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Table 1
Soil Analytical and Gamma Screening Results

Location ID Depth Ra-226 901.1 Results Static Gamma Survey Comments
(ft bgs) pCi/g TPU' Sample Reference’
Subsurface Samples from Roadway3

RW-SB-01 1.0 1.3 3+ 0.33 31,246 30,624

2.5 1.18 0.28 31,444 30,624

4.0 30,269 30,624
RW-SB-02 1.0 1.21 0.3 20,152 20,064

2.5 0.94 0.3 19,752 20,064

4.0 na 20,064
RW-SB-03 1.0 0.81 J+ 0.28 17,615 17,879

2.5 1.61 J+ 0.34 17,181 17,879

4.0 16,111 17,879
RW-SB-04 1.0 1.4 0.29 17,286 18,464

2.5 1.11 0.27 17,002 18,464

4.0 17,156 18,464
RW-SB-05 1.0 0.89 0.28 22,840 24,039

2.5 22,855 24,039

4.0 23,038 24,039

5.5 1.34 J+ 0.33 24,647 24,039
RW-SB-06 1.0 1.37 J+ 0.34 20,589 20,865

2.5 1.33 J+ 0.31 20,497 20,865

4.0 20,447 20,865
RW-SB-07 1.0 1.27 J+ 0.32 22,176 22,648

2.5 1.22 J+ 0.31 21,113 22,648

4.0 21,432 22,648
RW-SB-08 1.0 1.12 J+ 0.29 19,234 19,762

2.5 1.31 0.3 19,659 19,762

4.0 19,065 19,762
RW-SB-09 1.0 1.12 0.29 14,750 15,598

2.5 1.24 0.28 14,880 15,598

4.0 15,127 15,598
RW-SB-10 1.0 2.09 0.4 15,994 15,412

2.5 15,678 15,412

4.0 15,855 15,412

5.5 1.73 0.34 15,357 15,412

Surface and Subsurface Samples from 50-ft Buffers5

Home-SS-4286 0 9.2 0.4 From Suppplemental RSE 4/08
Home-SS-429 0 4.6 0.3 From Suppplemental RSE 4/08
Home-SS-430 0 2.9 0.3 From Suppplemental RSE 4/08
Home-SS-431 0 18.7 0.6 From Suppplemental RSE 4/08
Home-SS-433 0 28.5 0.7 From Suppplemental RSE 4/08
Home-SS-434 0 5.3 0.4 From Suppplemental RSE 4/08
Home-SS-448 0 17.1 0.5 From Suppplemental RSE 4/08
RW-TP-11 0 69.0 8.2 44,751 31,213

1.0 31,306 31,213

2.0 1.49 J+ 0.34 31,606 31,213

3.0 0.87 J+ 0.29 31,285 31,213

4.0 31,460 31,213

5.0 31,414 31,213
RW-TP-12 0 15 1.9 22,120 20,256

1.0 1 0.26 20,158 20,256

2.0 20,198 20,256

3.0 0.75 0.24 20,159 20,256
RW-TP-13 1.0 1.28 J+ 0.34 21,519 21,927

2.0 21,692 21,927

3.0 1.26 0.28 20,324 21,927




Table 1
Soil Analytical and Gamma Screening Results

Location ID Depth Ra-226 901.1 Results Static Gamma Survey Comments
(ft bgs) pCi/g TPU' Sample Reference’

RW-TP-14 1.0 3.11 0.48 22,302 22,347

2.0 21,589 22,347

3.0 2.46 J+ 0.44 21,570 22,347
RW-TP-15 0 2.38 0.39 21,236 21,244

1.0 2.61 0.44 21,561 21,244

2.0 20,495 21,244

3.0 151 0.3 20,107 21,244
RW-TP-16 1.0 21,495 21,839

2.0 1.3 0.28 21,719 21,839

3.0 1.26 0.28 21,512 21,839
RW-TP-17 0 44.3 5.3 26,552 19,837

1.0 2.03 0.37 20,576 19,837

2.0 1.18 J+ 0.29 19,817 19,837

3.0 19,684 19,837
RW-TP-18 1.0 1.24 0.29 17,014 17,170

2.0 16,597 17,170

3.0 1.41 0.31 17,132 17,170
RW-TP-19 1.0 1.39 0.31 15,138 15,138

3.0 15,233 15,138

3.0 15,402 15,138

4.0 1.15 0.3 14,929 15,138
RW-TP-20 1.0 2.02 J+ 0.37 14,780 14,519

3.0 1.19 0.29 13,742 14,519

3.0 14,281 14,519
RW-TP-21 0 19.7 2.4 16,923 14,519

2.0 14,796 14,519

3.0 1.06 0.28 14,733 14,519

3.0 14,754 14,519

4.0 1.11 0.29 14,377 14,519
RW-TP-22 0 14 1.7 16,749 15,138

2.0 1.39 0.31 13,701 15,138

3.0 na 15,138 Bedrock @ ~2.5' bgs
RW-TP-23 1.0 1.23 0.29 17,391 17,170

2.0 16,776 17,170 Sample spooned off of sidewall

3.0 1.21 0.29 16,716 17,170

3.0 16,785 17,170
RW-TP-24 1.0 1.08 0.25 19,193 19,837

2.0 19,579 19,837

3.0 1.17 0.28 19,637 19,837
RW-TP-25 0 18.7 2.3 24,416 21,839

1.0 21,639 21,839

2.0 1.2 0.29 21,901 21,839

3.0 1.02 0.29 21,740 21,839
RW-TP-26 1.0 1.16 0.28 21,369 21,244 Road cut

2.0 20,895 21,244 Road cut

3.0 0.95 0.25 21,526 21,244 Road cut

3.0 21,452 21,244 Road cut

4.0 21,051 21,244 Road cut
RW-TP-27 0 8.9 1.2 23,074 22,347

1.0 1.25 0.28 21,156 22,347

2.0 21,439 22,347

3.0 1.71 0.34 21,391 22,347
RW-TP-28 0 10.3 1.4 22,427 21,927

1.0 0.83 0.23 21,814 21,927

2.0 21,676 21,927

3.0 1.05 0.25 21,880 21,927




Table 1
Soil Analytical and Gamma Screening Results

Location ID Depth Ra-226 901.1 Results Static Gamma Survey Comments
(ft bgs) pCi/g TPU' Sample Reference’

RW-TP-29 1.0 4.31 0.62 20,503 20,256
2.0 19,807 20,256
3.0 0.84 0.25 19,945 20,256

RW-TP-30 1.0 30.8 3.7 36,338 31,213 Former drainage
2.0 32,574 31,213
3.0 6.26 0.87 31,937 31,213
4.0 31,881 31,213
5.0 31,729 31,213
6.0 1.14 3+ 0.3 31,324 31,213
7.0 31,742 31,213
8.0 31,590 31,213

Notes:

2B N

~

TPU = Total Propagated Uncertainty at 2 standard deviations (s).
Reference material from borrow source and contains Ra-226 at 1.9 pCi/g.
Samples collected from boreholes using an auger drilling rig and an 18-inch split-spoon sampler.
Samples from18-inch split-spoon samplers analyzed over total interval recovered.
Samples collected from test pits using and excavator as grab samples.

Surface soil samples collected in April 2008 for Supplemental RSE.
Cells shaded and with bold values indicate exceedance of 2.24 pCi/g.

