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Executive Summary
Final Status Survey Report
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

Penn Environmental & Remediation, Inc. (Penn E&R) has been retained by the Kaiser
Aluminum & Chemical Corporation (Kaiser) to provide radiological final status survey
technical support for the remediation of its Kaiser Aluminum Specialty Products facility
(Tulsa, Oklahoma facility) located at 7311 East 41st Street in Tulsa, Oklahoma. The
remediation of radiologically impacted portions of the Tulsa, Oklahoma facility has been
authorized by the Nuclear Regulatory Commission (NRC) via approval of the site-
specific Decommissioning Plan (DP) (June 2001, Rev. May 2003, September 2003, May
2005, and September 2005) and Decommissioning Plan Addendum (DPA) (May 2002,
Rev. May 2003) for the facility. The DP and DPA. were designed to address the
remediation of thorium dross and contaminated soil known to be present at the Tulsa,
Oklahoma facility (Thorium Remediation Project).

The DP addresses the remediation of the impacted portions of the 14-acre “Pond Parcel”
at the Tulsa, Oklahoma facility and the DPA addresses the approximate 3.5-acre “Former
Operational Area” (FOA). The remediation alternative chosen for the Pond Parcel
requires excavating material with a net Th-232 activity concentration greater than the
Derived Concentration Guideline Level (DCGLy,) of 3.0 pCi/g, based on a dose limit of
25 mrem/yr. Material with net Th-232 activity concentrations greater than the Derived
Cutoff Concentration Level (DCCL). of 31.1 net pCi/g Th-232 is being segregated and
disposed off site as exempt material at the U.S. Ecology Grand View, Idaho facility.
Material with activity concentrations less than 31.1 net pCi/g Th-232 (Below Criteria
Material or BCM) is being used as backfill in the Pond Parcel excavation. A layer of
clean imported borrow material (minimum thickness of 10 feet) obtained from an off site
source is being placed over the BCM and graded in a manner to direct drainage away
from the site, after which the site will be revegetated. At the time of preparation of this
report, approximately 93 percent of the impacted portion of the Pond Parcel has been
remediated.

Remediation activities for the FOA were similar to those implemented for the Pond
Parcel with the exception of the excavations being backfilled with clean imported borrow
material. At the time of preparation of this Final Status Survey Report, the remediation
of the impacted portions of the FOA had been completed.

Final status surveys for the Thorium Remediation Project consist of three distinct
elements: (1) surveys of the “open land areas™ of the site including the excavation bottom
surface soils for the Pond Parcel and FOA; (2) surveys of BCM placed in the Pond Parcel
excavations; and (3) surveys of structural surfaces. Final status surveys are completed
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prior to the backfilling of any Pond Parcel or FOA remediation excavation and
during/following the placement of BCM in the Pond Parcel. The survey unit acceptance
criteria developed in the DP are applicable to the entire site. Thus, if each survey unit
meets the acceptance criteria, the dose for the entire site will be less than the release
criteria of 25 mrem/yr.

Pond Parcel Excavation Bottom and FOA Excavation Final Status Surveys

Final status surveys associated with the Pond Parcel and FOA excavation bottoms arc
conducted through a progression of Class 1 survey units. Survey units typically consist
of excavation bottom surface soil and associated side walls, elevated soil areas (if left in-
place), and embedded structures (if encountered and left in-place). The final status
survey of excavation bottom survey units typically consists of a gross gamma scan of the
exposed surface soil of the unit and systematic soil sampling. Additional scanning and
soil sampling are included for each elevated measurement comparison (EMC) performed
for elevated areas left in-place. Embedded structures (typically small pipes and concrete)
are surveyed for total alpha contamination (when possible) and removable alpha
contamination.

Compliance with survey unit acceptance criteria is demonstrated by comparison of the
average residual contamination for each survey element (excavation bottom soil, elevated
areas, and embedded structures) to the appropriate acceptance criteria value and a sum of
fractions for each survey unit is also calculated. The sum of fractions is a very
conservative assessment of the survey unit. Summing the fractions ensures the survey
unit and the entire site will be a small fraction of 25 mrem/yr (the release criterion) when
the actual as-left dose assessment is complete. Systematic final status survey data are
also evaluated using the Wilcoxan Rank Sum Test procedure.

A total of 30 Pond Parcel excavation bottom survey units are anticipated for the Thorium
Remediation Project. Final status surveying and reporting have been completed for 24 of
the 30 Pond Parcel excavation bottom survey units. Volume I of this Final Status
Survey Report documents the final status survey results for Survey Units Kaiser-FSS-
001 through Kaiser-FSS-024. One of the 24 excavation bottom survey units (Kaiser-
FSS-001) consisted of an embedded structure encountered (a buried concrete spillway)
during the removal of radiologically impacted soil. A summary of the final status survey
results by survey unit is provided below in Table 1.

Of the 6 remaining open land area survey units for the pond parcel (Survey. Units Kaiser-
FSS-025 through Kaiser-FSS-030) it should be noted that remediation and final status
survey sampling have been completed for 4 of those units (Kaiser-FSS-027 through
Kaiser-FSS-030). Soil screening values and/or analytical laboratory results for all
systematic soil samples for each survey unit were below the DCGLw, In addition, no
elevated areas were left in-place, therefore, no elevated measurement comparisons will be
required for these units. Kaiser anticipates that the remediation and final status survey
sampling results for Survey Units Kaiser-FSS-025 and Kaiser-FSS-026 will also meet the
DP acceptance criteria. The results of the final status surveys for the remaining 6 Pond
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Parcel excavation bottom survey units will be documented in an addendum to this Final
Status Survey Report to be submitted at the end of the remediation project.

Table 1 ~Pond Parcel Excavation Final Status Survey Summary by Survey Unit

Systematic
No. of Sample Survey Unit
Systematic | Exceedance | WRS Test | Elevated Embedded | Total Sum Meets DP
Surface Samples of DCGL Criterion Area(s) Structure(s) of Acceptance
Survey Unit Area (m?') | Collected Value Met Present Present Fractions Criteria
Kaiser-FSS-001* 845 36 YES YES “YES N/A 0.99 YES
Kaiser-FSS-002 126.5 NO YES NO NO 0.00 YES
Kaiser-FSS-003 80 NO YES NO NO 0.00 YES
Kaiser-FSS-004 107 NO YES NO NO 0.00 YES
Kaiser-FSS-005 35 NO YES NO NO 0.00 YES
Kaiser-FSS-006 2,670 12 NO YES NO NO 0.00 YES
Kaiser-FSS-007 1,182 16 NO YES NO YES 0.04 YES
Kaiser-FSS-008 424 NO YES NO NO 0.00 YES
Kaiser-FSS-009 1,000 NO YES NO NO 0.00 YES
Kaiser-FSS-010 986 10 NO YES NO YES 0.00 YES
Kaiser-FSS-011 2,400 12 NO YES NO NO 0.00 YES
Kaiser-FSS-012 2,460 12 NO YES NO NO 0.00 YES
Kaiser-FSS-013 1,320 10 NO YES YES YES 0.38 YES
Kaiser-FSS-014 1,892 10 NO YES YES YES 0.67 YES
Kaiser-FSS-015 1,997 10 NO YES NO YES 0.18 YES
Kaiser-FSS-016 2,484 14 NO YES YES NO 0.79 YES
Kaiser-FSS-017 2,230 17 NO YES NO. NO 0.00 YES
Kaiser-FSS-018 1,582 10 NO YES NO NO 0.00 YES
Kaiser-FSS-019 1,582 10 NO YES NO NO 0.00 YES
Kaiser-FSS-020 1,570 NO YES YES NO 0.19 YES
Kaiser-FSS-021 1,985 NO YES NO NO 0.00 YES
Kaiser-FSS-022 1,840 NO YES NO NO 0.00 YES
Kaiser-FSS-023 1,750 10 NO YES NO NO 0.00 YES
Kaiser-FSS-024 1,454 10 NO YES NO NO 0.00 YES

* Survey Unit Kaiser- FSS-001 is the buried concrete spillway structure. The other pond parcel survey units are defined as open land

areas.

Final status surveying and reporting have been completed for all 9 FOA excavation
survey units. Volume II of this Final Status Survey Report documents the final status
survey results for Survey Units Kaiser-FSSFOA-001 through Kaiser-FSSFOA-009.
Three of the nine FOA excavation survey units consisted only of embedded structures
(retaining walls) that were encountered during the removal of radiologically impacted
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soil located adjacent to the structures. A summary of the final status survey results by survey
unit is provided below in Table 2.

Table 2 — FOA Excavation Final Status Survey Summary by Survey Unit

Systematic
No. of Sample Survey Unit
Surface | Systematic | Excecedance | WRS Test | Elevated | Embedded Total Sum Meets DP
Area Samples of DCGL Criterfon | Area(s) | Structure(s) of Acceptance
Survey Unit (m?) Collected Value Met Present Present Fractions Criteria

Kaiser-FSSFOA-001 228 9 NO YES NO NO 0.00 YES
Kaiser-FSSFOA-002 49 9 NO YES NO NO 0.00 YES
Kaiser-FSSFOA-003* 35 21 NO YES NO N/A 0.16 YES
Kaiser-FSSFOA-004 84 10 NO YES NO YES 0.15 YES
Kaiser-FSSFOA-005 1,320 9 NO YES NO YES 0.03 YES
Kaiser-FSSFOA-006 2,550 13 NO YES YES YES 0.59 YES
Kaiser-FSSFOA-007* 81.5 18 NO YES NO N/A 0.07 YES
Kaiser-FSSFOA-008* 923 14 NO YES NO N/A 0.09 YES
Kaiser-FSSFOA-009 19.5 10 NO YES NO NO 0.00 YES

* Survey unit consists of a structure (cinderblock or concrete retaining wall) encountered during the
removal of radiologically impacted soil.

