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Figure 6.2-85 — Study Area 2 — Survey Unit 7, Average Gamma Scan Isopleths (kcpm)
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Final Status Survey Report
Westinghouse Electric Company, LLC
Waltz Mill Facility

1.0 Introduction

Earth Sciences Consultants, Inc. (Earth Sciences) was retained by Viacom Inc. to provide technical
assistance relative to the remediation and final status survey of specific soil remediation activities
performed at the Westinghouse Electric Company, LLC (Westinghouse) Waltz Mill site located in Madi-
son, Pennsylvania (Figure 1). The U.S. Nuclear Regulatory Commission (NRC) identified the Waltz Mill
site as a Site Decommissioning Management Plan (SDMP) site. In response to listing the Waltz Mill site
in the SDMP, Westinghouse prepared and executed a revised soil plan (Reference 1) specifically
addressing licensed radioactive material in soil within three specific study areas to meet the objectives
presented in Section 1.4. The implementation and results of the final status survey conducted from June

2000 through October 2001 at the Waltz Mill site are presented in this report.

1.1  Site Description
The Westinghouse Waltz Mill site is located approximately 3 miles west of New Stanton, Pennsylvania

along Interstate 70 between the towns of Yukon and Madison, Pennsylvania. Property at the site consists
of about 850 acres within a sparsely populated area used primarily for farming. Westinghouse’s historical
and current operations are located on approximately 85 acres. Soil final status survey activities described

in this report were implemented in the three specific study areas identified in the Revised Soil Plan.

1.2  Background
The NRC has listed the Westinghouse Waltz Mill site as an SDMP site. In response to NRC concerns

and the SDMP requirements in NUREG-1444 (Reference 2), Westinghouse developed a Remediation
Plan (Reference 3) to address remediation of soils and retired facilities of the site covered by the
SNM-770 license (Reference 4). The site radiological areas had been extensively characterized and
controlled by Westinghouse so that they did not pose an unacceptable risk to the health and safety of
Waltz Mill site workers or the general public. The principal objective of the Remediation Plan was to
remediate the soils and retired facilities to the extent considered prudent for the continued licensed
operations at the Waltz Mill site and, therefore, complete those actions necessary to remove the site from

the SDMP list. The Remediation Plan was submitted to the NRC for approval on November 27, 1996.



Following technical discussions with the NRC, Westinghouse submitted a Revised Soil Plan
(Reference 1) to the NRC in August 1999. The intent of the Revised Soil Plan was to revise the approach
used in establishing the level of residual radioactivity in soils on a portion of the site which would permit
the removal of the site from the SDMP list and could permit the eventual unrestricted release of the soil
areas addressed by the revised plan (Chapter 5.0). The NRC approved the Revised Soil Plan (Reference
1) as part of SNM-770 License Amendment No. 21 dated January 19, 2000. |

To support soil remediation activities outlined in the August 1999 Revised Soil Plan, a Soil Remediation
Action Support Survey Plan (Reference 5) was prepared and submitted to the NRC in May 2000. The
purpose of the support survey plan was to (1) define the radiological survey actions that were to be taken
to guide soil remediation activities and (2) define the radiological survey measurements that were to be

made in order to document the postremediation radiological status of the areas.

1.3  Description of Study Areas
As shown in Figure 1.2-1, three study areas (1, 2, and 3) were delineated in the Waltz Mill Site by

physical boundaries and historical characterization study results (radiological, hydrological, and
geological; Reference 1). The postremediation final status surveys were performed in these study areas as

follows:

* Areal - open area east of Buildings A, B, C, and D

*  Area 2 — areas around the former four 20,000-gallon aboveground storage tanks (AST),
500,000-gallon AST, Westinghouse Test Reactor (WTR) Basin Nos. 2 and 3, Liquid
Waste Retention Basin (LWRB), and the Low-Level Radioactive Waste Storage Pad
(Solid and Liquid Processing Area)

* Area 3 - open area and the former WTR Basin No. 1

Area 1 is an open grass covered area east of Buildings A, B, C, and D and west of the open drainage
ditch. This area is bounded by a fence along its western, southern, and southeastern sides. The opera-
tional roadway through the middle of the Waltz Mill Site bounds the northern perimeter of this area.
Based on characterization data from previous investigations, a majority of the affected soils were in the
northern portion of this area. This factor led to subdividing Area 1 into Areas 1A (southern) and Area 1B
(northern). The actual final status survey of Area 1 addressed less land area than was anticipated in the

Soil Remediation Action Support Survey Plan. The final status survey of a portion of Area 1B is



described in a separate report prepared by Westinghouse. The purpose of this change is discussed more

thoroughly in Chapter 5.0.

Area 2 is a portion of the former Solid and Liquid Waste Processing Area that included the LWRB,
Evaporator Building, and WTR Basin Nos. 2 and 3. Area 2 is bounded by an open drainage ditch to the
west, Calley’s Run to the east and south, and the roadway to the north. Area 2 does not include the

operational Waltz Mill Site Sanitary Sewage Treatment Plant.

Area 3 lies north of the roadway and extends to the fence line in the west, north, and east directions as
shown in Figure 1.2-1. The characterization survey of this area indicated that the majority of the
radioactivity occurs pear the basin with minimal radioactivity in the area to the north of the basin;
therefore, this area was subdivided into Areas 3A and 3B for efficient implementation of remediation

work.

1.4  Soil Remediation Objectives
The objective of the Waltz Mill SNM-770 Remediation Plan (Reference 3) has been the remediation of

the retired facilities and the soil areas, to the extent considered prudent for the continued licensed
operations of the site and, therefore, complete those actions necessary to remove the Waltz Mill facility
from the SDMP list. The objective of the soil final status survey was to verify survey unit classification
and to demonstrate that the criteria of the Revised Soil Plan (Reference 1) were achieved. The Revised

Soil Plan criteria are as follows:

* Soil remediation will be based on reducing the concentration of radionuclides
distinguishable from background to levels that are As Low As Reasonable Achievable
(ALARA) and that would result in a Total Effective Dose Equivalent (TEDE) to an average
member of the critical group of less than 25 millirems per year (mrem/year) in the year
2024, from applicable exposure pathways in the residential farmer scenario. The
anticipated dose contribution from the groundwater in the years 2020 to 2024 is estimated
to be approximately 5 to 10 mrem/year based on existing and projected conditions;
therefore, the soil concentration levels are targeted not to exceed 15 mrem/year in the year
2024 for those areas where groundwater is currently impacted and 25 mrem/year in the year
2024 for all other impacted areas.

* To assure adequate protection of a hypothetical site worker during the interim period over
the next 25 years, a dose criterion of 100 mrem/year has been utilized.

* Remediation of the impacted soils will be to levels not to exceed a set of Dertved
Concentration Guideline Level (DCGL) activity concentrations for the general area. Small
areas of elevated activity will be evaluated using the approach presented in the Multi-



Agency Radiation Survey and Site Investigation Manual (MARSSIM) using derived Area
Factors and the Elevated Measurement Comparison (DCGLgmc).-

1.5 Report Organization

The remaining chapters of this report contain detailed information about the design, implementation, and
results of the final status survey. Chapter 2.0 describes the survey design used during the implementation
of the soil remediation activities, and Chapter 3.0 presents the initial land area classification scheme and
revisions made during the implementation. Chapter 4.0 contains the protocols for soil surveys and
changes made to the final survey plan are presented in Chapter 5.0. Chapter 6.0 is a summary
compilation of final status survey narrative results for each study area. Quality assurance activities that
occurred throughout the project are presented in Chapter 7.0, and Chapter 8.0 presents a summary of the

final status survey results and conclusions.

Information supporting final status survey activities is included in five (A through E) appendices
(Volume 2 of this report). Appendix A is a compilation of all soil gamma scan data produced during the
final status survey. Appendix B presents the soil gamma scan data produced during the 1995 radiological
survey of Study Area 1 that was confirmed and incorporated for use in the final status survey.
Appendix C resents instrument quality control data for the final status survey and Appendix D contains
the analytical results reported by the on-site laboratory for the final status survey soil samples. Finally,

Appendix E presents an evaluation of the “as-collected” soil sample analysis protocol.



2.0 Final Status Survey Design

The final status survey of specific land areas at the Waltz Mill site was designed and implemented in
accordance with professional health physics practice and formal MARSSIM protocols, Reference 6. A
final survey plan (Reference 5) was prepared and submitted to the NRC, elaborating the application of the
MARSSIM approach to the Waltz Mill site including site-specific performance objectives. The primary
focus of the survey plan was the identification of the key radionuclides of remediation concern and
associated soil concentrations derived to conform to the Waltz Mill site limiting dose objectives. By
conducting the special radiological survey, soil sample analysis, and decision techniques prescribed by
the final survey plan, data were generated demonstrating that the dose-based performance objectives for
the site study areas were satisfied. This chapter describes the major final survey plan elements and how

these elements were used to control and document the remediation process.

2.1  Soil Remediation Criteria

Dose modeling was used to estimate the TEDE to an average member of the critical group from residual
radioactivity. The critical group means the group of individuals reasonably expected to receive the
greatest exposure to residual radioactivity for any applicable set of circumstances. Consistent with
Subpart E of Title 10 Code of Federal Regulations (CRF) Part 20 (Reference 7) and the NRC Draft
Regulatory Guide DG-4006 (Reference 8), soil remediation criteria had been established and were
implemented during soil remediation. The criteria support the regulatory requirement for unrestricted

release of 25 mrem/year from all pathways following an alternate schedule.

The soil remediation criteria consisted of a set of radionuclide-specific DCGL activity concentrations
corresponding to the release criteria after 25 years. The set of DCGLs which made up the soil
remediation criteria were developed by selecting the most conservative values from the various RESRAD

(Reference 9) analysis scenarios as described below.

2.1.1 DCGL for Soil Remediation

The residual levels of radioactive material that correspond to allowable radiation dose standards were cal-

culated (derived) by analysis of the various pathways and scenarios through which exposures could occur
(Revised Soil Plan, Reference 1). These derived levels or DCGLs are presented below in terms of mass

activity concentrations in picocuries per gram (pCi/g). The DCGLs were derived by:



(1) Establishing the soil concentrations (pCi/g) in Study Areas 1 and 3 that would correspond to meeting
the release criteria of 25 mrem/year in 25 years (2024) from all pathways using RESRAD in a
conservative residential farmer scenario. For Study Area 2, the release criteria was 15 mrem/year to

accommodate an existing potential groundwater ingestion dose component of 10 mrem/year.

(2) Establishing the soil concentration which would limit the exposure to a Waltz Mill site industrial
worker to less than 100 mrem/year for the next 25 years using RESRAD and the industrial worker

scenario.

If more than one nuclide was present in the soil, the sum-of-fractions rule was applied to assure that the
total radionuclide mixture yielded a combined fractional concentration limit that was less than or equal to

one.

Based on the above, and using the most restrictive values, the derived DCGLs (Reference 1) were:

Study Area 2 Study Areas 1 and 3
DCGL, DCGL,,
Principal 15 mrem/yr 25 mrem/yr
Radionuclide (pCi/g) (pCi/g)
Am-241 144.7 241.2
C-14 26,682.0 44,470.0
Cm-243/244 81.9 136.5
Co-60 27.2* 27.2*
Cs-137 18.0 30.1
Fe-55 2.99 x 107* 2.99x10™
H-3 6.25 x 10°* 6.25 x 10°*
Ni-63 39,396.0 65,650.0
Pu-238 241.0 401.6
Pu-239/240 179.2 298.6
Pu-241 5,030.4 8,364.0
Sr-90 103.3 172.2
Tc-99 2.5x10% 2.5x10%
U-234 151.2 252.0
U-235 101.6 169.3
U-238 158.9 264.9
*Limited by industrial use scenario.

The DCGL,, values in the second column reflect the potential reduction in annual dose needed to

accommodate existing groundwater contamination in Study Area 2.




2.1.2 Elevated Measurement Criteria - DCGLgmc
Using the approach suggested in MARSSIM, area factors had been calculated using RESRAD for both

the Residential and Industrial Use scenarios. These area factors were used to establish DCGLs for
elevated measurement comparisons and for the evaluation of scan sensitivities to provide a reasonable
level of assurance that any small area of elevated residual activity is not significant. The DCGLgyc was

established as:

DCGLgymce = Area Factor * DCGL

Area Factors

Isotope | 1 2 3m’ 10 m? 30m? | 100w® | 300m® | 1,000m? | 3,000m® | 10,000 m®
a1 3268 | aosn® | 338D | 4,076 6% | 3229 0% | (10,764 13 | (32,292 1% | 107,639 %)
Am-241 33 2.9 24 22 19 16 1.0 1.0 1.0
C-14 3.6 12 34 11 1.0 1.0 1.0 1.0 1.0
Cm-244 72 41 23 16 13 12 1.0 1.0 1.0
Co-60 11.8% 5.0 2.4% 1.6* 127 11* 1.0 1.0* 1.0%
Cs-137 93 46 23 16 12 11 1.0 1.0 1.0
Fe-55 53 53 53 53 52 52 1.0% 1.0* 1.0*
H3 101.9* 58.7% 321 184* 10.0% 5.7 3.0° 1.8* 1.0
Ni-63 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Pu-238 2.8 27 26 24 22 1.7 1.0 1.0 1.0
Pu-239 2.8 27 2.6 24 22 1.7 1.0 1.0 1.0
Pu-241 32 2.9 2.5 22 1.9 16 1.0 1.0 1.0
Sr-90 16 1.6 1.4 1.0 1.0 1.0 1.0 1.0 1.0
Tc-99 113 517 2.5% 1.8° 1.4* 1.2% 1.0* 1.0* 1.0°
U234 23.9 10.8 34 11 1.0 1.0 1.0 1.0 1.0
U-235 142 6.4 27 13 11 1.0 1.0 1.0 1.0
U238 193 8.6 31 11 1.0 1.0 1.0 1.0 1.0

*Limited by industrial use scenario.

During the evaluation of measurement data for each survey unit, any measurement from the unit that was
equal to or greater than the DCGL were investigated by comparison with the DCGLgyc using the elevated
measurement approach of Section 8.5.1 of MARSSIM to determine if the elevated measurement is

acceptable. As with the DCGL, the DCGLgmc Was subject to the sum-of-fractions rule.

2.1.3 MARSSIM’s Sign Test

The final status survey included soil sampling (Section 2.2) to determine the average radionuclide con-

centration in a survey unit coupled with gross gamma scans using sodium iodide (Nal) detectors to
identify areas of elevated radionuclide concentrations. Since the radionuclides of interest (see previous

table) either did not occur in Waltz Mill site native “background” soils or the Waltz Mill site background




levels were a very small fraction of the DCGLw (e.g., <10 percent), the survey unit radiological conditions
were compared directly to the specified DCGLs using the MARSSIM Sign Test.

The one-sample Sign Test described in MARSSIM Section 8.3.2 was applied to determine whether the
concentrations of residual activity in each survey unit were statistically greater than the DCGLy (i.e., the
Null Hypothesis test discussed in Section 2.3) and, if so, required further remediation. The Sign Test
calculation results are shown in the Volume 1 data table for each survey unit. The number of positive
Sign Test values (S+) was compared to the critical value from Table 1.3 of MARSSIM. If S+ was less
than the critical value, the survey unit passed the Sign Test.

2.2 Soil Sampling
Soil sampling with laboratory searches for the radionuclides of remediation concern was conducted

throughout the project work cycle to verify that the average soil activity concentrations were less than
DCGLy, criterion values, satisfying that principal remediation objective. Regardless of the survey unit
classification (Class 1, Class 2, or Class 3; refer to Section 3.1), a predetermined minimum number of
samples were collected in each survey unit. When a systematic sampling protocol was required (Class 1
or Class 2 land areas) to map sample locations, a computer generated, random-start, triangular grid pattern

was normally specified.

2.3 Null and Alternative Hypothesis
A null (Ho) and alternative (H,) hypothesis was statistically tested when interpreting the average survey

unit radiological data. The null hypothesis posed that the measured residual contamination in the survey
unit exceeded the remedial objective (i.e., DCGLy) activity concentration value. Conversely, the
alternative hypothesis presumed that the measured contamination was at or below the DCGLy activity
concentration value. The outcome of this hypothesis testing was used to ascribe a statistically based level
of confidence (using the decision error rates discussed in Section 2.4) to the decision made regarding the

“true” as-left condition of the survey unit.

2.4  Survey Unit Decisions and Decision Errors

As presented above, survey unit radiological measurement data were studied to objectively determine the
success or failure of the remediation work, i.e., whether the “true” as-left radiological condition was
below (“success”) or above (“failure”) the remedial objective (DCGLyw value). “Success” meant that the

null hypothesis (Ho) could be rejected and, therefore, the alternative hypothesis (Ha) was accepted at a



decision error confidence interval of (1 - a). The rejection of Ho also meant there was a very small
likelihood (equal to the interval o) that the success decision was incorrect. Similarly, “failure” meant that
Ho was accepted (and Hy rejected) at a decision error confidence interval of (1 - B), with again a some-
what higher but still small likelihood (equal to ) that the failure decision was incorrect. The framework

of these decision relationships is depicted in the following table:

Hypothesis Testing Matrix for Survey Unit Measurement Decisions

Survey Unit Decision

Hypothesis “Success” (Reject Hop) “Failure” (Accept
Ho)
H, Incorrectly fail to
“True” Meets remedial No decision error release survey unit
Condition objective (at or below (probability = 1 - @) (Type II error with
of the DCGLyvalue) probability =§)
Survey Unit Ho Incorrectly release sur-
Exceeds remedial vey unit No decision error
objective (exceeds (Type I error with (probability = 1 - B)
DCGLy value) probability = o)

Each decision regarding the “true” as-left condition of a Waltz Mill site survey unit was predicated on the
error control data quality objective (DQO) confidence interval predetermined for the remediation project.
Because decisions regarding the success of remediation efforts directly affect the sustained protection of
human health and environmental resources, a primary DQO was established to control the occurrence of
the Type I error described in the above table. The Type I decision error control DQO was established by
project personnel at the a = 0.05 confidence interval. A secondary DQO limiting the occurrence of
Type 11 decision errors was set at the § = 0.10 or 0.25 confidence interval, depending on survey unit size.
Limiting the occurrence of conservative Type II decision errors was also important to project personnel,
but for reasons largely unrelated to the protection of human health or environmental resources at the

Waltz Mill site. (Selection of a larger B error results in a greater chance of unnecessary remediation.)

2.5 Surrogate Radionuclides

Historical soil characterization activities identified a wide range of radionuclides, activity concentrations,
and potential dose consequences. Not all the radionuclides could be identified by in-situ gamma surveys

or by gamma spectroscopy of soil samples (the most efficient and cost-effective measurements) or were
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otherwise difficult to measure. In addition, at the anticipated concentrations, each of the radionuclides

identified contributed to the total dose by varying degrees of magnitude.

As a practical solution, therefore, it was opted to conduct an evaluation identifying four radionuclides as
surrogates that would be used to infer the activity concentration of related (correlated) radionuclides.
When properly combined (DCGLry, discussed in Section 2.5.3), the surrogate and inferred radionuclide
activity concentrations were later used to demonstrate compliance with Waltz Mill site remediation
criteria. The technical approach and data used to evaluate the appropriate surrogate-correlated
radionuclide relationships in Study Areas 1, 2, and 3 is documented elsewhere (References 5, 10, and 11).

A summary of this evaluation is presented in the following section.

2.5.1 Determination of the Appropriate Surrogate-Correlated Radionuclide Relationships

To validate the surrogate concept relating the multiple radionuclides of remediation concern at the Waltz
Mill site, it was initially necessary to demonstrate that the surrogate-to-inferred radionuclide activity
concentration ratios were constant (or nearly so) at the survey unit level. After careful consideration,
cesium-137 (Cs-137) was selected as the most desirable surrogate radionuclide because (1) it was the
most prevalent radionuclide identified during Waltz Mill site characterization, (2) it had the most limiting
(smallest) DCGL value, and (3) its decay emissions would be readily detectable using instrumentation

planned for deployment in the field.

In accordance with Appendix I, Page 1.11 of MARSSIM, the correlation coefficient, r, was computed for
the observed relationship between the activity concentration of Cs-137 to each additional radionuclide
identified by the Waltz Mill site characterization results. As expected, the r-values proved that some of
the inferred radionuclide activity concentrations were strongly correlated to that of Cs-137, but others
were not. Since the correlation analysis did not identify a simple ratio relating each inferred radionuclide
activity concentration to a common surrogate radionuclide like Cs-137, a combination of suggested
methods for related and unrelated radionuclides (described in Appendix I of MARSSIM) was applied.
These methods were used to successfully segregate the Waltz Mill site characterization radionuclides into
one of four correlation “families” offering the best fit (i.e., by genetics and r-value) for the surrogate-

correlated radionuclide relationships, as shown in the following table:
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Correlation Surrogate
Family Radionuclide Correlated Radionuclides
Fission Fragment Cs-137 Sr-90, Tc-99
Activation Product Co-60 Fe-55, Ni-63, H-3, C-14
Uranium U-235 U-234, U-238
Transuranic Am-241 Pu-238, Pu-239/240, Cm-243/244, Pu-241

The recalculated correlation coefficients proved that the correlated radionuclides for the fission fragment
and transuranic correlation families were better related to their respective surrogate radionuclides Cs-137
and americium-241 (Am-241). The activation product correlation family relationships were also
correlated with cobalt-60 (Co-60) where there was sufficient data. The Waltz Mill site characterization
data for the uranium correlation family did not prove that a correlation existed between U-235 and the
isotopes U-234 and U-238. Therefore, the uranium correlation family relationships were derived
considering the uranium enrichments of licensed material used at the Waltz Mill site and the known

mathematical isotope relationships for these uranium enrichments (Reference 5).

252 Scaling Factors for Correlated Radionuclides

To properly infer a correlated radionuclide activity concentration from a surrogate radionuclide activity
concentration measurement, conservative scaling factor (SF) values were developed (Reference 5) for
each correlated radionuclide as recommended by MARSSIM. As defined by MARSSIM, the SF is the
activity concentration ratio of a correlated radionuclide to its surrogate, adjusted to include a positive
margin for ratio uncertainty at the 0.95 confidence interval. Accordingly, the activity concentration ratio
values for each correlated radionuclide was calculated and compiled, with the resulting ratio distribution
summarized using standard statistical estimators. Finally, the average (best estimate) ratio for each
correlation distribution was normalized at the 0.95 confidence interval using Equation 1 for SF, with the

results shown in the following table:

SF;=R;j+1.960; (Equation 1)

where:

SF; = scaling factor of correlated radionuclide i to the surrogate radionuclide

R; = average activity concentration ratio of correlated radionuclide i to the surrogate
radionuclide

o; = standard deviation of the average activity concentration ratio
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Radionuclide Scaling Factors for Waltz Mill Site Soil

Surrogate
Radionuclide Correlated
(Correlation Family)  Radionuclide(s) Average Soil SF
Am-241 Pu-238 0.936
(Transuranic) Pu-239/240 0.534
Pu-241 6.85
Cm-243/244 0.168
Cs-137 Sr-90 3.16
(Fission Fragment) Tc-99 2.06
Co-60 Fe-55 3.40
(Activation Product)  Ni-63 1.23
H-3 0.269
U-235 U-234 20.0
(Uranium) U-238 5.0

During the remedial action support and final status survey phases, the soil scaling factors, calculated
during the planning phase of the project, were periodically validated by project personnel (refer to
Section 7.5 for further information).

253

To account for the presence of multiple related radionuclides (e.g., Cs-137 and its correlated

Interpretation of Final Status Survey Soil Sample Results Using the Unity Rule

radionuclides strontium-90 [Sr-90] and technicium-99 [Tc-99]), the Unity Rule test was adopted as the
final status survey compliance demonstration. Performing this test for related radionuclides was an
important demonstration that the final status survey results were below the acceptance criterion for each
survey unit and were therefore acceptable. Remediation was not considered complete or successful in any

given survey unit without the Unity Rule test inequalities being satisfied.