J+ = estimated biased high by laboratory due to density differences between sample and calibration standard.

n/a = not applicable
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SOIL BORING LOGS



SOIL BORING LOG FORM
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SOIL BORING LOG FORM

[Project: Boring ID:
NECR (@A RO Pond £d. o-58- 04
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SOIL BORING LOG FORM
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*C  California Split Sppon Sampler (2.5" £D.}
$§ Standard penetration test sampler

¥__ Eievation of ground water

UnitLayer: lill, road base, soil, allevium, native, bedrack, etc,
Moisture: dry, moist or wet
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SOIL BORING LOG FORM

|rPr_o]ect: Boring 1D:
NECR (8A R Cond R4 o -38-04 £
SORING LOCATION Date Drilled: T O‘I’Date Completed: Nerthing: Easting:
ﬁ v d l_,.) &\‘e/f Lagged By: oUW Ground Surface Elevation (f):
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Drilling Method: HQA MP is Ground Surface Datum:
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*C  California Spht Sppon Sampler (25" 1.D.)
S Standard penetration test sampler
¢ Cuttings UnitLayer: fill, road base, soil, alluvium, native, bedrack, etc.
¥ _ Elevation of ground water Moisture: dry, moist or wet
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SOIL BORING LOG FORM
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*C  California Split Sppon Sampler (2.5" 1.D.)
§ Standard penetration test sampler
¢ Cuitings Unit/Layer: fill, road base, sail, alluvium, native, bedrock, etc.

¥ _ Elevation of ground water Moisture: dry, moist or wet
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SOIL BORING LOG FORM
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*C  California Split Sppon Sarhpler (2.5"1.D.)
S Standard penetration test sarmpler
¢ Cutlings . UnitLayer: fill, road base, soil, alluvium, native, bedrock, etc.
¥_ Elevation of ground water Maisture: dry, moist or wet
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SOIL BORING LOG FORM
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ﬂ,o;g (./OGA'O(, Logged By: é_ i&e U«V\C\Q, Ground Surface Elevation (H):
po né @d Drilling Contractor: h\m Measuring Point (MP) Elevation (ft):
Orilling Method: HSQ MP is Ground Surface Datum:
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- (USGS name; color; size and angularity of each component or plasticity; density; moisture content;
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G California Split Sppon Sampler (2.5 1.D.)
$  Standard penetration test sampler
¢ Cutlings Unit/Layer: fill, road base, soil, alluvium, native, bedrock, ete.
¥ _ Elevation of ground water Moisture: dry, moist or wet
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SOIL BORING LOG FORM
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Drilling Method: HSA MP is Ground Surface  Datum:
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*C  California Split Sppon Sampter (2.5"1.0.)

S Standard penefration test samplar

¢ Cutlings UnitLayer: fill, road base, soil, alluvium, native, bedrock, etc.
¥ . Elevation of ground water Moisture: dry, moist or wet
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SOiL. BORING LOG FORM
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Drilling Method: \"1 gA’ MP is Ground Surface Datuny:
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*C  California Split Sppon Sampler {2.5" 1.D.)
S Standard penetration tast sampler
¢ Cuttings Unit'Layer: fill, road base, soil, alluvium, native, bedrock, ete.
¥ _ Elevation of ground water Moisture: dry, maist or wet
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SOIL BORING LOG FORM
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Red Watey Pond gd
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Drilling Method: HQA— MP is Ground Surface Datum:
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*C  California Split Sppon Sampler (2.5" 1.D.}
S Standard penetration test sampler

¢ Cutlings

¥ _ Elavation of ground water

UnitLayer: fill, road base, soil, alluvium, native, bedrock, efc.
Meisture: dry, maist or wet
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NECR [RA RWFPR RSE
Borehole Soil Sample Screening

PeB-0] -OF
instrument: Reference Material / 9 @79 Gross Counts  [7 725 7/45-:»:% CPM 154 /2
Reference Material | |,9 g(; /47 Gross Counts  |F7987 /&t £r|CPM (5598
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NECR [RA RWPR RSE
Borehole Soil Sample Screening
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NECR IRA RWPR RSE

Borehole Soil Sample Screening
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CPM Reference Material Gross Counts CPM
Gross Gamma
Date Seil Sample ID Sample Location counts Gross cpm Comments
‘7,/9 /é‘f W -SB-03 (.0 3 12605 [1uen | 17615 |
faje | eo-53 -03(2.5) U 1) Huzew | (F18) SHOLT SAMpLe
9falo7 | 0w -SB-03 (4-0) i iolll {1 | ttelil
a@fot | lw -SB-02(i-0) 2 [l mm | 2152
%qfos | Rl -SB-02(25) 4 [lmin | 9352
afg)ey| R ~ 5B o2 (40N % /1min |
9/9)09| g w -SB - &) (1.0) j 3244 [| msn | 3126
e | Rw -sE-e( (2.9 < 3r9¢9 [imzi| 31944
35/87 | Rw -S6- &/ (4.2) X 39269/ 112ad 25269




¥ (Cechack dont tn ofice

NECR IRA RWPR RSE
Borehole Soil Sample Screening
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Reference Material Gross Counts CPM
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NECR IRA RWPR RSE
Borehole Soil Sample Screening
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NECR IRA RWPR RSE

Borehole Soil Sample Screening
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NECR IRA RWPR RSE
Borehole Soil Sample Screening
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Borehole Soil Sample Screening
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ALL-WEATHER WRITING PAPER

ALL-WEATHER
ENVIRONMENTAL FIELD BOOK
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This book is printed on “Rite in the Rain” All-Weather Writing Paper - A
unique paper created to shed water and enhance the written image. It is widely
used throughout the world for recording critical field data in all kinds of weather.
For best results, use a pencil or an all-weather pen,

Specifications for this book:
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APPENDIX B

LABORATORY ANALYTICAL AND
DATA VALIDATION RESULTS



LABORATORY REPORT



Due to its size (>900 pages), the laboratory report will be included on
a disk in the printed version of this report only.



VALIDATION REPORT



DATA VERIFICATION REPORT

INTRODUCTION

This report presents a summary of the verification results for the sample data collected as
for United Nuclear Corporation (UNC) specific to the Northeast Church Rock (NECR)
site.

Samples were collected in September 2009 and were analyzed by ALS Laboratory Group
of Fort Collins, Colorado. Samples were analyzed for radium-226 (Ra-226) by U.S. EPA
method 901.1

The analytical results are expressed in terms of precision, accuracy, representativeness,
comparability, and completeness (PARCC). This data evaluation is presented in terms of
the PARCC criteria and was based on the specific criteria presented in the Quality
Assurance Project Plan, United Nuclear Corporation, Northeast Church rock Site
(QAPP), (MWH 2006):

Data verification was performed by Laboratory Data Consultants (LDC) of Carlsbad,

California. The verification report by LDC is attached to this report.

DATA VERIFICATION SUMMARY

Precision. Based on the laboratory replicate sample and field replicate results, the data

are precise as reported.

Accuracy. Based on the calibration, and laboratory controls sample the data are accurate
as qualified. Eighteen sample results were qualified by LDC with a “J+” flag, indicating
a potential high bias, because the density of the sample was not within fifteen percent of
the standard used to calibrate the instrument. A list of the samples qualified due to the
sample density are listed below.



RW-SB-08(1.0)

RW-SB-05(5.5)

RW-TP-20(1.0)

RW-SB-07(1.0)

RW-SB-06(2.5)

RW-TP-14(3.0)

RW-SB-03(2.5)

RW-SB-06(1.0)

RW-TP-17(2.0)

RW-SB-01(1.0)

RW-SB-07(2.5)

RW-TP-13(1.0)

RW-SB-03(1.0)

RW-TP-11(3.0)

RW-TP-30(6.0)

RW-SB-06(12.5)

RW-TP-11(2.0)

RW-TP-11(0)DUP

Representativeness. Based on the results of the sample preservation and holding time
evaluation; the method blank sample results; the field replicate sample evaluation; and
the RL evaluation the data are considered representative of the site as reported.

Comparability. Standard methods of sample collection and standard units of measure
were used during this project. The analysis performed by the laboratory was in

accordance with current EPA methodology and the QAPP.

Completeness. Based on the results of the data verification, all data are considered valid

as qualified.
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@ MWH MEMORANDUM

BUILDING A BETTER WORLD

TO: Lance Hauer, GE DATE: February 16, 2009

FROM: Leah Wolf Martin and Toby Leeson CC: Larry Bush, UNC
Roger Florio, GE

SUBJECT: Statistical Evaluation of Gamma and Soil Analytical Results Along Red
Water Pond Road, Northeast Church Rock Removal Site Evaluation

This memorandum provides a summary of a statistical data evaluation of gamma and sail
analytical datasets from along Red Water Pond Road collected during the Northeast Church
Rock Removal Site Evaluation (RSE). The collection and analysis of these data are presented
in the Removal Site Evaluation Report (MWH, 2007) and Supplemental Removal Site
Evaluation Report (MWH, 2008).