.
s

Pond Parccl Excavation Backfill Units (BCM) Final Status Surveys

As with the Pond Parcel excavation bottoms, final status surveys associated with the
Pond Parcel excavation backfill units (BCM) are conducted through a progression of
Class 1 survey units. Typically a unit of BCM is placed in a portion(s) of a pond parcel
excavation bottom(s) associated with a defined excavation bottom final status survey
unit(s). Backfill units are completed through the placement of typically four to eight
continuous layers (2-foot compacted lift depth) of BCM in a defined area. The final
status survey of excavation backfill units consists of a gross gamma scan of each placed
2-foot lift of BCM and systematic soil core sampling upon completion of the BCM unit.
Compliance with survey unit acceptance criteria is demonstrated by comparison of the
average residual contamination for the survey unit to the appropriate acceptance criteria
value. Systematic soil core sampling data are also evaluated using the Wilcoxan Rank
Sum Test procedure.

A total of 15 Pond Parcel excavation backfill survey units are anticipated for the Thorium
Remediation Project. Final status surveying and reporting have been completed for 9 of
the 15 Pond Parcel excavation backfill survey units. Volume III of this Final Status
Survey Report documents the final status survey results for Survey Units Kaiser-FSSB-
001 through Kaiser-FSSB-009. A summary of the final status survey results by survey unit is
provided below in Table 3.

ES-4 Revision 0
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Of the six remaining BCM survey units for the pond parcel (Survey Units Kaiser-FSSB-
010 through Kaiser-FSSB-015), it should be noted that the placement of BCM and final
status survey sampling have been completed for three of those units (Kaiser-FSSB-010
through Kaiser-FSS-012). Soil screening values and/or analytical laboratory results for
all systematic core samples for each survey unit were below the DCCL, Kaiser
anticipates that the final status survey sampling results for Survey Units Kaiser-FSSB-
013 through Kaiser-FSSB-015 will also meet the DP acceptance criteria. The results of
the final status surveys for the remaining six Pond Parcel backfill survey units will be
documented in an addendum to this Final Status Survey Report to be submitted at the
end of the remediation project.

Table 3 — Pond Parcel Excavation Backfill Final Status Survey Summary by Survey Unit

Systematic
No. of Soil Core
Base Systematic Sample Survey Unit
Surface No. of Soil Core | Exceedance | WRS Test Elevated Meets DP
Area Systematic | Composite of DCCL Criterion Area(s) Acceptance
Survey Unit (m?) Soil Cores Samples Value Met Present Criteria
Kaiser-FSSB-001 2,220 11 28 NO YES NO YES
Kaiser-FSSB-002 2,405 12 17 NO YES NO YES
Kaiser-FSSB-003 1,709 11 37 NO YES -NO YES
Kaiser-FSSB-004 1,647 33 NO YES NO YES
Kaiser-FSSB-005 1,716 34 NO YES NO YES
Kaiser-FSSB-006 2,177 12 44 NO YES NO YES
Kaiser-FSSB-007 1,381 44 NO YES NO YES
Kaiser-FSSB-008 1,431 45 NO YES NO YES
Kaiser-FSSB-009 1,840 20 NO YES NO YES

Bounding As-Left Condition Final Dose Assessment

A bounding as-left condition dose assessment based on the maximum activity .
concentration of the BCM and minimum clean soil cover requirement has been
completed for the Thorium Remediation Project. The resulting maximum dose is 1.33
mrem/yr. At the conclusion of the Thorium Remediation Project, the actual activity
concentrations and the actual dimensions of the cover could be used to reassess the final
dose. Since the activity concentrations will be less than bounding values used and the
dimensions of the cover will be at least what were used, the resulting dose would be less
than 1.33 mrem/yr.
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Final Status Survey Report
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

1.0 ROAD MAP - VOLUMES I THROUGH III

Penn Environmental & Remediation, Inc. (Penn E&R) has been retained by the Kaiser
Aluminum & Chemical Corporation (Kaiser) to provide radiological final status survey
technical support for the remediation of its Kaiser Aluminum Specialty Products facility
(Tulsa, Oklahoma facility) located at 7311 East 41st Street in Tulsa, Oklahoma (Figure
1). The remediation of radiologically impacted portions of the Tulsa, Oklahoma facility
has been authorized by the Nuclear Regulatory Commission (NRC) via approval of the
site-specific Decommissioning Plan (DP) (June 2001, Rev. May 2003, September 2003,
May 2005, and September 2005) and Decommissioning Plan Addendum (DPA) (May
2002, Rev. May 2003) for the facility. The DP and DPA were designed to address the
remediation of thorium dross and contaminated soil known to be present at the Tulsa,
Oklahoma facility (Thorium Remediation Project). The DP and DPA specify the
procedures to safely decommission the Tulsa, Oklahoma facility and meet the NRC
requirements for unrestricted use: residual radioactivity distinguishable from background
will not result in a total effective dose equivalent (TEDE) to an average member of a
critical group (resident farmer) that exceeds 25 millirem per year (mrem/yr).
Additionally, implementation of the DP and the DPA will reduce residual radioactivity to
levels that are as low as reasonably achievable (ALARA).

The final status survey technical approach authorized by the NRC (Chapter 14.0 of the
DP and DPA) includes the protocols and guidance provided in NUREG-1575, Multi-
Agency Radiation Survey and Site Investigation Manual (MARSSIM) (USEPA,
December 1997) to demonstrate compliance with the DP and DPA release criteria. A
copy of the most recent version (September 2005) of Chapter 14.0 is presented as an
appendix to the Final Status Survey Report.

This Road Map was written to provide the reader with relevant background information
related to the DP and DPA, a historical operations perspective for the site, as well as an
overview of current site remediation and associated final status survey activities.

1.1 Decommissioning Plan and Decommissioning Plan Addendum

The DP addresses the remediation of the impacted portions of the 14-acre “Pond Parcel”
at the Tulsa, Oklahoma facility and the DPA addresses the approximate 3.5-acre “Former
Operational Area”. The Pond Parcel has been divided into three parts: the non-impacted
former Freshwater Pond area to the west (approximately 4 acres); the impacted
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Retention Pond/Reserve Pond area to the east (approximately 9 acres); and the impacted
arca adjacent to the Flux Building and paved area (approximately 1 acre) (Figure 2).

The Former Operational Area (FOA) is principally a triangular parcel of land north of
41st Strect and south of the Union Pacific Railroad right-of-way, on which plant
processes and operations occurred. None of the original buildings which housed
magnesium-thorium alloy processing, existed on site at the onset of the Thorium
Remediation Project. The Flux Building, located to the northeast of the triangular parcel,
is part of the FOA (Figure 2).

1.2 Historical Operations Perspective

The Standard Magnesium Corporation (SMC) built the Tulsa, Oklahoma facility in Tulsa,
Oklahoma in the early to mid-1950s to manufacture magnesium products. SMC received
a source materials license (C-4012) from the Atomic Energy Commission in March 1958
to receive possession and title to magnesium-thorium alloy (a thorium metal) with up to
4 percent thorium content for processing. Historical operations at the facility included
the smelting of scrap magnesium alloy for the production of anodes. Scrap magnesium-
thorium alloy was smelted, along with other magnesium materials, to recover the

.magnesium. Thorium alloy material comprised a small fraction of the total magnesium

refined on site. Licensed operations involving the recovery of magnesium-thorium alloy
began in 1958 and continued through 1968. Kaiser purchased the facility in 1964.
Magnesium refining operations continued at the facility until approximately 1985.
Aluminum then replaced magnesium in smelting and anode manufacture, and the plant
continued operating until the 1997-1998 time frame.

License C-4012 was superseded by License STB-472 in November 1961. License STB-
472 was amended in June 1968 to add uranium to the list of authorized materials, but
there is no record that uranium-bearing materials were ever received on site. The license
was terminated in 1971 by the AEC at Kaiser’s request. At that time, Kaiser stated that it
had not processed magnesium-thorium alloy in the past year.

The scrap magnesium alloy refining process consisted of placing the material into large
melting pots, heating the material until molten, and then siphoning off the pure
magnesium. Impurities from the mixture, including thorium, separated from the
magnesium. This residue material was removed, allowed to cool, and crushed. The
crushed material was returned to the heating pots for a second recovery process. Once
refined, the metallic dross residue material was crushed and disposed on site.

The quantity of licensed material SMC and later Kaiser were authorized to possess at one
time was periodically amended, but generally was limited to 30,000 pounds of
magnesium-thorium alloy containing no more than 4 percent thorium. Records
documenting the quantity of licensed material present at the site are not available.
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1.3 Site Remediation

The site has been divided into two remediation areas: the Pond Parcel area where the
dross residues were stored and the FOA where the site structures were located. These
two areas and the planned/completed remedial activities are described in the following
sections.

13.1 Pond Parcel Description and Remediation

Extensive site characterization activities were conducted within the 14-acre land area of
the facility known as the Pond Parcel. These characterization activities indicated the
presence of residual radioactive material within a 10-acre portion of the Pond Parcel.
The radioactive material identified within this portion of land was a thorium-bearing
dross containing the isotopes thorium-232 (Th-232), thorium-230 (Th-230), and thorium-
228 (Th-228). No elevated uranium was detected. Th-228 and Th-232 were determined
to be in secular equilibrium. In addition, a ratio of Th-230-to-((Th-232+Th-228)/2) of 3.5
was calculated based on characterization data.

As previously mentioned, the impacted portion of the parcel contains the Retention Pond
and former Reserve Pond area. The non-impacted portion of the Pond Parcel contains the
former Freshwater Pond area. The DP was written to address the remediation of the Pond
Parcel land area. The impacted Pond Parcel land area is bounded by the south fence line,
the former Freshwater Pond embankment on the west, Fulton Creck ditch on the north,
and the east fence line. A central feature of this area is the Retention Pond and associated
embankments.

Thorium-bearing dross was also present on land adjacent to current Kaiser Property along
the east and south fence lines and represented the margins of the impacted material. Per
an NRC-approved remediation plan, Kaiser remediated this “adjacent land” by
excavation and storing impacted soil within the Pond ‘Parcel. Kaiser conducted the
adjacent land remediation project (ALRP) during the period of October 2000 through
May 2001. Impacted soil generated during the ALRP was considered part of the on-site
decommissioning. In a letter dated March 7, 2002, the NRC provided Kaiser with a
determination that the remediated adjacent properties met the criteria for unrestricted
release.

