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Date: March 13.2014

ATTN: Document Control Desk
Director, Office of Federal and State Materials and
Environmental Management Programs
U.S. Nuclear Regulatory Commission
Washington, DC 20555-000 I

Subject: Hematite Decommissioning Project: Radiological Testing of Backfill Soil from
an Off-site Borrow Location (License No. SNM-00033, Docket No. 070-00036)

The purpose of this letter is to inform the U.S. Nuclear Regulatory Commission (lt{RC) of the
measures that Westinghouse Electric Company LLC (Westinghouse) is using for radiological
testing of backfill soil brought to the Hematite Decommissioning Project (HDP) from off-site
borrow locations. This letter identifies the current NRC regulatory requirements, the current
practices and analysis of sample results to date, and the commitments relative to soil from off-
site borrow locations.

Cunent NRC Reeulatory Requirements: The current NRC regulatory requirements for soil from
off-site borrow locations are found in the Decommissioning Plan (DP) (ML092330136), as

follows:

o Section 8.8: "Excavated soil determined to be below the appropriate DCGLs [derived
concentration guideline levels], and meeting other regulatory requirements for re-use,
will be used as backfill material. Additional off-site backfill material will be imported
from an approved off-site source(s), as needed, and tested to ensure it meets site cover
requirements for radiological and chemical constituents."

o Section 14.4.4.1.6.2: "Upon completion of backfill, no further FSS samples or
measurements are necessary. This is because 1) soil obtained from an approved off-site
borrow location was previously tested and determined to be non-impacted, or 2) soil
originating from the Site...."

o The term 'non-impacted' is defined in MARSSIM Section 3.6.2: "Non-impacted
areas identified through knowledge of site history or previous survey
information - are those areas where there is no reasonable possibility for residual
radioactive contamination. The criteria used for this segregation need not be as

strict as those used to demonstrate final compliance with the regulations,"

Current Practices and Analysis: Westinghouse has met these commitments by incorporating into
its work activities a sample and analysis process for soil from off-site backfill locations. The
process meets the data quality objectives discussed in the DP. The process starts with taking
samples at the off-site borrow location ahead of the need for the backfill soil. The timing of the
sampling is sufficiently ahead of backfilling to allow for sample test results to be received and
evaluated prior to authorizing use of the soil from the area sampled. The frequency of sampling
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the off-site borrow to date has been one sample per 3000 yd3. This sampling frequency was
developed during the drafting of the Remedial Design Work Plan for Operable Unit I (RDWP),
which was approved by the Missouri Department of Natural Resources pursuant to the Consent
Decree. The sampling frequency in the RDWP is:

o Commercial Supplier: I per source per 5,000 yd3.

o Borrow pit on agricultural land (approved by Westinghouse): 1 per source per 3,000 yd3.

o All other sources (approved by Westinghouse): I per source per 1,000 yd3.

The amount of soil from off-site borrow locations is expected to exceed 70,000 cubic yards,

resulting in a sample population of at least 14 samples based on the least conservative sampling
frequency listed above. A sample population of 14 is considered sufficient to characterize the
soil as non-impacted, the sampling frequency required by the RDWP is considered appropriate
for characterizing the soil as non-impacted. The off-site borrow locations used to date are

agricultural lands, so the sampling frequency has been I sample per 3,000 yd3. Sampling
methods are consistent with Final Status Survey (FSS) sampling methods.

Table 1 identifies the samples that have been taken to date at the off-site borrow location. At the
time of sampling, the area was staked such that a 1 yd layer of soil yields 3,000 yd3. A sample
was taken from each I yd layer in the staked area.

Table 1. Samples Taken to Date at Off-site Borrow Location

Sample
Date

Number of
Sampling

Events

Total Volume
Sampled (ydr')

Approved
Volume of Soil

(yd.')
v23t20t3
(topsoil)

I 3000 3000

t/23/2013 1 3000 3000

9t5/2013 3{' 9000+ 3000r

tr/5/20t3 J 9000 9000

12/9/20r3 J 9000 9000

12/r0/2013 5 15000 15000
*Two of the sample results exceeded the remediation goal for arsenic^ that rs

specified by the Record of Decision for Operable Unit l. The 6,000 yd' of soil
represented by those two samples was not approved for transport to HDP.
Since the sample results for this soil were acceptable from a radiological
perspective, they are included in this letter as part of radiological
char acterizati on of the current o ff- s ite borrow I ocati on s.