When multiple radionuclides were present and the activity concentration was measured for each
radionuclide, the sum of the ratios of the concentration of each radionuclide to its respective DCGL could

not exceed unity (1.0) as shown in the following unity rule test equation:

(Equation 2)
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where:

G = activity concentration of each radionuclide i fori = 1, 2...n (pCi/g)
DCGL; = guideline value (DCGL,) for each radionuclide i (pCi/g)

DCGLrot

At the Waltz Mill site, a routine measurement of the activity concentration of each radionuclide of
remediation concern in each final status survey soil sample was not practical or necessary. Instead, the
activity concentration of correlated radionuclides not routinely measured was inferred using surrogate
radionuclide average scaling factors developed during the planning phase for the final status survey (see
Section 2.5.2). This approach required the calculation of DCGLr, values for each of the four surrogate
radionuclides (Am-241, Cs-137, Co-60, U-235) that accounted for the inferred activity concentration of
the associated correlated radionuclides (see Section 2.5.2 and Appendix I, Page I-32, of MARSSIM). The
DCGL 1y calculation was performed using the following equation:

-1

. SE .
DCGL,,, ; = 2 i (Equation 3)
’ ~ DCGL,, ;
where:
SF;; = average soil scaling factor for correlated radionuclide i to its corresponding
surrogate radionuclide j
DCGL,; = surrogate radionuclide j limiting activity concentration taken from the
following table:
DCGL,, Values (pCi/g) DCGLyy, Values (pCi/g)
Surrogate Study Areas Study Area Study Areas Study Area
Radionuclide 1and3 2 land3 2
Am-241 241.2 144.7 96.9 58.2
Cs-137 30.1 18.0 19.4 11.6
Co-60 272 272 272 27.2
U-235 169.3 101.6 9.6 5.8

DCGLrota Unity

When the activity concentration of each key surrogate radionuclide was measured but the activity

concentrations of the correlated radionuclides were not measured, compliance was demonstrated using the

following unity rule test equation:
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Conc, i3, . Conc., o = Concy_,ss N Conc,,, >4 <
DGCLCS—IEW DGCLCO—(SO DGCLU—235 DGCLAm—?Al

total total total total

(Equation 4)

Hybrid Unity

When the activity concentration of each key surrogate radionuclide was measured and the activity
concentrations for some, but not all, of the correlated radionuclides were also measured, compliance was
demonstrated using the Hybrid Unity calculation. For example, when the Cs-137 and correlated Sr-90
activity concentrations were measured, the compliance demonstration used the following unity rule test

equation:

Concy,_;  Concg, oy Concy s  Conc,, o, . Concg o
* Co-60 U-235 + Am-241
DGCL., ,;;, DGCL DGCL DGCL DGCL,, 4,

total total total

<1 (Equation5)

Elevated Measurement Comparison

Similarly, small areas of elevated activity concentration remaining in a survey unit were evaluated using
the Elevated Measurement Comparison (EMC) evaluation approach with a Unity Rule constraint. Like
the DCGLro. value calculation using Equation 2, a DCGLguc; parameter was first calculated using

Equation 4 to adjust the DCGLy value by the appropriate correlated radionuclide scaling factors:

-1
n SFi
DCGLEMCi,t =3 2 7rmr (Equation 6)
i=1PCCLgyc

where:

DCGLgpc; + = soil total DCGLgyc value for radionuclide i, selected from the tables below
for the Study Area and soil area factors needed
SF; = scaling factor for radionuclide i to its surrogate
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The acceptance test for EMC evaluations was then performed using the Equation 6 result and the Unity

Rule inequality shown in Equation 7:

n C.
D WGLL—— <10 (Equation 7)
i=1

EMCit

The calculated DCGLgyc values for surrogate radionuclides present in various affected soil surface areas

(Reference 5) are shown in the following tables.

Study Areas 1 and 3 Surrogate Radionuclide DCGLgmc Values for Waltz Mill Site Soil (pCi/g)

Affected Soil Surface Area
Radio- 1m? 3m? 10 m? 30 m? 100m?  300m>  1,000m®>  3,000m®> 10,000 m?
Nudide 11420 (328%) (10862 (B (L06HD (322917 (10764 D) (32292 £%) (107,639 ftD)
Am-241 317.0 282.7 239.6 2109 184.1 152.6 96.9 96.9 96.9
U-235 212.1 95.5 31.6 10.7 9.7 9.6 9.6 9.6 9.6
Co-60 319.0 135.7 65.2 435 32.6 29.9 272 27.2 272
Cs-137 66.5 53.5 36.3 25.6 217 20.6 19.4 19.4 19.4

Study Area 2 Surrogate Radionuclide DCGLgyc Values for Waltz Mill Site Soil (pCi/g)

Affected Soil Surface Area
Radio- 1m? 3 m? 10 m? 30 m? 100m®  300m®>  1,000m®> 3,000m> 10,000 m’
Nuclide ., 42 G2 qosfd) (3230 (LOT6§0) (322917 (10,764 £D) (32,292 #) (107,639 ft)
Am-241 190.3 169.6 143.8 126.5 110.5 91.6 582 582 582
U-235 1273 573 19.0 6.4 5.8 58 58 58 58
Co-60 317.8 135.4 65.1 435 326 299 272 272 272
Cs-137 39.9 32.1 217 15.3 13.0 12.3 11.6 116 11.6

2.6  Method to Determine Sample Collection Density

To determine the number of final status survey soil samples needed in each survey unit, guidance from
Chapter 5 and Appendix D of MARSSIM were used to calculate the measurement resolution, i.e., relative

shift (A/o). Sigma was calculated from Equation 8:

7= [0(CYD,T +[0 (CYD, T +[0 (C)D, ] +..t[o €D, ]
(Equation 8)
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where, o(C;) was the expected standard deviation in activity concentration of surrogate radionuclide i and
D, was the calculated DCGLroa value for surrogate radionuclide i. The expected standard deviations for
the surrogate radionuclides were derived from the Waltz Mill site characterization data (References 10

and 11) and are shown in the following table.

Expected Standard Deviation (o) Values Used for the
Relative Shift Calculation

Surrogate Radionuclide Soil o (pCi/g)
Co-60 123
Cs-137 2.51
U-235 0.42
Am-241 1.01

Using Equation 8, a weighted soil o estimate of 0.23, and a delta value of 0.5, the relative shift value 2.17
(truncated at 2) was calculated. This relative shift value was used to determine the number of final status

survey soil samples (N) that were collected in each survey unit using Equation 9 or taken from Table 5.5

of MARSSIM.

Zow+Z, )
( 1.-a 1—,8) . CF
4(SignP - 0.5)

(Equation 9)

where:

N = number of final status survey soil samples

Z,. = percentile corresponding to the Type I error control DQO (a = 0.05) interval
(MARSSIM Table 5.2)

Z.g = percentile corresponding to the Type II error control DQO (B = 0.25) interval
(MARSSIM Table 5.2)

SignP = value obtained from Table 5.4 of MARSSIM, corresponding to A/o =2

CF = correction factor for potentially lost or otherwise unusable data (nominally 1.2)

Based on a relative shift value of 2, the number of samples (N) that were required to meet the project

error control DQOs was calculated for each Waltz Mill site land area classification, as shown in the fol-

lowing table:
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Waltz Mill Site Minimum Soil Sample Collection Density

Project Data Quality Objective
Survey Unit Area Land Area  TypelEror(o) Type Il Error (B)  Sample Locations

(m?) Classification Control Control N)
10 to 2,000 1 0.05 0.25 8
2,000 to 10,000 2 0.05 0.10 12
10,000 and above 3 0.05 0.10 12

The number of samples shown in Table 5.5 of MARSSIM, as well as in the above table, reflects a com-
pensating margin of 20 percent for lost or otherwise unusable data. When greater statistical power was

desired to evaluate final status survey conditions, the number of required samples could be increased.

2.7 Method for Locating Sample Collection Points

A systematic triangular sampling pattern with a random starting point was used to establish the soil sam-
pling points (nodes) within each Class 1 or Class 2 survey unit. (Consistent with MARSSIM protocol,
soil samples within a Class 3 survey unit were not taken at locations identified using a systematic grid
system.) The random starting point and locations of soil samples were determined using the methodology
outlined in Section 5.5.2.5 of MARSSIM. This sampling pattern, or grid, proved to be an efficient
approach to identify small areas of elevated activity. The distance between each sample node (L) in a

given grid area (A) for the required number of soil samples (N) was determined by Equation 10:

L = [A/(0.866N)] * (Equation 10)

The following table lists the maximum distance between sample nodes (node length) and the associated
smallest area of soil containing elevated radionuclide concentrations that could be identified using that

sampling grid.
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Waltz Mill Site Soil Sample Locator Data for a Triangular Grid Design

Survey Unit Sample Maximum Smallest Elevated Activity
Area(m”)  Locations (N) Node Length (m) Area Identified (m?)
10 8 1.2 1.13
100 8 3.8 113
500 8 8.5 56.7
1,000 8 12.0 113
1,500 8 14.7 170
2,000 12 13.9 151
5,000 12 21.9 378
10,000 12 31.0 756

2.8  Alternate Method for Locating Sample Collection Points

The methods described in Sections 2.6 and 2.7 presume that the actual scan minimum detectable
concentration (MDC) is less than the required scan MDC, i.c., there was sufficient scan sensitivity
available to detect small areas of elevated activity. For the infrequent cases where the actual scan MDC
exceeded the required MDC, an alternative method to calculate the required number of samples was used.
This alternate method is described in Section 5.5.2.4 of MARSSIM and Section 4.6 of Appendix A to the
Revised Soil Plan, and involved the calculation of an area factor corresponding to the actual scan MDC as
follows:

ScanMDC (actual)
DCGLw

AreaFactor = (Equation 11)

The size of an area of elevated activity corresponding to this area factor was obtained form Section 3.2.3
of Appendix A to the Revised Soil Plan and divided into the area of the survey unit (2,000 m’ maximum)
to determine the number of survey locations, ngs. The value calculated for ngs in conjunction with the

survey unit size, A, was then used to determine a revised spacing, L, of the systematic sampling grid

A
L= |——+— Equation 12
V 0.8667124 (Bquation 12)

If the number of data points required to identify areas of elevated activity (nga) was greater than the

using Equation 12:

number calculated using Equation 9, then Equation 12 was used to specify the distance between each

sample node in a given grid area.
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3.0 Land Area Classifications

To properly implement the final status survey design described in Chapter 2.0, each study area was subdi-
vided into survey units consistent with the MARSSIM (Chapter 4.0) classification/land area scheme.
This chapter presents the classification scheme for the study areas and the final status surveys required for

each classification.

21 Study Area/Survey Unit Classifications

Each study area underwent a characterization study and/or historical assessment to determine the initial
land area classification (i.e., Class 1, 2, or 3) for purposes of completing a statistically valid final status
survey. Conservatively, all study areas were designated “impacted” (versus nonimpacted) based on his-
torical assessment. Impacted areas were further classified in accordance with potential activity concen-
tration levels. The following tables define the final status survey land area classification design used to

develop the initial land area classifications for the project.

Waltz Mill Site Final Status Survey Land Area Classification Design

Land Area Land Area Size
Class Classification Criteria Constraint (m?)

Areas known or expected to have radionuclide activity

1 concentrations in soil above DCGLy values.

10 to 2,000

2 Areas known or expected to have radionuclide activity 2,000 to 10,000
concentrations in soil above normal Waltz Mill site
background concentrations but below corresponding
DCGLy values.

3 Areas that were not expected to have radionuclide
activity concentrations in soil detectable above normal 10,000 and above
Waltz Mill site background concentrations.
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Waltz Mill Site Final Status Survey Initial Land Area Classifications

Land Area
Study Area Description Class
1A Specific areas that require remediation based on the 1
1B characterization data, including a surrounding 3-meter
buffer zone.
1A Remaining areas that would not require remediation 2
1B based on the characterization data.
2 Historical and characterization data indicate that 1
potentially the entire area has been affected.
3A No historical record of being used or affected, but is 3
adjacent to the affected Study Area 3B.
3B Area to be disturbed by the excavation of the WIR 1 1
Basin, including a surrounding 3-meter buffer zone.
3B Remaining area in Study Area 3B that would not be 2

disturbed by the excavation of the WTR 1 Basin.

3.2 Final Status Survey Land Area Classification Changes

The final status survey land area initial classifications were based on a combination of Waltz Mill site

characterization data and historical assessment information. As the remediation project progressed (with
increased radiological measurement data being compiled for land areas), it became apparent that the
initial classification, and thus the final status survey protocol tiered to that classification, was
inappropriate for some land areas. This situation was anticipated by project personnel during the project
planning phase and was resolved by implementing a formal process for changing land area classification
designations. It may be noted that one of the chief objectives of the final status survey was to verify that

the initial land area classifications were indeed appropriate.

During the project work cycle, a total of three land area final status survey classification changes were
approved. Specific field directives were issued following change approval to assure that the proper final
status survey protocols were implemented in the redesignated land areas. All of the classification changes
approved by project personnel were to a more conservative class designation (from Class 3 to Class 2, or
Class 2 to Class 1), prompting an increased level of radiological surveillance in the redesignated areas.
For additional information on the land area classification changes made, as well as other survey plan

changes, refer to Chapter 5.0.
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3.3 Scanning Surveys and Effective Land Area Views

Scanning surveys by qualified surveyor personnel were conducted in each survey unit to identify isolated
areas of elevated activity and to record the direct radiological profile of the survey unit. A description of
the field instrumentation deployed is provided in Section 4.1. Surveyor technique, i.e., the pace and
pattern of surveyor and detector motion as well as the surveyor’s professional judgment, controlled the
fraction of the survey unmit soil surface that was effectively viewed or “covered” by the field
instrumentation. The surveyor technique employed a detector face-to-soil surface clearance of no more
than 2 inches, with a half-meter per second serpentine motion. To permit the surveyor to focus on
maintaining clearance and motion constraints, the surveyor relied on the audio response signal from the

survey instrument.
The effective land area views implemented for the project surveys are summarized in the following table:

Scanning Survey Effective Land Area Views

Survey Unit Gamma Scan View
Classification (percent of land area surface)
Class 1 100
Systematic
Class 2 10 to 100
Systematic and Judgmental
Class 3 Judgmental

Surveyor technique in Class 1 land areas was relatively straightforward because the entire land area
surface was to be viewed, requiring a completely systematic surveyor techmique. In contrast, the
approach to conducting Class 2 and Class 3 land area surveys included frequent, if not constant,
adjustment in surveyor technique because project personnel assumed that the likelihood of not identifying
a localized elevated activity area was greater in Class 2 and Class 3 land areas. Because of this
misidentification concern, the actual gamma scan view fractions in Class 2 land areas were always higher
than the minimum shown above, with additional allowances for the hybrid nature of Class 2 land area
surveys (both systematic and judgmental components to the surveyor’s technique). In some instances, the
actual gamma scan view in Class 2 and 3 land areas approached 100 percent due to surveyor judgment,

the results of which sometimes prompted a land area reclassification.

In addition to the scanning techniques employed to conduct final status surveys, qualified surveyors also

performed operational scanning surveys to direct the crews operating excavation and packaging equip-
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ment. An important feature of the design of these operational surveys was the derivation and use of
action levels to identify some excavation locations, segregate excavated affected material for reuse as
acceptable backfill material (ABM) or disposal in appropriate packaging, and initially determine when
excavation was complete. While use of these “precision excavation” action levels was vital to the effi-
cient completion of the remediation project (including the minimization of quantities of affected material
requiring disposal, one of the project’s performance objectives), they were not used to document final

status conditions and, accordingly, are not discussed further in this report.

3.4  Final Status Scan Survey Minimum Detectable Concentration
Nal detector scan surveys were performed to guide remediation activities and document final status

survey conditions. The performance capability of these surveys was controlled during the project to
assure the required sensitivity (minimum detectable activity concentration) was achieved, using the
calculational approach approved in Section 5.2 of Appendix A to the Revised Soil Plan. The achieved
scan MDC calculations, based on radiological conditions observed within each survey unit, are shown in
Table 6.0. As a routine quality control practice, the achieved MDC performance was subject to the
investigations levels discussed in Section 8.2 of Appendix A of the Revised Soil Plan. Any investigations

initiated by this practice are discussed in Section 6.0 of this report.
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4.0 Surveying and Sampling

This chapter describes the radiological and positioning instrumentation, soil sampling techniques, and

laboratory analyses used during the final status survey.

4.1  Field Instrumentation

Qualified surveyors used digital instruments (Ludlum Model 2350-1) equipped with a 2-inch-by-2-inch

(40.8-square-centimeter area) Nal detector (Ludlum Model 44-10) to perform operational and final status
surveys during the project work cycle. Project personnel chose this scintillation detector because the
radionuclides of remediation concern at the Waltz Mill site were the surrogates Cs-137 and Co-60. These
surrogate radionuclides decay with emission of abundant high-energy gamma photons that are detected

with good efficiency in the large sensitive volume of the Nal detector.

The Ludlum Model 2350-1 instrument was selected for use because it is stable field-proven gear with
sophisticated data acquisition and storage capabilities. These important instrument attributes provided
additional assurance to project personnel that all the needed radiometric data was acquired accurately,
preserved without corruption, and would be easily recovered for final status survey and quality control
evaluation purposes. Although the instrument could be configured to acquire data in specific energy
regions of interest (ROI), this configuration was never used to acquire final status survey data. (Project
personnel concluded that the ROI mode was an operational convenience unjustified by the extra setup and

validation work needed.)

The Ludlum’s response sensitivity to surrogate radionuclide emissions under various background radia-
tion conditions was periodically assessed during the course of the project. The results of these assess-
ments (refer to Table 6.0) confirmed that the necessary detection sensitivity existed for each field

application (scan or scalar) of the instrument.

The location of all final status survey work (survey unit boundaries and soil sample nodes) was mapped in
three dimensions using a Trimble® Total Station 4800 Global Positioning System (GPS). The GPS con-
sisted of a fixed base station and portable rover unit with TCS1 data controller. The base station included
a radio transceiver and antenna placed at a known location north of the former WTR Basin 1 in Study
Area 3 of the Waltz Mill site. The base station position was fixed at this location to assure unobstructed
radio communication with the satellite and rover unit receivers and to assure accurate mapping of points

(northing, easting, and elevation) throughout the project. The GPS base station received non-
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simultaneous signals from a constellation of 24 satellites, but communication with only four satellites was
needed to map a point with centimeter precision. Each day the GPS was used for final status survey
work, the mapped points stored in the rover unit’s TCS1 data controller were checked for accuracy by the
land surveyor and downloaded to the Trimble® Office desktop computer application for use in evaluating

and reporting final status survey results.

4.2  Soil Sampling and Associated Radiological Surveys

Extensive soil sampling with laboratory spectral and/or field gross (screening) analysis was performed
during the project in two categories: (1) as an adjunct to the operational gamma radiation surveys and, (2)
to document the final radiological status of land areas using the random-start triangular grid mapping
system. Each of these sampling and analysis event categories is discussed below. The soil sampling
techniques used by project personnel are discussed in Sections 4.2.1 (surface soil) and 4.2.2 (ABM).
Imported backfill material (off-site borrow soil, excluding aggregate) was sampled and submitted to the

on-site laboratory for analysis under the project’s quality control program (refer to Section 7.4.2).

Under the first category, the sampling results obtained during remediation operations were used primarily
to confirm the status of what project personnel referred to as “suspect” soil. The presence of suspect soil
was indicated by its ambiguous gamma radiation survey results, being either close to the threshold for
disposal or masked by confounding radiation sources in the study area itself or Waltz Mill site operational
areas. After the suspect soil analytical results were available and reviewed by project personnel, one of
four disposition alternatives (leave as is, remediate the area further, stockpile as ABM, or dispose in
packaging) was chosen to appropriately manage the suspect soil. Soil sample results in this adjunct
category were also used to periodically confirm that the expected surrogate radionuclide relationships in

the study area were indeed as expected.

For second (final status survey) category purposes, a contact (soil surface) gamma radiation measurement
was recorded at each randomly mapped soil sample node prior to sampling. The purpose of these meas-
urements was to provide additional assurance to project personnel that the collected soil sample, although
randomly located, would be representative of the local soil conditions and thus qualify as a final status
measurement. In some instances, another gamma radiation measurement was acquired within the hole
left by sampling to further assure representative conditions. Using the Ludlum Model 2350-1/44-10
configuration, each scalar measurement was typically acquired over a 2-minute period, but was adjusted if

the chest-level gamma measurement was high, prompting an increase in the count time to provide the
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required sensitivity (counts per minute [cpm] per pCi/g soil). In all instances, the actual background
counting time used in the field assured that the required sensitivity for surrogate radionuclide detection

was available.

After the background gamma radiation measurements were documented and reviewed by project person-
nel, the soil at each final status survey location was sampled. If the surface of a mapped soil sample loca-
tion was monolithic rock (typical of the excavation floors at WTR Basin 1 and the LWRB), the location

was exempted (without replacement) from sampling.

4.2.1 Surface Soil Sampling Technique

Surface soil samples were collected as a composite of the first 15-centimeter (6-inch) depth of soil

removed from the surface either directly into the sample container (suspect and imported soil only) or by
using an auger or shovel. This soil sample depth was conservatively chosen by project personnel to cor-
respond to the soil mixing or plow depth (root) zone featured in the RESRAD environmental exposure
pathway model for the plant uptake and erosion compartments. The entrance diameter of the sample hole
needed to obtain the required sample mass for analysis and archival purposes was normally less than
1 foot. The only composite sample preparation steps used in the field were removal of nonsoil objects
(primarily rocks) and periodic decanting of water to the extent practical. If there was reason to believe
that nonsoil objects were affected by radionuclides of remediation concern, they were retained for possi-
ble further evaluation as a separate sample. All composite samples were mixed in the field before being
split into the required number (normally three) of Nalgene® sample jars and placed under sample chain
of custody controls for analytical processing. Project personnel transferred sample custody directly to the

on-site radioanalytical laboratory, normally on the same day the sample was obtained.

4.2.2 ABM Sampling Technique

Whenever ABM instead of imported backfill material was installed in an excavation, the final status sur-

vey soil samples were collected as surface soil samples except that the sampling depth was extended
through the entire thickness of the ABM layer, or “lift.” ABM lifts were installed in excavations to a full
(2-foot) or partial (less than 2-foot) thickness, depending on the eventual surface contour needed when
final grade was achieved. The initial ABM lift was not installed in a survey unit until the surface soil
sample results for the floor and leading walls of the excavation were reviewed and approved. To

demonstrate compliance with final status survey acceptance criteria and obtain the information needed to
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approve placement of subsequent ABM lifts, every full or partial lift of ABM was designated and sam-

pled as a separate survey unit.

4.3 Laboratory Analysis

Each final status survey soil sample collected was analyzed by gamma spectrometry in the on-site Waltz

Mill laboratory. Consistent with the revised soil plan, the samples were analyzed by the laboratory on an
“as-collected” basis with no preparation steps for gamma spectrometry. Information regarding analytical
result differences between the “as-collected” and “prepared” (i.e., dried and ground) methods is provided
in Section 7.4.3. Specific searches for the four Waltz Mill site surrogate radionuclides (Co-60, Cs-137,
Am-241, U-235) were completed within a nominal 20-minute counting time and the results (pCi/g)
reported for entry into a spreadsheet for comparison with the respective DCGLrqy values. To exclude the
bias introduced when grouping results containing “less than” values, the laboratory used observed
counting data when reporting results that were below the critical level (thus not detected) established for
each analysis. Invoking the unity summation (Equation 3), the surrogate radionuclide results were then

combined and compared with the Waltz Mill site remediation acceptance criteria (i.e., “anity” or 1.0).