The remediation alternative chosen for the Pond Parcel requires excavating material with
a net Th-232 activity concentration greater than the Derived Concentration Guideline
Level (DCGL,,) of 3.0 pCi/g, based on a dose limit of 25 mrem/yr. Material with net
Th-232 activity concentrations greater than the Derived Cutoff Concentration Level
(DCCL) of 31.1 net pCi/g Th-232 is being segregated and disposed off site as exempt

material at the U.S. Ecology Grand View Idaho facility. Material with activity
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over the BCM and graded in a manner to direct drainage away from the site, after which
the site will be revegetated.

At the time of preparation of this report, approximately 93 percent of the impacted
portion of the Pond Parcel has been remediated. The remediated portion of the Pond
Parcel has been excavated to depths up to 15 to 20 feet and to an average depth estimated
at 14 feet across most of the Retention and Reserve ponds. At the end of the Thorium
Remediation Project, approximately 4,000,000 cubic feet (ft%) of clean off-site soil will
have been used to backfill the Pond Parcel cxcavations.

13.2 Former Opcrational Arca (FOA) Description and Remediation

The DP identified the potential for radioactive material bencath several paved areas and
building floor surfaces of the FOA. This determination was based upon an interpretation
of historical data and/or observations made during the ALRP. As a result, a limited
Additional Site Characterization Activities (ASCA) effort was conducted in the FOA dur-
ing mid-2001. The objective of the ASCA was to determine if thorium-bearing
dross/radioactive material was present beneath these areas of concern. Soil data obtained
during the ASCA indicated the presence of residual radioactive material beneath several
concrete-paved surfaces at relatively shallow depths. The presence of this material
beneath the surfaces was most likely the result of historical grading activities.

A Historical Site Assessment (HSA) was then performed during late 2001 for the FOA.
The HSA was conducted as the first step toward decommissioning the FOA at the Tulsa,
Oklahoma facility. The objective of the HSA was to compile as much historical
information as possible for the facility and, using the MARSSIM guidelines, categorize
the land areas and structures of the FOA of the facility as either impacted or non-
impacted. None of the original buildings which housed magnesium-thorium alloy
processing existed on site at the time of the HSA. With the cxception of the Flux
Building, there were no buildings in the FOA of the facility classified as impacted in the
HSA. The Flux Building was initially classified as an impacted structure due to past and
current uses of the building to house and process soil core and surface samples. Land
areas initially classified as impacted included the land areas beneath the Maintenance
Building, the Crusher Building, the Crusher Addition Building, the North Extrusion
Building, the Warehouse Building, and the former Smelter Building, as well as concrete
paved areas completed post-1958 (Figure 2).

The results of the HSA (Appendix A of the DPA) were used to design radiological survey
efforts for the structures and land areas of the FOA. The recommended radiological
extended scoping (non-impacted structures) and characterization (impacted land areas)
survey efforts were described in a work plan prepared by Earth Sciences Consultants, Inc.
(December 2001). The primary objective of the extended scoping survey of the six
existing site structures were to verify their initial classification as non-impacted in the
HSA. The primary objectives of the characterization survey of the impacted land areas
were to determine the nature and extent of residual radioactive materials within the FOA
and collect sufficient data to support evaluation of remedial alternatives and technologies
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for the impacted land areas of the FOA. The radiological survey efforts were completed
during the months of January and February 2002. Results of the radiological surveys are
presented in Chapter 4.0 of the DPA.

Based on the results of the survey effort, sclect land areas of the FOA were identified for
remediation. These areas include the following:

. A portion of the land area beneath the former Warehouse Building
(Survey Unit Kaiser-FSSFOA-005).

J A portion of the land area beneath the former Crusher Building (Survey
Unit Kaiser-FSSFOA-006).

J The land area beneath a “built-up” dock area located immediately west
of the former Crusher Building (Survey Unit Kaiser-FSSFOA-005).

° The land area beneath a built-up dock area located immediately west of
the former Maintenance Building (Survey Unit Kaiser-FSSFOA-004).

. A portion of the land area beneath a paved concrete surface situated

northwest of the former Maintenance Building, northeast of the former
North Extrusion Building, and south of the Union Pacific Railroad right-
of-way (Survey Unit Kaiser-FSSFOA-001).

. A portion of the land arca along a concrete retaining wall situated at the
southeastern corner of the former Maintenance Building (Survey Unit
Kaiser-FSSFOA-002).

* A portion of the land area beneath a paved concrete surface situated to
the north of the former Warchouse Building (Survey Unit Kaiser-
FSSFOA-005).

° A portion of the land area beneath a paved concrete surface situated
north of 41st Street and the former Crusher Building, south of the UPRR
right-of-way, and west of the areas remediated during the ALRP (Survey
Unit Kaiser-FSSFOA-006).

Kaiser completed select pre-decommissioning activities prior to undertaking the Thorium
Remediation Project. The most significant pre-decommissioning activity was the
demolition of several of the non-impacted FOA structures to facilitate the excavation of
impacted material located benecath floor slabs. Non-impacted structures that were
demolished included the Warehouse Building, the Crusher Building, and Crusher
Addition Building. The Flux Building was demolished during the Thorium Remediation
Project following the completion of a final status survey of the structure and NRC
approval (August 1, 2005 NRC letter from John T. Buckley to Bill Vinzant). The
demolished materials were disposed as construction debris off-site at a local permitted
facility. The concrete floor slabs and paved surface concrete were removed in sections.
The underside of each section of concrete was mechanically cleaned to remove loose soil
and clearance surveyed based on the guidance of NRC FC 83-23. In addition, relative to
the disposal of the cleared concrete slabs in a local permitted facility, the State of
Oklahoma specified that contamination levels shall not be different than background.
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At the time of preparation of this Final Status Survey report, the remediation of the
impacted portions of the FOA had been completed. Remediation activities for the FOA
consisted of the excavation of material with a net Th-232 activity concentration greater
than the DCGLy, of 3.0 pCi/g and the backfill of the excavations with clean imported
borrow material. The excavated material was transported to the Pond Parcel where
material with net Th-232 activity concentrations greater than the DCCL of 31.1 pCi/g
was segregated on site and disposed off sitc as exempt material at the U.S. Ecology
Grand View Idaho facility. BCM (material with net activity concentrations below 31.1
pCi/g Th-232) was placed in the Pond Parcel excavation as backfill. At the end of the
decommissioning project, the backfilled excavations located within the FOA will be final
graded and vegetated to minimize soil erosion and promote positive sitc drainage.

1.4 Final Status Surveys and Reporting

Final status surveys for the Thorium Remediation Project consists of three distinct
elements: (1) surveys of the “open land areas” of the site including the excavation bottom
surface soils for the Pond Parcel and FOA; (2) surveys of BCM placed in the Pond Parcel
-excavations; and (3) surveys of structural surfaces. Final status surveys are completed
prior to the backfilling of any Pond Parcel or FOA remediation excavation and
during/following the placement of BCM in the Pond Parcel. The survey unit acceptance
criteria developed in the DP are applicable to the entire site. Thus, if each survey unit
meets the acceptance criteria, the dose for the entire site will be less than the release
criteria of 25 mrem/yr.

The Final Status Survey Report is being submitted to NRC to address the survey units
completed to date for the Thorium Remediation Project. The layout of this submittal is as
follows:

e Volume I — Pond Parcel Excavation Bottom Survey Units
e Volume Il — Former Operational Area Excavation Survey Units
o Volume III - Pond Parcel Backfill (BCM) Survey Units

Each volume of the Final Status Survey Report contains individual sub-reports that
provide final status survey results for a particular survey unit. Each volume also contains
independent chapters describing the specific type and/or arca of survey, applicable
acceptance criteria and survey protocols, and a summary of survey results as well as
supporting figures, tables, and attachments.

14.1 Pond Parcel and FOA Excavation Bottom Surveys and Reporting

Final status surveys associated with the Pond Parcel and FOA excavation bottoms are
conducted through a progression of Class 1 survey units. Survey units typically consist
of excavation bottom surface soil and associated side walls, elevated soil areas (if left in-
place), and embedded structures (if encountered and left in-place). The final status
survey of excavation bottom survey units typically consists of a gross gamma scan of the
exposed surface soil of the unit and systematic soil sampling. Additional scanning and
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soil sampling are included for each elevated measurement comparison (EMC) performed
for elevated areas left in-place. Embedded structures (typically small pipes and concrete)
arc surveyed for total alpha contamination (when possible) and removable alpha
contamination.

Compliance with survey unit acceptance criteria is demonstrated by comparison of the
average residual contamination for each survey clement (excavation bottom soil, elevated
areas, and embedded structures) to the appropriate acceptance criteria value and a sum of
fractions for each survey unit is also calculated. The sum of fractions is a very
conservative assessment of the survey unit. Summing the fractions ensures the survey
unit and the entire site will be a small fraction of 25 mrem/yr (the release criterion) when
the actual as-left dose assessment is complete. Systematic final status survey data are
also evaluated using the Wilcoxan Rank Sum Test procedure.

A total of 30 Pond Parcel excavation bottom survey units are anticipated for the Thorium
Remediation Project. Final status surveying and reporting have been completed for 24 of
the 30 Pond Parcel excavation bottom survey units. Veolume I of this Final Status
Survey Report documents the final status survey results for Survey Units Kaiser-FSS-
001 through Kaiser-FSS-024. One of the 24 excavation bottom survey units (Kaiser-
FSS-001) consisted of an embedded structure encountered (a buried concrete spillway)
during the removal of radiologically impacted soil. A discussion of the appropriate
survey unit acceptance criteria and surveying protocol for the Pond Parcel excavation
bottom survey units is also presented in Volume I of this Final Status Survey Report.
The results of the final status surveys for the remaining 6 Pond Parcel excavation bottom
survey units will be documented in an addendum to this Final Status Survey Report to be
submitted at the end of the remediation project.