The samples zre sent for analysis at an off-site laboratory, such as Test America, St. Louis. The
samples are analyzed by gamma spectroscopy and for Tc-99. The sample results are then
evaluated by health physics professionals. This evaluation consists of several factors, including
statistical comparisons, box plots, and the methods used in HEM-10-80 (ML102140158) for
determining areas of the Westinghouse Hematite property that were non-impacted areas. In
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addition, the gamma spectroscopy results are reviewed for the detection of licensable radioactive
material (e.g., Cs-l37) that is not part of the DP DCGLs.

Attachment I contains the background reference area sample results for isotopes with DP
DCGLs. Attachment 2 contains the sample results for soil from off-site borrow locations - there
were no detections of non-DCGL licensable radioactive material so such isotopes are not in the
table. Once sampling results have been determined to be satisfactory by both the Radiation
Safety Officer and the Environmental Manager, approval is granted to obtain soil from the
designated area(s).

The sample results for the off-site borrow locations taken to date are evaluated here as an
example of this process. The summary results of this comparison are shown in Table 2, along
with regional data obtained from ORNLITM-7343 (State Background Radiation Levels: Results
Taken During 1975 - 1979).

Table 2. Comparison of Off-site Backfill Soil Sample Radiological Results to Date to HRCR

* Regional Background based on station MO-9 (Highways l-55 and l4l at Amold, MO) fiom ORNLITM-7343, State Background Radiation
Levels: Results Taken During 1975 - 1979. This ORNL report states that standard deviations for Ra-226 utdTh-232 are given as the + 2o
value, and that error in the U-238 measurements is 55% (2o).

The sample results in Attachment 2 from the off-site borrow locations compare favorably to the
background reference area results in Attachment I, as shown in the sunmary statistics contained
in Table 2. Graphically, the comparison is presented in box plot format (Figures I to 4). The
box plots depict the background reference area soil data and off-site borrow location data
through five-number summaries: sample minimum (excluding outliers), lower quartile (25th
percentile of the data), median (50th percentile of the data), upper quartile (75th percentile of the
data), and sample maximum (excluding outliers). The boxes illustrate data that range from the
lower quartile to the upper quartile. The box plots display differences between the two data
populations without assuming an underlying statistical distribution. These plots illustrate the
similarities in the Uranium and Thorium datasets and clearly show that the Radium concentration
is well below the background reference area soil concentration. The background reference area
data is reflected on the left side of Figures I to 4; the offsite borrow location data is on the right
side.

Background Reference Area Radiological Sample Results

Ra-226 (pci/g)

(Regional Background:
l.l + 0.06)*

HRCR Off-site
Background Soil

Th-232 (pci/g)

(Regional Background:
l.l + 0.06)*

HRCR Off-site
Backsround Soil

U-235 (pCi/g)

No Regional
Background

HRCR Off-site
Background Soil

U-238 (pCi/g)

(Regional Background:
l.l )*

HRCR Off-site
Background Soil

Number
Observations

Minimum

Maximum

Mean

Median

Standard
Deviation

0.98 0.57

2.00 1.23

1.47 0.78

1.50 0.76

0.23 0.16

l6

0.53 0.85

1.80 1.36

L06 l.l8
1.00 t.zl

0.32 0. r 3

l6)z

-0.s2 0.03

0.41 0.2r

0.01 0.11

0.03 0.10

0.22 0.05

l632

-r.00 0.62

4.00 1.90

1.r2 l.l5
1.00 l.l5

t6)z

0.34I.t7
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Figure l. Ra-226 Box Plot Comparing Results from Off-site Borrow Locations and
Background Reference Area
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Figure 2. Th-232 Box Plot Comparing Results from Off-site Borrow Locations and
Background Reference Area
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X'igure 3. U-235 Box Plot Comparing Results from Off-site Borrow Locations and
Background Reference Area
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Figure 4. U-238 Box Plot Comparing Results from Off-site Borrow Locations and
Background Reference Area

IEI Fa

PToUCL v4.00.005 was used to compare the laboratory data for Ra-226, Th-232, U-235, and
U-238 from the samples obtained from offsite borrow locations to the data for background
reference area soil. PToUCL is a statistical analytical tool to determine if the concentrations of
uranium, radium, and thorium were statistically distinguishable from background. This process

is consistent with the statistical process described in HEM-10-80, which included two-sample
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hypothesis testing performed using the Quantile and Mann-Whitney U tests (referred to as

Wilcoxon-Mann-Whitney in PToUCL).