The a priori MDC measurement criteria specified to the on-site laboratory by project personnel was
25 percent of the Area 2 DCGLrqa values for the surrogate radionuclides and 25 percent of the Area 2
DCGLy values (refer to Section 2.1.1) for the correlated radionuclides. These basic final status survey
performance criteria for soil measurements, including the typical performance achieved and reported by

the laboratory, are shown in the following table.

Analvytical Laboratory Basic Performance Criteria for Soil Measurements

Minimum Detectable Concentration

(pCi/g soil)
Radionuclide  Spectrometric Specified to Achieved by
Search Method Laboratory Laboratory
Am-241 Gamma 14.6 1
Cm-243/244 Alpha 20.5 1
Co-60 Gamma 6.8 0.1
Cs-137 Gamma 29 0.1
Pu-238 Alpha 60.3 1
Pu-239/240 Alpha 44.8 1
Pu-241 Beta 1260 20
Sr-90 Beta 25.8 1
U-234 Alpha 37.8 1
U-235 Gamma 1.45 1
U-238 Alpha 39.7 1
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As shown in the above table, the configuration and control of the laboratory’s counting equipment and

environment resulted in each project soil MDC being routinely achieved with excellent margin.
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5.0 Changes to the Survey Plan

During the planning phase of the remediation project, it was anticipated that unforeseen events or circum-
stances would occur affecting the final status survey design or execution documented in the survey plan
(Reference 1). For each event, project personnel promptly reviewed the circumstances and determined if
a survey plan deviation existed. For each identified deviation, action resolving the event or circumstance
was formulated and approved for implementation. The resolutions required a survey unit land area

classification change or a survey unit addition, deletion, or reconfiguration.

The following table summarizes the deviations that were resolved during the project work cycle. Refer to

Figures 5-1 through 5-6 for depictions of the planned and actual land areas involved. None of the resolu-

tions compromised the technical efficacy of the final status survey performed.

Deviations From the Waltz Mill Site Final Status Survey Plan

Study  Survey
Area Unit Deviation Resolution

1 SU1  Excavated affected soil volume SU1R was added with a Class 1 land area final
exceeded 50 m® status survey protocol.

1 SU2  Westinghouse S-5 Building Westinghouse personnel performed a final
construction interfered with survey  status survey as part of preparation for
plans. construction. A separate final status survey

report addresses this area.

1 SU3  Westinghouse S-5 Building Westinghouse personnel performed a final
construction interfered with survey  status survey as part of preparation for
plans. construction. A separate final status survey

report addresses this area.

1 SU6  Westinghouse S-5 Building SU6 was eliminated. Westinghouse personnel
construction produced an performed final status survey of the land area
interfering soil stockpile. beneath the soil stockpile as part of preparation

for construction. A separate final status survey
report addresses this area.

1 SU7  Butler Building incorrectly Excavation of contaminated soil in the adjacent
identified as a nonoperational soils ~ SU1 was terminated near the Butler Building
area. foundation.

1 SU7  Westinghouse S-5 Building SU7 was reconfigured to exclude the soil
construction produced an stockpile. A separate final status survey report
interfering soil stockpile. addresses this area.

1 SU8  Westinghouse S-5 Building SU8 was reconfigured to exclude the storm

construction installed a new storm
water retention basin.

water retention basin. A separate final status
survey report addresses this area.
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Deviations From the Waltz Mill Site Final Status Survey Plan

Deviation

Resolution

Study  Survey

Area Unit
1 SU9
2 SuU2
2 Su3
2 SU13
2 SuU1
2 SuU4
2 SuUs

SU8

Westinghouse S-5 Building
construction produced an
interfering soil stockpile.

Radiological measurements and re-
review of historical site
photographs indicated that the
southern perimeter of WTR Basin 2
was further north.

Field radiological measurements
and re-review of historical Waltz
Mill site drawings and photographs
indicated that the southern
perimeter of WTR Basin 3 was
further north.

Re-examination of historical Waltz
Mill site assessment documentation
indicated that the southern reach of
SU13 did not extend into the
desired land area.

Extent of soil contamination was
greater than anticipated due to
surface-contaminated objects
(SCO) excavated (water storage
tank foundations, LWRB north
valve pit, and LWRB loading
dock).

Extent of soil contamination in, and
size of, SU1 was greater than
anticipated due to SCOs excavated
(water storage tank foundations,
LWRB north valve pit, and LWRB
loading dock).

Portions of the land area were
inadvertently used to stockpile
ABM prior to completion of the
final status survey.

Extent of soil contamination in, and
size of, SU1 was greater than
anticipated due to SCOs excavated
(water storage tank foundations,
LWRB north valve pit, and LWRB
loading dock).

SU9 was reconfigured to exclude the soil
stockpile. A separate final status survey report
addresses this area.

SU2 was reconfigured to include a portion of
SU10 along Calley’s Run proceeding to the
access road. The portion of SU2 that included
the WTR Basin 2 excavation starting point was
designated as the “trench area” and the portion
of SU2 that used to be in SU10 along Calley’s
Run was designated “nontrench” area.

SU3 was reconfigured to include the entire
land area occupied by WTR Basins 2 and 3.

SU13 (adjacent to Calley’s Run) was extended
approximately 8 feet in the southernmost por-
tion to include the surface water drainage ditch.

SU1 land area was increased to reflect the
actual area excavated. Due to the resizing of
the LWRB excavation, the soil walls and bed-
rock floor of the former LWRB were surveyed
separately as SUIW and SU1B.

SU4 was reconfigured to accommodate the
increased land area of SU1.

Stockpiled ABM was removed and the land
area restored to a near-undisturbed
configuration prior to final status survey.

SU8 was reconfigured to accommodate the
increased land area of SU1.
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Deviation

Resolution

Study  Survey

Area Unit
2 SU9
2 SU10
2 SU11
2 Su1
2 Su1
2 SuU2

Extent of soil contamination in, and
size of, SU1 was greater than
anticipated due to SCOs excavated
(water storage tank foundations,
LWRB north valve pit, and LWRB
loading dock).

Extent of soil contamination in, and
size of, SU1 was greater than
anticipated due to SCOs excavated
(water storage tank foundations,
LWRB north valve pit, and LWRB
loading dock).

Extent of soil contamination in, and
size of, SU1 was greater than
anticipated due to SCOs excavated
(water storage tank foundations,
LWRB north valve pit, and LWRB
loading dock).

ABM that was stockpiled in Study
Area 3B was used to contour the
grade in portions of SU1 in June
and September 2001. The total area
(over 4,000 m”) over which ABM
was placed in Survey Units 1, 4, 5,
7, and 8 exceeded the Class 1 land
area limit.

ABM that was stockpiled in Study
Area 2 was used to contour the
grade in portions of SU1 in
September 2001. The total area
(over 4,000 m®) over which ABM
was placed in Survey Units 1, 2, 3,
5, 8,11, and 12 exceeded the Class
1 land area limit.

ABM that was stockpiled in Study
Area 2 was used to contour the
grade in portions of SU2 in
September 2001. The total area
(over 4,000 mz) over which ABM
was placed in Survey Units 1, 2, 3,
5,8, 11, and 12 exceeded the Class
1 land area limit.

SU9 was eliminated to accommodate the
increased land area of SU1.

SU10 was eliminated to accommodate the
increased land area of SU1.

SU11 was reconfigured to accommodate the
increased land area of SU1.

SU1 land area was redesignated to include
portions of the three new survey units ABM-
West, ABM-Center, and ABM-East.

SU1 land area was redesignated to include
portions of the three new survey units ABM-
North, ABM-South, and ABM-West.

SU2 land area was redesignated to include
portions of the three new survey units ABM-
North, ABM-South, and ABM-West.
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Deviations From the Waltz Mill Site Final Status Survey Plan

Study  Survey
Area Unit Deviation Resolution
2 SU3  ABM that was stockpiled in Study =~ SU3 land area was redesignated to include

Su4

SuUS

SUs

SU7

Area 2 was used to contour the
grade in portions of SU3 in
September 2001. The total area
(over 4,000 m®) over which ABM
was placed in Survey Units 1, 2, 3,
5, 8,11, and 12 exceeded the Class
1 land area limit.

ABM that was stockpiled in Study
Area 3B was used to contour the
grade in portions of SU4 in June
and September 2001. The total area
(over 4,000 m®) over which ABM
was placed in Survey Units 1, 4, S,
7, and 8 exceeded the Class 1 land
area limit.

ABM that was stockpiled in Study
Area 3B was used to contour the
grade in portions of SUS in June
and September 2001. The total area
(over 4,000 m”) over which ABM
was placed in Survey Units 1, 4, 5,
7, and 8 exceeded the Class 1 land
area limit.

ABM that was stockpiled in Study
Area 2 was used to contour the
grade in portions of SUS in
September 2001. The total area
(over 4,000 m®) over which ABM
was placed in Survey Units 1, 2, 3,
5, 8, 11, and 12 exceeded the Class
1 land area limit.

ABM that was stockpiled in Study
Area 3B was used to contour the
grade in portions of SU7 in June
2001. The total area (over 4,000
m®) over which ABM was placed in
Survey Units 1, 4,5, 7, and 8
exceeded the Class 1 land area
limit.

portions of the three new survey units ABM-
North, ABM-South, and ABM-West,

SU4 land area was redesignated to include
portions of the three new survey units ABM-
West, ABM-Center, and ABM-East.

SUS land area was redesignated to include
portions of the three new survey units ABM-
West, ABM-Center, and ABM-East.

SUS land area was redesignated to include
portions of the three new survey units ABM-
North, ABM-South, and ABM-West.

SU7 land area was redesignated to include
portions of the three new survey units ABM-
West, ABM-Center, and ABM-East.
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Study Survey

Area

Unit

Deviation

Resolution

2

2

2

SU8

SU8

SU11

SU12

SuU1

SU2

ABM that was stockpiled in Study
Area 3B was used to contour the
grade in portions of SU8 in June
and September 2001. The total arca
(over 4,000 m®) over which ABM
was placed in Survey Units 1, 4, 5,
7, and 8 exceeded the Class 1 land
area limit.

ABM that was stockpiled in Study
Area 2 was used to contour the
grade in portions of SU8 in
September 2001. The total area
(over 4,000 m®) over which ABM
was placed in Survey Units 1, 2, 3,
5, 8,11, and 12 exceeded the Class
1 land area limit.

ABM that was stockpiled in Study
Area 2 was used to contour the
grade in portions of SU11 in
September 2001. The total area
(over 4,000 m®) over which ABM
was placed in Survey Units 1, 2, 3,
5, 8, 11, and 12 exceeded the Class
1 land area limit.

ABM that was stockpiled in Study
Area 2 was used to contour the
grade in portions of SU12 in
September 2001. The total area
(over 4,000 m?) over which ABM
was placed in Survey Units 1, 2, 3,
5, 8,11, and 12 exceeded the Class
1 land area limit.

The east-west orientation of SU1 in
WTR Basin 1 interfered with
construction equipment traffic.

The east-west orientation of SU2 in
‘WTR Basin 1 interfered with
construction equipment traffic.

SUS8 land area was redesignated to include
portions of the three new survey units ABM-
West, ABM-Center, and ABM-East.

SUS8 land area was redesignated to include
portions of the three new survey units ABM-
North, ABM-South, and ABM-West.

SU11 land area was redesignated to include
portions of the three new survey units ABM-
North, ABM-South, and ABM-West.

SU12 land area was redesignated to include
portions of the three new survey units ABM-
North, ABM-South, and ABM-West.

SU1 was reconfigured with a north-south ori-
entation.

SU2 was reconfigured with a north-south ori-
entation.
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Study
Area

Survey
Unit

Deviation

Resolution

3A

3A

n.a.

The area west of WIR Basin 1 was
initially classified as a Class 2 Area
based on Waltz Mill site history
and characterization data.
However, ABM accumulated
during excavation activities was
stockpiled in this area. The last of
the stockpiled ABM was placed in
Study Area 2 so that the soil surface
beneath the stockpile could be
surveyed. During initial scanning
activities, elevated activity areas
were found indicating that the land
area classification (Class 2) was
incorrect.

The area south of WTR Basin 1
was initially classified as a Class 2
Area based on Waltz Mill site
history and characterization data.
However, during initial scanning
activities, elevated activity areas
were found indicating that the land
area classification (Class 2) was
incorrect.

SU6 was added with a Class 1 land area final
status survey protocol.

SU7 was added with a Class 1 land area final
status survey protocol.
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6.0 Final Status Survey Results

The following sections summarize the final (as left) status of each survey unit within Study Areas 1, 2,
and 3. This information is based on the detailed observations and data shown in Volume 2 of this report
(primarily Appendices A, B, and D), as well as on the data tables included in the Tables section of
Volume 1. In some instances, performance of gamma scans or collection of soil samples occurred over
extended and/or segmented durations. This was necessary to accommodate construction priorities or to
wait for the effect of confounding radiation sources beyond the survey unit to diminish. Such delays in
no way affected the efficacy of the final status survey results. As noted in Sections 3.3 and 3.4, the
performance capability of the final status scan surveys was routinely evaluated for each survey unit. The

results of this sensitivity evaluation are shown in Table 6.0.

6.1 Study Area 1
Study Area 1 included the 10 survey units shown in Figure 5-2. Survey Units 1R, 1, 4, and 5 were Class

1 Areas and Survey Units 7, 8, 9, and 10 were Class 2 Areas. As presented earlier (Chapter 5.0),
remediation and final status survey of Survey Units 2, 3, and 6 and portions of Survey Units 7, 8, and 9

was completed by Westinghouse personnel.

6.1.1 Survey Unit1 R
As described in Chapter 5.0, Survey Unit 1R was added within Survey Unit 1 when an affected soil

volume exceeded 50 cubic meters (m>). The final status survey (100 percent gamma survey) was
performed on June 15 and June 20, 2001 using a 5-meter-by-5-meter grid labeled west to east with the
letters “A” through “G” and south to north with the numbers 1 through 6 (Figure 6.1-1). Due to varying
wall dimensions and elevations, the wall scans were included with the adjacent floor scan. However, the
northern walls in Grids A6 and B6 were located beyond the approved study area boundary in an
operational area and were excluded from scanning for final status survey purposes. The area of Survey

Unit 1R was approximately 6,092 square feet (ft*) (566 square meters [m”]).

The following table and Figures 6.1-2 and 6.1-3 (trend of average and background measurements)

summarize the results of the 100 percent gamma scan readings from Survey Unit 1R:
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Statistical Parameter Gamma Scan (cpm)
Average 35,600
Standard Deviation 4,100
Minimum Value 31,000
Maximum Value 50,000
Median Value 34,000

Due to the elevated background readings resulting from shine from nearby operational buildings (greater
than 35,000 cpm) and radioactive material embedded in soil beyond the approved study area boundary,
the scan MDC exceeded the DCGL and the sample density was increased accordingly, using the method
discussed in Section 2.8. Therefore, 37 samples were collected using the random-start, triangular
sampling grid (Sample Nos. 1184 through 1220). The results are summarized in Table 6.1-1 and the
sample locations are shown in Figure 6.1-4. All analytical results were less than unity (<1.0) using the

DCGLo values; therefore, Survey Unit 1R passed all relevant statistical tests.

6.1.2 Survey Unit 1
The final status survey (100 percent gamma survey) was performed on September 12, September 13, and

September 14, 2001 using 5-meter-by-5-meter grids labeled west to east with the letters “A” through “I”
and south to north with the numbers 1 through 6 (Figure 6.1-5). The area of Survey Unit 1 was
approximately 16,359 ft* (1,520 m®).

The following table and Figures 6.1-6 and 6.1-7 (trend of average and background measurements) sum-

marize the results of the 100 percent gamma scan readings from Survey Unit 1:

Statistical Parameter Gamma Scan (cpm)
Average 32,800
Standard Deviation 11,300
Minimum Value 17,000
Maximum Value 71,000
Median Value 28,000

Due to the elevated background readings resulting from radioactive material embedded in adjacent
operational area soil or in stored components, the scan MDC exceeded the DCGL and the sample density
was increased accordingly, using the method discussed in Section 2.8. Therefore, 20 sample locations
were located using the random-start, triangular sampling grid (Sample Nos. 1245 through 1264).
However, eight sample locations (Sample Nos. 1245 through 1248, 1251, 1252, 1258, and 1259) were

located in areas previously backfilled with off-site material; therefore, these samples were not collected.
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Two additional biased samples (1265 and 1266) were collected in high background areas of Grids C-5
and D-5. Data for Samples 1265 and 1266 were not included in the summary statistics because they were
not obtained in a random-start fashion. The results are summarized in Table 6.1-2 and the sample
locations are shown in Figure 6.1-8. All analytical results are less than unity (<1.0) using the DCGLra

values; therefore, Survey Unit 1 passed all relevant statistical tests.

6.1.3 Survey Unit 4
The final status survey (100 percent gamma survey) was performed in Survey Unit 4 on November 8 and

November 16, 2000 using a 2-meter-by-2-meter grid on the floor of the excavation. The grid was labeled
west to east with the letters “A” through “H” and south to north with the numbers 1 through 9
(Figure 6.1-9). The area of Survey Unit 4 was approximately 2,222 ft* (206 m?).

The following table and Figure 6.1-10 (trend of average and background measurements) summarize the

results of the 100 percent gamma scan readings from Survey Unit 4:

Statistical Parameter Gamma Scan (cpm)
Average 36,500
Standard Deviation 2,100
Minimum Value 28,000
Maximum Value 39,000
Median Value 37,000

Eight soil samples were collected in Survey Unit 4 using the random-start, triangular sampling grid
(Sample Nos. 1123 through 1130). The results are summarized in Table 6.1-3 and the sample locations
are shown in Figure 6.1-11. All analytical results were less than unity (<1.0) using the DCGLr, values;
therefore, Survey Unit 4 passed all relevant statistical tests.

6.1.4 Survey Unit 5
After a thin layer of limestone dust was placed, Survey Unit 5 was backfilled in 2-foot lifts to assure ade-

quate soil compaction. A total of two 2-foot lifts of ABM were placed. A final status survey was con-
ducted on the bottom of Survey Unit 5 prior to placing limestone dust and after placement of each lift of
ABM. The results of the final status survey for the bottom of the excavation and each lift is described

below.
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6.1.4.1 Survey Unit S — Bottom of Excavation

The final status survey (100 percent gamma survey) was performed on November 4, 2000 using 2-meter-
by-2-meter grids labeled west to east with the letters “A” through “F” and south to north with the numbers
1 through 3 (Figure 6.1-12). The walls of the excavation (up to 1.5 meters high and 2 meters wide) were
labeled “A” through “Z” clockwise starting in the southwest corner. The area of the bottom of Survey
Unit 5 was approximatel§ 2,031 ft* (189 m®).

The following table and Figure 6.1-13 (trend of average and background measurements) summarize the

results of the 100 percent gamma scan readings from the floor and walls of Survey Unit 5:

Statistical Parameter Floor (cpm) Walls (cpm)
Average 40,300 40,000
Standard Deviation 3,200 3,200
Minimum Value 34,000 35,000
Maximum Value 46,000 46,000
Median Value 40,500 40,500

Eight soil samples were collected using the random-start, triangular sampling grid (Sample Nos. 1113
through 1120). The results are summarized in Table 6.1-4 and the sample locations are shown in
Figure 6.1-14. All analytical results were less than unity (<1.0) using the DCGLyq, values; therefore, the
bottom of Survey Unit 5 passed all relevant statistical tests.

6.1.4.2 Survey Unit 5 — First Lift of ABM
The final status survey (100 percent gamma survey) was performed on the first lift of ABM on

November 10, 2000 using a 2-meter-by-2-meter grid. The grids were labeled west to east with the letters
“A” through “J” and south to north with the numbers 1 through 3 (Figure 6.1-15). The walls of the
excavation (up to 0.6 meter high and 2 meters wide) were labeled “A” through “Z” clockwise starting in
the southwest corner. The area of the first lift of ABM was approximately 1,687 ft* (157 m?).

The following table and Figure 6.1-16 (trend of average and background measurements) summarize the

results of the 100 percent gamma scan readings from the floor and walls above the first lift of ABM:
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Statistical Parameter Floor (cpm) Wall (cpm)
Average 47,500 45,900
Standard Deviation 3,000 4,100
Minimum Value 41,000 37,000
Maximum Value 53,000 52,000
Median Value 49,000 46,000

Eight soil samples were collected using the random-start, triangular sampling grid (Sample Nos. 1131
through 1138). The results are summarized in Table 6.1-5 and the sample locations are shown in
Figure 6.1-17. All analytical results were less than unity (<1.0) using the DCGLr., values; therefore, the
first lift of ABM passed all relevant statistical tests.

6.1.4.3 Survey Unit 5 — Second Lift of ABM

A final status survey (100 percent gamma survey) was performed on the second lift of ABM on

November 16, 2000 using a 2-meter-by-2-meter grid. The grids were labeled west to east with the letters
“A” through “J” and south to north with the numbers 1 through 3 (Figure 6.1-18). The area of the second
lift of ABM was approximately 1,343 ft* (125 mz).

The following table and Figure 6.1-19 (trend of average and background measurements) summarize the

results of the 100 percent gamma scan readings above the second lift of ABM:

Statistical Parameter Gamma Scan (cpm)
Average 53,700
Standard Deviation 4,200
Minimum Value 47,000
Maximum Value 61,000
Median Value 53,000

Eight soil samples were collected using the random-start, triangular sampling grid (Sample Nos. 1139
through 1146). The results are summarized in Table 6.1-6 and the sample locations are shown in
Figure 6.1-20. All analytical results were less than unity (<1.0) using the DCGLry, values; therefore, the
second lift of ABM passed all relevant statistical tests.

6.1.5 Survey Units 7, 8,9, and 10

Survey Units 7, 8, 9, and 10 were Class 2 Areas extensively characterized using a systematic survey and

sample methodology. The characterization surveys were previously conducted by Westinghouse in 1995.

The fixed-point characterization survey data are contained in the Waltz Mill Additional Site Characteri-
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zation Report (1995), Reference 11 and in Appendix B. The results of these surveys and sample analyses
constitute final status survey data where the data met the quality objectives and requirements of the Soil

Remediation Action Support Survey Plan, Reference 5.

The 1995 gross gamma surveys were conducted by taking fixed 10-second counts at every 2-meter inter-
sect using an Exploranium Model GR-256 (GR-256). The GR-256 is a portable multi-channel analyzer
with data-logging capabilities, coupled with a 3-inch-by-3-inch Nal detector in an aluminum housing
designed for uranium exploration. The GR-256 is capable of storing 2,500 data points consisting of four
user-designated ROL. The ROI setup used for this survey provided a channel width of ~12 KeV and were
selected based upon the known and suspected history of the site (Reference 11).

ROI Channels Isotope KeV Range
1 10-255 Total Spectrum 120-3060
2 51-59 Cesium 612-708
3 12-20 Uranium 144-240
4 106-118 Cobalt 1272-1416

Survey locations were notated using a standard Cartesian grid (x,y). Data was collected for 10 seconds at
every 2-meter intersect unless otherwise indicated by the “Survey Locations Map” (Reference 11). Sur-
veys were not performed in weather conditions where standing water was evident as detector attenuation
could affect data collected. Survey and sampling results for Survey Units 7, 8, 9, and 10 are described

below.