Objective

The objective of the statistical evaluation was to determine whether the Ra-226 concentrations
are statistically different along Red Water Pond Road compared to Ra-226 concentrations in a
reference area. Two separate datasets were compared consisting Ra-226 equivalent
concentrations from the gamma surveying and concentrations from surface soil samples
analyzed for Ra-226 in a laboratory. The gamma and surface soil data were collected as part of
the Removal Site Evaluation (RSE) and Supplemental Removal Site Evaluation (SRSE) and
these data as well as data collection methods are reported in the RSE and SRSE Reports
(MWH, 2007 and MWH, 2008).

As reported in the Supplemental RSE Report (MWH, 2008), 100% of the gamma radiation
measurements (Ra-226 equivalent) performed adjacent to the east and west sides of Red
Water Pond Road, as well as the surface soil samples (Ra-226) collected adjacent to the road
exceeded the field screening level (FSL) of 2.24 pCi/g. Elevated Ra-226 in soils near and
beneath Red Water Pond Road may be associated with the historical use of this road as a haul
road for former mine located to the north of the NECR site. In order to determine if the Ra-226
concentrations at sample locations adjacent to the Red Water Pond Road represent a different
statistical population of data than from the area north of NECR-1 (reference area), the data from
along Red Water Pond Road (within 50 feet) was statistically compared to data collected in the
reference area north of NECR-1, as shown on Figure 1. If the populations are different, this
implies that there are different sources of elevated Ra-226 concentrations in soils within these
areas.
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Statistical Methods Background

The data were statistically analyzed using standard EPA methods included in the ProUCL 4.0
software. ProUCL contains statistical methods to address various environmental issues, as
discussed in detail in the ProUCL Version 4.0 Technical Guide (EPA, 2007) and Statistical
Methods for Evaluating the Attainment of Cleanup Standards (EPA, 1994). ProUCL was used
to statistically evaluate the Red Water Pond Road and reference area data sets. Simple two-
sample hypotheses testing methods were used to compare populations, including the Wilcoxon-
Mann-Whitney (WMW) Rank Sum test and the quantile test. In addition, graphical displays of
the data (side-by-side box plots and histograms) were used to further evaluate the data sets.

The WMW Rank Sum test and the quantile tests do not require a specific mathematical form for
the underlying distribution and are called distribution-free or nonparametric statistical tests. As
stated in the ProUCL Technical Guide: “The property of robustness is the main advantage of
nonparametric statistical tests. Nonparametric tests have good test performances for a wide
variety of distributions, and those performances are not unduly affected by outliers.” ...
“Nonparametric tests can be used on normal as well as for non-normal data sets. If one or both
of the data sets fail to meet the normality test, or if the data sets appear to come from different
types of populations, then the use of honparametric tests is preferable. It should be noted that
parametric tests are more powerful provided the underlying assumptions associated with those
tests are satisfied. Nonparametric tests compare the shape and location of the two distributions
instead of a statistical parameter such as mean.”

The WMW test is a nonparametric test used for determining whether a difference exists
between the site and the reference or background population distributions. The WMW test
analyzes whether or not numerical values (Ra-226 concentrations in pCi/g) from one population
consistently tend to be larger (or smaller) than those from the other population. This test
determines which distribution central tendency is higher by comparing the relative ranks of the
two data sets when the data from both sources are sorted into a single list. One assumes that
any difference between the background (reference area) and the site (area-of-concern) concen-
tration distributions is due to a shift in location (mean, median) of the site concentrations to
higher values (due to the presence of contamination in addition to the reference area).

One weakness of the WMW test is that it lacks power for the higher value end of the distribution,
and it is therefore recommended that the quantile test (EPA, 1994) be used to compare the
upper tails (higher values) of the two distributions. The quantile test (EPA, 1994) is a
nonparametric test and is useful for detecting a shift to the right (higher values) in the right-tails
of the data distribution between the site and background datasets. The quantile test, when used
in parallel with the WMW test, provides the user with stronger, statistically more powerful
evidence to make removal action decisions based on whether the site and reference area
sample datasets represent different populations, and therefore different sources.
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Statistical Evaluation

The reference area and Red Water Pond Road data sets were divided up into four areas:
Reference Area 1 (R1), Reference Area 2 (R2), Survey Area 1 (S1), and Survey Area 2 (S2) for
both the gamma and surface soil data, as shown on Figure 1. This was done to account for
topographic features and allow for separate analysis of the northern and southern segments of
Red Water Pond Road. Three scenarios were evaluated using the WMW and the quantile tests.
Each of these scenarios is described below.

Scenario 1: Compared equivalent Ra-226 concentrations from gamma survey data
between R1 and S1

Scenario 2: Compared equivalent Ra-226 concentrations from gamma survey data
between R2 and S2

Scenario 3: Compared surface soil Ra-226 concentrations between R1 and S1

A comparison of surface soil Ra-226 concentrations was not performed for R2 and S2 due to
the limited amount of data.

Sample numbers and a summary of sample statistics for each scenario are provided in Table 1.

Table 1
Scenario Summary Statistics

Scenario Area n Min Max Mean Median
Scenario 1 | Reference (R1) 171 0.3- 12.2 2.673 2.4
Gamma Red Water Pond (S1) 22 2.4 26.8 11.66 11.25
Scenario 2 | Reference (R2) 56 0.3 45.9 6.788 3.8
Gamma Red Water Pond (S2) 24 2.3 29.9 8.717 5.9
Scenario 3 | Reference (R1) 25 0.7 26.6 3.992 1.8
Soil Red Water Pond (S1) 5 2.9 28.5 14.36 17.1

For each of the three scenarios evaluated, the null and alternative hypotheses were as show
below.

Null (Ho): Site or AOC Mean/Median Less Than or Equal to Background Mean/Median
Concentration

Alternative (Ha): Site or AOC Mean/Median Greater Than Background Mean/Median

Where:
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Site or AOC = Red Water Pond Road sites

Background = Reference area R1 or R2
The confidence coefficient was set to 95% (alpha = 0.05) for each of the evaluations. In
addition, potential statistical outliers were not removed from the datasets since all potential
outliers were located in the reference area and leaving them in the data sets was a conservative
assumption.
Data Sets

See Figure 1 and worksheets in Attachment 1

ProUCL OQOutput

See worksheets in Attachment 1
Results

The statistical data evaluation for the three scenarios using the WMW and quantile methods
showed that there is a statistical difference in the mean/median concentrations between the Red
Water Pond Road samples (area-of-concern) and the reference area (background) samples.
The statistical difference is also evident in the box plots and histograms included for each
scenario in Attachment 1. The evaluation showed that the mean/median of Red Water Pond
Road sample concentrations is greater than the mean/median of the corresponding reference
areas for each of the three scenarios as shown in Table 2. However, as shown in Table 3, the
guantile test did not find that the Red Water Pond Road area (S2) concentrations were greater
than the adjacent reference area (R2) and it deferred to the WMW analysis. The WMW analysis
did conclude that the Red Water Pond Road area (S2) dataset represents a different population
with a greater mean value of Ra-226 than the adjacent Reference area (R2) dataset.
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Table 2
Wilcoxon-Mann-Whitney Results
p-Value Conclusion
Scenario 1 (Gamma - R1 vs S1) 4.23E-12 | Reject Hy, Conclude Site > Reference
Scenario 2 (Gamma - R2 vs S2) 2.45E-02 | Reject Hyp, Conclude Site > Reference
Scenario 3 (Soil - R1 vs S1) 4.46E-03 | Reject Hy, Conclude Site > Reference
Table 3
Quantile Results
R | K | #0of Obs.in Conclusion
R Largest
Scenario 1 (Gamma - R1 vs S1) 6 | 3 6 Reject Hy, Conclude Site >
Reference
Scenario 2 (Gamma - R2 vs S2) 8 | 5 3 Do Not Reject Hy, Perform WMW
Scenario 3 (Soil - R1 vs S1) 6 | 3 3 Reject Hp, Conclude Site >
Reference

References

MWH, 2007. Final Removal Site Evaluation Report Northeast Church Rock Mine Site. October
2007.