Both tests concluded thatPta-226,U-235, and U-238 from offsite fill locations were determined
to be indistinguishable from the background reference area soil data. For Th-232, the Mann-
Whitney U test concluded that the backfill location mean concentration was distinguishable from
the background reference area soil data, but the Quantile test concluded that the data from offsite
backfill areas was indistinguishable. A review of the data showed that the offsite backfill data
for Th-232 all fell within the 25ft to 75th percentile range of the background reference area soil
data with a negligible difference in population means and medians. The mean of the background
reference area was 1.06 pCi/g versus l.l8 pCi/g for the offsite borrow location. The median was
1.0 pCi/g for the background reference area versus l.2I pCilg for the offsite borrow location.
The Mann-Whitney U test result is not considered to be disqualifuing based on agreement from
the Quantile test, the means and medians, and the percentile range comparison.

The Tc-99 results were less than the minimum detectable concentrations (MDCs) for 14 of 16

samples. Trace detections in 2 samples were at a concentration that was only slightly above their
respective MDCs. The results were 0.89 pCilg (standard deviation of 0.lI pCi/g and MDC of
0.35 pCi/g), and 0.88 pCi/g (standard deviation of 0.28 and MDC of 0.33 pCi/g). These results
are acceptable considering that they are less than 4 percent of the most restrictive DCGL for Tc-
99 of 25.1 pCilg (Uniform scenario). No non-DCGL licensable radionuclides were detected as

present by the analytical laboratory.

Consistent with the guidance in Section 3.6.2 of MARSSIM and the preceding analysis, the soil
from the offsite backfill locations is non-impacted material.

Commitments to NRC: Westinghouse will conduct sampling, analysis, and reporting of backfill
soil from off-site borrow locations as follows:

o Prior to transporting the soil on-site, the soil will be sampled, analyzed, and the results
evaluated.

. Sampling frequency will be at least as frequent as one sample per 5,000 yd3.

o Sampling methods will be consistent with FSS sampling methods.

. Sample results will be compared to the background reference area data set using Quantile
and Mann-Whitney U tests, mean, median, quartile, and box plot statistical tools, and
checks for non-DCGL licensable radioactivity (e.g., Cs-137).

o The complete data set and evaluation for non-impacted soil from off-site borrow
locations will be reported in the FSS Final Report. The complete data set will not be
available for the individual FSS Release Records, so these report will only contain the
off-site borrow location data and evaluation that available at the time of the FSS.
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Please contact me at the number above or Dennis Richardson at 314-810-3376 should you have
questions or need additional information.

Sincerely,

PJr',,*@ilryrdL
Gay M. Fussell
Deputy Director
Hematite Decommissioning Project

Attachments l) Background Reference Area - Analytical Gamma Spectroscopy Results
2) Radiological Sample Results to Date from Off-site Borrow Location
3) PToUCL Statistical Assessment Input Data Set

4) Ra-226 Mann-Whitney U Test PToUCL Results
5) Ra-226 Quantile Test PToUCL Results
6) Th-232 Mann-Whitney U Test PToUCL Results
7) Th-232 Quantile Test PToUCL Results
8) U-235 Mann-Whitney U Test PToUCL Results
9) U-235 Quantile Test PToUCL Results
10) U-238 Mann-Whitney U Test PToUCL Results
11) U-238 Quantile Test PToUCL Results

cc: J. J. Hayes, NRC/FSME/DWMEP/DURLD
M. M. LaFratuo,NRC Region III/DNMSA/ICID
E. A. Bonano, NRC Region III/DNMSA4CID
J. W. Smetanka, Managing Director HDP
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Attachment I
nd Rel-erence Area - Analvtical Gamma Results

Sample ID Ra-226
in-srowth

Th-232 u-235 u-238

Activitv * Error MDA) (pCi/e)

Surface
BG-O1-00-sL t.34 + 0.28 (0.37) 0.72+ 0.18 (0.04) 0.03 + 0.02 (0.03) 0.55 + 0.r2 rc.02\
BG-02-00-sL t.32 + 0.32 (0.s3) 0.75 + 0.18 (0.03) 0.02+ 0.02 (0.01) 0.77 + 0.16 (0.01)
BG-03-00-sL 1.28 + 0.30 (0.41) 0.79 + 0.18 (0.03) 0.03 + 0.02 (0.02) 0.88 + 0.r7 (0.02)
BG-04-00-sL 1.42 + 0.35 (0.57) 0.89 * 0.21 (0.03) 0.04 + 0.03 (0.03) 0.60 + 0.13 (0.03)
BG-O5-00-sL r.52 + 0.32 (0.42) 0.80 + 0.19 (0.05) 0.02+ 0.02 (0.01) 0.75 + 0.ls (0.02)
BG-06-00-sL t.34 + 0.34 (0.51) 0.80 r 0.19 (0.02) 0.07 + 0.03 (0.02) 0.67 * 0.14 (0.01)
BG-07-00-sL r.16 + 0.28 (0.39) 0.73 + 0.17 (0.03) 0.02+ 0.02 (0.02) 0.63 * 0.13 (0.02)