Final status surveying and reporting have been completed for all 9 FOA excavation
survey units. Volume II of this Final Status Survey Report documents the final status
survey results for Survey Units Kaiser-FSSFOA-001 through Kaiser-FSSFOA-009.
Three of the 9 FOA excavation survey units consisted only of embedded structures
(retaining walls) that were encountered during the removal of radiologically impacted
soil located adjacent to the structures. A discussion of the appropriate survey unit
acceptance criteria and surveying protocol for the FOA excavation survey units is also
presented in Volume II of this Final Status Survey Report.

1.4.2 Pond Parcel Excavation Backfill Units (BCM) Surveys and Reporting

As with the Pond Parcel excavation bottoms, final status surveys associated with the
Pond Parcel excavation backfill units (BCM) are conducted through a progression of
Class 1 survey units. Typically a unit of BCM is placed in a portion(s) of a pond parcel
excavation bottom(s) associated with a defined excavation bottom final status survey
unit(s). Backfill units are completed through the placement of typically four to eight
continuous layers (2-foot compacted lift depth) of BCM in a defined area. The final
status survey of excavation backfill units consists of a gross gamma scan of each placed
2-foot lift of BCM and systematic soil core sampling upon completion of the BCM unit.

Q:\P4000'PA40T2\FSS Reports'Report text!Chapter IRFDREVISIONS. doc 1-7 Revision 0
3/22/06



Compliance with survey unit acceptance criteria is demonstrated by comparison of the
average residual contamination for the survey unit to the appropriate acceptance criteria
value. Systematic soil core sampling data are also evaluated using the Wilcoxan Rank
Sum Test procedure.

A total of 15 Pond Parcel excavation backfill survey units are anticipated for the Thorium
Remediation Project. Final status surveying and reporting have been completed for 9 of
the 15 Pond Parcel excavation backfill survey units. Volume III of this Final Status
Survey Report documents the final status survey results for Survey Units Kaiser-FSSB-
001 through Kaiser-FSSB-009. A discussion of the appropriate survey unit acceptance
criteria and surveying protocol for the Pond Parcel excavation backfill units is presented
in Volume III of this Final Status Survey Report. The results of the final status
surveys for the remaining 6 Pond Parcel excavation backfill survey units will be
documented in an addendum to this Final Status Survey Report to be submitted at the
end of the remediation project.

143 Final Status Survey QA Program

The final status survey QA program implemented for the Thorium Remediation Project
includes QA functions that cover aspects of data collection, including both field radiation
instrument surveys, and soil and smear sampling for laboratory analysis, through the
preparation of the documentation of the results. Applicable field radiation instrument
final status survey QA data for each survey unit is provided in Appendix A to Volumes I
through III of this Final Status Survey Report. Analytical QA data for the final status
surveys will be documented in an addendum to this Final Status Survey Report to be
submitted at the end of the remediation project.

14.4 Documentation of As-Left Condition and the Complction of a Final Dose
Assessment

A bounding dose assessment based on the maximum activity concentration and minimum
soil cover requirement has been completed and is presented in Appendix E of Volume
III of this Final Status Survey Report. The resulting maximum dose is 1.33 mrem/yr.
At the conclusion of the Thorium Remediation Project, the actual activity concentrations
and the actual dimensions of the cover could be used to reassess the final dose. Since the
activity concentrations will be less than bounding values used and the dimensions of the
cover will be at least what were used, the resulting dose would be less than 1.33 mrem/yr.
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom
Survey Units Kaiser-FSS-001 through Kaiser-FSS-024
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation
March 22,2006

2.0 INTRODUCTION

This volume of the Final Status Survey Report presents the results of Pond Parcel excavation
bottom final status survey activities completed as part of the Thorium Remediation Project at the
Tulsa, Oklahoma facility (Figurc 1). Final status surveys associated with the Pond Parcel
excavation bottom are being conducted through a progression of Class 1 survey units. Survey
units typically consist of excavation bottom surface soil and associated side walls, elevated soil
areas (if left in-place), and embedded structures (if encountered and left in-place). The final
status survey of excavation bottom survey units typically consist of a gross gamma scan of the
exposed surface soil of the unit and systematic soil sampling. Additional scanning and soil
sampling are included for each elevated measurement comparison (EMC) performed for elevated
areas left in-place. Embedded structures (if encountered and left in-place) are surveyed for total
alpha contamination (when possible) and removable alpha contamination.

A total of 30 Pond Parcel excavation bottom survey units are anticipated for the Thorium
Remediation Project. Final status surveying and reporting have been completed for 24 of the 30
Pond Parcel excavation bottom survey units. This volume of the Final Status Survey Report
documents the final status survey results for Survey Units Kaiser-FSS-001 through Kaiser-FSS-
024 (Figure 3). The results of the final status surveys for the remaining 6 Pond Parcel
excavation bottom survey units will be documented in an addendum to this Final Status Survey
Report to be submitted at the end of the remediation project.

This volume of the Final Status Survey Report contains 24 individual sub-reports (EB-001
through EB-024), each documenting the final status survey results for a particular survey unit.
Sub-Report EB-001 documents the final status survey results for Survey Unit Kaiser-FSS-001,
an embedded structure encountered (a buried concrete spillway) during the removal of
radiologically impacted soil from the southwestern corner of the Retention Pond area. Survey
Unit Kaiser-FSS-001 is unique in that the structural surface was large, constituted the entire
survey unit and as such was systematically scanned and sampled per the final status survey
protocol for structures. All additional embedded structures are included as part of the open land
area survey unit sub-reports. Sub-Reports EB-002 (Survey Unit Kaiser-FSS-002) through EB-
024 (Survey Unit Kaiser-FSS-024) document the final status survey results for open land areas
(pond parcel excavation bottom surface soil) resulting from the removal of radiologically
impacted soil from impacted portions of the Pond Parcel. These open land area survey units are
considered Class 1 survey units with surface areas generally less than 2,000 m?,

The remaining chapters of this volume presents the site release criteria for the Tulsa, Oklahoma
facility and the acceptance criteria to be used to clear survey units (Chapter 3.0), an overview of
the surveying protocol for the Pond Parcel excavation bottom survey units (Chapter 4.0), and a
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summary of findings relative to the final status survey of Pond Parcel excavation bottom Survey
Units Kaiser-FSS-001 through Kaiser-FSS-024 (Chapter 5.0). Supporting appendices to this
N volume of the Final Status Survey Report include the following:

e Appendix A — Survey Instrument Quality Assurance/Quality Control (QA/QC)
Documentation

e Appendix B — Chapter 14.0 of the Decommissioning Plan (September 2005 Revision)

e Appendix C - Evaluation of Survey Unit Analytical Results, Wilcoxon Rank Sum Test
s Appendix D — Onsite Cave Counter Calibration and Soil Sample Results
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3.0 FINAL STATUS SURVEY ACCEPTANCE CRITERIA
3.1 Site Release Criteria and Survey Unit Acceptance Criteria
The site release criteria for the Kaiser Tulsa, Oklahoma facility, as presented in the DP are:

“The site will be remediated in accordance with decommissioning criteria of Subpart E,
Radiological Criteria for License Termination of 10 CFR Part 20, Standards of Protection
Against Radiation. Specifically, Subpart E, 10 CFR 20.1402, Radiological Criteria for
Unrestricted Use, allows release of a site for unrestricted use if the residual radioactivity
distinguishable from background results in a TEDE to an average member of the critical group
that does not exceed 25 mrem/yr and the residual radioactivity has been reduced to levels that are
ALARA.”

In regards to acceptance criteria to be used to clear survey units the DP continues:

“Dose modeling is used to estimate the TEDE to the average member of the critical group (that
group reasonably expected to receive the greatest exposure to residual radioactivity for any
applicable circumstances). The concentration of residual radioactivity (per radionuclide)
distinguishable from background that, if distributed uniformly throughout a survey unit, results
in a TEDE of 25 mrem in 1 year to an average member of the critical group is the single-
radionuclide DCGLw.”

Two factors complicate the application of DCGLw acceptance criteria at the Kaiser Tulsa,
Oklahoma facility. The first is the presence of multiple radionuclides, specifically, Th-232, Th-
228 and Ra-228 from the thorium decay series and Th-230, Ra-226 and Pb-210 from the uranium
decay series. Each radionuclide has a DCGLyw value corresponding to the 25 mrem TEDE
criteria. When multiple radionuclides are present, compliance may be demonstrated by a sum of
fractions calculation over the entire series of radionuclides or the use of a surrogate value to
represent 25 mrem TEDE for the entire mix of radionuclides presents. The activity
concentration of Th-232 in units of pCi/g has been established as the surrogate acceptance
criteria for surveys of soil and soil-like material. Use of Th-232 as a surrogate for soil surveys is
detailed in the DP. Likewise gross alpha activity has been established as the surrogate
acceptance criteria for surveys of structural surfaces. The use of gross alpha as a surrogate for
structure surveys is detailed in the Technical Addendum to the Decommissioning Plan and
Addendum, Revised Structural Surface Acceptance Criteria (May 2005).

The second factor is the presence of three distinct survey elements onsite. In addition to the
exposed surface soil of the excavated open land areas and surfaces of structures remaining
onsite, a third survey element is present as a result of the remedy provided in the DP. In
developing the remedial action plan, a derived cutoff concentration level (DCCL) of 31.1 net
pCi/g Th-232 has been determined. This value represents the dividing line concentration
between material which must be exported to an off-site disposal facility and material which can
remain onsite under an unrestricted release scenario. The dose assessment presented in Chap-
ter 5.0 of the DP demonstrates that unrestricted release dose levels can be achieved when
material below the DCCL are returned to the excavation. The average concentration of BCM
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remaining on site is termed in the DP as the Average Derived Concentration Level (ADCLyw).
Dose-based criteria have been established for the Kaiser Tulsa, Oklahoma facility for three
distinct survey elements: (1) surveys of the open land areas of the site including the FOA and
the Pond Parcel excavation bottoms; (2) surveys of the Pond Parcel excavation backfill (BCM)
units; and (3) surveys of structural surfaces.