MWH, 2008. Final Supplemental Removal Site Evaluation Report Northeast Church Rock Mine
Site. February 2008.

U.S. Environmental Protection Agency (EPA). ProUCL Version 4.0 Technical Guide,
EPA/600/R-07/041, April 2007, www.epa.gov.

EPA. 1994. Statistical Methods for Evaluating the Attainment of Cleanup Standards, EPA 230-
R-94-004, Washington, DC.
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ATTACHMENT 1
SCENARIO DATA AND PROUCL OUTPUT
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SCENARIO 1



Scenario 1 - Equivalent Ra-226 data comparing Areas R1 to Area S1

NORTHING
1697293.1981
1696738.6024
1696962.6933
1697083.0650
1697368.9760
1697226.2653
1696812.2405
1697499.3990
1697593.8413
1696689.0973
1697019.5318
1696741.9643
1697565.3024
1697293.9283
1697153.8785
1697432.8191
1696872.2074
1697085.5093
1697361.5433
1697497.8231
1697225.6704
1696937.0568
1696812.8290
1696689.6257
1697640.4273
1697293.3047
1696744.7900
1696879.1633
1697434.7175
1697574.1770
1697012.0565
1697154.0654
1697709.8875
1697500.7368
1697640.1836
1697361.6693
1696952.0275
1697226.3356
1697084.7310
1696807.8680
1696684.3785
1696876.2910
1696741.9422
1697012.4663
1697566.6616
1697430.8998
1697292.4792
1697152.0630
1697711.8961
1697636.6337
1697500.8413
1696667.3521
1697363.6388
1697088.0045
1697218.8086
1696945.8745
1696804.2213
1697785.1640
1696875.1129
1697709.9158
1696738.8047
1697296.2867
1697010.5167
1697429.8810
1697569.3874

LOCID
2523289.2032 HO-97
2523290.2435 HO-30
2523315.7743 HO-58
2523320.2077 HO-70
2523322.2624 HO-169
2523322.4746 HO-88
2523323.2692 HO-40
2523326.4325 HO-172
2523339.2969 HO-185
2523345.3590 N1-263
2523360.0501 HO-64
2523360.3281 HO-153
2523364.6077 HO-174
2523366.8418 HO-98
2523368.2042 HO-79
2523368.5053 HO-115
2523368.5525 HO-51
2523399.3310 HO-71
2523401.2338 HO-107
2523401.2650 HO-123
2523402.0956 HO-89
2523403.2494 HO-59
2523405.1811 HO-41
2523427.0343 N1-264
2523432.2910 HO-184
2523440.3651 HO-168
2523442.3316 HO-31
2523442.4045 HO-52
2523448.4397 HO-116
2523449.1143 HO-131
2523449.1575 HO-65
2523450.7110 HO-80
2523467.3554 HO-189
2523480.2934 HO-124
2523480.7564 HO-138
2523481.4379 HO-108
2523482.9651 HO-60
2523483.8814 HO-90
2523484.4020 HO-163
2523488.1690 HO-42
2523503.6449 N1-265
2523520.1257 HO-158
2523528.6147 HO-32
2523528.7461 HO-66
2523528.7949 HO-132
2523529.3856 HO-117
2523529.6438 HO-99
2523529.7501 HO-81
2523529.9804 HO-142
2523558.6269 HO-176
2523560.4513 HO-125
2523561.4564 HO-21
2523562.2225 HO-109
2523564.1079 HO-72
2523566.4532 HO-167
2523567.5684 HO-159
2523567.6574 HO-43
2523568.6429 HO-144
2523600.0295 HO-53
2523604.7853 HO-177
2523606.4146 HO-33
2523607.5742 HO-100
2523608.5179 HO-67
2523609.5864 HO-118
2523609.6896 HO-133

SURVEY_DAT GAMMA
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
RSE
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
RSE
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
RSE
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP

4856
5299
5011
4708
4911
5939
5840
6388
5340
5352
4933
5522
6374
5472
5039
5708
5326
5299
5612
6556
5272
4913
5713
5220
4842
5563
5081
5380
5511
9018
4679
5344
5121
5915
7937
5316
6049
5271
4692
4862
4908
5794
4988
4083
4643
4586
5627
4530
5465
5291
5013
4569
5368
5358
5588
4860
5025
4280
5694
5821
4979
5568
5271
5659
4636

Equivalent Ra-226 (pCi/g)

1.8
2.4
2.0
1.6
1.8
3.2
3.1
3.8
24
1.2
1.9
2.6
3.7
2.6
2.0
2.9
24
2.4
2.8
4.0
2.3
1.8
2.9
0.9
1.8
2.7
2.1
2.5
2.6
7.2
1.5
2.4
2.1
3.2
5.8
2.4
33
2.3
1.6
1.8
0.3
3.0
1.9
0.8
1.5
1.4
2.8
1.4
2.6
2.3
2.0
1.4
24
2.4
2.7
1.8
2.0
1.0
2.9
3.0
1.9
2.7
2.3
2.8
1.5

Reference Area

R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1



Scenario 1 - Equivalent Ra-226 data comparing Areas R1 to Area S1

NORTHING
1697157.3791
1697639.0630
1697361.5981
1697498.5525
1697081.8744
1697223.1768
1696668.9092
1696949.9501
1696804.3156
1697781.1191
1697292.6556
1697154.0641
1696881.5308
1697564.4367
1696737.1572
1697435.9304
1697705.4593
1697644.3791
1697226.0756
1696671.3805
1697500.3379
1696807.8341
1697078.5743
1697295.2253
1697565.5100
1696738.5032
1697156.1673
1697430.9790
1696804.9894
1697364.4495
1697496.4496
1697226.6173
1697644.3888
1696660.7854
1697562.8385
1697432.7483
1696738.3113
1697128.7662
1696805.9407
1696666.2354
1697362.9083
1697506.2342
1697220.9735
1696742.1878
1697295.1176
1697566.0685
1697154.7490
1697431.4127
1696804.8951
1696670.4705
1697358.1963
1696947.0097
1697082.0656
1696873.8718
1697021.0794
1696728.9038
1696667.5057
1696805.7026
1696715.8448
1696738.9804
1696777.9933
1696810.1088
1696843.4623
1696707.1191
1696877.4952

EASTING

LOCID
2523610.0602 HO-82
2523638.8759 HO-139
2523640.0569 HO-110
2523640.8802 HO-126
2523641.5654 HO-73
2523642.2987 HO-91
2523643.1820 HO-22
2523644.4263 HO-61
2523646.3840 HO-156
2523657.4762 HO-145
2523682.9497 HO-101
2523685.5581 HO-165
2523686.1582 HO-54
2523687.0348 HO-134
2523687.4315 HO-34
2523688.2484 HO-171
2523689.0130 HO-143
2523721.3020 HO-140
2523721.4971 HO-92
2523723.0060 HO-23
2523729.0448 HO-173
2523730.0992 HO-44
2523733.9161 HO-74
2523763.1812 HO-102
2523767.0223 HO-175
2523767.2509 HO-154
2523767.9539 HO-83
2523770.2182 HO-119
2523799.6788 HO-45
2523800.7689 HO-111
2523801.4927 HO-127
2523803.7100 HO-93
2523803.7889 HO-141
2523811.7672 HO-24
2523845.9698 HO-135
2523850.4273 HO-120
2523850.4338 HO-35
2523855.0693 HO-84
2523879.1217 HO-46
2523880.6642 HO-151
2523883.6594 HO-112
2523887.9124 HO-128
2523888.6101 HO-94
2523925.8127 HO-36
2523925.9415 HO-103
2523927.2527 HO-136
2523928.8464 HO-85
2523930.5184 HO-121
2523961.6340 HO-47
2523962.6624 HO-25
2523967.1230 HO-113
2523969.3518 HO-160
2523971.2296 HO-75
2524004.5224 HO-55
2524008.9949 HO-68
2524011.7530 HO-37
2524033.4041 N1-307
2524043.0972 HO-157
2522783.4751 N1-256
2522803.2191 HO-27
2522823.1095 AB-038
2522842.0667 HO-155
2522865.1922 AB-037
2522866.6998 N1-257
2522881.0483 HO-49