BG-08-00-sL r.62 + 0.37 (0.59) 1.30 + 0.28 (0.04) 0.07 + 0.04 (0.03) 0.99 + 0.19 (0.03)

BG-09-00-sL 1.63 + 0.28 (0.3s) 1.30 + 0.28 (0.02) 0.07 + 0.03 (0.03) 0.98 + 0.19 (0.03)

BG-10-00-sL r.74 + 0.40 (0.57) 1.00 r 0.22 (0.03\ 0.07 + 0.03 (0.02) 1.00 + 0.19 (0.02)

BG-11-00-SL 1.67 + 0.39 (0.56) r.20 + 0.24 (0.03) 0.06 r 0.03 (0.02) 0.96 + 0.19 (0.02)

BG-12-00-SL t.62+0.31 (0.47) r.20 + 0.25 (0.01) 0.06 + 0.03 (0.01) 0.86 * 0.17 (0.03)

BG-13-00-SL 1.s5 + 0.36 (0.53) 0.86 + 0.19 (0.03) 0.04 + 0.03 (0.03) 0.86 + 0.17 (0.03)

BG-14-00-sL 1.34 + 0.35 (0.55) 1.10 + 0.24 (0.04) 0.03 + 0.02 (0.03) 0.92* 0.18 (0.03)

BG-15-00-sL 1.00 + 0.30 (0.53) 0.67 + 0.ls (0.03) 0.03 + 0.02 (0.03) 0.59 + 0.13 (0.02)

BG-16-00-sL r.26 + 0.30 (0.42) 0.81 + 0.18 (0.02) 0.05 + 0.02 (0.01) 0.72+ 0.15 (0.02)

Subsurface (3 feet\
BG-O1-03-sL 0.98 + 0.27 (0.4s) 0.83 + 0.19 (0.03) 0.06 + 0.03 (0.03) 0.65 + 0.13 (0.03)

BG-02-03-SL 1.53 + 0.35 (0.s6) 0.90 + 0.21 (0.03) 0.03 * 0.02 (0.02) 0.74 + 0.15 (0.02)

BG-03-03-SL 1.27 + 0.34 (0.61) 0.84 + 0.19 (0.04) 0.05 + 0.03 (0.03) 0.81 + 0.16 (0.01)

BG-04-03-SL r.42 + 0.30 (0.35) 0.95 + 0.21 rc.02\ 0.08 + 0.04 (0.01) 0.76+ 0.15 (0.02)

BG-05-03-SL 1.59 + 0.36 (0.s3) 0.99 + 0.23 (0.01) 0.0s + 0.03 (0.02) 0.80 + 0.16 (0.02)

BG-06-03-SL r.64 + 0.35 (0.50) 0.90 + 0.21 (0.03) 0.07 + 0.03 (0.02) 0.82 + 0.16 (0.02)

BG-07-03-SL r.4r +0.27 (0.42) 0.92+0.21 (0.03) 0.05 + 0.03 (0.02) 0.74 + 0.15 (0.02)

BG-08-03-SL 1.61 + 0.30 (0.47) r.20 +0.27 rc.04\ 0.06 + 0.03 (0.03) 0.96 + 0.18 (0.02)

BG-09-03-SL 1.97 + 0.38 (0.52) r.30 + 0.29 (0.0r) 0.04 + 0.02 (0.01) 0.96 + 0.18 (0.02)

BG-10-03-sL 1.60 + 0.33 (0.57) r.20 + 0.26 (0.03) 0.05 + 0.03 (0.03) 0.94 + 0.19 (0.01)

BG-11-03-SL 1.58 + 0.39 (0.50) r.20 + 0.2s (0.02) 0.08 + 0.04 (0.02) 0.87 + 0.18 (0.0r)
BG-12-03-SL r.69 + 0.39 (0.s1) 1.10 + 0.23 (0.03) 0.03 + 0.02 (0.03) 0.98 + 0.20 (0.02)