Finally, for each survey element acceptance criteria there are additional criteria provided to
address small areas of elevated activity calculated from area factors (AF) provided in the DP and
the technical addendum to the DP. The elevated measurement comparison (EMC) criteria are
referred to as DCGLgymc values.

The inputs and assumptions used to derive element specific acceptance criteria are not the same,
but rather are conservative for the specific survey element. The stand-alone acceptance criteria
and key inputs/assumptions are:

e Excavation Bottom Surfacc Soil DCGLw — 3.0 net pCi/g of Th-232 over the entire
survey unit. Inputs/assumptions include 6-inch contaminated zone thickness and no
cover.

e - Excavation Bottom Surface Soil DCGLEgpc — 37. 5 net pCi/g of Th-232 over 1 m>.
Additional values are provided for increasing survey areas. Inputs/assumptions are the
same as excavation bottom surface soil except for area.

¢ Below Criteria Material (BCM) DCCL ~ 31.1 net pCi/g of Th-232 over the entire
survey unit. Inputs/assumptions include a 3.31-meter contaminated zone thickness and
minimum 3.05-meter (10 feet) clean layer of import borrow (soil) material.

o Below Criteria Material (BCM) ADCLgMc — 87.5 net pCi/g of Th-232 over 1 m>.
Additional values are provided for increasing survey areas. Inputs/assumptions are the
same as BCM except for area.

e Structure Surface Total Contamination GA—DCGL 944 net dpm/ 100cm? gross alpha
over 100 m% Inputs/assumptions include 100 m? of surface area and a removable
fraction of 0.1.

e Structure Surface Removable Contamination GA-DCGL — 94.4 net dpm/100cm?
gross alpha over 100 m% Inputs/assumptions are the same as structure surface total
contamination.

¢ Structure Surface Total Contamination GA-DCGLgpnc — 92,700 net dpm/lOOcm2
gross alpha over 1 m% Inputs/assumptions are the same as structure surface total
contamination except for arca.

¢ Structure Surface Removable Contamination GA-DCGLEMC 9,270 net dpm/1 00cm?
gross alpha over 1 m?. Additional values are provided for increasing survey areas.
Inputs/assumptions are the same as structure surface total contamination except for area.

3.2 Open Land Area Acceptance Criteria

For surveys of the open land surface (excavation bottom and side walls) remaining after
excavation of radiologically impacted material from the Pond Parcel and FOA, a surrogate net
Th-232 activity concentration of 3.0 pCi/g is the applicable DCGLw value. Table 3-1 presents
arca factors (based upon MARSSIM guidance) to be used for elevated measurement comparisons
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(EMC) and to determine sampling requirements in situations where the scan instrument’s
minimum detectable concentration (MDC) is greater than the DCGLw. The DCGLgyc values
applicable to the open land areas of the site arca are calculated by multiplying the DCGLw by the

area factors presented in Table 3-1. DCGLgpmc values are presented in Table 3-2.

DCGLgmc = Area Factor * DCGLw

Table 3-1 — Open Land Areas Area Factors

Areca Factors

Radio- | 1M 3 m? 10m® | 30m® | 100m? | 300m? | 1,000m? | 3,000m? | 10,000 m?
nuclide | a18d | 283 | aosed | ¢238Y) | 1.0768%) | 322982 | (10,764 £ [ (32,292 %) | (107,639 #2)
232 12.5 6.2 3.2 23 1.8 15 11 1.0 1.0
Table 3-2 - DCGLEMc Values for Open Land Areas
DCGLEnmc (pCi/g)
Radio- | 1m 3m? 1om® | 30om’ | 100m® | 300m® | 1,000m? | 3,000m® | 10,000 m?
nuclide | a18) | 283 | aossd) | G233 | 1,0768% | 3229 8% | (10,764 £2) | 32,292 £%) | (107,639 £%)
Th-232 37.5 18.6 9.6 6.9 5.4 45 33 3.0 3.0

3.3 Below Criteria Material (BCM) Acceptance Criteria

For surveys of the BCM placed in Pond Parcel excavations, a surrogate net Th-232 activity
concentration of 31.1 pCi/g is the DCCL value. Table 3-1 presents area factors (based upon
MARSSIM guidance) to be used for EMCs of open land areas and to determine sampling
requirements in situations where the scan instrument’s MDC is greater than the DCCL. (The use
of the open land area areas factors is conservative for surveys of the BCM.) For the BCM used
as Pond Parcel backfill, the ADCL value was multiplied by the arca factors presented in
Table 3-1 and the results are presented in Table 3-3.

ADCLguc = Area Factor * ADCL

However, since the BCM can be as high as 31.1 net pCi/g Th-232, the EMC is only applicable to
concentrations exceeding 31.1 pCi/g Th-232 above background. The ADCL value of 7 pCi/g of
Th-232 was conservatively used to establish elevated measurement criteria for BCM greater than
31.1 pCi/g Th-232 above background, to maintain the average concentration of the backfill
material ALARA. :
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Table 3-3 - ADCLgpc Values for Pond Parcel BCM Units

ADCLEMC (pCi/g)
Radio- | 1m> 3m? 1om® | 30om® | 100m? | 300m? | 1,000m? | 3,000m? | 10,000 m?
nuclide | a16d | @283 | aosndy | ¢238Y) | 1,076 8% | 3,229 8% | (10,764 £%) | (32,292 %) | (107,639 £2)
Th-232 87.5 43.4 224 16.1 12,6 105 7.7 7.0 7.0

3.4 Structures Acceptance Criteria

For surveys of structures remaining onsite, 944 dpm/ 100cm? of total alpha contamination is the
applicable GA-DCGL value. Table 3-4 presents area factors (based on MARSSIM guidance) to
be used for elevated measurement comparisons and to determine sampling requirements in
situations where the scan instrument’s MDC is greater than the GA-DCGL. The appropriate
GA-DCGLgMc values are calculated by multiplying the GA-DCGL by the area factors presented
in Table 3-4 and the results are presented in Table 3-5.

GA-DCGLgMc = Area Factor * GA-DCGL

Table 3-4 Structures Area Factors

Area Factors
GA- I m? 2 m? 3 me 4m? 5mé 10 m? 20 m? 30 m2 100 m?
DCGL 98.2 49.2 329 24.7 19.8 991 4.97 3.32 1.00
Table 3-5 GA-DCGLgac Values Structures
DCGLgyc (dpm/100cm?)
GA- 1 m? 2 m? 3 m? 4m? S m? 10 m? 20 m? 30 m? 100 m?
DCGL 0.27E+04 | 4.64e+04 | 3.10E+04 | 2.33E+04 | 1.87E+04 | 9.36E+03 | 4.69E+03 | 3.13E+03 | 9.44E+02

The criteria for total alpha contamination corresponds to 25 mrem/yr TEDE based on the
assumption of less than 10% of the total contamination is removable. Compliance for structures
is also demonstrated by taking smear samples of 100 cm? of surface arca and comparison of the
gross alpha count result to 10% of the applicable total contamination GA-DCGL.

3.5 Interim Sum of Fractions for Pond Parcel Excavation Bottom and FOA Excavation
Surveys

The inputs and assumptions used to derive the DCCL value for BCM reflect the projected as-left
condition of the site. This configuration is very conservative for all of the other survey elements
since the DCGL derivation was based on no soil cover. When the layers of BCM and a
minimum 10 foot clean cover are placed on top of the excavation surface soil and embedded
structures, the dose from these survey elements are reduced to O mrem, since the great majority
of exposure from these elements depends on direct contact or proximity to the element. Once the
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final as-left configuration of the site has been determined through final status and land surveys, a
final as-left dose assessment will be completed to demonstrate compliance with the DP release
criteria of 25 mrem/yr TEDE.

Survey unit compliance is demonstrated by comparison of the average residual contamination for
each survey element present to the appropriate acceptance criteria value and a sum of fractions
for each survey unit is calculated. The sum of fractions is a very conservative assessment of the
survey unit. Summing the fractions ensures the survey unit will be a small fraction of 25
mrem/yr (the release criteria) when the actual as-left dose assessment is complete. A bounding
as-left condition dose assessment is included in Volume III, Appendix E of this Final Status
Survey Report.
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4.0 FINAL STATUS SURVEY PROTOCOL
4.1 Generic Survey Protocol

Survey units for the Thorium Remediation Project are evaluated to determine whether the
average residual radioactivity concentration in a particular survey unit as a whole is below the
applicable acceptance criterion concentration, i.c., the DCGLw, GA-DCGL or DCCL. The final
survey protocol uses both systematic grid sampling to determine this average radionuclide
concentration in a survey unit in conjunction with scans to identify clevated areas of residual
radioactivity. At least the minimum number of samples (N/2) is taken in each survey unit. Since
the radionuclides of interest at the Tulsa, Oklahoma facility also occur naturally in background,
survey unit final status survey data are compared to data from a reference area under what is
known as a “two-sample test,” or the Wilcoxon Rank Sum (WRS) Test. Application of the WRS
Test procedure is described in Appendix C of this volume of the Final Status Survey Report.

When using the WRS Test, the minimum number of samples (IN/2) is the number of samples
required in the survey unit and in the reference background area. Hence “N” is the total number
of samples required to complete the WRS Test. (Please note: N is often used to represent the
number of samples in the survey unit or in the reference area also.) Paramount to determining
the minimum number of samples is the determination of the relative shift, delta over sigma
(A/o). Delta is equal to the DCGL minus the lower-bound gray region (LBGR) value. The
LBGR value is arbitrarily set at one-half the DCGL value to start the determination. Sigma is an
estimate of the variability in a set of sample analysis results from a survey unit.

A random-start triangular pattern, or grid, is used in Class 1 and Class 2 survey units to locate the
sample points. For Class 3 survey units, the samples are located randomly or at the discretion of
the Data Manager. The distance between each sampling grid node, L, is determined by the

following equation:
L= J 4
0.866N

In the above equation, 4 is the survey unit area to be covered by the grid pattern and N (equal to
N/2 for WRS testing) is the number of samples required for that survey unit. The random start
point (X and Y coordinates) is selected using a random number generator (“RAND”) function in
the Microsoft computer application Excel®. Sample points are identified in the ficld by flags or
other means using a global positioning system (or equivalent locating tool) to locate each grid
node.