6.1.5.1 Survey Unit 7
The gross gamma data collected in 1995 (see Section 6.1.5) for this survey was sufficient to meet the

requirements of the Soil Remediation Action Support Survey Plan (Reference 5). The 10- to 100-percent
coverage required for a Class 2 survey unit was achieved by the 78-percent coverage 2-meter-by-2-meter
intersect fixed-point measurements. The increased sensitivity of a 3-inch-by-3-inch Nal detector relative
to the standard 2-inch-by-2-inch Nal detectors used to perform final status surveys ensured a scanning
minimum detectable concentration less than the acceptance criteria, when the background gross gamma
count rate approached normal background. The background gross gamma count rate in Survey Unit 7
approached normal background at the time of the survey. Therefore, the characterization gross gamma
survey data was used as the final status survey in Survey Unit 7. The results are presented in Appendix B
(adapted from Appendix F of the 1995 Characterization Report) and Figures 6.1-21, 6.1-22, 6.1-23, and
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6.1-24. The results reveal no substantially elevated areas. The total area of this survey unit was

approximately 91,390 ft* (8,490 m®).

Since the fixed-point characterization surveys were performed (1994 and 1995), some of the area had
been covered with gravel (Figure 6.1-25). Due to the additional gravel layer, a 100 percent gamma scan
coverage was performed in grids (or portions of grids) containing gravel. The final status survey of the
gravel-covered areas was performed on September 25, September 26, and September 27, 2001. The sur-
vey was performed by using 20-meter-by-20-meter grids labeled west to east with the letters “A” through
“G” and south to north with the numbers 1 through 7 (Figure 6.1-26). The following table and Figures
6.1-27 and 6.1-28 (trend of average and background measurements) summarize the results of the gamma

scan readings:

Statistical Parameter Gamma Scan (cpm)
Average 18,100
Standard Deviation 7,800
Minimum Value 9,500
Maximum Value 45,000
Median Value 17,000

In 1995, soil samples were taken on an approximate 20-meter-by-20-meter grid system and analyzed by
gamma spectrometry. Although the sampling was systematic and exceeded the minimum number of sam-
ple points required, the MDCs reported were not sufficient to meet the requirements of the Soil
Remediation Action Support Survey Plan (Reference 5). Therefore, 12 soil samples were collected using
the random-start, triangular sampling grid in Survey Unit 7 (Sample Nos. 1267 through 1278). In
addition, two biased samples were collected on the west and east sides of the Butler Building (Sample
Nos. 1291 and 1292). Some of the samples were collected beneath 2 to 3 feet of gravel. The results are
summarized in Table 6.1-7 and the sample locations are shown in Figure 6.1-29. Data for samples 1291
and 1292 were not included in the summary statistics because they were not obtained in a random-start
fashion. All analytical results were less than unity (<1.0) using the DCGLrys values; therefore, Survey
Unit 7 passed all relevant statistical tests.

6.1.5.2 Survey Unit 8
The gross gamma data collected in 1995 (see Section 6.1.5) in Survey Unit 8 was sufficient to meet the
requirements of the Soil Remediation Action Support Survey Plan (Reference 5). The 10- to 100-percent

coverage required for a Class 2 survey unit was achieved by the 78-percent coverage 2-meter-by-2-meter
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intersect fixed-point measurements. The increased sensitivity of a 3-inch-by-3-inch Nal detector relative
to the standard 2-inch-by-2-inch Nal detectors used to perform final status surveys ensured a scanning
minimum detectable concentration less than the acceptance criteria, when the background gross gamma
count rate approached normal background. The background gross gamma count rate in Survey Unit 8
approached normal background at the time of the survey. Therefore, the characterization gross gamma
survey data was used as the final status survey in Survey Unit 8. The results are presented in Appendix B
(adapted from Appendix F of 1995 Characterization Report) and Figures 6.1-30, 6.1-31, 6.1-32, and
6.1-33. The results reveal one elevated area (186K counts/10 seconds) that was not located by additional
gamma scans. The area of Survey Unit 8 was approximately 93,162 ft® (8,655 mz).

In 1995, soil samples were taken on an approximate 20-meter-by-20-meter grid system and analyzed by
gamma spectrometry. Although the sampling was systematic and exceeded the minimum number of sam-
ple points required, the MDCs reported were not sufficient to meet the requirements of the Soil
Remediation Action Support Survey Plan (Reference 5). Therefore, 12 soil samples were collected using
the random-start, triangular sampling grid in Survey Unit 8 (Sample Nos. 1221 through 1232). The
results are summarized in Table 6.1-8 and the sample locations are shown in Figure 6.1-34. All analytical
results were less than unity (<1.0) using the DCGLy, values; therefore, Survey Unit 8 passed all relevant

statistical tests.

6.1.5.3 Survey Unit 9
The gross gamma data collected in 1995 (see Section 6.1.5) in Survey Unit 9 was sufficient to meet the

requirements of the Soil Remediation Action Support Survey Plan (Reference 5). The 10- to 100-percent
coverage required for a Class 2 survey unit was achieved by the 78-percent 2-meter-by-2-meter intersect
fixed-point measurements. The increased sensitivity of a 3-inch-by-3-inch Nal detector relative to the
standard 2-inch-by-2-inch Nal detectors used to perform final status surveys ensured a scanning minimum
detectable concentration less than the acceptance criteria, when the background gross gamma count rate
approached normal background. The background gross gamma count rate in Survey Unit 9 approached
normal background at the time of the survey. Therefore, the characterization gross gamma survey data
was used as the final status survey in Survey Unit 9. The results are presented in Appendix B (adapted
from Appendix F of the 1995 Characterization Report) and Figures 6.1-35, 6.1-36, 6.1-37, and 6.1-38.
The results reveal no elevated areas. The total area of Survey Unit 9 was approximately 95,153 ft?
(8,840 m?).
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Since the fixed-point characterization surveys were performed (1995), a radioactive waste shipping
container staging area (F Lot) was built in Survey Unit 9. The F Lot area was a gravel pad for storage of
shipping containers. Due to the additional gravel layer, 100 percent gamma scan coverage was performed
in grids (or portions of grids) containing gravel (Figure 6.1-25). The final status survey of the F Lot area
was performed on September 27, 2001. The survey was performed using 20-meter-by-20-meter grids
labeled west to east with the letters “A” through “F” and south to north with the numbers 1 through 4
(Figure 6.1-39). The following table and Figures 6.1-40 and 6.1-41 (trend of average and background

measurements) summarize the results of the F Lot area gamma scan readings:

Statistical Parameter Gamma Scan (cpm)
Average 10,000
Standard Deviation 1,000
Minimum Value 8,000
Maximum Value 12,500
Median Value 9,800

In 1995, soil samples were taken on an approximate 20-meter-by-20-meter grid system and analyzed by
gamma spectrometry. Although the sampling was systematic and exceeded the minimum number of sam-
ple points required, the MDCs reported were not sufficient to meet the requirements of the Soil
Remediation Action Support Survey Plan (Reference 5). Therefore, 12 soil samples were collected using
the random-start, triangular sampling grid in Survey Unit 9 (Sample Nos. 1279 through 1290). Some of
the samples were collected beneath 2 to 3 feet of gravel. The results are summarized in Table 6.1-9 and
the sample locations are shown in Figure 6.1-42. All analytical results were less than unity (<1.0) using

the DCGLy, values; therefore, Survey Unit 9 passed all relevant statistical tests.

6.1.54 Survey Unit 10
The gross gamma data collected in 1995 (see Section 6.1.5) in Survey Unit 10 was sufficient to meet the

requirements of the Soil Remediation Action Support Survey Plan (Reference 5). The 10- to 100-percent
coverage required for a Class 2 survey unit was achieved by the 78-percent coverage 2-meter-by-2-meter
intersect fixed-point measurements. The increased sensitivity of a 3-inch-by-3-inch Nal detector relative
to the standard 2-inch-by-2-inch Nal detectors used to perform final status surveys ensured a scanning
minimum detectable concentration less than the acceptance criteria, when the background gross gamma
count rate approached normal background. The background gross gamma count rate in Survey Unit 10
approached normal background at the time of the survey. Therefore, the characterization gross gamma

survey data was used as the final status survey in Survey Unit 10. The results are presented in
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Appendix B (adapted from Appendix F of the 1995 Characterization Report) and Figures 6.1-43, 6.1-44,
6.1-45, and 6.1-46. The results reveal no elevated areas.

The area of Survey Unit 10 was approximately 78,780 ft* (7,319 m?). All but a small area south of the
retention pond was surveyed in 1995. The area that was not surveyed in 1995 was surveyed in October
2001 using a standard 2-inch-by-2-inch Nal detector at 100-percent coverage. The results are presented
in Figure 6.1-47. Also in October 2001, a series of 1-minute fixed counts of gross gamma activity using a
2-inch-by-2-inch Nal detector were performed at 58 of the original (1994 and 1995) locations to validate
the original data. The results are presented in Table 6.1-10 and Figure 6.1-48. A correlation coefficient
(r value) was calculated to evaluate the agreement between the two sets of data. The calculated r value
(0.705) is more than double the 95-percent confidence level r value (0.316) for 57 degrees of freedom.

Thus, historical gross gamma survey data are representative of current (2001) soil conditions.

In 1995, soil samples were taken on an approximate 20-meter-by-20-meter grid system and analyzed by
gamma spectrometry. Although the sampling was systematic and exceeded the minimum number of sam-
ple points required, the MDCs reported were not sufficient to meet the requirements of the Soil
Remediation Action Support Survey Plan (Reference 5). Therefore, 12 soil samples were collected using
the random-start, triangular sampling grid in Survey Unit 10 (Sample Nos. 1233 through 1244). The
results are summarized in Table 6.1-11 and the sample locations are shown in Figure 6.1-49. All
analytical results are less than unity (<1.0) using the DCGLy,; values; therefore, Survey Unit 10 passed

all relevant statistical tests.

6.2 Study Area 2
Study Area 2 included the 12 survey units shown in Figure 5-4. All the survey units within Study Area 2

were Class 1 Areas.

6.2.1 Survey Unit1
Survey Unit 1 is located within the solid and liquid waste processing area and contained the former con-

crete LWRB. Due to the size of the excavation, the bottom and walls of the excavation were considered
separate survey units (Survey Unit 1B and Survey Unit 1W). The LWRB excavation was backfilled in
2-foot lifts to assure adequate soil compaction. After placing 4 feet of gravel, 2 feet of off-site fill

material was placed in the excavation; subsequent lifts placed ABM. A final status survey was conducted
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on the bottom of the basin (prior to gravel placement) and after placement of each lift of ABM. A total of
six 2-foot lifts of ABM were placed. The results of each final status survey are described below.

6.2.1.1 Survey Unit 1B — Bottom of LWRB
After removal of the concrete walls and floor of the LWRB, the final status survey (100 percent gamma

survey) and soil sampling was performed on April 20 and 21, 2001. The survey was performed using a
2-meter-by-2-meter grid on the floor of the excavation. The grids were labeled west to east with the
letters “A” through “I” and south to north with the numbers 1 through 12 (Figure 6.2-1). The walls of the
excavation are considered a separate survey unit (SU1W). The area of the bottom of the excavation was

approximately 6,355 ft* (590m?).

The following table and Figures 6.2-2 and 6.2-3 (trend of average and background measurements) sum-

marize the results of the 100 percent gamma scan readings on the floor of the bottom of the excavation:

Statistical Parameter Floor (cpm)
Average 25,300
Standard Deviation 1,500
Minimum Value 22,000
Maximum Value 29,000
Median Value 25,000

Eight sample locations were located using the random-start, triangular sampling grid. However, due to
the bedrock surface, only five samples were obtainable. Earth Sciences’ sample numbers for these
samples are 2496, 2497, 2501, 2502, and 2503. The results are summarized in Table 6.2-1 and the sample
locations are shown in Figure 6.2-4. All analytical results were less than unity (<1.0) using the DCGLroa
values; therefore, the bottom of the excavation passed all relevant statistical tests. Approval to place the
gravel and first lift (2 feet of off-site material followed by a layer of ABM) in Survey Unit 1 was given on
April 25, 2001. The first lift of ABM was complete on April 28, 2001.

6.2.1.2 Survey Unit 1W — Walls of LWRB

The final status survey (100 percent gamma survey) was performed on the walls of the LWRB in con-

junction with each “lift” survey of ABM in April and May 2001. The survey was performed using a
2-meter-by-2-meter grid on the walls of the excavation. The grids were labeled “A” through “CI” clock-
wise starting in the southwest corner and bottom to top with the numbers 1 through 8 (Figure 6.2-5). The
area of the walls was approximately 20,024 ft* (1,860 m?).
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The following table and Figures 6.2-6, 6.2-7, 6.2-8, and 6.2-9 (trend of average and background meas-
urements) summarize the results of the 100 percent gamma scan readings from the walls of the

excavation:

_Statistical Parameter Walls (cpm)
Average 22,000
Standard Deviation 3,000
Minimum Value 16,500
Maximum Value 37,000
Median Value 22,000

Eight soil samples were collected using the random-start, triangular sampling grid (Sample Nos. 2504
through 2511). The results are summarized in Table 6.2-2 and the sample locations are shown in
Figure 6.2-10. All analytical results were less than unity (<1.0) using the DCGLry values; therefore, the
walls of the LWRB excavation passed all relevant statistical tests.

6.2.1.3 Survey Unit 1 — First Lift of ABM

The final status survey (100 percent gamma survey) and soil sampling was performed on the first lift of
ABM on April 27, 2001 and April 28, 2001 using a 2-meter-by-2-meter grid. The grids were labeled west
to east with the letters “A” through “K” and south to north with the numbers 1 through 13 (Figure 6.2-11).
The area of the first lift of ABM was approximately 7,553 ft* (702 m).

The following table and Figure 6.2-12 (trend of average readings; insufficient number of data points to
show background trend plot) summarize the results of the 100 percent gamma scan readings from the

floor above of the first lift of ABM:

Statistical Parameter Floor (cpm)
Average 22,900
Standard Deviation 700
Minimum Value 22,000
Maximum Value 24,000
Median Value 23,000

Eight soil samples were collected using the random-start, triangular sampling grid (Sample Nos. 2524
through 2531). The results are summarized in Table 6.2-3 and the sample locations are shown in

Figure 6.2-13. All analytical results were less than unity (<1.0) using the DCGLr.; values; therefore, the
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first lift of ABM passed all relevant statistical tests. Approval to place the second lift of ABM was given
on May 1, 2001. The backfill was completed on May 2, 2001.

6.2.1.4 Survey Unit 1 — Second Lift of ABM

The final status survey (100 percent gamma survey) and soil sampling was performed on the second lift

of ABM on May 2, 2001 using a 2-meter-by-2-meter grid. The grids were labeled west to east with the
letters “A” through “M” and south to north with the numbers 1 through 16 (Figure 6.2-14). The area of
the second lift of ABM was approximately 9,270 ft* (861m?).

The following table and Figures 6.2-15 and 6.2-16 (trend of average and background measure‘ments)
summarize the results of the 100 percent gamma scan readings from the floor above the second lift of

ABM:

Statistical Parameter Floor (cpm)
Average 21,400
Standard Deviation 1,300
Minimum Value 19,000
Maximum Value 25,000
Median Value 22,000

Eight soil samples were collected using the random-start, triangular sampling grid (Sample Nos. 2540
through 2547). The results are summarized in Table 6.2-4 and the sample locations are shown in Figure
6.2-17. All analytical results were less than unity (<1.0) using the DCGLrya values; therefore, the second
lift of ABM passed all relevant statistical tests. Approval to place the third lift of ABM was given on
May 4, 2001. The backfill was completed on May 5, 2001.

6.2.1.5 Survey Unit 1 —Third Lift of ABM
The final status survey (100 percent gamma survey) and soil sampling was performed on the third lift of

ABM on May 5 and May 7, 2001 using a 2-meter-by-2-meter grid. The grids were labeled west to east
with the letters “A” through “N” and south to north with the numbers 1 through 20 (Figure 6.2-18). The
area of the third lift of ABM was approximately 12,517 ft* (1,163 m®).

The following table and Figures 6.2-19 and 6.2-20 (trend of average and background measurements)

summarize the results of the 100 percent gamma scan readings from the floor above the third lift of ABM:
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Statistical Parameter Floor (cpm)
Average 23,800
Standard Deviation 1,300
Minimum Value 22,000
Maximum Value 27,000
Median Value 23,500

Fight soil samples were collected using the random-start, triangular sampling grid (Sample Nos. 2561
through 2568). The results are summarized in Table 6.2-5 and the sample locations are shown in Figure
6.2-21. All analytical results were less than unity (<1.0) vsing the DCGLrq. values; therefore, the third
lift of ABM passed all relevant statistical tests. Approval to place the fourth lift of ABM was given on
May 9, 2001. The backfill was completed on May 10, 2001.

6.2.1.6 Survey Unit 1 — Fourth Lift of ABM

The final status survey (100 percent gamma survey) and soil sampling was performed on the fourth lift of
ABM on May 10 and May 11, 2001 using a 2-meter-by-2-meter grid. The grids were labeled west to east
with the letters “A” through “T” and south to north with the numbers 1 through 18 (Figure 6.2-22). The
area of the fourth lift of ABM was approximately 17,705 f¢* (1,645 m®).

The following table and Figures 6.2-23 and 6.2-24 (trend of average and background measurements)
summarize the results of the 100 percent gamma scan readings from the floor above the fourth lift of

ABM:

Statistical Parameter Floor (cpm)
Average 23,600
Standard Deviation 1,300
Minimum Value 19,000
Maximum Value 28,000
Median Value 23,500

Eight soil samples were collected using the random-start, triangular sampling grid (Sample Nos. 2581
through 2588). The results are summarized in Table 6.2-6 and the sample locations are shown in Figure
6.2-25. All analytical results were less than unity (<1.0) using the DCGLyq, values; therefore, the fourth
lift of ABM passed all relevant statistical tests. Approval to place the fifth lift of ABM was given on
May 11, 2001. The backfill was completed on May 14, 2001.
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6.2.1.7 Survey Unit 1 — Fifth Lift of ABM

The final status survey (100 percent gamma survey) and soil sampling was performed on the fifth lift of
ABM on May 14, May 15, and May 16, 2001 using a 2-meter-by-2-meter grid. The grids were labeled
west to east with the letters “A” through “T” and south to north with the numbers 1 through 20
(Figure 6.2-26). The area of the fifth lift of ABM was approximately 19,472 ft* (1,809 m?).

The following table and Figures 6.2-27 and 6.2-28 (trend of average and background measurements)

summarize the results of the 100 percent gamma scan readings from the floor above the fifth lift of ABM:

Statistical Parameter Floor (cpm)
Average 22,700
Standard Deviation 1,700
Minimum Value 18,000
Maximum Value 26,000
Median Value 23,000

Fight soil samples were collected using the random-start, triangular sampling grid (Sample Nos. 2591
through 2598). The analytical results for Sample No. 2593 failed unity (>1.0) for both DCGLrq, and
DCGLw (upon receipt of Sr-90 results). Therefore, another sample was collected (Sample No. 2601)
beneath the location of Sample No. 2593 to verify that no contamination existed. (Apparently, the sample
location was remediated by collection of Sample No. 2601.) This sample passed all relevant statistical
tests and is used in place of Sample No. 2593 for the final status survey. Regardless, due to the
20 percent safety factor inherent in the sample density calculation, the results for Sample No. 2601 were
not required to be considered in assessing survey unit conditions. The results are summarized in Table
6.2-7 and the sample locations are shown in Figure 6.2-29. Approval to place the sixth lift of ABM was
given on May 17, 2001. The backfill was completed on May 21, 2001.

6.2.1.8 Survey Unit 1 — Sixth Lift of ABM
The final status survey (100 percent gamma survey) and soil sampling was performed on the sixth lift of

ABM on May 21, 2001 using a 2-meter-by-2-meter grid. The grids were labeled west to east with the
letters “A” through “T” and south to north with the numbers 1 through 21 (Figure 6.2-30). The area of
the sixth lift of ABM was approximately 20,090 ft* (1,866 m?).

The following table and Figures 6.2-31 and 6.2-32 (trend of average and background measurements)

summarize the results of the 100 percent gamma scan readings from the floor above the sixth lift of ABM:
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Statistical Parameter Floor (cpm)
Average 20,400
Standard Deviation 1,400
Minimum Value 17,000
Maximum Value 26,000
Median Value 20,000

Eight soil samples were collected using the random-start, triangular sampling grid (Sample Nos. 2624
through 2631). The results are summarized in Table 6.2-8 and the sample locations are shown in
Figure 6.2-33. All analytical results were less than unity (<1.0) using the DCGLr., values; therefore, the
sixth lift of ABM passed all relevant statistical tests.

6.2.2 Survey Unit 2
As described in Chapter 5.0, Survey Unit 2 was reconfigured due to a re-examination of historical site

assessment documentation indicating the WTR Basins 2 and 3 ending further north (within Survey
Unit 3). Therefore, the northern portion of Survey Unit 2 (containing overburden material) was excavated
in conjunction with the remediation of Survey Unit 3. This portion of Survey Unit 2 was designated as
the “trench” area. The southern portion of Survey Unit 2 was designated as the “nontrench” area. The
trench area was backfilled in 2-foot lifts to assure adequate soil compaction. After placing 2 feet of off-
site fill material in the excavation, subsequent lifts contained ABM. A final status survey was conducted
on the bottom of the trench (prior to off-site material placement) and after each lift of ABM. A total of
four 2-foot lifts of ABM were placed in the trench area. The results of each final status survey are
described below.

6.2.2.1 Survey Unit 2 — Trench Excavation Bottom

A final status survey (100 percent gamma survey) of the trench excavation bottom and walls of Survey
Unit 2 was performed on November 15, 2000. The survey was performed using 10-meter-by-10-meter
grids on the floor of the excavation and relevant portions of the walls. The grids were labeled west to east
with the letters “A” through “C” and south to north with the numbers 1 through 2 (Figure 6.2-34). The
walls of the excavation (up to 1.3 meters high and 10 meters wide) were labeled “A” to “J” clockwise
starting in the southwest corner. The area of the bottom of the trench excavation was approximately
10,530 ft* (978 m®) and the total area (trench and nontrench areas) of Survey Unit 2 was approximately
20,948 ft* (1,946 m®).
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The following table and Figure 6.2-35 (trend of average readings; insufficient number of measurements
were taken to effectively display the background isopleth) summarize the results of the 100 percent

gamma scan readings from the floor and walls of the trench area of Survey Unit 2:

Statistical Parameter Floor (cpm) Walls (cpm)
Average 26,200 24,900
Standard Deviation 2,600 2,000
Minimum Value 23,000 23,000
Maximum Value 29,000 28,000
Median Value 27,000 25,000

Due to an increase in background readings, a higher sample density was used to compensate for an
increase in uncertainty brought about by the higher scan MDC (refer to method discussed in Section 2.8).
Based on the ratio of the calculated scan MDC for the increased background, the minimum number of
samples (N) was increased to 12. Therefore, 12 soil samples were collected throughout the entire survey
unit using the random-start, triangular sampling grid (2249 through 2260). The results are summarized in
Table 6.2-9 and the sample locations are shown in Figure 6.2-36. All analytical results were less than
unity (<1.0) using the DCGLyq. values; therefore, the bottom of the excavation passed all relevant
statistical tests. However, it was noted the calculated weighted standard deviation (0.29) exceeded the
estimated standard deviation. This finding was inconsequential because the calculated standard deviation
(0.29) would require seven samples, which is less than the 12 samples collected (refer to Section 6.2.10
for an example recalculation of N. Therefore, no additional sampling was required. Approval to place
the first two lifts of soil (one layer of off-site borrow followed by a layer of ABM) in the trench portion of
Survey Unit 2 was given on November 17, 2000. The backfill was completed on November 21, 2000.

6.2.2.2 Survey Unit 2 — Trench — 1st Lift of ABM

A final status survey (100 percent gamma survey) of the trench area of Survey Unit 2 was performed on
the first lift of ABM on November 21, 2000 using 10-meter-by-10-meter grids. The grids were labeled
west to east with the letters “A” through “C” and south to north with the numbers 1 through 2

(Figure 6.2-37). The walls of the excavation (up to 1.3 meters high and 10 meters wide) were labeled “A”
to “J” clockwise starting in the southwest corner. The area of the trench excavation was approximately

11,205 ft* (1,041 m?) and the area of Survey Unit 2 was approximately 20,948 ft* (1,946 m®).