BG-13-03-SL 1.86 + 0.40 (0.s3) 1.10 + 0.23 (0.04) 0.06 + 0.03 (0.03) 0.99 + 0.20 (0.03)

BG-14-03-SL 1.56 r 0.38 (0.s7) r.30 + 0.27 (0.03) 0.03 r 0.02 (0.02) 0.96 r 0.19 (0.02)

BG-15-03-SL r.37 + 0.34 (0.s9) r.20 * 0.26 (0.03) 0.06 + 0.03 (0.02) 0.80 + 0.17 (0.02)

BG-16-03-SL 1.32+0.31 (0.46) 0.92+0.21 (0.05) 0.03 + 0.02 (0.02) 0.63 + 0.13 (0.02)
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Attachment 2
Sam Results to Date liom OIT-site llorrow Location

Sample ID Soil Type
Sample

Date

Technetium 99 (pci/g) Radium (226) (pCVg\
in-prowth

Thorium 232 (pcilg) Uranium 235 (pCVg) Uranium 238 (pci/g)

Result MDC Error Result MDC Error Result MDC Error Result MDC Error Result MDC Error

4196-WM-130123-00-01 Deep Soil 12312013 0.9 0.4 0.1 1.2 0.1 0.2 1.3 0.2 0.2 0.1 0.3 0.2 r.9 1.6 l.l
4196-WM-130123-00-02 Topsoil t/23/2013 0.9 0.3 0.3 0.9 0.1 0.1 0.9 0.1 0.1 0.2 0.2 0.1 0.6 0.7 0.3

6444-WM-t30905-00-05 Deep Soil 9t5/2013 0.1 0.2 0.1 0.8 0.1 0.1 1.2 0.1 0.2 0.1 0.2 0.1 1.5 0.9 0.7

6444-WM-130905-00-10 Deep Soil 9ts/2013 0.1 0.2 0.0 0.6 0.1 0.1 l.l 0.1 0.2 0.1 0.2 0.1 1.0 0.9 0.4

6444-WM-130905-00-15 Deep Soil 9/5/2013 0.1 0.2 0.1 0.7 0.1 0.1 l.l 0.r 0.2 0.1 0.3 0.2 0.7 0.9 0.4

7056-WM-l3l l0l-00-05 Deep Soil tt/5/2013 0.0 0.2 0.0 0.8 0.1 0.r 1.3 0.1 0.2 0.0 0.2 0.1 0.8 0.8 0.3

7056-WM-l3l l0l-00-10 Deep Soil tlts/2013 0.0 0.2 0.1 0.8 0.1 0.1 1.2 0.1 0.2 0.1 0.2 0.1 Ll 0.8 0.6

7056-WM-131 101-00-15 Deep Soil tl/5/2013 0.0 0.2 0.0 0.9 0.1 0.2 l.t 0.1 0.2 0.1 0.2 0.1 1.3 0.9 0.7

7392-WM-131205-00-03 Deep Soil t2/9/2013 -0.1 0.3 0.0 0.8 0.1 0.1 1.3 0.1 0.2 0.1 0.2 0.2 0.9 0.9 0.4

7392-WM-131205-00-06 Deep Soil t2/9/2013 0.0 0.2 0.0 0.9 0.1 0.1 1.4 0.1 0.2 0.1 0.3 0.1 t.5 0.8 0.7

7392-WM-131205-00-10 Deep Soil I2t9/2013 0.0 0.2 0.1 0.8 0.1 0.1 t.3 0.1 0.2 0.1 0.2 0.1 1.4 1.0 0.8

7438-WM-l3 r2l0-00-03 Deep Soil t2no/2013 -0.1 0.2 0.0 0.6 0.1 0.1 1.2 0.1 0.2 0.1 0.2 0.1 0.9 0.9 0.4

7438-WM-l3l2l0-00-07 Deep Soil tztrot20t3 -0.1 0.2 0.0 0.6 0.1 0.1 1.3 0.1 0.2 0.1 0.2 0.1 0.9 0.7 0.5

7438-WM-l3l2l0-00-10 Deep Soil 12/r0/2013 -0.1 0.2 0.0 0.7 0.1 0.1 l.t 0.1 0.1 0.1 0.1 0.1 1.2 0.6 0.5

7438-WM-l3l2l0-00-13 Deep Soil t2n0t20t3 -0.1 0.2 0.1 0.8 0.1 0.1 t.2 0.1 0.2 0.2 0.2 0.2 1.2 0.9 0.6