The routine method (of determining N) described above presumes that the actual scan MDC is
less than or equal to the required scan MDC, i.e., there is sufficient scan sensitivity available to
detect small areas of elevated activity. (The derivation of various scan MDCs is presented in
Scction 4.2.) For the infrequent situations where the actual scan MDC exceeds the required scan
MDC (acceptance criteria for the survey unit), the alternate method for calculating the required
number of samples N may be used. This alternate method is described in Section 5.5.2.4 of
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MARSSIM and involves the calculation of an area factor corresponding to the actual scan MDC
as follows:

ScanMDC(actual)
DCGL,

AreaFactor =

(Depending on the survey unit, DCCL or GA-DCGL is substituted for DCGLyy in the above
equation.) The size of an arca of clevated radioactivity corresponding to this area factor is
interpolated from the appropriate area factor tables contained in Chapter 3.0 and divided into
the survey unit area to determine the altcrnate number of sample locations N;. If N; cxceeds the
value assigned to N, an alternate spacing L, for the systematic sampling grid is calculated using

the equation:
{ A
L= 0.866N,

The corresponding height (h) of the equilateral triangle with side length equal to L (or L)) is
calculated using the following formula: h= ((L2 - (L/2)2)m.

4.2 Final Status Survey Instrumentation
4.2.1 Soil Survey Instrumentation

The MARSSIM framework for determining the MDC for field instrument scanning activities is
based on the premise that there are two stages of scanning. That is, surveyors do not make
decisions on the basis of a single indication; rather, upon noting an increased number of counts,
they pause briefly and then decide whether to move on or take further measurements. Thus,
scanning consists of two components: continuous monitoring and stationary sampling.
Accordingly, field instrument surveyor scan MDCs, MDCRs, are calculated to control the
occurrence of Typel (false negative) and Type Il (false positive) errors using the following
MARSSIM equation:

MDCR

Jpe

where MDCR is the minimum detectable count rate (cpm), p is the surveyor efficiency
(estimated in MARSSIM to be between 0.5 and 0.75; the value of 0.5 results in a more
conservative MDCR; calculation and, therefore, will be used), and £ is the instrument efficiency
(cpm per pR/hr; Table 6.4 of NUREG-1507). In addition:

MDCR; =

MDCR =5, (9_9)
1
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= d’J[,T

where s; (counts) is the minimal number of net source counts required for a specified level of
performance for the counting interval i (seconds); d”is the index of sensitivity; and b; is the
number of background counts in the interval. Index of sensitivity d” values are listed in
MARSSIM Table 6.5 based on the proportions for required true positive and tolerable false
positive occurrence rates. The index of sensitivity value selected for initial use at the Kaiser,
Tulsa facility is 1.38, corresponding to a true positive proportion of 0.95 and a false positive
proportion of 0.60.

Typical calculated Th-232 scan MDCs for a survey instrument equipped with 2-inch x 2-inch

Nal (2x2) detector using this MARSSIM two-stage scanning framework are summarized below
in Table 4-1 for increasing background count rates.

Table 4-1 Typical Soil Scan MDCs for Th-232 Detection Using a 2 x 2 Nal Detector®

£ Scan MDC*
Bkg i P (cpmper | D’ 5 MDCR | MDCR;s
(cpm) | (se) | - | pRw) | - | (counts) | (nepm) | (ncpm) | CF° | wramr | pCifg
5,000 13 756 1069 1.29 1.3
1 0.5 830 1.38 0.99
10,000 18 1069 1512 1.82 1.8

a. Th-232 in equilibrium with progeny uniformly distributed in a source thickness of 6 inches.

b. Conversion factor (pCi/g per pR/hr) taken from NUREG-1507, modeled using MicroShield. CF = Scan MDC
(pCi/g) / Scan MDC (pR/hr)

C. Scan MDC (uR/hr) = MDCRy/c and Scan MDC (pCi/g) = (MDCRy/€)CF

When scanning soil, the detector is held close to the ground (1 to 2 inches) and moved in a
serpentine pattern. A scan rate of approximately 0.5 m per second is used reflecting the natural
pace of the technician walking with the equipment swinging the detector a width of 1 meter in a
serpentine pattern. Estimates of scan speed are provided for each soil survey unit for which the
GPS/data logger system was used. The scan speed is estimated by dividing the total area
surveyed by the number of 1 or 2 second interval gross gamma results recorded.

4.2.2 Structure Survey Instrumentation

Measurements of alpha activity are used to show compliance with the structural surface total and
removable contamination acceptance criteria in units of dpm/100 cm?. Scanning for gross alpha
activity is used as part of final status surveys of structural surfaces to ensure elevated areas of
activity are identified. In addition, static counts at predetermined sample points are used to
assess total alpha contamination of structural surfaces. The following instrument is being used
for the Thorium Remediation Project to survey structural surfaces:
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Detector
Meter Manufacturer | Manufacturer and
and Modecl Model Detector Type Use
Ludlum 2221 Ludlum 43-68 Gas Proportional Final status survey
Gas Proportional scans and static

counts for total alpha
contamination
measurements

Structure survey instruments are evaluated and controlled to verify that MDCs of less than the
DCGL,, for direct measurements and/or scanning measurements are routinely achieved. Field
instrument scan MDCs are calculated to control the occurrence of Type I (false negative) and
Type II (false positive) as discussed in the following subsections.

4.2.2.1 Alpha Scan

For a typical alpha background level of less than 3 cpm, .the probability of detecting a single
count while passing over the contaminated area is:

~GEd

Pr21)=1-¢ @

where:
P(n=1) = probability of observing a single count,
G = activity (dpm),
E = 4n detector efficiency (cpd),
d = width of detector in direction of scan (cm), and
v = scan speed (cm/s).

The value of G is increased until the corresponding probability equaled the desired confidence
level, e.g., 95 percent. Table 4-2 summarizes the calculation of alpha scan MDCs for the 4n
detector alpha efficiencies of the instruments used. The resulting values of G (dpm) are
significantly below the GA-DCGL value of 944 dpm/100cm?.

Table 4-2 Typical Structure Scan MDCs for Gross Alpha Detection

G d E v . P
(dpm) (cm) (cpm) (cm/s) O]
380 11.7 0.1618 3.90 0.95
550 11.7 0.1618 59 0.95
720 11.7 0.1618 7.80 0.95
1080 11.7 0.1618 11.7 0.95
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4.2.2.2 Alpha Static Counts

Minimum counting times for static counts of total and removable contamination will be chosen
to provide an MDC that is a fraction (25 to 75 percent) of the survey unit-specific acceptance
criteria. MARSSIM cquatlons have been modified to convert to units of dpm/100 cm®. Count
times are determined using the following equation. Static counting MDCs at a 95 percent
confidence level are calculated using the following equation which is an expansion of
NUREG-1507, Equation 6-7 (Strom & Stansbury, 1992):

3+3.29JB, 1, -(1+i—’)

b

MDC

static
t,-E, %
where
MDCguic= minimum detectable concentration level in dpm/100 cm?,
Br = background count rate in counts per minute,
tp = background count time in minutes,
ts = sample count time in minutes,
A = detector probe physical (active) area in cm?, and
Eiot = total detector efficiency for radionuclide emission of
= E;x E;,
where:
E; = 2minstrument efficiency in counts per disintegration (cpd) and
E; = source (or surface contamination) efficiency.

Note: E; values can be determined or the default values provided in NUREG-1507 can be used
as follows: 0.25 for all alpha energies and beta maximum energies between 0.15 and 0.4 MeV,
0.5 for all beta maximum energies greater than 0.4 MeV.

Table 4-3 contains example static alpha MDC calculation results for structural surfaces.

Table 4-3 Structural Surface Alph'a Static MDC

Background Static Detector
Gross Alpha | Background | Measurement Total Probe
Count Rate | Count Time | Count Time | Detector Area Static MDC
(cpm) (min) (min) Efficiency | (cm?) | (dpm/100cm?)
0.5 1 1 0.040 126 123
1.0 1 1 0.040 126 150
1.0 5 5 0.040 126 52.6
2.0 5 5 0.040 126 69.5
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4.3 Laboratory Analysis

Final status survey analytical laboratory services for the Thorium Remediation Project are being
provided by Outreach Laboratory (Outreach) of Broken Arrow, Oklahoma. Final status survey
samples consist of soil media samples and smear samples of removable alpha contamination.

Final status survey soil samples are analyzed for Th-232 activity concentration in units of pCi/g
via gamma spectroscopy. The samples are counted by the laboratory as received, i.c., they are
not dried and/or ground. The MDC value required for each gamma spectroscopy analysis is 25
percent of the release criteria for Th-232. Characterization survey results confirm that Th-232 is
in secular equilibrium with its short-lived progeny Ac-228 and Th-228. Outreach infers Th-232
activity from the high energy/high yield gamma emitted by progeny of the thorium decay series,
e.g., Actinium-228 (secular equilibrium progeny) high energy gamma line (911 keV). The
Th-228 activity is calculated by multiplying the Th-232 activity by 1. The Th-230 activity is
calculated by multiplying the Th-232 activity by 3.5.

The laboratory’s analytical results are reported to include the activity, the 95 percent confidence
level uncertainty (2-sigma error), and the MDC all in the same units of the sample analyzed.

To exclude the bias introduced when grouping analytical results containing “less than” values,
the laboratory has been instructed to report observed counting data when reporting results that
are below the critical level L¢ (and thus “not detected”) established for each analysis.

4.4 Open Land Area Survey Protocol
44.1 Minimum Number of Samples Determination

The estimate of sigma used for the Thorium Remediation Project is based on the standard
deviation of the Th-232 activity measured in survey units during the ALRP final status survey
(0.42). Using the DGCL,, value of 3.0 pCi/g of Th-232, A is equal to 3.0- 1.5, or 1.5. Delta
divided by the sigma of 0.42 results in a relative shift of 3.57 which is rounded to 3.5 for the
purpose of determining the required number of samples. The corresponding minimum number
of samples looked up in Table 5.3 of MARSSIM is 9.