51

The following table and Figure 6.2-38 (trend of average readings; insufficient number of measurements
were taken to effectively display the background isopleth) summarize the results of the 100 percent
gamma scan readings from the floor and walls of the trench area above the first lift of ABM:

Statistical Parameter Floor (cpm) Walls (cpm)
Average 19,800 19,000
Standard Deviation 400 600
Minimum Value 19,000 18,000
Maximum Value 20,000 20,000
Median Value 20,000 19,000

Due to an increase in background levels, a higher sample density (12 samples) was used to compensate
for an increase in uncertainty brought about by the higher scan MDC (refer to method discussed in
Section 2.8). However, only seven of the samples were located in the “trench” area that was backfilled
with a 2-foot layer of ABM. Therefore, seven soil samples were collected from the first lift of ABM in
Survey Unit 2 using the random-start, triangular sampling grid (2280 through 2286). The results are
summarized in Table 6.2-10 and the sample locations are shown in Figure 6.2-39. All analytical results
were less than unity (<1.0) using the DCGLyoa values; therefore, the first lift of ABM passed all relevant
statistical tests. Approval to place the second layer of ABM in the trench portion of Survey Unit 2 was
given on November 28, 2000. The backfill was completed on December 2, 2000.

6.2.2.3 Survey Unit 2 — Trench — 2nd Lift of ABM

A final status survey (100 percent gamma survey) of the trench area of Survey Unit 2 was performed on
the second lift of ABM on December 2, 2000 using 10-meter-by-10-meter grids. The grids were labeled
west to east with the letters “A” through “C” and south to north with the numbers 1 through 2
(Figure 6.2-40). The walls of the excavation (up to 1.3 meters high and 10 meters wide) were labeled “A”
to “J” clockwise starting in the southwest corner. The area of the trench excavation was approximately

6,402 fi* (595 m?) and the area of Survey Unit 2 was approximately 16,560 ft* (1,538 m®).

The following table and Figures 6.2-41 and 6.2-42 (trend of average and background readings) summarize
the results of the 100 percent gamma scan readings from the floor and walls of the trench area above the

second lift of ABM:
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Statistical Parameter Floor (cpm) Walls (cpm)
Average 18,500 17,000
Standard Deviation 500 1,000
Minimum Value 18,000 16,000
Maximum Value 19,000 18,000
Median Value 18,500 17,000

Due to an increase in background levels, a higher sample density (12 samples) was used to compensate
for an increase in uncertainty brought about by the higher scan MDC (refer to method discussed in
Section 2.8). However, only five of the samples were located in the “trench” area that was backfilled
with a 2-foot layer of ABM. Therefore, five soil samples were collected from the second lift of ABM in
Survey Unit 2 using the random-start, triangular sampling grid (Sample Nos. 2302 through 2306). The
results are summarized in Table 6.2-11 and the sample locations are shown in Figure 6.2-43. All
analytical results were less than unity (<1.0) using the DCGLrot values; therefore, the second lift of
ABM passed all relevant statistical tests. Approval to place the third lift of ABM was given on
December 8, 2000. The backfill was completed on December 11, 2000.

6.2.2.4 Survey Unit 2 — Trench — 3rd Lift of ABM

A final status survey (100 percent gamma survey) of the trench area of Survey Unit 2 was performed on
the third lift of ABM on December 11, 2000 using 10-meter-by-10-meter grids. The grids were labeled
west to east with the letters “A” through “C” and south to north with the numbers 1 through 2 (Figure
6.2-44). The walls of the excavation (up to 0.66 meter high and 10 meters wide) were labeled “A” to “J”

clockwise starting in the southwest corner. The area of the bottom of the trench excavation was approxi-

mately 6,732 ft* (625 m?) and the area of Survey Unit 2 was approximately 16,856 ft” (1,566 m®).

The following table and Figures 6.2-45 and 6.2-46 (trend of average and background readings) summarize
the results of the 100 percent gamma scan readings from the floor and walls of the trench above the third
lift of ABM:

Statistical Parameter Floor (cpm) Walls (cpm)
Average 18,800 19,500
Standard Deviation 400 - 2,100
Minimum Value 18,000 18,000
Maximum Value 19,000 21,000
Median Value 19,000 19,500
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Due to an increase in background levels, a higher sample density (12 samples) was used to compensate
for an increase in uncertainty bought about by the higher scan MDC (refer to method discussed in
Section 2.8). However, only five of the samples were located in the “trench” area that was backfilled
with a 2-foot layer of ABM. Therefore, five soil samples were collected from the third lift of ABM in
Survey Unit 2 using the random-start, triangular sampling grid (Sample Nos. 2327 through 2331). The
results are summarized in Table 6.2-12 and the sample locations are shown in Figure 6.2-47. All
analytical results were less than unity (<1.0) using the DCGLryy values; therefore, the third lift of ABM
passed all relevant statistical tests. Approval to place the fourth lift of ABM was given on December 13,
2000. The backfill was completed on December 15, 2000.

6.2.2.5 Survey Unit 2 — Trench — 4th Lift of ABM

A final status survey (100 percent gamma survey) of the nontrench area and trench area of Survey Unit 2

was performed on December 5, 2000 and December 15, 2000 respectively. The survey was performed
using 10-meter-by-10-meter grids on the floor of the Survey Unit 2. The grid was labeled west to east
with the letters “A” through “D” and south to north with the numbers 1 to 5 (Figure 6.2-48). The area of
Survey Unit 2 was approximately 16,856 ft* (1,566 m?).

The following table and Figures 6.2-49 and 6.2-50 (trend of average and background readings) summarize
the results of the 100 percent gamma scan readings from the trench area and nontrench area of Survey
Unit 2:

Statistical Parameter Floor (cpm)
Average 18,900
Standard Deviation 2,000
Minimum Value 16,000
Maximum Value 23,000
Median Value 18,300

Eight soil samples were collected using the random-start, triangular sampling grid (Sample Nos. 2346 to
2353). The results are summarized in Table 6.2-13 and the sample locations are shown in Figure 6.2-51.
All analytical results were less than unity (<1.0) using the DCGLyy, values.

6.2.3 Survey Unit 3
As described in Chapter 5.0, Survey Unit 3 was reconfigured due to a re-examination of historical site

assessment documentation indicating the WTR Basins 2 and 3 ended further north. Therefore, Survey
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Unit 3 was reconfigured to include both WTR Basins 2 and 3. Survey Unit 3 was backfilled in 2-foot lifts
to assure adequate soil compaction. After placing 2 feet of off-site fill material in the excavation, subse-
quent lifts placed ABM. A final status survey was conducted on the bottom of the excavation (prior to
off-site material placement) and after each lift of ABM. A total of four 2-foot lifts of ABM were placed

in Survey Unit 3. The results of each final status survey are described below.

6.2.3.1 Survey Unit 3 — Excavation Bottom

A final status survey (100 percent gamma survey) of Survey Unit 3 was performed on November 15,
2000 using 2-meter-by-2-meter grids on the floor of the excavation. The grids were labeled west to east
with the letters “A” through “L” and south to north with the numbers 1 through 13 (Figure 6.2-52). The
walls of the excavation (up to 1.3 meters high and 2 meters wide) were labeled “A” through “AX” clock-
wise starting in the southwest corner. The area of the bottom of Survey Unit 3 was approximately

7,300 £t (678 m?).

The following table and Figures 6.2-53 and 6.2-54 (trend of average and background measurements)

summarize the results of the 100 percent gamma scan readings from the floor and walls of the excavation

bottom:
Statistical Parameter Floor (cpm) ) Walls (cpm)
Average 24,100 23,300
Standard Deviation 2,100 2,500
Minimum Value 20,000 19,000
Maximum Value 31,000 30,000
Median Value 24,000 23,000

Eight soil samples were collected throughout the survey unit using the random-start, triangular sampling
grid (Sample Nos. 2241 through 2248). The results are summarized in Table 6.2-14 and the sample loca-
tions are shown in Figure 6.2-55. All analytical results were less than unity (<1.0) using the DCGLrota
values; therefore, the bottom of the excavation passed all relevant statistical tests. Approval to place the
first two lifts (one layer of off-site borrow followed by a layer of ABM) was given on November 17,
2000. The backfill was completed on November 20, 2000.

6.2.3.2 Survey Unit 3 — 1st Lift of ABM

The final status survey (100 percent gamma survey) and soil sampling was performed on the first lift of

ABM on November 20 and November 21, 2000 using 2-meter-by-2-meter grids. The grids were labeled
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west to east with the letters “A” through “M” and south to north with the numbers 1 through 14 (Figure
6.2-56). The walls of the excavation (up to 1.3 meters high and 2 meters wide) were labeled “A” through
“A0” clockwise starting in the southwest corner. The area of the bottom of the excavation was approxi-
mately 9,300 ft* (864 m?).

The following table and Figures 6.2-57 and 6.2-58 (trend of average and background measurements)
summarize the results of the 100 percent gamma scan readings from the floor and walls above the first lift
of ABM:

Statistical Parameter Floor (cpm) Walls (cpm)
Average 19,300 18,800
Standard Deviation 1,000 1,200
Minimum Value 17,000 17,000
Maximum Value 23,000 22,000
Median Value 19,000 18,000

Eight soil samples were collected throughout the survey unit using the random-start, triangular sampling
grid (Sample Nos. 2272 through 2279). The results are summarized in Table 6.2-15 and the sample loca-
tions are shown in Figure 6.2-59. All analytical results were less than unity (<1.0) using the DCGLryota
values; therefore, the first lift of ABM passed all relevant statistical tests. Approval to place the second
lift of ABM was given on November 28, 2000. The backfill was completed on December 1, 2000.

6.2.3.3 Survey Unit 3 — 2nd Lift of ABM

The final status survey (100 percent gamma survey) and soil sampling was performed on the second lift

of ABM on December 1 and 2, 2000 using 2-meter-by-2-meter grids. The grids were labeled west to east
with the letters “A” through “M” and south to north with the numbers 1 through 14 (Figure 6.2-60). The
walls of the excavation (up to 1.3 meters high and 2 meters wide) were labeled “A” through “AO” clock-
wise starting in the southwest corner. The area of the bottom of the excavation was approximately

10,400 ft* (966 m?).

The following table and Figures 6.2-61 and 6.2-62 (trend of average and background measurements)
summarize the results of the 100 percent gamma scan readings from the floor and walls above the second

lift of ABM in Survey Unit 3:
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Statistical Parameter Floor {(cpm) Walls (cpm)
Average 18,000 : 17,300
Standard Deviation 600 1,000
Minimum Value 16,000 15,000
Maximum Value 22,000 19,000
Median Value 18,000 17,000

Eight soil samples were collected throughout Survey Unit 3 using the random-start, triangular sampling
grid (Sample Nos. 2294 through 2301). The results are summarized in Table 6.2-16 and the sample loca-
tions are shown in Figure 6.2-63. All analytical results were less than unity (<1.0) using the DCGLyot
values; therefore, the second lift of ABM passed all relevant statistical tests. Approval to place the third
lift of ABM was given on December 8, 2000. The backfill was completed on December 11, 2000.

6.2.3.4 Survey Unit 3 — 3rd Lift of ABM
The final status survey (100 percent gamma survey) and soil sampling was performed on the third lift of

ABM on December 11, 2000 using 2-meter-by-2-meter grids. The grids were labeled west to east with
the letters “A” through “N” and south to north with the numbers 1 through 15 (Figure 6.2-64). The walls
of the excavation (up to 1.3 meters high and 2 meters wide) were labeled “A” through “AR” clockwise

starting in the southwest corner. The area of the bottom of the excavation was approximately 10,490 ft?

(975 m®).

The following table and Figure 6.2-65 and 6.2-66 (trend of average and background measurements) sum-
marize the results of the 100 percent gamma scan readings from the floor and walls above the third lift of

ABM:

Statistical Parameter Floor (cpm) Walls (cpm)
Average 18,500 18,100
Standard Deviation 700 1,600
Minimum Value 17,000 14,000
Maximum Value 20,000 21,500
Median Value 19,000 18,000

Eight soil samples were collected throughout Survey Unit 3 using the random-start, triangular sampling
grid (Sample Nos. 2318 through 2325). The results are summarized in Table 6.2-17 and the sample loca-
tions are shown in Figure 6.2-67. All analytical results were less than unity (<1.0) using the DCGLyq
values; therefore, the third lift of ABM passed all relevant statistical tests. Approval to place the fourth
lift of ABM was given on December 13, 2000. The backfill was completed on December 15, 2000.
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6.2.3.5 Survey Unit 3 — 4th Lift of ABM
The final status survey (100 percent gamma survey) and soil sampling was performed on the fourth lift of

ABM on December 15, 2000 using 2-meter-by-2-meter grids. The grids were labeled west to east with
the letters “A” through “R” and south to north with the numbers 1 through 18 (Figure 6.2-68). The walls
of the excavation (up to 1.3 meters high and 2 meters wide) were labeled Al through B3 above the

southwest corner. The area of the bottom of the excavation was approximately 14,600 ft* (1,356 m?).

The following table and Figures 6.2-69 and 6.2-70 (trend of average and background measurements)
summarize the results of the 100 percent gamma scan readings from the floor and walls above the fourth

lift of ABM:

Statistical Parameter Floor (cpm) Walls (cpm)
Average 16,900 19,200
Standard Deviation 1,600 800
Minimum Value 10,000 18,000
Maximum Value 20,000 20,000
Median Value 17,000 19,000

Eight soil samples were collected throughout the survey unit using the random-start, triangular sampling
grid (Sample Nos. 2333 through 2340). The results are shown in Table 6.2-18 and the sample locations
are shown in Figure 6.2-71. All analytical results were less than unity (<1.0) using the DCGLrq values;
therefore, the fourth lift passed all relevant statistical tests.

6.2.4 Survey Unit4
Survey Unit 4 was located in the northwest corner of Study Area 2. The final status survey (100 percent

gamma survey) was performed on May 18, May 23, June 4, June 5, July 31, and August 1, 2001 using
10-meter-by-10-meter grids. The grids were labeled west to east with the letters “A” through “G” and
south to north with the numbers 1 through 5 (Figure 6.2-72). The area of this survey unit was
approximately 20,290 ft* (1,885 m?).

The following table and Figures 6.2-73 and 6.2-74 (trend of average and background measurements)

summarize the results of the 100 percent gamma scan readings from Survey Unit 4:
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Statistical Parameter Gamma Scans (cpm)
Average 21,000
Standard Deviation 3,200
Minimum Value 14,000
Maximum Value 27,000
Median Value 21,000

Eight soil samples were collected using the random-start, triangular sampling grid in Survey Unit 4
(Sample Nos. 2635 through 2642). The results are summarized in Table 6.2-19 and the sample locations
are shown in Figure 6.2-75. All analytical results were less than unity (<1.0) using the DCGLrqy values;

therefore, Survey Unit 4 passed all relevant statistical tests.

6.2.5 Survey Unit5
Survey Unit 5 was located in the north-central portion of Study Area 2. The final status survey (100 per-

cent gamma survey) was performed on May 9, May 24, May 30, May 31, June 1, and June 4, using
10-meter-by-10-meter grids. The grids were labeled west to east with the letters “A” through “D” and
south to north with the numbers 1 through 9 (Figure 6.2-76). The area of this survey unit was
approximately 21,528 ft* (2,000 m®).

The following table and Figures 6.2-77 and 6.2-78 (trend of average and background measurements)

summarize the results of the 100 percent gamma scan readings from Survey Unit 5:

Statistical Parameter Gamma Scan (cpm)
Average 19,800
Standard Deviation 2,600
Minimum Value 14,000
Maximum Value 24,000
Median Value 20,000

Eight soil samples were collected using the random-start, triangular sampling grid in Survey Unit 5
(Sample Nos. 2571 through 2578). The results are summarized in Table 6.2-20 and the sample locations
are shown in Figure 6.2-79. All analytical results were less than unity (<1.0) using the DCGLrya values;

therefore, Survey Unit 5 passed all relevant statistical tests.

6.2.6  Survey Unit 6
Survey Unit 6 was located along the eastern border of Study Area 2. The final status survey (100 percent

gamma survey) was performed in Survey Unit 6 on March 12 and March 13, 2001 using 10-meter-by-
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10-meter grids. The grids were labeled west to east with the letters “A” and “B” and south to north with
the numbers 1 through 6 (Figure 6.2-80). The area of Survey Unit 6 was approximately 9,257 ft*
(860 m?).

The following table and Figures 6.2-81 and 6.2-82 (trend of average and background measurements)

summarize the results of the 100 percent gamma scan readings from Survey Unit 6:

Statistical Parameter Gamma Scan (cpm)
Average 14,900
Standard Deviation 1,300
Minimum Value 13,000
Maximum Value 17,000
Median Value 15,000

Eight soil samples were collected in Survey Unit 6 using the random-start, triangular sampling grid
(Sample Nos. 2422 through 2429). Sample No. 2429 fell along the eastern border of Survey Unit 6,
which contained off-site backfill material placed to control soil erosion. Therefore, Sample No. 2429 was
off-site borrow, whereas Sample No. 2420 (composite sample collected underneath location of Sample
No. 2429 prior to backfilling) represented the final exposed condition in that area of Survey Unit 6. The
results are summarized in Table 6.2-21 and the sample locations are shown in Figure 6.2-83. All analyti-
cal results were less than unity (<1.0) using the DCGLyya values; therefore, Survey Unit 6 passed all

relevant statistical tests.

6.2.7 Survey Unit 7
The final status survey (100 percent gamma survey) was performed on August 22, August 24, August 27,

and August 30, 2001. The survey was performed using 10-meter-by-10-meter grids labeled west to east
with the letters “A” through “D” and south to north with the numbers 1 through 12 (Figure 6.2-84). The
area of Survey Unit 7 was approximately 20,451 ft? (1,900 m®).

The following table and Figures 6.2-85 and 6.2-86 (trend of average and background measurements)

summarize the results of the 100 percent gamma scan readings from Survey Unit 7:
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Statistical Parameter Gamma Scan (cpm)
Average 19,700
Standard Deviation : 2,100
Minimum Value 16,000
Maximum Value 24,000
Median Value 20,000

Eight soil samples were collected using the random-start, triangular sampling grid in Survey Unit 7
(Sample Nos. 2408 through 2415). The results are summarized in Table 6.2-22 and the sample locations
are shown in Figure 6.2-87. The analytical results for the eight samples are less than unity (<1.0) using
the DCGLy,,; values.

6.2.8 Survey Unit 8
The final status survey (100 percent gamma survey) was performed on May 16, May 18, May 21,

August 15, September 4, September 5, September 6, and September 7, 2001. The survey was performed
using 10-meter-by-10 meter grids labeled west to east with the letters “A” through “D” and south to north
with the numbers 1 through 7 (Figure 6.2-88). The area of Survey Unit 8 was approximately 20,615 ft*
(1,915 m?).

The following table and Figures 6.2-89 and 6.2-90 (trend of average and background measurements)

summarize the results of the 100 percent gamma scan readings from Survey Unit 8:

Statistical Parameter Gamma Scan (cpm)
Average 20,400
Standard Deviation 2,600
Minimum Value 15,000
Maximum Value 24,500
Median Value 21,000

Eight soil sample locations were located using the random-start, triangular sampling grid in Survey Unit 8
(Sample Nos. 2603 through 2610). However, only seven of the eight samples were collected due to bed-
rock surface encountered at Sample No. 2606 (located near Monitoring Well MW-40). The results are
summarized in Table 6.2-23 and the sample locations are shown in Figure 6.2-91. All analytical results
were less than unity (<1.0) using the DCGLyyy values; therefore, Survey Unit 8 passed all relevant
statistical tests.
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6.2.9 Survey Unit 11
The final status survey (100 percent gamma survey) was performed on July 20, July 23, July 24, Septem-

ber 5, September 6, and September 7, 2001. The survey was performed using 10-meter-by-10-meter grids
labeled west to east with the letters “A” through “J” and south to north with the numbers 1 through 6
(Figure 6.2-92). The area of Survey Unit 11 was approximately 18,514 ft* (1,720 m®).

The following table and Figures 6.2-93 and 6.2-94 (trend of average and background measurements)

summarize the results of the 100 percent gamma scan readings from Survey Unit 11:

Statistical Parameter Gamma Scan (cpm)
Average 15,800
Standard Deviation 1,500
Minimum Value ' 13,000
Maximum Value 19,000
Median Value 16,000

Eight soil samples were collected using the random-start, triangular sampling grid in Survey Unit 11
(Sample Nos. 2657 through 2664). The results are summarized in Table 6.2-24 and the sample locations
are shown in Figure 6.2-95. All analytical results were less than unity (<1.0) using the DCGLra values;

therefore, Survey Unit 11 passed all relevant statistical tests.

6.2.10 Survey Unit 12

The 100 percent gamma survey was performed in Survey Unit 12 on October 3, October 4, and Octo-
ber 10, 2000 using 10-meter-by-10-meter grids. The grids were labeled north to south with the letters
“A” through “E” and west to east with the numbers 1 through 6 (Figure 6.2-96). The area of Survey
Unit 12 was approximately 20,118 ft* (1,869 m?).

The following table and Figures 6.2-97 and 6.2-98 (trend of average and background measurements)

summarize the results of the 100 percent gamma scan readings from Survey Unit 12:

Statistical Parameter Gamma Scan (cpm)
Average 25,000
Standard Deviation 3,900
Minimum Value 17,000
Maximum Value 31,000
Median Value 25,500
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Eight soil samples were collected in Survey Unit 12 using the random-start, triangular sampling grid
(Sample Nos. 2061 through 2068). The results are summarized in Table 6.2-25 and the sample locations
are shown in Figure 6.2-99. All analytical results were less than unity (<1.0) using the DCGLrqa values;
therefore, Survey Unit 12 passed all relevant statistical tests. However, it was noted that the calculated
weighted standard deviation (0.30) exceeded the estimated standard deviation of 0.23. Consequently, a
new relative shift value was calculated (A/c = 1.7) and the corresponding SignP (MARISSIM Table 5.4)
was 0.955435. Substituting these values into Equation 9 (with CF=1.0) resulted in the new required
number of samples, N = 7. Since the recalculated number of samples was less than the eight samples

collected, no additional sampling was required.

6.2.11 Survey Unit 13
The 100 percent gamma survey was performed in Survey Unit 13 on September 22, September 29, Octo-

ber 2, October 5, and October 7, 2000. As described in Chapter 5.0, Survey Unit 13 was extended
approximately 8 feet in the southernmost portion to include the drainage ditch. The gross gamma survey
was performed using 10-meter-by-10-meter grids labeled north to south with the letters “A” through “C”
and west to east with the numbers 1 through 7 (Figure 6.2-100). The area of Survey Unit 13 was
approximately 19,537 ft* (1,815 m).

The following table and Figures 6.2-101 and 6.2-102 (trend of average and background measurements)

summarize the results of the 100 percent gross gamma scan readings:

Statistical Parameter Gamma Scan (cpm)
Average 23,100
Standard Deviation 4,000
Minimum Value 18,000
Maximum Value -33,000
Median Value 23,500

An elevated area was identified in Grid C-5 and an EMC calculation was performed based on the
remaining elevated activity area in Grid C-5 (Table 6.2-26). As shown in Table 6.2-26, Survey Unit 13
passed the EMC calculation.