7438-WM-131210-00-16 Deep Soil t2n0/2013 -0.1 0.2 0.1 0.6 0.1 0.1 l.l 0.1 0.2 0.1 0.2 0.1 1.3 0.9 0.8
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Attachment 3
PToUCL Statistical Assessment Input Data Set

Background Concentration (pCi/g)
P.a-226 Th-232 U-235 U-238

1.3 1.0 43 1.8

1.0 0.8 -0.3 -1.0
1.3 1.0 0.0 -0.8
1.5 0.7 -0.5 1.0

1.3 0.5 0.2 0.6
1.3 0.9 0.3 4.0
1.4 0.5 0.1 1.0

r.4 0.8 0.1 1.3

1.5 0.8 -0.3 -0.1

r.6 1.0 0.3 -0.5
1.3 0.8 0.2 l.l
r.6 0.8 0.4 0.9
1.2 0.8 -0.3 0.2
1.4' 0.9 -0.1 0.8
1.6 1.4 0.0 2.0
r.6 1.8 0.1 1.9

t.6 t.4 0.1 -0.4
2.0 1.2 -0.2 0.7
1.7 l.l 0.3 2.2
1.6 1.2 0.2 3.4
t.7 1.4 -0.1 2.2
1.6 1.2 0.0 -0.2

1.6 t.4 0.3 2.4
1.7 1.5 -0.1 1.6

1.6 1.2 0.1 2.6
1.9 1.2 0.1 0.9
1.3 l.0 0.4 r.7
1.6 1.6 -0.2 1.5

1.0 0.8 0.0 0.6
1.4 1.5 0.0 r.7
1.3 1.0 -0.2 0.7
1.3 0.8 0.0 -0.1

Offsite Borrow Concentration (pCi/g)
Ra-226 Th-232

1.2

0.9
0.8 1.2

l.l
l.l
1.3

1.2

Ll
0.8 1.3

0.9 t.4
0.8 1.3

0.6 t.2
0.6 1.3

0.6
0.7
0.8
0.8
0.9

0.7
0.8
0.6

1.3

0.9

l.l
1.2

l.l

u-235
0.1

0.2
0.1

0.1

0.1

0.0
0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

u-238
1.9

0.6
1.5

1.0

0.7
0.8
l.l
1.3

0.9
1.5

1.4

0.9
0.9
1.2

0.2 1.2

0.1 1.3
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Attachment 4
Ra-226 Mann-Whitnev U Test PToUCL Results

Wbrilsrr.tIYhluEy Slb vr Badrgturd Ooflprbq| T€lr fu Ff tbb Sstt rftod
llls

UserSeleded Oilions

From File C:\Documents and Settings\guidojs\Desktop\scratch\14O3rc<\backfill\backfill.xls.wst

Full Precision OFF

Confidence Coefficient 957o

Substantial Difference 0

Selected Null Hypothesis Site or AOC Mean/Median Less Than or Equal to Background Mean/Median (Form 'l)

Alternative Hypothesis Site or AOC Mean/Median Greater Than Background Mean/Median

Arca of Concem Data: Ra226_Fill

Bad<grumd Data: Ra226_BKGD

RawStatistlcs

Site

Numberof Valid Observations 16

Number of Distincl 15
Observations

Minimum 0.568

Maximum 1.23

Mean 0.778

Median 0.763

sD 0.1s9

SE of Mean 0.0398

Background

32

10

0.98

2

1.474

1.5

0.226

0.0399

Wilcorcn-Mann-Whft ney (WMW) Test

H0: Mean/Medhn of Site or AOC <= lt/leen/Median of Badqgtound

Site Rank Sum W-Stat 139

WMWTest U-Stat -5.544

WMW CriticalValue (0.050) 1.645

P-Value 1

Cottclusix with AFha = 0.(E

Do llot R# l-(), CmcfubSfte<= Bad<ground

P-Value >= ahha (0.05)
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Attachment 5
Ra-226 Quantile Test PToUCL Results

lbn+anam*tc Clsr[b ]ffi Td b Fl tE (ttb NDs)

User Selecred Optbns

From File C:\Documents and Settings\guidojs\Desktop\scratch\1403>o<\backfill\backftll.xls.wst

Full Precision OFF

Confidence Coefficient 95%

Null Hypothesis Site or AOC Concentration Less Than or Equal to Background Concentration (Form 1)

Alternative Hypothesis Site or AOC Concentration Greater Than Background Concentration