SURVEY_DAT GAMMA
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
RSE
SUPP
RSE
SUPP
RSE
SUPP
RSE
RSE
SUPP

5015
4980
5367
4870
5096
4564
4489
5093
5064
5552
5834
4650
5522
4715
5438
4810
4517
4952
4852
4490
5355
5185
4511
5477
4939
5186
4972
5136
5275
5429
5128
4965
5004
5261
5461
4944
4925
5105
5254
5169
5606
5443
4554
4972
7945
5565
5266
5562
5324
5584
7854
5121
5265
5435
5961
6246
5331
5678
9588
5035
4807
4649
4904
5474
5156

Equivalent Ra-226 (pCi/g)

2.0
1.9
24
1.8
2.1
1.4
13
2.1
2.0
2.7
3.0
15
2.6
1.6
2.5
1.7
13
1.9
1.8
13
24
2.2
13
2.6
1.9
2.2
1.9
2.1
2.3
2.5
2.1
1.9
2.0
2.3
2.6
1.9
1.9
2.1
2.3
2.2
2.8
2.5
1.4
1.9
5.8
2.7
2.3
2.7
24
2.7
5.7
2.1
2.3
2.5
3.2
3.6
1.2
2.8
11.4
2.0
0.6
15
0.3
15
2.2

Reference Area

R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1



Scenario 1 - Equivalent Ra-226 data comparing Areas R1 to Area S1

NORTHING
1696738.6131
1696811.6485
1696913.6554
1696702.1501
1696740.9917
1696882.0521
1697045.1733
1697032.9621
1696694.6265
1696743.0978
1697291.5408
1697158.7948
1697083.5838
1697360.7206
1697224.8791
1696687.5852
1697156.7178
1697428.7454
1697015.6423

0.0000

0.0000
725707.6450
725726.1400
725728.0420
725726.7900
725719.5290
725728.8700
725689.1070
725682.7730
725720.1870
725685.2780
725932.7300
725935.0480
725934.5230
725916.3430
725903.3180
725926.9180
725945.0950
725951.4820
725945.1260
725920.2140
1697494.6387
1697564.7856
1697429.6724
1697287.0005
1697157.3838
1697238.8442
1697500.4933
1697079.7103
1696942.5733
1697369.7992
1697015.9543
1696743.2324
1697293.8022
1696871.5203
1696670.4993
1697168.0244
1696941.2258
1697090.0363
1696815.0043
1696874.2218
1696742.0717
1696673.6291

EASTING

LOCID
2522887.6805 HO-28
2522928.8471 HO-39
2522936.7355 AB-036
2522943.7838 N1-258
2522967.1524 HO-152
2522967.4542 HO-50
2523096.3287 AB-034
2523183.3713 H6-004
2523185.7424 N1-261
2523202.5204 HO-29
2523202.5423 HO-96
2523208.7360 HO-78
2523239.0202 HO-69
2523241.0100 HO-106
2523243.0133 HO-87
2523261.7961 N1-262
2523281.9420 HO-164
2523282.9853 HO-170
2523287.2060 HO-161

0.0000 AB-035

0.0000 H7-005
3949321.1370 H6-001
3949334.4720 H6-002
3949342.5870 H6-003
3949351.1010 H6-004
3949331.3340 H6-005
3949283.0120 H7-001
3949281.8260 H7-002
3949273.4530 H7-003
3949297.0030 H7-004
3949321.7550 H7-005
3949373.4660 H8-001
3949372.3930 H8-002
3949361.5230 H8-003
3949339.2100 H8-004
3949359.0680 H8-005
3949319.8380 H9-001
3949318.5620 H9-002
3949315.7480 H9-003
3949312.2590 H9-004
3949312.1320 H9-005
2523965.1635 HO-129
2524001.2472 HO-137
2524003.6701 HO-122
2524006.9987 HO-104
2524007.8808 HO-86
2524009.8298 HO-95
2524043.7053 HO-130
2524044.4833 HO-76
2524046.7427 HO-62
2524056.7847 HO-114
2524066.8313 HO-162
2524077.4819 N1-306
2524081.6967 HO-105
2524085.0424 HO-56
2524093.3890 N1-305
2524099.7556 HO-166
2524121.6305 HO-63
2524124.8698 HO-77
2524151.3963 HO-48
2524158.9861 HO-57
2524167.4277 HO-38
2524191.8017 HO-26

SURVEY_DAT GAMMA

SUPP
SUPP
RSE
RSE
SUPP
SUPP
RSE
RSE
RSE
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
RSE
SUPP
SUPP
SUPP
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
RSE
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
RSE
SUPP
SUPP
RSE
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP

4971
5497
6174
14804
10242
7602
5705
18754
5966
6437
3332
4921
4968
5440
5685
5383
4461
7166
5551
0

0
19807
20100
20605
18754
20483
17088
24045
34047
18024
20174
18235
19201
18271
18232
18032
17057
18128
18609
18115
16910
18610
12046
16197
10306
6206
7218
24105
13740
6759
21696
14628
5827
20401
13149
7381
19972
7961
9168
5946
7577
12276
12619

Equivalent Ra-226 (pCi/g)

1.9
2.6
3.2
9.8
8.8
53
2.1
1.0
1.0
3.8
0.3
1.9
1.9
2.5
2.9
13
13
4.8
2.7
12.2
4.0
3.8
4.0
4.2
33
4.2
2.5
6.0
11.0
2.9
4.0
3.0
3.5
3.1
3.0
2.9
2.5
3.0
3.2
3.0
24
19.7
1.1
16.5
8.9
3.5
4.8
26.8
13.3
4.2
23.7
14.5
24
22.0
12.6
6.1
214
5.8
7.4
3.2
53
11.4
11.9

Reference Area

R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
R1
S1
s1
S1
s1
S1
s1
S1
S1
S1
s1
S1
S1
S1
S1
S1
s1
S1
s1
S1
s1
S1
S1



From File: J:\1004747 UNC NE Church Rock\Data Repository\Rank Sum Tests - Red Water Pond Rd\Gamma3 eva\NECR Gamma3 r1s1.wst
Summary Statistics for Raw Full Data Sets
Variable NumObs Minimum Maximum Mean Median Variance SD MAD/0.675 Skewness Kurtosis CV

Equivalent Ra-226 (pCi/g) (reference r1) 171 0.3 12.2 2673 24 3.025 1.739 0.741 3.189 12.84 0.651
Equivalent Ra-226 (pCi/g) (red water pond road s1) 22 2.4 26.8 11.66 11.25 54.01 7.349 8.451 0.594 -0.76 0.63



Wilcoxon-Mann-Whitney Comparison Test for Full Data Sets without NDs - R1 vs S1

User Selected Options
From File J:\1004747 UNC NE Church Rock\Data Repository\Rank Sum Tests -
Red Water Pond Rd\Gamma3 eva\NECR Gamma3 r1s1.wst

Full Precision OFF
Confidence Coefficient 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

Area of Concern Data: Equivalent Ra-226 (pCi/g)(red water pond road s1)
Background Data: Equivalent Ra-226 (pCi/g)(reference r1)

Raw Statistics
Site Background
Number of Valid Observations 22 171
Number of Distinct Observations 22 60
Minimum 2.4 0.3
Maximum  26.8 12.2
Mean 11.66 2.673
Median 11.25 24
SD 7.349 1.739
SE of Mean  1.567 0.133

Wilcoxon-Mann-Whitney (WMW) Test

HO: Mean/Median of Site or AOC <= Mean/Median of Background

Site Rank Sum W-Stat 3819
WMW Test U-Stat 6.83
WMW Critical Value (0.050) 1.645
P-Value 4.231E-12