Eight soil samples were collected in Survey Unit 13 using the random-start, triangular sampling grid
(Sample Nos. 2036 through 2043). In addition, three samples were collected in the southernmost portion
to include the drainage ditch described above (Sample Nos. 2115 through 2117). However, during
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installation of a surface water discharge structure in October 2001, the soil area surrounding Sample
No. 2043 was excavated and another sample was collected at the base of the excavation below the
location of Sample No. 2043 (Sample No. 2837). Therefore, Sample No. 2837 replaced Sample No. 2043
in the statistical evaluation. The results are summarized in Table 6.2-27 and the random-start sample
locations are shown in Figure 6.2-103. All analytical results for the final survey samples were less than
unity (<1.0) using the DCGLrqa values. Data for Samples 2115 through 2117 were not included in the

summary statistics because they were not obtained in a random-start fashion.

6.2.12 Bag Farm — North and South

During remediation of Survey Unit 1 (LWRB), ground and surface water accumulated in the excavation

was pumped into cylindrical reinforced polyethylene bags prior to being processed for off-site disposal.
These bags were placed on sections of Survey Units 1, 2, 3, 5, and 6 as shown in Figure 6.2-104. Because
the surface area covered by the bags was greater than 2,000 m? and minor bag leakage was observed, two
survey units were required. These survey units were designated as “Bag Farm North” and “Bag Farm
South”. The final status survey (100 percent gamma survey) was performed on June 18, 2001. The
survey was performed using 10-meter-by-10-meter grids labeled west to east with the letters “A” through
“H” for both survey units and south to north with the numbers 1 and 2 for Bag Farm North and 1 through
3 for Bag Farm South (Figure 6.2-105). The area of Bag Farm North was approximately 11,086 ft*
(1,030 m*) and the area of Bag Farm South was approximately 17,319 ft* (1,609 m?).

The following table and Figures 6.2-106 and 6.2-107 (trend of average and background measurements)
summarize the results of the 100 percent gamma scan readings from Bag Farm North and Bag Farm

South:

Statistical Parameter Bag Farm North (cpm) Bag Farm South (cpm)
Average 15,700 16,000
Standard Deviation 930 800
Minimum Value 15,000 15,000
Maximum Value 18,000 17,000
Median Value 15,500 16,000

Eight soil samples were collected using the random-start, triangular sampling grid in each survey unit
(Sample Nos. 2672 through 2687). The results are summarized in Tables 6.2-28 and 6.2-29 and the sam-
ple locations are shown in Figure 6.2-108. All analytical results were less than unity (<1.0) using the

DCGLro values; therefore, both survey units passed all relevant statistical tests.



6.2.13 ABM West (1), Center, and East
ABM that was stockpiled in Study Area 3B was used as fill in portions of Study Area 2 (i.e., Survey Units
1,4, 5,7, and 8). The placement area of the ABM was greater than 4,000 m?; therefore, three survey

units were required. These survey units were designated as ABM-West (1), ABM-Center, and ABM-East
(Figure 6.2-109). The final status survey (100 percent gamma survey) was performed on June 21,
June 22, June 25, June 26, and June 27, 2001. The survey was performed using 10-meter-by-10-meter
grids in each survey unit and labeled west to east with letter designations and south to north with number
designations as shown in Figures 6.2-110, 6.2-111, and 6.2-112. The area of survey unit ABM-West was
approximately 14,003 ft* (1,300 m?); the area of survey unit ABM-Center was approximately 15,778 ft?
(1,466 m?); and the area of survey unit ABM-East was approximately 18,356 ft* (1,705 m?).

The following table and Figures 6.2-113, 6.2-114, and 6.2-115 (trend of average and background meas-

urements) summarize the results of the 100 percent gamma scan readings from each ABM survey unit:

Statistical Parameter | ABM-West (cpm) ABM-Center (cpm) ABM-East (cpm)
Average 22,800 19,200 18,100
Standard Deviation 1,400 1,600 700
Minimum Value 19,000 16,000 17,000
Maximum Value 26,000 22,000 20,000
Median Value 23,000 20,000 18,000

Eight soil samples were collected in each ABM survey unit using the random-start, triangular sampling
grid (Sample Nos. 2696 through 2719). The results are summarized in Tables 6.2-30, 6.2-31, and 6.2-32
and the sample locations are shown in Figures 6.2-116, 6.2-117, and 6.2-118. All analytical results are
less than unity (<1.0) using the DCGLyu values; therefore, each ABM survey unit passed all relevant

statistical tests.

6.2.14 ABM North, South, and West (2)
ABM that was stockpiled in Study Area 3B was used as fill in portions of Study Area 2 (i.e., Survey Units
1,2,3,5,8, 11, and 12). The placement area of the ABM was greater than 4,000 m?; therefore, three

survey units were required. These survey units were designated as ABM-North, ABM-South, and ABM-
West (2) (Figure 6.2-119). The final status survey (100 percent gamma survey) was performed on
September 18, September 19, and September 20, 2001. The survey was performed using 10-meter-by-

10-meter grids in each survey unit and labeled west to east with letter designations and south to north
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with number designations as shown in Figures 6.2-120, 6.2-121, and 6.2-122. The area of survey unit
ABM-North was approximately 12,160 ft* (1,130 m?); the area of survey unit ABM-South was -
approximately 12,443 f* (1,156 m?); and the area of survey unit ABM-West (2) was approximately
17,896 ft* (1,663 m®).

The following table and Figures 6.2-123, 6.2-124, and 6.2-125 (trend of average and background meas-

urements) summarize the results of the 100 percent gamma scan readings from each ABM survey unit:

Statistical Parameter | ABM-North (cpm) ABM-South (cpm) | ABM-West (2) (cpm)
Average 15,600 14,700 14,600
Standard Deviation 900 900 900
Minimum Value 14,500 12,500 13,000
Maximum Value 17,000 16,000 16,000
Median Value 15,000 15,000 15,000

Eight soil samples were collected in each ABM survey unit using the random-start, triangular sampling
grid (Sample Nos. 2809 through 2832). The results are summarized in Tables 6.2-33, 6.2-34, and 6.2-35
and the sample locations are shown in Figures 6.2-126, 6.2-127, and 6.2-128. All analytical results are
less than unity (<1.0) using the DCGLyy values; therefore, each ABM survey unit passed all relevant
statistical tests.

6.3 Study Area3
Study Area 3 included the seven survey units shown in Figure 5-6. Survey Units 1, 2, 6, and 7 were

Class 1 Areas; Survey Units 3 and 4 were Class 2 Areas; and Survey Unit 5 was a Class 3 Area.

6.3.1 Survey Units 1 and 2

The footprint of the excavated WTR Basin 1 was greater than 2,000 m?; therefore, two survey units were

delineated (Survey Units 1 and 2) for purposes of surveying a Class 1 Area. The WTR Basin 1 required
backfilling in 2-foot lifts to assure adequate soil compaction. After placing a thin marker layer of
limestone dust, 2 feet of off-site fill material was placed on the bottom of the basin excavation, subse-
quent lifts placed ABM. A final status survey was conducted on the bottom of the basin (prior to marker
placement) and each subsequent lift of ABM. A total of five 2-foot lifts and two partial (i.e., less than
2 feet thick) lifts of ABM were placed. The results of the final status survey for each lift are described

below.
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6.3.1.1 Survey Units 1 and 2 — Bottom of WTR Basin 1
After removal of the radiologically impacted soil in WTR Basin 1, the final status survey (100 percent

gamma survey) and soil sampling was performed on August 24, 2000. The survey was performed in
2-meter-by-2-meter grids on the floor of the excavation. The grids were labeled west to east with the
letters “A” through “T” and south to north with the numbers 1 through 10 (see Figure 6.3-1). The walls
of the excavation (up to 1.2 meters high and 2 meters wide) were labeled “A” to “BH” clockwise starting
in the southwest corner. The area of the bottom of the excavation was approximately 16,696 ft*

(1,551 m®). Approximately 10 centimeters (4 inches) of soil remained above bedrock.

The following table and Figures 6.3-2 and 6.3-3 (trend of average and background readings) summarize

the results of the 100 percent gamma scan readings on the floor and walls of the bottom of the excavation:

Statistical Parameter Floor (cpm) Walls (cpm)
Average 21,500 23,200
Standard Deviation 1,600 1,800
Minimum Value 18,000 19,000
Maximum Value 27,000 28,000
Median Value 22,000 23,000

Ten soil samples were collected in each survey unit using the random-start, triangular sampling grid
(Sample Nos. 97 through 116). The results are summarized in Tables 6.3-1 and 6.3-2 and the sample
locations are shown in Figure 6.3-4. All analytical results were less than unity (<1.0) using the DCGLrota
values; therefore, the bottom of the excavation passed all relevant statistical tests. Approval to place the
first two lifts of soil (one lift of off-site borrow followed by a lift of ABM) in Survey Units 1 and 2 was
given on August 25, 2000. The first lift of ABM was completed on August 28, 2000.

6.3.1.2 Survey Units 1 and 2 — First Lift of ABM

The final status survey (100 percent gamma survey) and soil sampling was performed on the first lift of

ABM on August 28, 2000 using 2-meter-by-2-meter grids. The grids were labeled west to east with the
letters “A” through “W” and south to north with the numbers 1 through 11 (see Figure 6.3-5). The walls
of the excavation (up to 2 meters wide and 0.6 meter high) were labeled “A” to “BP” clockwise starting in
the southwest corner. The area of the first lift of ABM was approximately 15,752 ft* (1,463 m?).

The following table and Figures 6.3-6 and 6.3-7 (trend of average and background readings) summarize
the results of the 100 percent gamma scan readings on the floor and walls above the first lift of ABM:
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Statistical Parameter Floor (cpm) Walls (cpm)
Average 20,900 20,100
Standard Deviation 1,300 1,300
Minimum Value 19,000 17,500
Maximum Value 25,000 23,000
Median Value 21,000 20,000

Eight soil samples were collected in each survey unit using the random-start, triangular sampling grid
(Sample Nos. 123 through 138). The results are summarized in Tables 6.3-3 and 6.3-4 and the sample
locations are shown in Figure 6.3-8. All analytical results were less than unity (<1.0) using the DCGLro;
values; therefore, the first lift of ABM passed all relevant statistical tests. Approval to place the second
lift of ABM in Survey Units 1 and 2 was given on August 29, 2000. The backfill was completed on
August 30, 2000.

6.3.1.3 Survey Units 1 and 2 — Second Lift of ABM
The final status survey (100 percent gamma survey) and soil sampling was performed on the second lift

of ABM on August 30, 2000 using 2-meter-by-2-meter grids. The grids were labeled west to east with
the letters “A” through “X” and from south to north with the numbers 1 through 12 (see Figure 6.3-9).
The walls of the excavation (up to 2 meters wide and 0.6 meter high) were labeled “A” to “BT” clockwise
startfng in the southwest corner. The area of the second lift of ABM was approximately 15,800 ft*
(1,468 m?).

The following table and Figures 6.3-10 and 6.3-11 (trend of average and background readings) summarize
the results of the 100 percent gamma scan readings on the floor and walls above the second lift of ABM:

Statistical Parameter Floor (cpm) Walls (cpm)
Average 22,300 22,300
Standard Deviation 1,200 1,400
Minimum Value 19,000 19,000
Maximum Value 26,000 26,000
Median Value 22,000 22,000

Eight soil samples were collected in each survey unit using the random-start, triangular sampling grid
(Sample Nos. 140 through 155). The results are summarized in Tables 6.3-5 and 6.3-6 and the sample
locations are shown in Figure 6.3-12. All analytical results were less than unity (<1.0) using the
DCGLroa values; therefore, the second lift of ABM passed all relevant statistical tests. Approval to place
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the third 1ift of ABM in Survey Units 1 and 2 was given on August 31, 2000. The backfill was completed
on September 5, 2000.

6.3.1.4 Survey Units 1 and 2 — Third Lift of ABM

The final status survey (100 percent gamma survey) and soil sampling was performed on the third lift of
ABM on September 5, 2000 using 2-meter-by-2-meter grids. The grid was labeled west to east with the
letters “A” through “X” and south to north with the numbers 1 through 13 (Figure 6.3-13). The walls of
the excavation (up to 2 meters wide and 0.6 meter high) were labeled “A” to “BV” clockwise starting in

the southwest corner. The area of the third lift of ABM was approximately 18,316 * (1,702 m®).

The following table and Figures 6.3-14 and 6.3-15 (trend of average and background readings) summarize
the results of the 100 percent gamma scan readings on the floor and walls above the third lift of ABM:

Statistical Parameter Floor (cpm) Walls (cpm)
Average 23,600 23,300
Standard Deviation 1,000 1,110
Minimum Value 21,000 20,500
Maximum Value 26,000 26,500
Median Value 23,500 23,000

Eight soil samples were collected in each survey unit using the random-start, triangular sampling grid
(Sample Nos. 156 through 171). The results are summarized in Tables 6.3-7 and 6.3-8 and the sample
locations are shown in Figure 6.3-16. All analytical results are less than unity (<1.0) using the DCGLrus
values; therefore, the third lift of ABM passed all relevant statistical tests. Approval to place the fourth
lift of ABM in Survey Units 1 and 2 was given on September 6, 2000. The backfill was completed on
September 8, 2000.

6.3.1.5 Survey Units 1 and 2 — Fourth Lift of ABM

The final status survey (100 percent gamma survey) and soil sampling was performed on the fourth lift of
ABM on September 8, 2000 using 2-meter-by-2-meter grids. The grids were labeled west to east with the
letters “A” through “Y”” and south to north with the numbers 1 through 14 (see Figure 6.3-17). The walls
of the excavation (up to 2 meters wide and 0.6 meter high) were labeled “A” to “BZ” clockwise starting

in the southwest corner. The area of the fourth lift of ABM was approximately 20,740 f* (1,927 m®).
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The following table and Figures 6.3-18 and 6.3-19 (trend of average and background readings) summarize
the results of the 100 percent gamma scan readings from the floor and walls above the fourth lift of ABM:

Statistical Parameter Floor (cpm) Walls (cpm)
Average 22,900 23,300
Standard Deviation 1,200 . 2,200
Minimum Value 20,000 20,000
Maximum Value 26,500 30,000
Median Value 23,000 23,000

Eight soil samples were collected in each survey unit using the random-start, triangular sampling grid
(Sample Nos. 172 through 187). The results are summarized in Tables 6.3-9 and 6.3-10 and the sample
locations are shown in Figure 6.3-20. All analytical results were less than unity (<1.0) using the
DCGLyqa values; therefore, the fourth lift passed all relevant statistical tests. Approval to place the fifth
lift of ABM in Survey Units 1 and 2 was given on September 9, 2000. The backfill was completed on
September 11, 2000.

6.3.1.6 Survey Units 1 and 2 — Fifth Lift of ABM
The final status survey (100 percent gamma survey) and soil sampling was performed on the fifth lift of

ABM on September 11, 2000 using 2-meter-by-2-meter grids. The grids were labeled west to east with
the letters “A” through “Y” and south to north with the numbers 1 through 14 (Figure 6.3-21). As shown
in Figure 6.3-21, the southern end of the excavation was at ground level (no walls) as well as part of the
southwestern portion of the excavation. The walls of the excavation (up to 2 meters wide and 0.6 meter

high) were labeled from “A” to “AT” clockwise starting in the southwest corner. The area of the fifth lift
of ABM was approximately 22,767 £t (2,115 m?).

The following table and Figures 6.3-22 and 6.3-23 (trend of average and background readings) summarize
the results of the 100 percent gamma scan readings from the floor and walls above the fifth lift of ABM:

Statistical Parameter Floor (cpm) Walls (cpm)
Average . 23,400 22.900
Standard Deviation 1,160 800
Minimum Value 19,500 21,000
Maximum Value 28,500 24,000
Median Value 23,000 23,000
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Eight soil samples were collected in each survey unit using the random-start, triangular sampling grid
(Sample Nos. 190 through 205). The results are summarized in Tables 6.3-11 and 6.3-12 and the sample
locations are shown in Figure 6.3-24. All analytical results were less than unity (<1.0) using the
DCGLy,; values; therefore, the fifth lift passed all relevant statistical tests. Approval to place the sixth
lift of ABM in Survey Unit 1 was given on September 12, 2000 (the sixth lift is a partial lift encompass-
ing only Survey Unit 1). The backfill was completed on September 13, 2000.

6.3.1.7 Survey Unit 1 — Sixth Lift of ABM

The final status survey (100 percent gamma survey) and soil sampling was performed on the sixth lift of

ABM on September 13, 2000 using 2-meter-by-2-meter grids. The sixth lift consisted of one survey unit
(Survey Unit 1). The grids were labeled west to east with the letters “A” through “AA” and south to
north with the numbers 1 through 10 (Figure 6.3-25). The walls of the excavation (up to 2 meters wide
and 0.6 meter high) were labeled “A” to “AT” clockwise starting in the southwest corner. As shown in
Figure 6.3-25, the southern end of the excavation was at ground level (no walls). The area of the sixth lift
of ABM was approximately 14,007 ft* (1,301 m?).

The following table and Figures 6.3-26 and 6.2-27 (trend of average and background readings) summarize
the results of the 100 percent gamma scan readings from the floor and walls above the sixth lift of ABM:

Statistical Parameter Floor (cpm) Walls (cpm)
Average 22,000 20,800
Standard Deviation 1,000 1,500
Minimum Value 19,500 18,000
Maximum Value 24,000 24,000
Median Value 22,000 21,000

Eight soil samples were collected in Survey Unit 1 using the random-start, triangular sampling grid
(Sample Nos. 206 through 213). The results are summarized in Table 6.3-13 and the sample locations are
shown in Figure 6.3-28. All analytical results were less than unity (<1.0) using the DCGLru values;
therefore, the sixth lift passed all relevant statistical tests. Approval to place the seventh lift of ABM in
Survey Unit 1 was given on September 14, 2000. The backfill was completed on September 14, 2000.

6.3.1.8 Survey Unit 1 — Seventh Lift of ABM

The final status survey (100 percent gamma survey) and soil sampling was performed on the seventh lift

of ABM on September 14, 2000 and September 15, 2000, respectively, using 2-meter-by-2 meter grids.
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The seventh lift consisted of one survey unit (Survey Unit 1) and was triangular in shape. The grids were
labeled west to east with the letters “A” through “S” and south to north with the numbers 1 through 9 (see
Figure 6.3-29). As shown in Figure 6.3-29, the southern end of the excavation was at ground level (no
walls) as well as part of the eastern portion of the excavation. The walls of the excavation (up to 2 meters
wide and 0.6 meter high) were labeled “A” to “AC” clockwise starting in the southwest corner. The area
of the seventh lift of ABM was approximately 4,453 ft* (414 m?).

The following table and Figures 6.3-30 and 6.3-31 (trend of average and background readings) summarize
the results of the 100 percent gamma scan readings from the floor and walls above the seventh lift of
ABM:

Statistical Parameter Floor (cpm) Walls (cpm)
Average 21,600 21,300
Standard Deviation 1,100 1,100
Minimum Value 19,000 19,000
Maximum Value 24,500 23,000
Median Value 22,000 22,000

Eight soil samples were collected in Survey Unit 1 using the random-start, triangular sampling grid
(Sample Nos. 214 through 221). The results are summarized in Table 6.3-14 and the sample locations are
shown in Figure 6.3-32. All analytical results were less than unity (<1.0) using the DCGLrowm values;
therefore, the seventh lift passed all relevant statistical tests. A final lift of off-site borrow material was
placed on Survey Unit 1 and Survey Unit 2 on September 18, 2000. Seeding of the final soil surface was
completed on November 17, 2000.

6.3.2 Survey Unit 3
Survey Unit 3 was a Class 2 Area located north and west of the former WTR Basin 1 and required 10- to

100-percent scan coverage. The final status survey was performed on June 25, June 26, June 27, July 2,
July 3, July 9, July 10, July 16, and July 17, 2001 using 20-meter-by-20-meter grids. The grids were
labeled west to east with the letters “A” through “G” and south to north with the numbers 1 through 6
(Figure 6.3-33). The area of Survey Unit 3 was approximately 54,330 ft* (5,047 m®).

The following table summarizes the results of the gamma scan readings in Survey Unit 3:
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Statistical Parameter Gamma Scan (cpm)
Average 23,700
Standard Deviation 5,600
Minimum Value 16,000
Maximum Value 36,000
Median Value 20,500

Fifty-one background readings were taken in Survey Unit 3 and ranged from 14,529 cpm to 41,562 cpm
with an average of 26,354 cpm. The location and list of these background readings are shown in
Figure 6.3-34. Figure 6.3-35 shows the background measurement trend for Survey Unit 3 and adjacent
Survey Units 4 and 5.

Twelve soil samples were collected using the random-start, triangular sampling grid in Survey Unit 3
(Sample Nos. 244 through 255). The results are shown in Table 6.3-15 and the sample locations are
shown in Figure 6.3-36. All analytical results were less than unity (<1.0) using the DCGLrqy values;

therefore, Survey Unit 3 passed all relevant statistical tests.

6.3.3  Survey Unit 4
Survey Unit 4 was a Class 2 Area located east of the former WTR Basin 1 and required 10- to 100-

percent gross gamma scan coverage. The final status survey was performed on June 19, June 27, July 3,
July 12, July 16, July 17, July 18, 2001, and October 15, 2001 using 20-meter-by-20-meter grids. The
grids were labeled west to east with the letters “A” through “D” and south to north with the numbers 1
through 6 (Figure 6.3-37). The area of Survey Unit 4 was approximately 68,255 ft* (6,341 m?).

The following table summarizes the results of the gamma scan readings from Survey Unit 4:

Statistical Parameter Gamma Scan (cpm)
Average 16,600
Standard Deviation 1,500
Minimum Value 14,000
Maximum Value 19,000
Median Value 17,000

Thirty-nine background readings were taken in Survey Unit 4 and ranged from 10,517 cpm to 18,998 cpm
with an average of 13,935 cpm. The location and list of these readings are shown in Figure 6.3-38.
Figure 6.3-35 shows the background measurement trend for Survey Unit 4 and adjacent Survey Units 3
and 5.
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Twelve soil samples were collected using the random-start, triangular sampling grid in Survey Unit 4
(Sample Nos. 256 through 267). The results are shown in Table 6.3-16 and the sample locations are
shown in Figure 6.3-39. All analytical results were less than unity (<1.0) using the DCGLrqw values;
therefore, Survey Unit 4 passed all relevant statistical tests.

6.3.4 Survey Unit 5
Survey Unit 5 was a Class 3 Area located north of the former WTR Basin 1 and required judgmental scan

coverage. The final status survey was performed on June 27, 2001 by walking pathways that were
cleared. Approximately 15 percent of Survey Unit 5 was scanned as shown in Figure 6.3-40. This figure
also shows the results of the gamma scan (range from 13,000 cpm to 30,000 cpm). The area of Survey
Unit 5 was approximately 182,200 t* (16,926 m?).

Thirty background readings were taken in Survey Unit 5 and ranged from 13,750 cpm to 25,225 cpm with
an average of 17,332 cpm. The location and list of these readings are shown in Figure 6.3-40.
Figure 6.3-35 shows the background measurement trend for Survey Unit 5 and adjacent Survey Units 3
and 4.

Study Area 3, Survey Unit 5 was a Class 3 land area requiring judgmental scanning and random sample
locations. A random number generator is recommended by MARSSIM, followed by elimination and
replacement of sample locations that camnot be sampled due to site conditions (e.g., physical
interference). Since the majority of the survey unit was heavily wooded, the cleared areas of the survey
unit that bordered the Class 2 survey unit was selected for sampling. The required number of samples
were taken in this area of highest contamination potential, yielding a potentially conservative

representation of radiological conditions in the survey unit.

Twelve soil samples were required for an area greater than 10,000 m® A total of 14 samples were col-
lected in Survey Unit 5 (Sample Nos. 232 through 234 and 268 through 278). Because this survey unit
was a Class 3 Area, soil samples were to be taken at random locations. However, a more conservative
approaéh was used and samples were collected in biased locations (Figure 6.3-41). The post sample con-
tact reading of Sample No. 275 was greater than the presample contact reading; therefore, a second sam-
ple (No. 277) was collected at depth (2.5 feet) in the same location. Also, Sample No. 278 was collected

at depth (2.5 feet) upgradient of this location to verify no potential contamination exists. Upon receipt of
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analytical results, an elevated reading of potassium-40 was shown in Sample Nos. 277 and 278. All
analytical results were less than unity (<1.0) using the DCGLrow values; therefore, Survey Unit 5 passed
all relevant statistical tests (Table 6.3-17).