Arca of Con€m Data: Ra226_Fill

Bad<ground Data: Ra226_BKGD

RawStatistics

Site

Numberof Valid Observations 16

Number of Distinct Observations 15

Minimum 0.568

Maximum 1.23

Mean 0.778

Median 0.763

sD 0.159

SE of Mean 0.0398

QuantlleTest

H0: Site ConcEntration <= Backoround Concentratkn (Form 1)

Approximate R Value (0.052) 10

Approximate K Value (0.052) 6

R Value Adjusted for Ties in Data 15

K Value Adjusted for Ties in Data 11

Number of Site Observations in'R' 0
Largest

CalculatedAlpha 0.0537

Corcluslon wlth Alpha = 0.052

Do l.lot Rdect FO, Perfurm Wilcoxon-Mann-WhltEy Ranked Sum Test

Background

32

10

0.98

2

1.474

1.5

0.226

0.0399
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Th-232 Mann'Whitnev U Test PToUCL Results

Wlwr{lan-Wttpy S w &dgurd Ooprbr Tetfrr Full l}ata Setr uuilEd
Nt)s

User Selecied Optlons

From File C:\Documents and Settings\guidojs\Desktop\scratch\140$odbackfill\backfill.xls.wst

Full Precision OFF

ConfidenceCoefftcient 95%

Substantial Difference 0

Selected Null Hypothesis Site or AOC Mean/Median Less Than or Equal to Background Mean/Median (Form 1)

Alternative Hypothesis Site or AOC Mean/Median Greater Than Background Mean/Median

Arca of @nem Data: TM32_Fill

Background Ha: Th232_BKGD

Raw Statlstics

Site

Numberof ValidObservations 16

Number of Distinct 14
Observations

Minimum 0.85

Maximum 1.36

Mean 1.184

Median 1.205

sD 0.126

Background

32

18

0.53

1.8

1.063

1

0.318

0.0561SE of Mean 0.0316

Wllcoxon-Mann-Whltney (WMW) Test

H0: Mean/Medlan of Site orAOC <= Meary'Median of Badgurnd

Site Rank Sum W-Stat 470

WMWTest U-Stat 1.695

WMW CriticalValue (0.050) 1.645

P-Value 0.045

Cordusbn tlt lth Alpha = 0.05

R€ted Fm, Cmdude Sfte > Bad<gromd

P-Value < alpha (0.05)
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Attachment 7
Th-232 Quantile Test PToUCL Results

Xmgam*t qE b HypdEEb T€st 6r Fdl tK (No NDs)

User Selected optbns

From File C:\Documents and Settings\guidojs\Deskop\scratch\140$o<\backfill\bacl<fill.xls.wst

Full Precision OFF

ConfidenceCoefficient 95%

Null Hypothesis Site or AOC Concentration Less Than or Equal to Background Concentration (Form 1)

Alternative Hypothesis Site or AOC Concentration Greater Than Background Concentration

&ea of Concem Data: Th232_Flll

Badqround Data: Th232_BKGD

Raw S:iatistics

Background

32

18

0.53

1.8

1.063

1

0.318

0.0561

Quantlle Test

H0: Site Concentration <= Background Concentratbn (Form 1)

Approximate R Value (0.052) 10

Approximate K Value (0.052) 6

Number of Site Observations in 'R' 2
Largest

CalculatedAlpha 0.0537

Conduslon wlth Alpha = 0.052

Do Not Reied H0, Perbrm Wlcoron-ldanrrWhibpy Rard<ed Sun Test

Site

Number of Valid Observations 16

Number of Distinct Observations 14

Minimum 0.85

Maximum 1.36

Mean 1.184

Median 1.205

sD 0.126

SE of Mean 0.0316
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User Sdeded Options

From File C:\Documents and Settings\guidojs\Desktop\scratch\14031o<\backfill\backfill.xls.wst

Full Precision OFF

ConfidenceCoefficient 95%
Substantial Difference 0

Selected Null Hypothesis Site or AOC Mean/Median Less Than or Equal to Background Mean/Median (Form 1)

Alternative Hypothesis Site or AOC Mean/Median Greater Than Background Mean/Median

Arca of Concem Data: U235_Fill

Bad<gru.nd Data: U235_BKGD

Ril Statistics

Site

Number of Valid Observations 16

Number of Distinct 16
Observations

Minimum 0.0316

Maximum 0.21

Mean 0.109

Median 0.104

sD 0.0462

SE of Mean 0.01 15

Background

32

30

-0.s2

0.41

0.0143

0.0345

0.224

0.0397

Wi lcolon-Mann-Whitney (WMVD Test

H0: Mean/Median of Site or AOG <= Mesry'Medlan of Bad<gurnd

Site Rank Sum W-Stat 462.5

WMW Test U-Stat 1.531

WMW Critical Value (0.050) 1.6,15

P-Value 0.0629

Corduskm ntift Alpha = 0.05

Do Not Rel€ct H0, ConduG Slte <= Bad<grourd

P-Valrc >= alpfia (0.05)



