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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.
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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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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom
Sub-Report No. EB-001

Survey Unit Kaiser-FSS-001
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation
March 22,2006

1.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-001, an “embedded” structure (buried concrete spillway) encountered during the
removal of radiologically-affected soil from the southwest comer of the Retention Pond arca.
The survey unit is bounded to the south by the Union Pacific Railroad right-of-way, to the east

- by Survey Unit Kaiser-FSS-002, to the north by Survey Unit Kaiser-FSS-008, and to the west by

the former freshwater pond non-impacted area (Figure 3).

Survey Unit Kaiser-FSS-001 consists of the concrete spillway’s stmctural surface. It is
considered a Class 1 survey unit with an approximate surface area of 84.5 m”. This survey unit
is unique for the following reasons:

« The concrete spillway’s structural surface was located significantly below grade after the
excavation of impacted soil within the unit.

o The concrete spillway’s structural surface was damp in places making it difficult to scan
for gross (total) alpha activity; therefore, a scan of gross gamma activity was performed
and the results converted to units of total alpha contamination.

« The concrete spillway’s structural surface exhibited several elevated areas greater than
the DCGL-GA (derived concentration guideline value for total alpha contamination).

e Clean import borrow material (soil) was placed over the concrete spillway’s structural
surface after the final survey was complete.

-
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2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the structural surface of the
“embedded” concrete spillway. The final status survey consisted of a gross gamma scan of the
concrete surface and systematic measurements of total and removable alpha contamination.

2.1 Gross Gamma Scan of Structural Surface

The structural surface of the concrete spillway was located below grade in an open excavation

~and parts of the structural surface remained damp during final survey activities. As such, the

exposed concrete surface of the Class 1 survey unit was surveyed through a 100 percent
coverage gross gamma scan, in lieu of a gross (total) alpha scan, to confirm acceptable
radiological conditions and identify any elevated areas. The concrete surface was divided into 2-
meter by 2-meter grids for recording the results of the 100 percent coverage gross gamma scan

‘(Figure A-1, Attachment A). During the scan, the detector was held close to the concrete

surface (1 — 2 inches) and moved in a serpentine pattern. Background measurements were
obtained at 1-meter above the concrete surface at 5 approximately equal-distant locations within
the survey unit. The statistics for the 5 background measurements are provided below in Table
1. Background measurements ranged from 34,340 counts per minute (cpm) along the south

splash wall of the spillway to 78,463 cpm along the northern survey unit boundary (close to the
impacted soil located adjacent to the spillway).

Similar results were obtained for the gross gamma scan of the survey unit’s surface area. A total
of 19 sets of minimum, maximum, and average gross gamma scan rates were recorded for each
2-meter by 2-meter grid across the survey unit’s 84.5 m? surface area. The average scan results
ranged from 28 to 68 thousand counts per minute (kcpm) and generally increased due to

proximity to the impacted material located north of the survey unit. The results are presented
below in Table 1.

Table 1 — Gross Gamma Scan Results Summary

Scan Minimum | Scan Maximum | Scan Average Background

Grid (kepm) (kepm) ~ (kepm) (cpm)
Al (floor) . 28 35 32
A2 (floor) 62 72 65

B1 (floor) 32 48 ‘ 43 38,736
B2 (floor) 37 S1 43
Cl1 (floor) 42 52 . 46

C2 (floor) 47 63 54 60,746
D1 (floor) 20 46 35
D2 (floor) 52 69 65

E1 (floor) ' 30 42 36 56,530
- E2 (floor) 40 82 65
F1 (floor) 32 42 . 37

F2 (floor) 42 75 - - 68 78,463
G1 (floor) 30 54 : 43
Al (wall) 35 48 - 42
B1 (wall) 35 47 ] 38

Q:\P4000\PA4072\FSS Repons\Votime NSurvey Unit Kaiser-FSS-00 VT ext.doc 2 Revision 0

3/22/06




s

Scan Minimum

Scan Maximum Scan Average Background
Grid (kcpm) (kcpm) ._(kepm) (cpm)
C1 (wall) 32 45 36
D1 (wall) 22 36 28 34,340
El (wall) 20 35 30
Average ' 36 53 45 53,763
Standard Dev. 11 14 13 17,816
Median 35 48 43 56,530
Minimum 20 35 28 34,340
Maximum 62 82 68 78,463 -

Maps of the gross gamma background and average gross garhma scanning survey results are
presented in Attachment A, Figures A-2 and A-3 respectively. No small areas of elevated
activity were identified during the gamma scan of the concrete surface.