6.3.5 Survey Unit 6
Survey Unit 6 was a Class 1 Area located west of the former WTR Basin 1 and was the location of the

former ABM soil stockpile. The final status survey (100 percent gamma survey) was performed on
June 28, June 29, and July 9, 2001 using 10-meter-by-10-meter grids. The grids were labeled west to east
with the letters “A” through “H” and south to north with the numbers 1 through 5 (see Figure 6.3-42).
The area of Survey Unit 6 was approximately 20,774 ft* (1,930 m%).

The following table and Figures 6.3-43 and 6.3-44 (trend of average background measurements) summa-

rize the results of the 100 percent gamma scan readings from Survey Unit 6:

Statistical Parameter Gamma Scan (cpm)
Average 23,200
Standard Deviation 3,100
Minimum Value 18,000
Maximum Value 31,000
Median Value 23,000

Eight soil samples were collected using the random-start, triangular sampling grid in Survey Unit 6
(Sample Nos. 224 through 231). The results are shown in Table 6.3-18 and the sample locations are
shown in Figure 6.3-45. All analytical results were less than unity (<1.0) using the DCGLrya values;

therefore, Survey Unit 6 passed all relevant statistical tests.

6.3.6 Survey Unit 7 .
Survey Unit 7 was a Class 1 Area located south of the former WIR Basin 1. The final status survey

(100 percent gamma survey) was performed on July 11 and July 12, 2001 using 10-meter-by-10-meter
grids. The grids were labeled west to east with the letters “A” through “L” (Figure 6.3-46). The area of
Survey Unit 7 was approximately 8,200 ft* (762 m®).

The following table and Figure 6.3-47 (trend of average and background measurements) summarize the

results of the 100 percent gamma scan readings from Survey Unit 7:
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Statistical Parameter Gamma Scan (cpm)
Average 21,800
Standard Deviation 3,800
Minimum Value 17,000
Maximum Value 27,000
Median Value 23,000

Eight soil samples were collected using the random-start, triangular sampling grid in Survey Unit 7
(Sample Nos. 236 through 243). However, due to the narrow rectangular geometry of Survey Unit 7, the
sample locations were linear. The results are shown in Table 6.3-19 and the sample locations are shown
in Figure 6.3-48. All analytical results were less than unity (<1.0) using the DCGLrqa. values; therefore,
Survey Unit 7 passed all relevant statistical tests.
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7.0 Quality Assurance Activities

7.1  Introduction

A full-scope Quality Assurance Plan (QAP) featuring performance assessments, technical basis and data
reviews, and task-based analytical quality control was implemented to provide additional controls on the
final status survey. The principal QAP objective was established to implement a surveying, sampling,
and analytical regime limiting the introduction of unknown error into survey unit decisions. There were

five component areas that were the focus of the QAP:

*  Performance assessments

* Final status survey data packages

* Laboratory measurements

* Surrogate radionuclide scaling factors
* Field measurements

Conformance with the principal QAP objective was successfully demonstrated in each of these five com-

ponent areas during the 16-month project work cycle, as discussed below.

7.2  Performance Assessments

Two formal audits of final status survey implementation were performed independently by the Westing-
house Nuclear Services Quality organization during the project. These audits assessed the full scope of
activities approved in the Waltz Mill Facility SNM-770 Remediation Plan, the Revised Soil Plan, and
implementing procedures. Project personnel maintained the technical efficacy of the final status survey
and its results by promptly resolving all applicable recommendations and findings documented by these

audits.

Additionally, supervisory project personnel continuously verified that the survey protocol was being
properly implemented by conducting “front line” performance assessments of survey implementation.
These assessments were also effective in anticipating and resolving deviations in the design of the survey

plan.

7.3 Final Status Survey Data Packages

Qualified project personnel reviewed all final status survey data being compiled for approval to ensure

that the (1) requirements stated in the survey plan were implemented as prescribed and, (2) results of the

data collection activities supported the objectives of the survey (or permitted a determination that these
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objectives should be modified.) These data package reviews checked that the appropriate numbers of
samples were taken in the correct locations and that the samples were analyzed with measurement sys-
tems providing the necessary sensitivity. At the completion of each successful data package review, the
estimate of sample data variability (standard deviation) and actual number of valid measurements was
used to conclude that the sampling design provided adequate power to determine that the objectives of the
survey design were met. With two exceptions, the sample design implemented provided adequate power
as evidenced by the estimated sigma exceeding the observed sigma. The two exceptions (refer to
Sections 6.2.2.1 and 6.2.10) had no impact on survey unit decisions because the number of samples taken

exceeded that required by the Sign Test.

7.4  Laboratory Measurements

7.4.1 Laboratory Performance Evaluation

Radiological analyses performed by the on-site laboratory were conducted within the governing internal
QAP, policies, and procedures. The management objectives of the QAP, policies, and procedures were to
produce data that are scientifically valid, defensible, and of known and documented quality in accordance

with federal, state, and local regulatory programs.

All measuring and test equipment having an effect on the accuracy and validity of measurements were
calibrated and/or verified initially and on a continuing basis using National Institute of Standards and
Technology-traceable source materials and standards. Additionally, quality control samples that were
matrix matched (when possible) were analyzed along side each group of samples to ensure the sample
preparation and/or measurement processes were in control on any given day. Quality control samples

included laboratory control samples, duplicates, matrix spikes, and method blanks.

Following a formal sample chain of custody protocol, all final status survey soil samples were uniquely
identified upon receipt and were stored and bandled in a manner that maintained their integrity and
prevented cross contamination. Secure access to the laboratory and samples was maintained and

restricted to authorized personnel only.

Records for each final status survey soil measurement, as well as other quality assurance records needed
to reconstruct the compliance of the laboratory to the QAP, are being stored for a minimum of 5 years.

These records are being maintained in a secure facility protected from theft, vandalism, fire, and weather.
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7.4.2 Laboratory Field Performance Evaluation

To augment the on-site laboratory’s use of standard reference materials for performance evaluation as

dictated by their QAP, approximately 5 percent of the total sample load submitted to the on-site labora-
tory was for field performance evaluation (FPE) purposes. This FPE soil sample load was evenly distrib-
uted between blanks (imported off-site borrow), spikes containing a “known” quantity of one or more
radionuclides, and duplicates. All FPE samples were submitted “blind” to the laboratory (i.e., they were

identified as routine project samples). These three FPE sample categories are discussed below.

Twenty-four soil blanks (off-site borrow) were analyzed by gamma spectrometry during the project. The
off-site borrow soil was taken within 10 miles of the Waltz Mill Site near the Westmoreland Sewage
Plant. The soil blank activity concentrations measured by the on-site laboratory (refer to Table 7.4-1)
were used, in part, to determine if there were any naturally occurring radionuclides that could interfere
with the gross gamma scanning thresholds established for the field instrumentation. The MDC achieved
for each radionuclide of remediation concern was better than (below) the corresponding design value.
Potasium-40 and other naturally occurring radionuclides in the soil blanks showed little variability when
compared with the results for soil samples taken from the Waltz Mill site. One soil blank was analyzed
for strontium-90 by beta spectrometry and showed that this radionuclide was present at 0.81 pCi/g.
Howeyver, this St-90 result was considered anomalous due to the absence of Cs-137 in the same sample
and because the value was 8.6 percent above the method MDC. None of the Waltz Mill Site surrogate
radionuclides (Am-241, Co-60, Cs-137, U-235) were identified in any of the soil blank samples, an
expected finding.

In the soil spike category, 25 samples (refer to Table 7.4-2) from a batch of affected soil recovered from
Study Area 2 of the Waltz Mill site were submitted to the on-site laboratory in a blind manner to assess
measurement repeatability. All samples were analyzed by gamma spectrometry, 12 by beta spectrometry
(Sr-90), and three by alpha spectrometry (uranium, plutonium, and curium series). For purposes of
assessing laboratory performance, the average result for each analytical data set was assumed to represent
the known concentration. Due to uncertainties in obtaining representative samples from the batch of
affected soil, project personnel concluded that the laboratory’s performance would be acceptable if the
reported result was within the range defined by two standard deviations above and below the known

concentration. (There was no acceptance criteria established for duplicate results review in the Revised
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Soil Plan.) This acceptance criteria was met for all of the soil spikes analyzed except a single gamma

spectrometry measurement (Earth Sciences’ Sample No. 3025).

In the soil duplicate category, 24 samples (refer to Table 7.4-3) were obtained from 24 sample locations
to assess error associated with sample technique and analytical procedures. Field duplicates are used
when determining total error for critical samples with radionuclide concentrations near the action level
(DCGL). The soil duplicates (i.e., split samples) from each location were divided into separate containers
and treated as separate samples throughout the remaining handling and analytical processes. Of the 24
duplicate results, five were within 20 percent of the other fraction (the acceptance criteria used by project
personnel). Three of the duplicates were near the DCGL threshold, and the unity value (DCGLro,) Was
lower for the duplicate fraction in each instance. A percentage of these 24 soil replicates were analyzed
by alpha and beta spectrometry. The results of these alpha and beta spectrometry analyses were used to
validate the surrogate radionuclide scaling factors (refer to Section 7.5). Because the soil encountered at
the Waltz Mill Site made it difficult to consistently prepare a well-mixed (homogenous) field sample, the
observed soil duplicate error was understandable but limited its interpretation to sampling technique only.
Nonetheless, to control the sampling bias suggested by the duplicate measurements, sample containers
were normally screened for gamma emissions in a low-background counting environment to identify and

select the highest for final status survey analysis.

7.4.3 As-Collected Sample Analysis Bias
As discussed in Section 4.3, the final status survey soil samples were submitted to, and analyzed by, the

laboratory “as collected” for gamma spectrometry. This protocol was in accordance with the Revised Soil

Plan and MARSSIM, Section 7.7.1 that states:

“There is no special sample preparation required for counting samples using a germanium
detector or sodium iodide detector beyond placing the sample in a known geometry for
which the detector has been calibrated. The samples can be measured as they arrive at
the laboratory, or the sample can be dried, ground to a uniform particle size, and mixed to

provide a more homogenous sample if required by the SOPs.”

Notwithstanding the above, the project (as a quality control practice) studied the relationship between soil
sample moisture content and the associated effect on gamma spectrometry results reported by the

laboratory. The quality control practice results are presented in Appendix E and confirm, as expected,
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that the as-collected sample results are negatively biased when compared to the paired prepared sample
results. The gamma spectrometry average moisture dilution bias was —22 percent with an additional,
highly variable average residual bias of —7 percent also being observed. The effect of the observed

dilution and residual biases on measurements supporting survey unit decisions was evaluated and found

to be inconsequential.

7.5  Surrogate — Correlated Radionuclide Relationships

Project personnel periodically validated the radionuclide relationships used to calculate surrogate DCGL
activity concentration values that were the cornerstone of survey unit decisions. This validation work
focused on the SFs calculated for Am-241 and Cs-137 during the planning phase of the project by incor-
porating supplemental analytical data into these prior calculations. The U-235 SFs did not require vali-
dation since they were based on mathematical relationships that were independent of field conditions.
Cobalt-60 SFs were also not validated because the relative dose contribution of its correlated radionu-
clides was shown to be negligible. Analysis of the radionuclides correlated to Co-60 (H-3, C-14, Tc-99,
Fe-55, Ni-63) was performed exclusively to classify IP-1 and IP-2 package shipments per Title 10, CFR,
Part 61 (Reference 12).

The supplemental data were obtained by submitting a subset of the final status survey soil samples col-
lected to the on-site laboratory for alpha and beta spectrometry. The submittal schedule was originally
fixed at 25 percent (Sr-90 by beta spectrometry for the Cs-137 SF) and 5 percent (Pu-238, Pu-239/240,
Pu-241, and Cm-243/244 by alpha spectrometry for the Am-241 SF) of the final status survey soil sample
collection effort. However, the schedule was expanded to include other (e.g., 10 CFR 61 waste profile)
final status survey study area soil samples to provide sufficient data for the SF review since many of the

initial analytical results did not identify the radionuclides needed for the validation.

The surrogate radionuclide scaling factor validation data is compiled in Table 7.5. A total of 552
spectrometry measurements were completed to validate the scaling factors: 58 by alpha, 247 by beta, and
247 by gamma. While 244 of the measurements yielded calculable scaling factors for the surrogate
radionuclide Sr-90, only three measurements for Pu-238 and Pu-239/240, one for Pu-241, and two for
Cm-243/244 yielded calculable scaling factors. This limited number of successful measurements was due
primarily to the extremely low levels of Am-241 gamma radioactivity present in the validation samples.
(An overwhelming majority of the Am-241 measurements were below the critical level for the gamma

spectrometry routine.) Consistent with the survey unit final status survey data used for survey unit
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decisions, the sample dilution (i.e., moisture) correction was not applied to the scaling factors listed in
Table 7.5. If this correction were applied, the observed Cs-137 and Am-241 surrogate scaling factors
would be reduced by an additional 22 percent (refer to Appendix E for further information about the

dilution factor).

The average observed Cs-137 surrogate scaling factor for Sr-90 (based on 244 co-measurements) was
0.80 with a standard deviation of 1.15, a value that is 75 percent less than that calculated for use in the
Revised Soil Plan (3.16). Similarly for the Am-241 surrogate radionuclides Pu-238, Pu-239/240, and
Cm-243/244, the observed scaling factors were 0.18, 0.32, and 0.08, respectively. These values are
81 percent, 40 percent, and 54 percent less than the cotresponding scaling factors in the Revised Soil Plan
(0.936, 0.534, and 0.168, respectively) and are based on substantially fewer successful measurements than
was available for the Cs-137 surrogate radionuclide Sr-90. The conservative trend in the observed scaling
factors was reversed with the Am-241 surrogate radionuclide’s Pu-241 value of 9.47, 38 percent more
than the Revised Soil Plan value of 6.85. However, this observed value is based on a single co-
measurement of Sample No. 2744 and is, therefore, not considered a useful validation finding. The
results of the scaling factor validation demonstrate that the design scaling factors derived for use in the

Revised Soil Plan were substantially conservative.

7.6  Field Measurements
There were 14 Ludlum Model 2350-1 instruments and Ludlum Model 44-10 Nal detector elements paired

for use during the project including final status surveys. This equipment was maintained operable under
an approved instrumentation QAP that included traceable calibrations, response checks, and functional
testing. A 6-month calibration frequency, daily response checks, and daily functional testing were
observed during the project work cycle. The results of these QAP tasks (including acceptance criteria)
are provided in Appendix C, showing that the instrumentation used to acquire final status survey data

remained operable at all times.
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8.0 Summary and Conclusions

The primary objective of the revised soil remediation plan was to establish the level of residual activity in
soils which would permit the removal of the Waltz Mill Site from the SDMP list, and could permit the
eventual unrestricted release of the site. Due to existing groundwater contamination, it was predicted that
unrestricted release of impacted areas on site would not be practical for the next 25 years. Therefore, the
approach consisted of remediating radiologically contaminated soil and groundwater to levels that would
allow release for unrestricted use sometime in the future. The objective of the Final Status Survey Report
is to establish that the level of residual radioactivity in soil following remediation met the criteria

established in the Revised Soil Plan.

The DCGL values (soil radionuclide acﬁvity concentrations) were derived to levels that were ALARA
and that would result in a TEDE to an average member of the critical group of less than 25 mrem/year in
the year 2024 from all applicable pathways in the residential farmer scenario. The anticipated dose from
groundwater contamination in Study Area 2 in the year 2024 was estimated to be about 10 mrem.
Therefore, soil concentration levels in that area were targeted not to exceed 15 mrem/year in the year
2024. During the 25-year interim period, a dose criterion of 100 mrem/year was used to assure adequate

protection of a hypothetical site worker.

A soil remediation action support survey plan (Reference 5) was developed prior to initiating soil
remediation activities to ensure the soil remediation criteria discussed above were met. Consequently, if
the results of the final status surveys were constrained within DCGL value limits and the proper survey
and remediation practices followed, it can be concluded that the primary soil remediation objective would

be met.

Soil remediation and final status survey activities were initiated in June 2000 and completed in October
2001. During the remediation phase of the project, a total of about 987,360 cubic feet (55,770 tons) of
affected and unaffected material (44 percent of this total was affected material) was processed. The final
status survey results were obtained by extensive field and laboratory radiological profiling of “as-left” soil

conditions in Study Areas 1, 2, and 3, namely: -

* Collection of 1,385 soil samples, 608 of which were used to document the average DCGLy
value for all survey units assessed;
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* Completion of 43,168 soil sample radionuclide searches in the laboratory to acquire the
emissions spectra for radionuclides that could potentially be present in each soil sample;
and

* Viewing (“scanning”) 1,007,840 ft* (about 20 acres) of soil surfaces with Nal scintillation
detectors. As expected, based on preparatory work for the remediation project, nearly half
(48.96 percent) of the final status survey viewing effort was expended in Study Area 2,
followed by Study Areas 3 (29.71 percent), then Study Area 1 (21.33 percent).

As the extracted (Table 8-1) and compiled (Chapter 6.0) final status survey data show, the average
DCGLot (i-€., Unity Rule) test value recorded for all the survey units examined ranged from -0.01 to
0.36, well below the remediation criterion value (1.0). These results are fundamental evidence that the

remediation program objectives have been fully achieved.

In summary, the site final status survey has demonstrated that soil contamination was successfully
remediated and therefore reflects the achievement of the primary objective. Accordingly, Westinghouse
believes that these facts are material justification to petition the NRC to delist the Waltz Mill site from the
SDMP.
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Table 6.1-10
Study Area 1A - Survey Unit 10
Gross Gamma Survey Data
3" x 3" Nal Detector Versus 2" x 2" Nal Detector

Gross Gamma Data (cpm)

Gross Gamma Data (cpm)

Survey 3"x 3" Nal | 2"x2" Nal
Data Point | Detector Detector

1 28,230 13,023
2 27,144 13,297
3 28,146 13,204
4 28,074 13,572
5 27,828 13,387
6 27,528 13,196
7 28,284 12,974
8 28,056 13,581
9 28,842 13,542
10 28,350 13,822
11 28,320 13,225
12 27,456 13,303
13 27,954 13,198
14 27,894 13,272
15 28,494 13,469
16 29,106 13,480
17 28,044 13,022
18 29,184 13,276
19 29,706 13,074
20 28,500 13,356
21 29,172 13,336
22 30,426 13,312
23 28,824 13,318
24 28,320 12,561
25 29,454 13,038
26 28,746 12,622
27 29,208 12,461
28 29,592 12,694
29 28,956 12,913
30 29,082 12,488
31 29,058 12,399
32 28,902 12,944
33 29,430 11,932
34 28,368 12,259
35 28,416 12,630
36 27,456 12,839
37 28,140 12,328
38 28,080 11,196
39 27,960 10,939
40 28,098 11,191

k:/5018/Cas/Dataman/1995data.xls,SU10 (2)

Survey | 3"x3"Nal | 2"x2" Nal
Data Point| Detector Detector
41 28,944 9,629
42 30,522 10,042
43 29,316 10,525
44 25,524 9,117
45 28,686 9,157
46 27,300 11,302
47 24,498 9,216
48 26,424 8,944
49 28,524 9,937
50 23,388 8,492
51 24,576 7,878
52 26,304 10,396
53 24,690 8,372
54 23,556 8,379
55 25,284 8,452
56 26,832 8,331
57 23,346 8,454
58 22,482 8,297
Average:. 27,776 11,734
Standard Deviation: 1,804 1,897
Minimum: 22,482 7,878
Maximum 30,522 13,822
% Coefficient of )
Variaton: 6.49 16.17

The calculated r (correlation
coefficient) value is equal to

0.705. Acceptance criteria

for 57 degrees of freedom at
the 95% confidence level is

0.316.
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Table 7.4-1
Quality Control Data
Background Soil Samples

Median Value:] 0.00 -0.03 0.01 0.04 NA
Minimum Value:| -0.08 -0.45 -0.04 -0.67 NA
Maximum Value:| 0.07 0.42 0.09 0.42 NA
Average Value:| 0.00 -0.03 0.00 0.03 NA
Actual ;] 0.03 0.22 0.03 0.28 NA
ESC
Sample Cs-137 | Am-241 | Co-60 U-235 Sr-90

Number | pate | (pCi/g) | (pCi/g) | (pCi/g) | (pCi/g) | (pCi/g)

3001 10/6/00
3002 10/6/00
3003 10/6/00
3004 10/6/00
3011 10/26/00
3013 11/1/00
3018 | 11/20/00
3022 12/4/00
3023 12/5/00
3027 12/8/00
3031 1/2/01
3035 1/4/00
3037 3/21/01
3041 4/26/01
3044 5/30/01
3048 6/18/01
3050 7/9/01
3053 7/17/01
3056 7/31/01
3059 8/21/01
3062 8/30/01
3065 9/11/01
3068 9/20/01
3071 9/25/01

Notes:
- Shaded values are below MDA values
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Table 8-1
Summary of Final Status Survey Unity (DCGL;) Results for
Waltz Mill Site Study Areas 1, 2, and 3

Study
Area Survey Unit Median | Minimum | Maximum | Average | Std Dev
1B SU01 0.04 0.02 0.45 0.09 0.13
1B SUO1TR 0.10 -0.02 0.66 0.13 0.15
1B SuU04 0.00 -0.04 0.07 0.00 0.04
1B SUO05 Floor 0.00 -0.04 0.06 0.00 0.03
1B SUO05 Lift 1 0.02 -0.04 0.08 0.02 0.04
1B SUO05 Lift 2 0.00 -0.04 0.04 0.00 0.02
1B SuUo7 0.01 -0.08 0.06 0.00 0.04
1B SU08 0.01 -0.07 0.09 0.01 0.04
1A SU09 0.02 -0.03 0.06 0.02 0.02
1A SU10 0.01 -0.05 0.05 0.01 0.03
2 SU01 Floor 0.23 -0.03 0.35 0.18 0.15
2 SU01 Walls 0.14 0.02 0.37 0.16 0.13
2 SU01 Lift 1 0.32 0.09 0.55 0.33 0.15
2 SU01 Lift 2 0.35 0.16 0.41 0.31 0.10
2 SUO01 Lift 3 0.25 0.14 0.53 0.29 0.13
2 SUO01 Lift 4 0.28 -0.05 0.40 0.24 0.16
2 SUO1 Lift 5 0.33 0.25 0.65 0.36 0.12
2 SU01 Lift 6 0.09 -0.06 0.40 0.10 0.15
2 SU02 Floor 0.08 -0.04 0.86 0.21 0.29
2 SU02 Lift 1 0.05 0.01 0.16 0.07 0.06
2 SU02 Lift 2 0.10 -0.03 0.12 0.07 0.06
2 SU02 Lift 3 0.04 0.01 0.10 0.05 0.04
2 SU02 Lift 4 0.18 0.02 0.54 0.21 0.17
2 SU03 Floor 0.04 -0.02 0.18 0.06 0.07
2 SU03 Lift 1 0.18 0.06 0.36 0.21 0.11
2 SUQ3 Lift 2 0.06 -0.01 0.12 0.06 0.04
2 SU03 Lift 3 0.06 -0.02 0.49 0.10 0.16
2 SU03 Lift 4 0.07 0.02 0.14 0.07 0.04
2 SuU04 0.04 -0.06 0.27 0.05 0.10
2 SU05 0.11 0.03 0.40 0.14 0.13
2 SU06 0.01 -0.11 0.09 0.00 0.08
2 SU07 0.00 -0.06 0.16 0.04 0.08
2 SU08 0.06 -0.05 0.11 0.03 0.06
2 SU11 0.08 -0.02 0.23 0.10 0.08
2 SU12 0.18 0.04 0.78 0.30 0.29
2 SU13 0.11 -0.07 0.28 0.12 0.12
2 Bag Farm N 0.00 -0.10 0.05 -0.01 0.05
2 Bag Farm S 0.01 -0.04 0.08 0.01 0.04
2 ABM W1 0.16 -0.06 0.65 0.19 0.21
2 ABM Center 0.10 0.05 0.26 0.12 0.07
2 ABM E 0.14 -0.01 0.33 0.16 0.12
2 ABM North 0.12 0.02 0.28 0.15 0.10
2 ABM S 0.16 0.02 0.23 0.14 0.08
2 ABM W2 0.12 0.04 0.17 0.11 0.05
3B SU01 Floor 0.03 -0.04 0.07 0.03 0.04
3B SUO01 Lift 1 0.04 -0.02 0.16 0.04 0.06
3B SUO1 Lift 2 0.05 0.00 0.15 0.06 0.05
3B SUO01 Lift 3 0.04 0.01 0.08 0.04 0.03
3B SU01 Lift 4 0.02 0.00 0.05 0.02 0.02
k:/5018/Fssr/Rfo/Unity.xls,Summary Page 1 of 2