4.4.2 Open Land Area Gross Gamma Scan Survey

Portable survey meters consisting of 2-inch by 2-inch sodium iodide (Nal) detectors (Ludlum
Model 44-10) coupled with scaler instruments (Ludlum Model 2221) are used to perform gross
gamma scans (to identify elevated arcas). Typically, the portable survey meters are also coupled
to a Global Positioning System (GPS) unit and a data logger to provide electronic downloads of
coordinates and associated gross gamma count rates in units of counts per minute (cpm).

Per Section 5.3.3 of MARSSIM, scanning is used to identify locations within the survey unit that
exceed the investigation level. For Class 1 survey units, the investigation level is the derived
concentration guideline elevated measurement criteria (DCGLgmc) value for the area scanned.
The DCGLgMc values applicable to the open land areas of the site are calculated by multiplying
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the DCGLw by the area factors presented in Chapter 3.0. DCGLEMC values are also presented
in Chapter 3.0.

The scan MDC and the scanning thresholds in measurement units of net counts per minute
(ncpm) are calculated in accordance with MARSSIM and NUREG-1507. These values are
summarized below in Table 4-5 for a maximum background of 50,000 cpm and increasing
survey areas (A). The first line (A = 0.25 m?) is the default arca used to demonstrate the
calculation of scan MDC and the derivation of the conversion factor (CF in units of pCi/g or
pR/h) in NUREG-1507. However, surveys of an area this small are not applicable to final status,
open land area surveys. The increasing areas presented in the table correspond to the approved
arca factors (DP) and result in scan thresholds for detection of both elevated arecas (Fail
DCGLemc) and complete survey units with activity concentration greater than the DCGLw (Fail
DCGLw). The CF’s for increasing arcas were derived using the identical inputs of the NUREG-
1507 derivation changing only the area.

In addition to the derived scan thresholds, scan data are evaluated against empirical data gathered
in the field. For example, soil samples are collected at biased locations (highest scan count rate)
and screened on site for Th-232 activity concentration corresponding to the high count rate. All
of these factors (derived thresholds, empirical thresholds, and biased samples) are used to
identify elevated areas and to release the survey unit for final sampling. The threshold values
provided are theoretical, depend on counting geometry and other factors that cannot be
controlled in the field, and are used to aid identifying elevated areas that may require additional
remediation or application of the elevated measurement comparison.

Table 4-5 — Open Land Arcas Scan MDC and Threshold Values

A CF Scan Fail Fail
Area DCGLgMc B (pCi/g/ MDC DCGLgMc DCGLw
(m?) (pCi/g) (cpm) uR/h) (pCi/g) (ncpm) (ncpm)
0.25 N/A 50,000 0.99 4.0 N/A 2,515

1 37.5 50,000 0.62 25 50,578 4,046

3 18.6 50,000 0.51 2.1 30,212 4,873

10 9.6 50,000 0.46 1.9 17,227 5,383

30 6.9 50,000 0.45 1.8 12,851 5,588

100 5.4 50,000 0.44 1.8 10,250 5,695
300 4.5 50,000 0.43 1.8 8,624 5,749
1000 3.3 50,000 0.43 1.8 6,360 5,782
3000 3.0 50,000 0.43 1.7 5,799 5,799

4.4.3 Open Land Area Soil Sampling
4.4.3.1 Systematic Final Status Survey Soil Sampling
Systematic soil samples are collected at locations determined through the use of a random start

point and an equal-distant triangular grid in accordance with MARSSIM and the DP. Soil
sample locations are demarcated in the field (using a GPS unit) and soil samples are collected at
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the surface (0-6-inch depth interval) level using a clean, decontammated sampling auger or
sharpshooter shovel.

4.4.3.2 Additional Biased and EMC Evaluation Soil Sampling

In addition to the systematic samples used to determine the average Th-232 activity
concentration in the survey unit, other soil samples may be taken within a survey unit to help
demonstrate compliance. At the discretion of the surveyor, biased samples are taken at high scan
rate locations to help determine scan survey results. In addition, if small areas of elevated
activity are identified, additional soil samples are taken at biased locations to aid in the elevated
measurement comparison for the area.

4.4.3.3 Usc of the On Site Cave Counter

Certain soil samples, e.g., biased and/or EMC samples collected as part of the final status survey
process are screened for Th-232 activity concentration using an on site cave counter. The on site
cave counter for the Thorium Remediation Project consists of a 2-inch by 2-inch Nal Ludlum
Model 44-10 detector coupled with a Ludlum Model 2221 Scaler/Ratemeter instrument, mounted
inside a shielded box with room for a standard soil sample container to be placed on the face
(bottom, non-wire connecting end) of the detector. Two detectors (numbered Nal # 4 and Nal
#8) have been used as part of the counter. The detectors were calibrated annually off-site by a
qualified vendor to verify their response to high energy photons. The detectors, including their
use as part of the counter, are utilized to obtain gross gamma readings from soil samples in units
of counts per minute (cpm). The detector response is checked daily when in use to a Cs-137
source. Documentation of the on site cave counter calibration and the calculation of Th-232
activity concentration, 95% confidence level uncertainty, and the MDC, arc presented in
Appendix D of this volume of the Final Status Survey Report.

4.5 Structure Survey Protocol

Permanent structures (destined to remain on site) encountered during the implementation of the
Thorium Remediation Project can be classified by type. The first type is termed “embedded
structures” and consists of small pipes and remnants of previous structures uncovered during
excavation activities. These structures consist of very small surface areas (< 1 or 2 m?) and will
be buried with BCM and/or clean fill based on the final site configuration. Measurements of
total alpha contamination and smear samples of removable alpha contamination are taken on
these structures and reported with the open land area survey unit for whlch they reside. The
second type of structure is the large surface area (approaching 100 m 2) structure such as a
concrete retaining wall. This type of structure constitutes a separate survey unit and is surveyed
as such.

4.5.1 Minimum Number of Samples Determination

The estimate of sigma used for the Thorium Remediation Project is based on the standard
deviation of a set of total alpha contamination results from the final status survey of the Flux
Building (Survey Unit FB-001 Floor Surface: 45.9). Since the gross alpha activity concentration
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of 944 dpm/100cm2 will be used as the DGCL-GA, A is equal to 944 - 472, or 472. Delta
divided by the sigma of 45.9 results in a relative shift of 10.3, The minimum number of samples
(looked up in Table 5.3 of MARSSIM) corresponding to alpha and beta error rates of 0.05 and a
relative shift of 10.3 is 9.

4.5.2 Structure Surfaces Gross Alpha Scan Survey

Portable survey meters consisting of gas proportional detectors (Ludlum Model 43-68) coupled
to alpha/beta scaler instruments (Ludlum Model 2360) are used wherever possible to perform
scans (to identify elevated arcas of alpha activity). Whenever the structure is too small or
inaccessible for a gas proportional detector, surveys of gross gamma activity are performed using
a 2-inch by 2-inch sodium iodide (Nal) detector (Ludlum Model 44-10) coupled with a scaler
instrument (Ludlum Model 2221)

4.5.3 Systematic Measurements of Total and Removable Alpha Contamination

Systematic sample points are marked at locations determined through the use of a random start
point and an equal-distant triangular grid in accordance with MARSSIM and the DP. Static
measurements are taken at each sample point location to determme the total alpha contamination
(in units of dpm/100cm?). Smear samples representing 100cm? areas are also collected at the
same sample point location to assess removable alpha contamination (in units of dpm/ 100cm?).
The smear samples are sent to Outreach for laboratory analysis.

For small embedded structures static counts are taken to determine total alpha contamination (in
units of dpm/1 OOcmz at biased locations (highest scan result) when possible. Smear samples
representing 100 cm” areas are also collected at the same sample locations and counted for
removable alpha contamination by Outreach. In areas such as the interiors of small diameter
piping, the gas proportional detectors typically can not be used for static measurements;
therefore, only smear samples are taken to assess the removable alpha contamination.

4.6 BCM Unit Survey Protocol
4.6.1 Minimum Number of Samples Determination

The estimate of sigma used for the Thorium Remediation Project is based on an estimate of the
variance of Th-232 activity concentrations of core composite samples of 4.4. Using the DCCL
value of 31.1 pCi/g of Th-232, and a LBGR of 31.1/2, A is equal to 31.1 - 15.55, or 15.55. Delta
divided by the sigma of 4.4 results in a relative shift of 3.5. The corresponding minimum
number of samples looked up in Table 5.3 of MARSSIM is 9.

4.6.2 BCM Unit Gross Gamma Scan Survey

Portable survey meters consisting of 2-inch by 2-inch sodium iodide (Nal) detectors (Ludlum
Model 44-10) coupled with scaler instruments (Ludlum Model 2221) are used to perform gross
gamma scans (to identify elevated areas) for each 2-foot lift of placed BCM. Typically, the
portable survey meters are also coupled to a GPS unit and a data logger to provide electronic
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downloads of coordinates and associated gross gamma count rates in units of counts per minute
(cpm).

Per Section 5.3.3 of MARSSIM, scanning is used to identify locations within the survey unit that
exceed the investigation level. For Class 1 survey units, the investigation level is the derived
concentration guideline elevated measurement criteria (DCGLgmc) value for the area scanned.
The DCGLgmc values applicable to the BCM survey units are calculated by multiplying the
ADCL by the area factors presented in Chapter 3.0. ADCLgmc values are also presented in
Chapter 3.0.

The scan MDC and the scanning thresholds in measurement units of net counts per minute
(ncpm) are calculated in accordance with MARSSIM and NUREG-1507. These values arc
summarized below in Table 4-6 for a max1mum background of 50,000 cpm and increasing
survey areas (A). The first line (A = 0.25 m?) is the default area used to demonstrate the
calculation of scan MDC and the derivation of the conversion factor (CF in units of pCi/g or
pR/h) in NUREG-1507. However, surveys of an area this small are not applicable to final status,
open land area surveys. The increasing areas presented in the table correspond to the approved
area factors (DP) and result in scan thresholds for detection of both elevated areas (Fail
DCGLgmc) and complete surveys units with activity concentration greater than the DCGLy (Fail
DCGLw). The CFs for increasing areas were derived using the identical inputs of the NUREG-
1507 derivation changing only the area.