Conclusion with Alpha = 0.05
Reject HO, Conclude Site > Background
P-Value < alpha (0.05)



Non-parametric Quantile Hypothosis Test for Full Dataset (No NDs) - R1 vs S1

User Selected Options
From File J:\1004747 UNC NE Church Rock\Data Repository\Rank Sum Tests - Red Water
Pond Rd\Gamma3 eva\INECR Gamma3 r1s1.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

Area of Concern Data: Equivalent Ra-226 (pCi/g)(red water pond road s1)
Background Data: Equivalent Ra-226 (pCi/g)(reference r1)

Raw Statistics
Site Background
Number of Valid Observations 22 171
Number of Distinct Observations 22 60
Minimum 2.4 0.3
Maximum  26.8 12.2
Mean 11.66 2.673
Median 11.25 24
SD 7.349 1.739
SE of Mean  1.567 0.133

Quantile Test

HO: Site Concentration <= Background Concentration (Form 1)

Approximate R Value (0.057) 6

Approximate K Value (0.057) 3

Number of Site Observations in 'R' Largest 6
Calculated Alpha  N/A

Conclusion with Alpha = 0.057
Reject HO, Conclude Site Concentration > Background Concentration



Outlier Tests for Selected Variables
User Selected Options
From File J:\1004747 UNC NE Church Rock\Data Repository\Rank Sum Tests - Red Water
Pond Rd\Gamma3 eva\NECR Gamma3 r1s1.wst
Full Precision OFF
Test for Suspected Outliers with Dixon test 1

Test for Suspected Outliers with Rosner test 1

Rosner's Outlier Test for Equivalent Ra-226 (pCi/g) (reference r1)

Number of data: 171

Number of suspected outliers: 1

Potential Test Critical Critical
# Mean sd outlier value value (5%) value (1%)
1 2.67 1.73 12.2 5.49 3.5578 3.9278

For 5% Significance Level, there is 1 Potential Outlier

Therefore, Observation 12.2 is a Potential Statistical Outlier
For 1% Significance Level, there is 1 Potential Outlier
Therefore, Observation 12.2 is a Potential Statistical Outlier
Dixon's Outlier Test for Equivalent Ra-226 (pCi/g) (red water pond road s1)
Number of data = 22

10% critical value: 0.382

5% critical value: 0.43

1% critical value: 0.514

1. Data Value 26.8 is a Potential Outlier (Upper Tail)?

Test Statistic: 0.206

For 10% significance level, 26.8 is not an outlier.

For 5% significance level, 26.8 is not an outlier.

For 1% significance level, 26.8 is not an outlier.

2. Data Value 2.4 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.056

For 10% significance level, 2.4 is not an outlier.

For 5% significance level, 2.4 is not an outlier.

For 1% significance level, 2.4 is not an outlier.



@ MWH MEMORANDUM

BUILDING A BETTER WORLD

SCENARIO 2



Scenario 2 - Equivalent Ra-226 data comparing Areas R2 to Area S2

NORTHING
1696139.0828
1696280.6708
1696202.0829
1696133.5417
1696277.0452
1696402.4925
1696551.4058
1696600.2543
1695855.3543
1696531.2395
1696341.9186
1696479.9067
1695854.2251
1695925.1106
1696063.3652
1696200.4066
1696602.2977
1695859.2042
1695994.0896
1696130.0183
1696530.2309
1696269.2001
1696408.2536
1696460.3899
1696601.1002
1695861.1880
1696530.1807
1696337.5762
1696475.4675
1695918.8023
1696057.7200
1696197.1057
1696608.4692
1695985.9171
1696126.5474
1696525.8443
1696264.5326
1695861.0751
1696402.7632
1696053.8601
1696601.5618
1696530.5017
1696193.1046
1696331.9110
1696469.2483
1696049.9303
1696597.9025
1696323.6795
1696257.9956
1696527.8668
1696393.2090
1696465.6634
1696596.8228
1696531.9957
1696604.6148
1696070.3149
1695843.4819
1695910.4983

EASTING

LOCID
2523402.1260 N1-155
2523408.8547 N1-185
2523449.3123 N1-171
2523483.9282 N1-156
2523489.2626 N1-186
2523493.0682 N1-213
2523500.4611 N1-240
2523522.2457 HO-15
2523553.0822 N1-268
2523561.1157 HO-9
2523569.2801 N1-286
2523573.5520 N1-292
2523588.3375 N1-311
2523594.8560 N1-270
2523599.5239 N1-273
2523603.1132 N1-280
2523612.6999 HO-16
2523632.8369 N1-355
2523637.4179 N1-271
2523639.7301 N1-277
2523640.3559 HO-10
2523645.4046 N1-283
2523650.8204 N1-289
2523685.1739 HO-8
2523687.3618 HO-149
2523703.2671 N1-354
2523723.1579 HO-11
2523725.7591 N1-287
2523731.0091 N1-293
2523755.5384 N1-269
2523759.2721 N1-274
2523762.1950 N1-281
2523764.9975 HO-17
2523794.1780 N1-272
2523796.8390 N1-278
2523800.6154 HO-12
2523803.0631 N1-284
2523803.2487 N1-353
2523807.5771 N1-290
2523808.9830 N1-275
2523849.2177 HO-18
2523879.1999 HO-148
2523880.2918 N1-282
2523886.6040 N1-288
2523891.9763 N1-294
2523905.0868 N1-276
2523927.4231 HO-19
2523964.1445 N1-296
2523964.6454 N1-285
2523967.3749 HO-13
2523967.6553 N1-291
2523969.3676 N1-300
2524005.8130 HO-20
2524009.4148 N1-302
2524032.3910 N1-303
2523857.4809 N1-357
2523879.2739 N1-352
2523897.3545 N1-310

SURVEY_DAT
RSE
RSE
RSE
RSE
RSE
RSE
RSE
SUPP
RSE
SUPP
RSE
RSE
RSE
RSE
RSE
RSE
suPp
SUPP
RSE
RSE
supPp
RSE
RSE
SUPP
supPp
SUPP
supp
RSE
RSE
RSE
RSE
RSE
supPp
RSE
RSE
SuPP
RSE
SUPP
RSE
RSE
SsuPp
SUPP
RSE
RSE
RSE
RSE
suPp
RSE
RSE
SUPP
RSE
RSE
suPp
RSE
RSE
SUPP
supPp
RSE

GAMMA
12924
5775
8180
13907
7340
7087
5073
5492
21443
5281
6445
5050
20578
10077
6368
18294
5243
12476
8904
9384
6241
8327
5400
6752
4846
10183
5599
7617
6158
7047
16528
37406
5222
5967
10609
5341
8666
8868
6467
6410
5546
5697
8298
27874
6353
5614
4669
20349
6452
6004
14088
6387
6115
6428
5243
55680
7705
6602

Equivalent Ra-226 (pCi/g)

6.8
2.3
8.0
8.3
6.0
5.4
0.3
2.6
20.4
2.3
3.9
0.3
19.0
2.2
3.7
15.4
2.3
11.7
9.8
10.9
3.6
8.4
1.4
4.2
1.8
8.7
2.7
6.7
3.2
5.3
12.5
45.9
2.3
2.7
3.1
24
9.2
7.0
3.9
3.8
2.7
2.9
8.3
30.7
3.6
1.9
1.5
18.6
3.9
3.3
8.6
3.7
3.4
3.8
1.0
1.8
5.5
4.2

Reference Area

r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
r2
s2
s2



Scenario 2 - Equivalent Ra-226 data comparing Areas R2 to Area S2

NORTHING
1695984.6960
1696048.4175
1695842.9565
1696109.2062
1695909.6391
1696124.7711
1695977.0511
1696184.3169
1696253.6105
1696048.3149
1696319.4503
1696599.9394
1696391.8075
1696531.4170
1696460.2689
1696141.2178
1696243.4281
1696324.7241
1696602.4717
1696462.6587
1696394.5915
1696527.7237