Table 8-1

Waltz Mill Site Study Areas 1, 2, and 3

Summary of Final Status Survey Unity (DCGL;) Results for

Study
Area Survey Unit Median | Minimum | Maximum | Average | Std Dev
3B SU01 Lift 5 0.01 -0.03 0.05 0.01 0.03
3B SUO01 Lift 6 0.01 -0.04 0.07 0.01 0.04
3B SUQ1 Lift 7 0.02 -0.05 0.04 0.01 0.03
3B SU02 Floor 0.06 0.03 0.28 0.08 0.07
3B SU02 Lift 1 0.07 0.03 0.11 0.07 0.03
3B SU02 Lift 2 0.06 0.02 0.14 0.06 0.03
3B SUO02 Lift 3 0.00 -0.05 0.02 0.00 0.02
3B SU02 Lift 4 0.01 0.00 0.06 0.02 0.02
3B SU02 Lift 5 0.01 -0.02 0.07 0.01 0.03
3B SU03 0.02 -0.05 0.10 0.01 0.05
3B SU04 0.02 -0.03 0.09 0.02 0.04
3A SuU05 0.01 -0.02 0.06 0.02 0.03
3B SU06 0.03 -0.04 0.07 0.02 0.04
3B SuUo7 0.00 -0.04 0.07 0.01 0.04
Average  0.08 -0.01 0.23 0.09 0.09

Note: Table is based on the unity values from each survey unit. An average sum of fractions <
1 meets the criteria.

k:/5018/Fssr/Rfo/Unity xIs,Summary
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Grids A through G (West to East)
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Average Gamma Scan Readings Ranged Figure 6.1-2
From 31 kcpm to 50 kcpm Study Area 1 - Survey Unit 1R
- Average Gamma Scan Isopleths (kcpm)
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Grids A through G (West to East)
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Grids 1 through 6 (South to North)
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Background Measurements Ranged Figure 6.1-3
From 26.4 kepm to 55.1 kepm Study Area 1 - Survey Unit 1R
o Background Isopleths (kepm)
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Average Scans

Grids A through J (West to East)

t

Grids 1 through 3 (South to North)

Background Measurements

k:/5018/Fssr/Cas/Surfer/Areat/Su05-bot.srf

£ Grids A through J (West to East)
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Average Gamma Scan Readings Ranged
From 34 kepm to 46 kcpm
Figure 6.1-13
Study Area 1 - Survey Unit 5 - Excavation Bottom

: Background Measurements Ranged Average and Background Isopleths (kcpm and cpm)
[~ From 40,202 cpm to 45,624 cpm
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g Grids A through J (West to East)
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Background Measurements
~ H Grids A through J (West to East)
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Average Gamma Scan Readings Ranged
From 41 kecpm to 53 kepm
Figure 6.1-16 |
Study Area 1B - Survey Unit 5 - 1st Lift of ABM
. Background Measurements Ranged Average and Background Isopleths (kcpm and cpm |
From 45,143 cpm to 52,967 cpm
k./5018/Fssr/Cas/Surfer/Areal/Su05-H.srf Earth Sciences Consultants, Inc.
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Average Scans |
Gnds A through J (West to East)

Background Measurements

50.0 — |
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Grids 1 through 3 (South to North)
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' t Grids A through J (West to East)
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Average Gamma Scan Readings Ranged
From 47 kcpm to 61 kepm -
Figure 6.1-19
Study Area 1B - Survey Unit 5 - 2nd Lift of ABM
, Average and Background Isopleths (kcpm and cpm)
— Background Measurements Ranged

From 50,112 cpm to 66,545 cpm

k:/5018/Fssr/Cas/Surfer/Areat/Su05-12.srf Earth Sciences Consultants, Inc.
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Total Spectrum Measurements Ranged From
2,737 to 16,598 counts per 10 seconds
with an average of 4,923 counts per 10 seconds
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(note: soil stockpile area is not to scale)

Figure 6.1-21
Study Area 1B - Survey Unit 7
1995 Gross Gamma Survey Data
Total Spectrum Isopleths (counts per 10 seconds)
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Figure 6.1-22
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Figure 6.1-23
Uranium Measurements Ranged From Study Area 1B - Survey Unit 7
1,122 t0 6,192 counts per 10 seconds 1995 Gross Gamma Survey Data
‘ with an average of 2,125 counts per 10 seconds Uranium Isopleths (counts per 10 seconds)
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Figure 6.1-24
Study Area 1B - Survey Unit 7
Cobalt Measurements Ranged From 1995 Gross Gamma Survey Data
16 to 105 counts per 10 seconds Cobalt Isopleths (counts per 10 seconds)
[~ with an average of 52 counts per 10 seconds

Earth Sciences Consultants, Inc.

k:/5018/Fssr/Cas/Surfer/Area1/Su7-co.srf




OU] ‘S}UBNSUO) SIOUIDG Yjdeq

vy

911810¢

HIGANN ONIMYYQA

20/0L/1 rg” NMYYQ

, 28 aIOIHD

. G3A0¥ddY
VINVATASNNAEd .IomammmmmW

0711 ‘ANVAWO0O J1410313 ISNOHONILSIM

404 g3dvd3dd

VINVATASNNId ‘NOSIQVW
ALS TN ZLITVM
V3dV T3AVYO 40 NOILVOOT

L V3dV AdNLS
GZ—1'9 JdN9ld

FIVOS OL ION ONMVNA

YIAVT T3AVED

Ltldld

aN3oaT

Z8Z L
0L LINN A3A¥NS

NISVE
NOLINIL3Y
YILVM WHOLS

LH90Z
¥ LIND AZANNS

0TS |
L LINN AJANNS

MES9'8
8 LINN A3ANNS

|€ LINn A3AdNS

. ¥4 x\
- \\\
L ey,
i o

\

/
[

_
~
_
_

_ﬁ\\\\
_ v
\ V4 L LIND A3AYNS
N \A.
T ~ [
_mmv
371440018 | \
[
e ——— _ 7®
— e —— X
A==
\\\I.u
L

00

Z LINDN A3JAENS

=——— 2o ONIaTINg S-S
60 |
996 %, |
4L LINN A3ANNS oo ]
W J
) ) )




‘DU ‘SHUR)[MSUO)) SI0UIIDS T}Iey

VGGS810¢S

YISNNN_ ONIMYEA

£0/11/C 83g°

NMvYd

LB/  amon

C A7 )03r0uddv

VINVATASNNId ‘HOYNGSLITd

Y04 QIYvd3dd

077 ANVANOD O1¥10373 ISNOHONILSIM

VINVATASNNId ‘NOSIQVIN
ALUS TUN ZLTVM
SAIHO ONINNVOS VIANVO SSO¥9

9¢—1'9 34NOl4

L 1INN AJAINS—8L VIIVY ADNLS

37V0S 01 LON SNImvyd

SINIOd SNITdWVS &

INIOd L¥VIS WOONVY @)

‘WOE x wog
A13LVAIXOHddY 3dv SO

S3ION

o~

I HdHI0LS “
|
|
|




Grids A through G (West to East)

I |

S-5 Building

Butler Building

20.0

Grids 1 through 7 (South to North)
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Figure 6.1-27
Average Gamma Scans Ranged From Study Area 1B - Survey Unit 7

9.5 kepm to 45 kepm Average Gamma Scan Isopleths (kcpm)
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Figure 6.1-28
Background Measurements Ranged From Study Afeg 1B - Survey Unit 7
8.2 kepm to 57.3 kepm Background Isopleths (kcpm)
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Storm Water
Retention Basin

Total Spectrum Measurements Ranged From
2,156 to 186,145 counts per 10 seconds
with an average of 7,157 counts per 10 seconds

k:/5018/Fssr/Cas/Surfer/Area1/Su8-spec.srf
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Figure 6.1-30
Study Area 1B - Survey Unit 8
1995 Gross Gamma Survey Data ‘
Total Spectrum Isopleths (counts per 10 seconds)
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Figure 6.1-31
Cesium Measurements Ranged From

Study Area 1B - Survey Unit 8
1995 Gross Gamma Survey Data
Cesium Isopleths {(counts per 10 seconds)
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Figure 6.1-32 )
Uranium Measurements Ranged From Study Area 1B - Survey Unit 8
1,732 to 126,021 counts per 10 seconds 1995 Gross Gamma Survey Data
with an average of 3,232 counts per 10 seconds
~—

Uranium Isopleths (counts per 10 seconds)
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Figure 6.1-33
Cobalt Measurements Ranged From Study Area 1B - Survey Unit 8
15 to 544 counts per 10 seconds 1995 Gross Gamma Survey Data
with an average of 68 counts per 10 seconds
N

Cobalt Isopleths (counts per 10 seconds)
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Grids A through | (West to East)
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Average Gamma Scan Readings Ranged

From 22 kcpm to 29 kepm
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Figure 6.2-2
Study Area 2 - Survey Unit 1 - Bottom
Average Gamma Scan Isopleths (kcpm)

Earth Sciences Consultants, Inc.




Grids A through | (West to East)

] ] | | ] ! | I

Grids 1 through 12 (South to North)

N
Background Measurements Ranged From Figure 6.2-3.
24,062 cpm to 26,341 cpm Study Area 2 - Survey Unit 1 - Bottom
. Background Isopleths (cpm)

k:/5018/Fssr/Cas/Surfer/Area2/Lwrb-bb.srf Earth Sciences Consultants, Inc.
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NOTES
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2m x 2m.

2. GRIDS BN AND BO WERE
NOT USED.

3. SAMPLE LOCATIONS SHOWN
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DRAWING NOT TO SCALE

FIGURE 6.2-5

STUDY AREA 2-SURVEY UNIT 1W
LWRB EXCAVATION WALLS
GROSS GAMMA SCANNING GRIDS
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Grids A through K (West to East)
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Grids A through M (West to East)

Grids 1 through 16 (South to North)

=\

Average Gamma Scan Readings Ranged
From 19 kcpm to 25 kcpm

k:/5018/Fssr/Cas/Surfer/Areaz/Lwrb-12.srf

Figure 6.2-15
Study Area 2 - Survey Unit 1 - 2nd Lift of ABM
Average Gamma Scan Isopleths (kcpm)

P
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Grids A through M (West to East)

Grids 1 through 16 (South to North)

00022
s
0008 000522 —
22300,9
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Background Measurements Ranged From
21,916 cpm to 26,459 cpm

k:/5018/Fssr/Cas/Surfer/Area2/Lwrb-12b.srf

N

Figure 6.2-16
Study Area 2 - Survey Unit 1 - 2nd Lift of ABM
Background Isopleths (cpm)

Earth Sciences Consultants, Inc.
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Grids A through N (West to East)

Grids 1 through 20 (South to North)
T

f

k:/5018/Fssr/Cas/Surfer/Area2/Lwrb-13.srf

Figure 6.2-19
Study Area 2 - Survey Unit 1 - 3rd Lift of ABM
Average Gamma Scan Isopleths (kcpm)

e Average Gamma Scan Readings Ranged
From 22 kcpm to 27 kepm %

Earth Sciences Consultants, Inc.




Grids A through N (West to East)

Grids 1 through 20 (South to North)

N

k:/5018/Fssr/Cas/Surfer/Area2/Lwrb-I13b.srf

Background Measurements Ranged From
21,163 cpm to 27,595 cpm

Figure 6.2-20

Study Area 2 - Survey Unit 1 - 3rd Lift of ABM

Background Isopleths {(cpm)

Earth Sciences Consultants, Inc.
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Grids A through T (West to East)
I ' n T l ' I ' T

Grids 1 through 18 (South to North)

N

Figure 6.2-23
Average Gamma Scan Readings Ranged Study Area 2 - Survey Unit 1 - 4th Lift of ABM
From 19 kcpm to 28 kepm Average Gamma Scan Isopleths (kcpm)

k:/5018/Fssr/Cas/Surfer/Area2/Lwrb-14.srf Earth Sciences Consultants, Inc.




Grids A through T (West to East)

Grids 1 through 18 (South to North)

Background Measurements Ranged From
20,926 cpm to 24,417 cpm

k:/5018/Fsst/Cas/Surfer/Area2/Lwrb-l4b.srf

N

Figure 6.2-24
Study Area 2 - Survey Unit 1 - 4th Lift of ABM
Background Isopleths (cpm)

Earth Sciences Consultants, Inc.
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Grids A through T (West to East)

Grids 1 through 20 (South to North)

1 1
N
Average Gamma Scan Readings Ranged Figure 6.2-27 .
From 18 kepm to 26 kcpm Study Area 2 - Survey Unit 1 - 5th Lift of ABM
, Average Gamma Scan Isopleths (kcpm)
_

oy

k:/5018/FssriCas/Surfer/Area2iLwrb-i5.sif Earth Sciences Consultants, Inc.




Grids A through T (West to East)

Grids 1 through 20 (South to North)

Background Measurements Ranged From
16,609 cpm to 22,866 cpm

k:/5018/Fssr/Cas/Surfer/Area2/lLwrb-I5b.srf

N

Figure 6.2-28
Study Area 2 - Survey Unit 1 - 5th Lift of ABM
Background Isopleths (cpm)

Earth Sciences Consultants, Inc.
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Grids A through T (West to East)

| |

Grids 1 through 21 (South to North)

20-°|l|llll||ll|l||ll|l+2o-o

T

08l \

| U N N O O A O T |

Average Gamma Scan Readings Ranged
From 17 kepm to 26 kepm

T

k:/5018/Fssr/Cas/Surfer/Area2/Lwrb-16 .srf

N

Figure 6.2-31
Study Area 2 - Survey Unit 1 - 6th Lift of ABM
Average Gamma Scan Isopleths (kcpm)

o

Earth Sciences Consultants, Inc.




Grids A through T (West to East)

|

Grids 1 through 21 (South to North)

k:/5018/Fssr/Cas/Surfer/Area2/Lwrb-I6b.srf

N

Background Measurements Ranged From Figure 6.2-32
18,958 cpm to 24,257 cpm Study Area 2 - Survey Unit 1 - 6th Lift of ABM

Background Isopleths (cpm)

Earth Sciences Consultants, Inc.
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Grids A through D (West to East)

k:/5018/Fssr/Cas/Surfer/Area2/Su2-14.srf
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Average Gamma Scan Readings Ranged Figure 6.2-49
From 16 kecpm to 23 kepm Study Area 2 - Survey Unit 2 - 4th Lift of ABM
) Average Gamma Scan Isopleths (kcpm)
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Grids A through D (West to East)
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Background Measurements Ranged Figure 6.2-50
From 14,931 cpm to 23,091 cpm Study Area 2 - Survey Unit 2 - 4th Lift of ABM
. Background Isopleths (cpm)
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Grids A through D (West to East)
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Figure 6.2-77
Study Area 2 - Survey Unit 5
Average Gamma Scan Isopleths (kcpm)

Earth Sciences Consuitants, Inc.




Grids A through D (West to East)
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Background Measurements Ranged
From 11.9 kecpm to 24.2 kepm

Figure 6.2-78
Study Area 2 - Survey Unit 5
Background Isopleths (kcpm)

Earth Sciences Consultants, Inc.
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Grids A and B (West to East)

=13.4

Grids 1 through 6 (South to North)
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T
Figure 6.2-81
Study Area 2 - Survey Unit 6
o Average Gamma Scans Ranged Average Gamma Scan Isopleths (kcpm)
— From 13 kepm to 17 kepm

k:/5018/Fssr/Cas/Surfer/Area2/Sub-a.sif Earth Sciences Consultants, Inc.




Grids 1 through 6 (South to North)

Grids A and B (West to East)
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Background Measurements Ranged
From 12,513 cpm to 17,225 cpm
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Figure 6.2-82
Study Area 2 - Survey Unit 6
Background Isopleths (cpm)

Earth Sciences Consultants, Inc.
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Grids A through D (West to East)

Grids 1 through 12 (South to North)
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Figure 6.2-85
Study Area 2 - Survey Unit 7
Average Gamma Scan Isopleths (kcpm)

~ Average Gamma Scan Readings Ranged
From 16 kcpm to 24 kepm

k:/5018/Fssr/Cas/Surfer/Area2/Su7-a.srf
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Grids A through D (West to East)

From 14.4 kepm to 22.3 kepm
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Figure 6.2-86
Study Area 2 - Survey Unit 7

~ Background Measurements Ranged Background Isopleths (kcpm)

Earth Sciences Consultants, Inc.
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k:/5018/Fssr/Cas/Surfer/Area2/Su8-a.srf

Grids 1 through 7 (South to North)

From 15 kepm to 24.5 kepm

Grids A through D (West to East)
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Figure 6.2-89
Study Area 2 - Survey Unit 8
- Average Gamma Scan Readings Ranged Average Gamma Scan Isopleths (kepm)

Earth Sciences Consultants, Inc.




Grids A through D (West to East)
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| Background Measurements Ranged

From 16.7 kcpm to 21.5 kepm
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Figure 6.2-80
Study Area 2 - Survey Unit 8
Background Isopleths (kcpm)
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Grids A through E (West to East)

|

Grids 1 through 6 (South to North)

k:/5018/Fssr/Cas/Surfer/Area2/Su12-a.srf
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Average Gamma Scan Readings Ranged :
Figure 6.2-97
From 17 kepm to 31 kepm Study Area 2 - Survey Unit 12
L Average Gamma Scan Isopleths (kcpm)

Earth Sciences Consultants, Inc.




Grids A through E (West to East)

Grids 1 through 6 (South to North)
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Background Measurements Ranged :
Figure 6.2-98
From 17,365 cpm to 34,127 cpm Study Areagl 2 - Survey Unit 12

Background Isopleths (cpm)

oy

k:/5018/Fsst/Cas/Surfer/Area2/Su12-b.srf Earth Sciences Consultants, Inc.
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— Grids A through C (West to East)
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Grids 1 through 7 (South to North)
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Average Gamma Scan Readings Ranged :
Figure 6.2-101
From 18 kepm to 33 kepm Study Area 2 - Survey Unit 13

. Average Gamma Scan Isopleths {(kcpm)

k:/5018/Fssr/Cas/Surfer/Area2/Su13-a.srf Earth Sciences Consultants, Inc.




Grids A through C (West to East)

(
Grids 1 through 7 (South to North)
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Background Measurements Ranged -
Figure 6.2-102
From 15,775 cpm to 27,494 cpm Study Ao Survey Unit 13

Background Isopleths (cpm)

k:/5018/Fssr/Cas/Surfer/Area2/Su13-b.srf Earth Sciences Consultants, Inc.
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. GRIDS A1 THROUGH X13 REPRESENT

PERIMETER REPRESENT THE WALLS.
THE FLOOR.

. FLOOR GRIDS ARE APPROXIMATELY
. WALL GRIDS ARE APPROXIMATELY

2m WIDE x 0.6m HIGH.

GRIDS A THROUGH BV ALONG
RANDOM START POINT
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DRAWING NOT TO SCALE

FIGURE 6.3—17
STUDY AREA 3B—SURVEY UNITS 1 AND 2

4th LIFT OF ACCEPTABLE BACKFILL MATERIAL
GROSS GAMMA SCANNING GRIDS

WALTZ MILL SITE
MADISON, PENNSYLVANIA

PREPARED FOR
WESTINGHOUSE ELECTRIC COMPANY, LLC
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PERIMETER REPRESENT THE WALLS.
2. GRIDS A1 THROUGH Y14 REPRESENT

1. GRIDS A THROUGH BZ ALONG
THE FLOOR.

3. FLOOR GRIDS ARE APPROXIMATELY

2m x 2m,

4, WALL GRIDS ARE APPROXIMATELY

2m WIDE x 0.6m HIGH.

RANDOM START POINT
#® SAMPLING LOCATION
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DRAWING NOT TO SCALE

1. GRIDS A THROUGH AT ALONG
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Study Areo 3B - Survey Unit 3
Background Readings (cpm)

, ,.\rLr\f&

B-1 | 27,113 B-27 | 25,709
8-2 | 31,692 B-28 | 22,930
B-3 | 31,624 B-29 | 21,217
B-4 | 29,982 B-30 {23,177
B-5 | 27,631 B-31 | 23,469
B-6 | 28,097 B-32 | 23,117
B-7 | 29,613 B-33 | 21,097
B-8 | 31,291 B-34 | 18,281
B-9 | 33,735 B-72 | 15,831
B-10 | 37,046 B-73 | 17,324
B-11 | 33,215 B-74 | 17,180
B-12 | 28,596 B-75 | 17,309
B—-13 | 29,348 B-76 | 15,799
B—-14 | 34,163 B-77 | 17,692
B-15 | 38,709 B-78 | 18,744
B—-16 | 36,294 B-79 | 18,270
B-17 | 41,562 B-80 | 19,662
B-18 | 40,834 B-81 19,105
B-19 | 38,023 B-82 | 20,530
B—-20 | 32,275 B-83 | 20,610
B-21 | 30,808 B-84 | 22,312
B-22 | 27,507 B-85 | 23,348
B-23 | 30,681 B-86 | 24,323
B-24 | 33,863 B-89 | 14,529
B-25 | 30,724 B-90 | 18,288
B-26 | 29,752
Min = 14,529 Max = 41,562
Average = 26,354
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FIGURE 6.3-34
STUDY AREA 3B — SURVEY UNIT 3

LOCATION OF BACKGROUND READINGS
WALTZ MILL SITE
MADISON, PENNSYLVANIA
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Study Area 3B - Survey Unit 4
Background Readings (cpm)

B-35 17,696 B-55 11,277
B-36 18,448 B-56 12,534
B-37 18,998 B-57 12,607
B-38 16,656 B-58 14,338

B-39 | 12,940 | | B-59 | 11,716 _ - v _ ,
B—40 | 12,289 || B~60 | 10,901 , S : {L,
B-41 | 16,397 | | B-61 | 11,767 v , 4 NOZ

B-42 16,403 B-62 12,525
B-43 17,640 B-63 12,069
B—-44 17,225 B-64 10,517
B-45 15,494 B-65 11,134
B-46 15,498 B-66 12,577

B-47 | 15,414 B-67 | 12,204 . )
B-48 | 15,063 B-68 | 14,963 \ o
B-49 | 14,382 B-69 | 14,563 ,

B-50 | 13,829 B-70 | 13,132 /

B-51 | 14,031 | | B-71 | 13,521 \ ‘

B-52 | 14,017 | | B-87 | 14,049 . {

B-53 | 10,521 B-88 | 12,835
B-54 | 11,285

Min = 10,517 Mox = 18,998
Average = 13,935
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FIGURE 6.3—38
STUDY AREA 3B — SURVEY UNIT 4
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