In addition to the derived scan thresholds, scan data are evaluated against empirical data gathered
in the field. For example, soil samples are collected at biased locations (highest scan count rate)
and screened on site for Th-232 activity concentration corresponding to the high count rate. All
of these factors (derived thresholds, empirical thresholds, and biased samples) are used to
identify elevated areas and to release the survey unit for final sampling. The threshold values
provided are theoretical, depend on counting geometry and other factors that cannot be
controlled in the field, and are used to aid identifying elevated areas that may require additional
remediation or application of the elevated measurement comparison.

Table 4-6 — BCM Scan MDC and Threshold Values

A CF Scan Fail Fail
Areca ADCLemc B (pCi/g/ MDC ADCLemc DCCL
(m?) (pCi/g) (cpm) mR/h) (pCi/g) (ncpm) (ncpm)
0.25 N/A 150,000 0.99 7.0 N/A 26,074

1 87.5 150,000 0.62 4.3 118,016 41,946

3 434 150,000 0.51 3.6 70,495 50,516

10 31.1 150,000 0.46 3.3 55,808 55,808

30 31.1 150,000 0.45 3.1 57,924 57,924

100 31.1 150,000 0.44 3.1 59,034 59,034
300 31.1 150,000 0.43 3.1 59,602 59,602
1000 31.1 150,000 0.43 3.0 59,938 59,938
3000 31.1 150,000 0.43 3.0 60,118 60,118
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4.6.3 BCM Unit Systematic Soil Corc Sampling

Upon completion of the placement of a BCM unit, systematic soil core samples are collected at
locations determined through the use of a random start point and an equal-distant triangular grid
in accordance with MARSSIM and the DP. Soil core sample locations are demarcated in the
field using a GPS unit. Soil core samples are collected through the entire layer of placed BCM.
It should be noted that the entire length of each soil core from a BCM survey unit may not equal
the total depth of the placed BCM due to the following:

e The bottom surface (grade) of each excavation bottom unit may not be level when a
BCM unit is placed.

¢ The top surface of BCM in a unit may not be level based upon the site’s final grade plan
relative to maintaining the minimum 10 feet of clean cover soil.

¢ BCM units are placed in 2 foot lifts with sloping side walls. As a result, succeeding lifts
become smaller in surface area (a core sample point may fall on the unit’s sloped side
walls). )

Core segments of BCM (typically 3 feet in length) are scanned in the field in 1-foot increments.
Each one foot increment is also characterized by a 1-minute static count of gross gamma activity.
A composite sample representing each core segment is then prepared by combining each set of
three 1-foot increments in a bucket and breaking up the cores. The final segment of core may be
less than or greater than 3 feet depending on the point at which virgin material is encountered. A
sample (usually between 500 and 800 grams) is taken from each composite and forwarded to
Outreach for analysis of Th-232 activity concentration.
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5.0 SUMMARY OF FINDINGS

This chapter of Volume I of the Final Status Survey Report presents a summary of the final
status survey findings and an overall summation of fractions for each Pond Parcel excavation
bottom survey unit.

5.1 Structural Surfaces - Survey Unit Kaiser-FSS-001

Final status survey activities for Survey Unit Kaiser-FSS-001, an “embedded” structure (buried
concrete spillway), consisted of a gross gamma scan of the exposed concrete surface of the
survey unit and systematic measurements of total and removable alpha contamination. The
results of the final status survey activities were as follows:

e The 100 percent coverage gamma scan of the concrete surface did not indicate the
presence of small areas of elevated activity (greater than the scan MDC).

¢ Nine of the 36 systematic measurements of total alpha contamination were greater than
the DCGL-GA of 944 dpm/100cm®. A spatial independence review of the data revealed
the presence of 2 elevated areas of total alpha contamination; therefore, two clevated
measurement comparisons were required for this unit.

e All 36 smear sample results were below the DCGL-GA of 94.4 dpm/ 100cm’ for
removable alpha contamination.

e The total alpha contamination results meet the DP statistical criterion based on the third
statistical evaluation of the data (WRS Test procedure).

A summary of the final status survey results by survey unit is provided below in Table 1.
5.2 Open Land Areas - Survey Units Kaiser-FSS-002 through Kaiser-FSS-024

Final status survey activities for open land areas Survey Units Kaiser-FSS-002 through Kaiser-
FSS-024 consisted of a gross gamma scan of the exposed surface soil of each survey unit
(excavation bottom and side walls, if present) and systematic soil sampling. The results of the
final status survey activities were as follows:

¢ With the exception of Survey Units Kaiser-FSS-013, Kaiser-FSS-014, Kaiser-FSS-016,
and Kaiser-FSS-020, the 100 percent coverage gamma scan (final as-left condition) for
each survey unit did not indicate the presence of small areas of elevated activity (above
the DCGLy for the site).

o The systematic soil sample analytical results (net) for each survey unit were below the
open land area surrogate value of 3.0 pCi/g net Th-232 activity concentration (DCGLw).

e The systematic soil sample analytical results for each survey met the DP statistical
criterion based on the first statistical evaluation of the data (WRS Test procedure).

e Elevated areas were left in-place for Survey Units Kaiser-FSS-013, Kaiser-FSS-014,
Kaiser-FSS-016, and Kaiser-FSS-020; therefore, elevated measurement comparisons
were required for these units.

e Embedded structures were encountered and left in-place for Survey Units Kaiser-FSS-
007, Kaiser-FSS-010, Kaiser-FSS-013, Kaiser-FSS-014, and Kaiser-FSS-015.
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A summary of the final status survey results by survey unit is provided below in Table 1.

Of the 6 remaining open land area survey units for the pond parcel (Survey Units Kaiser-FSS-
025 through Kaiser-FSS-030) it should be noted that remediation and final status survey
sampling have been completed for 4 of those units (Kaiser-FSS-027 through Kaiser-FSS-030).
Soil screening values and/or analytical laboratory results for all systematic soil samples for each
survey unit were below the DCGLy, In addition, no elevated areas were left in-place, therefore,
no elevated measurement comparisons will be required for these units. Kaiser anticipates that
the remediation and final status survey sampling results for Survey Units Kaiser-FSS-025 and
Kaiser-FSS-026 will also meet the DP acceptance criteria. The results of the final status surveys
for the remaining 6 Pond Parcel excavation bottom survey units will be documented in an
addendum to this Final Status Survey Report to be submitted at the end of the remediation
project.

5.3 Sum of Fractions

To evaluate the status of each survey unit prior to backfill with either BCM or clean import
borrow material, as a whole (excavation bottom/side wall surface soil, elevated areas, and
embedded structures), the fraction of each survey element’s average net activity divided by the
applicable acceptance criteria is calculated for inclusion in the Sum of Fractions for the each
survey unit. The Total Sum of Fractions for surface soil, elevated areas, and embedded
structures respectively is presented below in Table 1 by survey unit. The sum of fractions is a
very conservative assessment of the survey unit. Summing the fractions ensures the survey unit
will be a small fraction of 25 mrem/yr (the release criteria) when the actual as-left dose
assessment is complete. The results of the Sum of Fractions assessment show that Survey Units
Kaiser-FSS-001 through Kaiser-FSS-0024 meet the DP acceptance criteria. Kaiser anticipates
that the Sum of Fractions assessment will also show that Survey Units Kaiser-FSS-025 through
Kaiser-FSS-030 meet the DP acceptance criteria.
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Table 1 —-Pond Parcel Excavation Final Status Survey Summary by Survey Unit

Systematic
No. of Sample Survey Unit
Systematic | Excecedance | WRS Test | Elevated Embedded | Total Sum | Meets DP
Surface Samples of DCGL Criterion Area(s) Structure(s) of Acceptance
Survey Unit Area (m?) Collected Value Met Present Present Fractions Criteria
Kaiser-FSS-001* 84.5 36 YES YES YES N/A 0.99 YES
Kaiser-FSS-002 126.5 NO YES NO NO 0.00 YES
Kaiser-FSS-003 80 NO YES NO NO 0.00 YES
Kaiser-FSS-004 107 NO YES NO NO 0.00 YES
Kaiscr-FSS-005 35 9 NO YES NO NO 0.00 YES
Kaiser-FSS-006 2,670 12 NO YES NO NO 0.00 YES
Kaiser-FSS-007 1,182 16 NO YES NO YES 0.04 YES
Kaiser-FSS-008 424 9 NO YES NO NO 0.00 YES
Kaiser-FSS-009 1,000 9 NO YES NO NO 0.00 YES
Kaiser-FSS-010 986 10 NO YES NO YES 0.00 YES
Kaiser-FSS-011 2,400 12 NO YES NO NO 0.00 YES
Kaiser-FSS-012 2,460 12 NO YES NO NO 0.00 YES
Kaiser-FSS-013 1,320 10 NO YES YES YES 0.38 YES
Kaiser-FSS-014 1,892 10 NO YES YES YES 0.67 YES
Kaiser-FSS-015 1,997 10 NO YES NO YES 0.18 YES
Kaiser-FSS-016 2,484 14 NO YES YES NO 0.79 YES
Kaiser-FSS-017 2,230 17 NO YES NO NO 0.00 YES
Kaiser-FSS-018 1,582 10 NO YES NO NO 0.00 YES
Kaiser-FSS-019 1,582 10 NO YES NO NO 0.00 YES
Kaiser-FSS-020 1,570 9 NO YES YES NO 0.19 YES
Kaiser-FSS-021 1,985 9 NO YES NO NO 0.00 YES
Kaiser-FSS-022 1,840 9 NO YES NO NO 0.00 YES
Kaiser-FSS-023 1,750 10 NO YES NO NO 0.00 YES
Kaiser-FSS-024 1,454 10 NO YES NO NO 0.00 YES

* Survey Unit Kaiser- FSS-001 is the buried concrete spillway structure. The other pond parcel survey units are defined as open land areas.
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