EASTING

LOCID
2523938.3217 N1-309
2523976.7508 N1-308
2523978.7251 HO-1
2524000.4809 N1-356
2524002.0259 HO-2
2524033.0614 N1-350
2524050.0631 HO-3
2524054.0359 N1-351
2524078.1060 N1-295
2524089.4613 HO-4
2524095.0271 N1-297
2524102.1515 N1-304
2524104.2509 N1-298
2524110.4368 N1-301
2524114.6014 N1-299
2524129.2453 HO-146
2524175.9179 HO-5
2524176.9654 HO-6
2524183.1347 HO-150
2524188.0379 HO-147
2524200.0258 HO-7
2524208.8070 HO-14

SURVEY_DAT

RSE
RSE
SUPP
SUPP
SUPP
RSE
SUPP
RSE
RSE
SUPP
RSE
RSE
RSE
RSE
RSE
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP
SUPP

GAMMA

5799
6076
13800
5568
8143
5860
6785
6835
7101
5842
8397
8326
8367
12180
24537
8176
10436
9805
26529
24617
7930
10488

Equivalent Ra-226 (pCi/g)

2.3
3.0
13.4
2.7
6.0
2.5
4.3
4.8
5.4
3.1
8.5
8.4
8.5
5.6
25.4
6.1
9.0
8.2
29.9
27.5
5.8
9.1

Reference Area

s2
s2
s2
s2
s2
s2
s2
s2
s2
s2
s2
s2
s2
s2
s2
s2
s2
s2
s2
s2
s2
s2



From File: J:\1004747 UNC NE Church Rock\Data Repository\Rank Sum Tests - Red Water Pond Rd\Gamma4 eva\NECR gamma4 r2s2.wst
Summary Statistics for Raw Full Data Sets
Variable NumObs Minimum Maximum Mean Median Variance SD MAD/0.675 Skewness Kurtosis CV

Equivalent Ra-226 (pCi/g) (reference r2) 56 0.3 459 6.788 3.8 60.9 7.804 2.891 3.088 11.94 1.15
Equivalent Ra-226 (pCi/g) (red water pond road s2) 24 2.3 29.9 8.717 5.9 60.51 7.779 3.855 1.954 2.916 0.892



Wilcoxon-Mann-Whitney Test for Full Data Sets without NDs - Area R2 vs Area S2

User Selected Options
From File J:\1004747 UNC NE Church Rock\Data Repository\Rank Sum Tests -
Red Water Pond Rd\Gamma4 eva\NECR gamma4 r2s2.wst

Full Precision OFF
Confidence Coefficient 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

Area of Concern Data: Equivalent Ra-226 (pCi/g)(red water pond road s2)
Background Data: Equivalent Ra-226 (pCi/g)(reference r2)

Raw Statistics
Site Background

Number of Valid Observations 24 56
Number of Distinct Observations 23 43
Minimum 2.3 0.3

Maximum 29.9 45.9
Mean 8717 6.788
Median 5.9 3.8
SD 7779 7.804
SE of Mean  1.588 1.043

Wilcoxon-Mann-Whitney (WMW) Test
HO: Mean/Median of Site or AOC <= Mean/Median of Background

Site Rank Sum W-Stat 1160

WMW Test U-Stat 1.969

WMW Critical Value (0.050) 1.645
P-Value 0.0245

Conclusion with Alpha = 0.05
Reject HO, Conclude Site > Background
P-Value < alpha (0.05)



Non-parametric Quantile Hvoothosis Test for Full Dataset (No NDs) - Area R2 vs Area S2

User Selected Options
From File J:\1004747 UNC NE Church Rock\Data Repository\Rank Sum Tests - Red
Water Pond Rd\Gamma4 eva\NECR gamma4 r2s2.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

Area of Concern Data: Equivalent Ra-226 (pCi/g)(red water pond road s2)
Background Data: Equivalent Ra-226 (pCi/g)(reference r2)

Raw Statistics
Site Background
Number of Valid Observations 24 56
Number of Distinct Observations 23 43
Minimum 2.3 0.3
Maximum  29.9 45.9

Mean 8.717 6.788
Median 5.9 3.8

SD 7.779 7.804

SEof Mean 1.588 1.043

Quantile Test
HO: Site Concentration <= Background Concentration (Form 1)
Approximate R Value (0.058) 8
Approximate K Value (0.058) 5
Number of Site Observations in 'R' Largest 3

Calculated Alpha 0.0485

Conclusion with Alpha = 0.058
Do Not Reject HO, Perform Wilcoxon-Mann-Whitney Ranked Sum



Outlier Tests for Selected Variables

User Selected Options
From File J:\1004747 UNC NE Church Rock\Data Repository\Rank Sum Tests
- Red Water Pond Rd\Gamma4 eva\NECR gamma4 r2s2.wst
Full Precision OFF
Test for Suspected Outliers with Dixon test 1
Test for Suspected Outliers with Rosner test 1

Rosner's Outlier Test for Equivalent Ra-226 (pCi/g) (reference r2)

Number of data: 56
Number of suspected outliers: 1

Potential Test Critical Critical
# Mean sd outlier value value (5%) value (1%)
1 6.79 7.73 45.9 5.06 3.172 3.528

For 5% Significance Level, there is 1 Potential Outlier
Therefore, Observation 45.9 is a Potential Statistical Outlier

For 1% Significance Level, there is 1 Potential Outlier
Therefore, Observation 45.9 is a Potential Statistical Outlier

Dixon's Outlier Test for Equivalent Ra-226 (pCi/g) (red water pond road s2)
Number of data = 24

10% critical value: 0.367

5% critical value: 0.413

1% critical value: 0.497

1. Data Value 29.9 is a Potential Outlier (Upper Tail)?
Test Statistic: 0.165

For 10% significance level, 29.9 is not an outlier.

For 5% significance level, 29.9 is not an outlier.

For 1% significance level, 29.9 is not an outlier.

2. Data Value 2.3 is a Potential Outlier (Lower Tail)?
Test Statistic: 0.017

For 10% significance level, 2.3 is not an outlier.

For 5% significance level, 2.3 is not an outlier.
For 1% significance level, 2.3 is not an outlier.
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Scenario 3 - Surface Soil Ra-226 data comparing soil data north R1 vs S1

Point Sample ID Ra-226 Conc (pCi/g)  Area Code

1 HO-451 1.1 Reference
2 HO-461 1.2 Reference
3 HO0-458 1.4 Reference
4 HO-462 1.7 Reference
5 HO-456 1.8 Reference
6 HO-460 1.9 Reference
7 HO-430 2.9 Survey
8 HO-453 3.2 Reference
9 HO-432 3.4 Reference
10 HO-452 4.1 Reference
11 HO-429 4.6 Survey
12 HO-448 17.1 Survey
13 HO-449 17.1 Reference
14 HO-431 18.7 Survey
15 HO-433 28.5 Survey
16 HO-459 25 Reference
17 HO-463 4.8 Reference
18 HO-457 4.4 Reference
19 HO-455 9.5 Reference
20 HO-454 26.6 Reference
21 HO-450 0.9 Reference
22 HO-447 2.5 Reference
23 HO-445 1.3 Reference
24 HO-444 2.9 Reference
25 HO-439 0.9 Reference
26 HO-442 1.5 Reference
27 HO-446 1.7 Reference
28 NECR1-262 14 Reference
29 HO-441 0.7 Reference
30 HO-438 1.3 Reference



From File: J\1004747 UNC NE Church Rock\Data Repository\Rank Sum Tests - Red Water Pond Rd\Soil ra226 eval2\NECR soil data north.wst

Summary Statistics for Raw Full Data Sets

Variable NumObs Minimum  Maximum Mean Median Variance SD MAD/0.675 Skewness  Kurtosis Ccv

Ra-226 Conc (pCi/g) (reference) 25 0.7 26.6 3.992 1.8 34.19 5.848 1.038 3.101 9.972 1.465
Ra-226 Conc (pCi/g) (red wate pond road) 5 29 28.5 14.36 171 113.2 10.64 16.9 0.171 -1.495 0.741