HEM-14-31
March 13.2014
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U-235 Quantile Test PToUCL Results

llargan€tb CtfiOe llypo0rcb Test tu FrI IE (No NDs)

UserSdeded Optbns

From File C:\Documents and Seftings\guidojs\Desktop\scratch\1403rc<\backfill\backfill.xls.wst

Full Precision OFF

ConfidenceCoefftcient 9506

Null Hypothesis Site or AOC Concentration Less Than or Equal to Background Concentration (Form 1)

Alternative Hypothesis Site or AOC Concentration Greater Than Background Concentration

&ea of Concem Data: U235_Fill

Background Data: U235_BKGD

Raw Statlstlcs

Site

Numberof Valid Observations 16

Number of Distinct Observations 16

Minimum 0.0316

Maximum 0.21

Mean 0.109

Median 0.104

sD 0.0462

SE of Mean 0.01 15

Quantile Test

H0: Site Concentnation <= Background Concentration (Form 1)

Approximate R Value (0.052) 10

Approximate K Value (0.052) 6

Number of Site Observations in 'R' 2
Largest

CalculatedAlpha 0.0537

Condusion wlttr Alpha = 0.052

Do Not Rei.;ct H0, Perbm Wlcolon-blarurWhifpy Ranked Sum Test

Background

32

30

-0.52

0.41

0.0143

0.0345

0.224

0.0397
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Attachment 10

U-238 Mann-Whitney U Test PToUCL Results

ttbrgn-Wnmey Slte vs Bodgiurtd Oomprbon Test b R.| IE Sglsftuf
lfls

User Selected Options

From File C:\Documents and Settings\guidojs\Desktop\scratch\14o3p<Urackfill\backfill.xls.wst

Full Precision OFF

ConftdenceCoefficient 95%

SubstantialDifference 0

Selected Null Hypothesis Site or AOC Mean/Median Less Than or Equal to Background Mean/Median (Form 1)

Alternative Hypothesis Site or AOC Meary'Median Greater Than Background Mean/Median

Arca of Concem Data: U238_Fill

Badqgrund Data: U238_BKGD

RawStatlstics

Site

Number of Valid Observations 16

Number of Distinct 16
Observations

Minimum 0.62

Maximum 1.9

Mean 1.149

Median 1.145

sD 0.335

SE of Mean 0.0838

Wilcoxon-Mann-Whltney (WMW) Test

H0: Mean/Median of Site or AOC <= Mean/Median of Bad<grurnd

Site Rank Sum W-Stat 403.5

WMW Test U-Stat 0.241

WMW CriticalValue (0.050) 1.645

P-Value 0.405

Cmduslon wltrt AFha = O.Gi

Do Not Reiecr H0, Cmctude S <= Bad<grcund

P-Value >= alpha (0.Gi)

Background

32

29

-1

4

1.1 16

'l

1.17

0.207
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U-238 Quantile Test PToUCL Results

ilqrfananpr|c CXrndb fWsb Tesr h Fd tE OO tlX)
UserSelected Odions

From File C:\Documents and Settings\guidojs\Desktop\scratch\1403n<\backfill\backfill.xls.wst

Full Precision OFF

Confidence Coefficient 95%

Null Hypothesis Site or AOC Concentration Less Than or Equal to Background Concentration (Form 1)

Altemative Hypothesis Site or AOC Concentration Greater Than Background Concentration

Area of Concem Data: U238_Fill

Bad<grcurd Data: U238_BKGD

Rfl Statisilics

Site

Number of Valid Observations 16

Number of Distinct Observations '16

Minimum 0.62

Maximum 1.9

Mean 1.149

Median 1.145

sD 0.335

SE of Mean 0.0838

QuantileTes{

H0: Site Concentnation <= Background Concentr*ion (Form 1)

Approximate R Value (0.052) 10

Approximate K Value (0.052) 6

Number of Site Observations in'R' 1

Largest
CalculatedAlpha 0.0537

Conduslon s'ith Alpha = 0.052

Do Not Reilci F(}, Perbrm Wilcoxon-Mann-Whitney Ranked Sum Test

Background

32

29

-l

4

1.'t16

1

1.17

0.207


