAMETERS 2149
o HPGe | cormEraTion | SLOPEof | TTERCEPT | INTERCEFT
ANALYTE | DETECTOR | coprriciENT | RECTTSSION | REGRESSION | PERCENT
Alpha 31 cm 0.991 1.012 2.2 2.68
Spectrometry 100 cm 0.985 0.938 7.1 8.65
Gamma 31 cm 0.997 0.947 1.4 1.71
spectrometry 100 cm 0.990 0.813 9.4 11.5
31 cm 0.991 1.035 -0.94 - 047
BromoPADAP :
100 cm 0.988 0.860 9.0 11.1
= —_—
31 cm 0.994 1.023 0.51 0.62
ICP/MS :
100 cm 0.983 0.902 8.9 10.8
Average of 3lem _ 0.994 1.007 0.35 0.43
‘Four Methods |~ - 100 ¢m - 0.987. 0877 8.2 10.0

* Calculation is based upon an FRL of 82 ppm
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APPENDIX A

TOTAL URANIUM RESULTS
DETERMINED BY HPGe AND FOUR DIFFERENT LABORATORY
‘ METHODS
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APPENDIX B
DESCRIPTION OF BROMOPADAP AND ICP/MS ANALYTICAL METHODS
| - The pafagraphs below briefly describe the bromoPADAP and ICP/MS analytical methods. Detailed
FEMP procedures exist for both methods: for bromoPADAP, the ﬁrbcedhre is 256-S-6039 ("The o
Colorimetric (BrPADAP) Determination of Uranium Using an Auto Analyzer), and for ICP/MS The
procedure is AC97-0043 ("Sample Preparation and Analysis for Uranium Deteﬁnination by ICP/MS").

BromoPADAP

 BromoPADAP is used for the colorimetric determination of uranium in a variety of matrices in the
concentration range of 1-100,000 ppm. AThe_ instrument consists of an autosampler, a proportionary
pump, a flow cell colorimeter, and a personal computer loaded with peak detection, calibration,

response factor, and reporting software.

The bromoPADAP is a classical colorimetric procedure for the determination of total uranium. In this
procedure, the s_ample is rigbrously_dige;ted with perchloric (HCIO,) and nitric (HNO,) acid. Once
Solubilized, the uranium is reacted with 2-(54bromo-2pyridy1azo)-5-diethylaminophenol | |
(bromoPADAP) to produce a colored complex which absorbs strongly at 580 nanometers. The amount
of absorption is proportional to the conéentration of uranium present. Uranium is separated from major
interfering metal ions by extraction into trioctylphosphine oxide (TOPO) in cyclohexane. The |
extracting solution contains F- and PO, ions to inhibit the extraction of Th and Zr along with uranium.
Ascorbic acid in the éxtracting solution reduces V*5 to V*4, Ce** to Ce*?, Cr*Sto Cr*?, and Fe** to
Fe*?. The interferences of these cations are much less severe at the lower valence states. A
complexing solution is added during color development to prevent interference from traces of
mterfermg elements Sulfosalicylic acxd masks the interferences of Be and Al NaF reduces Th and Zr
interferences and 1 2-dxammocyclohexylenedmxtrllotetraacenc acid (Cy DTA) complexes many cations
but not UO,*2. Quantificaiton of uranium is accomplished by comparing the absorbance of the

unknown solution to the absorbances of standard uranium solutions.
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ICP/MS

Inductively coupled plasma mass spectrometry (ICP/MS) is a relatively newly developed technique for

 the determination of total uranium. This procedure is an adaptation of the SW-846 6020 procedure for

metals determination. The techrique has proven to be a very sensitive and selective“méthod. A soil
sample is digested with HCIO, and HNO,, along with high heat. The digestate is then brought up in a
1% HNO, solution. The uranium in the HNO, solution is introduced into the ICP/MS instrument
where it is nebulized and the resulting aerosol transported by argon gas into a plasma torch. The ions
produced are entrained in the plasma gas and introduced, by means of an interface, into a mass
spectrometer. The ions produced in the plasma are sorted according to their mass-to-charge ratios and

- quantified with a channel electron multiplier. Interferences are assessed ‘and valid correctidns applied
that include compensation for background ions contributed by the plasma gas, reagents, and
constituents of the sample matrix. Standard uranium solutions are used to calibrate for this technique.

. The total uranium is based on the uranium-238 concentration. However, if concentratibns of individual

uranium are needed, ICP/MS can easily detect uran'ium-236l, uranium-235, uranium-234, and uranium-

© 233 as well as ufﬁnium—238.
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