User Selected Options

From File

Full Precision
Confidence Coefficient
Substantial Difference
Selected Null Hypothesis

Alternative Hypothesis

Wilcoxon-Mann-Whitney Comparison Test for Full Data Sets without NDs - Soil Data North

J:\1004747 UNC NE Church Rock\Data Repository\Rank Sum Tests - Red Water
Pond Rd\Soil ra226 eval2\NECR soil data north.wst

OFF

95%

0

Site or AOC Mean/Median Less Than or Equal to Background Mean/Median (Form 1)
Site or AOC Mean/Median Greater Than Background Mean/Median

Area of Concern Data: Ra-226 Conc (pCi/g)(red wate pond road)

Background Data: Ra-226 Conc (pCi/g)(reference)

Raw Statistics
Site Background
Number of Valid Observations 5 25
Number of Distinct Observations 5 20
Minimum 2.9 0.7
Maximum  28.5 26.6
Mean 14.36 3.992
Median 17.1 1.8
SD 10.64 5.848
SE of Mean  4.759 1.17

Wilcoxon-Mann-Whitney (WMW) Test

HO: Mean/Median of Site or AOC <= Mean/Median of Background

Site Rank Sum W-Stat 125
WMW Test U-Stat 110
WMW Critical Value (0.050) 99
Approximate P-Value 0.00446

Conclusion with Alpha = 0.05

Reject HO, Conclude Site > Background



Non-parametric Quantile Hypothosis Test for Full Dataset (No NDs) - Soil Data North

User Selected Options
From File J:\1004747 UNC NE Church Rock\Data Repository\Rank Sum Tests - Red Water
Pond Rd\Soil ra226 eval2\NECR soil data north.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

Area of Concern Data: Ra-226 Conc (pCi/g)(red wate pond road)
Background Data: Ra-226 Conc (pCi/g)(reference)

Raw Statistics
Site Background
Number of Valid Observations 5 25
Number of Distinct Observations 5 20
Minimum 2.9 0.7
Maximum  28.5 26.6
Mean 14.36 3.992
Median 17.1 1.8
SD 10.64 5.848
SE of Mean  4.759 1.17

Quantile Test

HO: Site Concentration <= Background Concentration (Form 1)

Approximate R Value (0.041) 6

Approximate K Value (0.041) 3

Number of Site Observations in 'R' Largest 3
Calculated Alpha 0.0413

Conclusion with Alpha = 0.041
Reject HO, Conclude Site Concentration > Background Concentration



Outlier Tests for Selected Variables
User Selected Options
From File J:\1004747 UNC NE Church Rock\Data Repository\Rank Sum Tests - Red Water
Pond Rd\Soil ra226 eval2\NECR soil data north.wst
Full Precision OFF
Test for Suspected Outliers with Dixon test 1

Test for Suspected Outliers with Rosner test 1

Rosner's Outlier Test for Ra-226 Conc (pCi/g) (reference)

Number of data: 25

Number of suspected outliers: 1

Potential Test Critical Critical
# Mean sd outlier value value (5%) value (1%)
1 3.99 5.73 26.6 3.95 2.82 3.14

For 5% Significance Level, there is 1 Potential Outlier

Therefore, Observation 26.6 is a Potential Statistical Outlier

For 1% Significance Level, there is 1 Potential Outlier

Therefore, Observation 26.6 is a Potential Statistical Outlier

»'s Outlier Test for Ra-226 Conc (pCi/g) (red wate pond road)

Number of data =5

10% critical value: 0.557

5% critical value: 0.642

1% critical value: 0.78

1. Data Value 28.5 is a Potential Outlier (Upper Tail)?

Test Statistic: 0.383

For 10% significance level, 28.5 is not an outlier.

For 5% significance level, 28.5 is not an outlier.

For 1% significance level, 28.5 is not an outlier.

2. Data Value 2.9 is a Potential Outlier (Lower Tail)?

Test Statistic: 0.066

For 10% significance level, 2.9 is not an outlier.

For 5% significance level, 2.9 is not an outlier.



STATISTICAL PLOTS



STATIC GAMMA RADIATION MEASUREMENTS



Static Gamma Measurements as Ra-226 from the RWPR RSE



Observed Data

Box Plot for Gamma Measurments as Ra-226 from RWPR RSE
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Observed Data

Box Plots for Gamma as Ra-226 along RWPR from the SRSE North vs South
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Observed Data

Box Plots for Gamma as Ra-226 from RWPR RSE (2009) vs Supplemental RSE (2007)
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Observed Data

Box Plots for Gamma as Ra-226 (pCi/g) from the North (S1) vs South (S2) of RWPR
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SOIL SAMPLES FROM ALL DEPTHS
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SURFACE SOIL SAMPLES WITHIN 50-FOOT BUFFERS
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SUBSURFACE SOIL SAMPLES
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SURFACE SOIL SAMPLES FROM THE BACKGROUND REFERENCE AREA






Observed Data

Box Plot for Ra-226 (pCil/g) in Surface Soils from the Background Reference Area
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STATISTICAL HYPOTHESIS TEST RESULTS



Wilcoxon-Mann-Whitney Site vs Background Comparison Test for Full Data Sets without NDs

User Selected Options

Full Precision OFF

Confidence Coefficient 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

Area of Concern Data: Red Water Pond Rd.
Background Data: NECR-1 Step-out Area

Raw Statistics

Site Background
Number of Valid Observations 16 37
Number of Distinct Observations 15 27
Minimum 2.38 0.7
Maximum 69 80.5
Mean 18.04 5.997
Median 14.5 2
SD 17.25 13.54
SE of Mean 4,313 2.226

Wilcoxon-Mann-Whitney (WMW) Test
HO: Mean/Median of Site or AOC <= Mean/Median of Background

Site Rank Sum W-Stat 651.5
WMW Test U-Stat 4.243
WMW Critical Value (0.050) 1.645
P-Value 1.10E-05

Conclusion with Alpha = 0.05
Reject HO, Conclude Site > Background
P-Value < alpha (0.05)



Non-parametric Quantile Hypothosis Test for Full Dataset (No NDs)

User Selected Options

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

Area of Concern Data: Red Water Pond Rd.
Background Data: NECR-1 Step-out Area

Raw Statistics

Site Background
Number of Valid Observations 16 37
Number of Distinct Observations 15 27
Minimum 2.38 0.7
Maximum 69 80.5
Mean 18.04 5.997
Median 145 2
SD 17.25 13.54
SE of Mean 4.313 2.226

Quantile Test

HO: Site Concentration <= Background Concentration (Form 1)

Approximate R Value (0.058) 6
Approximate K Value (0.058) 4
Number of Site Observations in 'R’ Largest 4
Calculated Alpha 0.0602

Conclusion with Alpha = 0.058
Reject HO, Conclude Site Concentration > Background Concentration



t-Test Site vs Background Comparison for Full Data Sets without NDs

User Selected Options

Full Precision OFF

Confidence Coefficient 95%

Substantial Difference (S) 0

Selected Null Hypothesis Site or AOC Mean Less Than or Equal to Background Mean (Form 1)
Alternative Hypothesis Site or AOC Mean Greater Than the Background Mean

Area of Concern Data: Red Water Pond Rd.
Background Data: NECR-1 Step-out Area

Raw Statistics

Site Background
Number of Valid Observations 16 37
Number of Distinct Observations 15 27
Minimum 2.38 0.7
Maximum 69 80.5
Mean 18.04 5.997
Median 14.5 2
SD 17.25 13.54
SE of Mean 4313 2.226

Site vs Background Two-Sample t-Test
HO: Mu of Site - Mu of Background <=0

t-Test Critical

Method DF Value t(0.050) P-Value
Pooled (Equal Variance) 51 2.732 1.675 0.004
Satterthwaite (Unequal Variance) 23.4 2.48 1.714 0.01

Pooled SD 14.730

Conclusion with Alpha = 0.050
* Student t (Pooled) Test: Reject HO, Conclude Site > Background
* Satterthwaite Test: Reject HO, Conclude Site > Background
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