2.2 Systematic Measurements of Total and Removable Alpha Contamination

The final status survey also consisted of systematic measurements of total and removable alpha
contamination based on a random start point and an equal-distant triangular grid. Although

- portions of the concrete spillway were damp, precluding a gross alpha scan of the entire

structure, small dry flat areas were available within the survey unit for collecting systematic
measurements of total and removable alpha contamination.

Since the DCGL values for total and removable contamination contained in the DPA have been
revised (and approved by the NRC), the minimum number of sample points for measurement of
total and removable alpha contamination has been recalculated. In addition, the minimum
number of sample points has been adjusted based on the minimum detectable concentration of
total alpha contamination achievable by the gross gamma scan of the concrete surface.

2.2.1 Determination of the Minimum Number of Sample Points (N)

Paramount to determining the minimum number of sample points is the determination of the
relative shift, delta over sigma (A/c). Delta is equal to the difference between the DCGL and 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. The estimate of sigma used in the determination 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 (total) alpha
activity concentration of 944 dpm/100cm? is the revised 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.

Since a gross gamma scan of the concrete spillway was .necessary, the Minimum Detectable
Concentration (MDC) of the 2-inch by 2-inch sodium iodide (Nal) detector, in units of total
contamination (dpm/ 100cm2) was calculated as follows:

Revision 0
3/22/06

Q:\P4000\PA40T2\FSS Reports\Volume NSurvey Unit Kaiser-FSS-001\Text.doc 3




1. The Minimum Detectable Count Rate (MDCR) based on the gross gamma background
count rate was determined in accordance with the DP as follows:

MDCR = s,(ﬁo)
i ).

= d',/b—,

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 Tulsa
facility is 1.38, corresponding to a true positive proportion of 0.95 and a false positive
proportion of 0.60. While this index of sensitivity value will result in at least 95 percent
“correct” scanning detections as required by the Tulsa facility DQO for Type I error control,

up to 60 percent “incorrect” (false positive) scanning detections may occur.

2. The Minimum Detectable Count Rate of the Surveyor (MDCRs) was calculated in

accordance with the DP as follows:

MDCR

Jre

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;s calculation and, therefore, will be used); and £ is the instrument

efficiency (830 cpm per uR/hr for Th-232 in equxhbnum with progeny; Table 6.4 of
NUREG-1507).

MDCR; =

3. The resulting MDC value in units of pR/hr was converted to pCi/g of Th-232 using a
conversion factor (CF) of 45.8 pCi/g / pR/hr derived in accordance with MARSSIM and
NUREG-1507 using Microshield and the following inputs: Th-232 (10 pCi/g) in
equilibrium with all progeny, and a 0.1 cm thick layer of contamination on the surface of
concrete. The Microshield output file for a 0.1 cm thxck concrete cylinder is provided in
Attachment E.

4. The resulting MDC value (pCi/g) was converted to Equivalent Total Contamination
(MDC-ETC) in units of dpm/100cm? using the following formula and again assummg a
0.1 cm thick layer of Th-232 surface contamination and a concrete density of 2.35 g/cm?:

MDC-ETC (dpm/100cm?) = MDC (pCi/g) x 2.35 g/cm® x 2.22 dpm/pCi x 0.1 cm x 100

The resulting MDC-ETC in units of dpm/100cm? can then be used to determine if additional
samples are needed (in accordance with the DP) by dividing the MDC-ETC value by the
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DCGL-GA value (944), both in units of dpm/100cm?, to determine the area factor. The size
of an area of elevated radioactivity corresponding to this arca factor is interpolated from the
table of area factors and divided into the survey unit area to determine the alternate number
of sample locations. These calculations are summarized below in Table 2 for increasing
gross gamma background count rates.

Table 2 — Gross Gamma Scan MDC and Corresponding N Summary’

Number
b; Corres- | Corres- of

background Scan Scan ponding | ponding | Samples
countrate | MDCR | MDCRs MDC MDC-ETC Arca Arca N#*
(cpm) | (cpm) | (uR/r) | (pCi/g) |(dpm/100cm®) | Factor | (m’) )

20,000 2,138 2.58 118 6,154 6.52 16.1 6

50,000 3,380 4.07 186 9,730 10.31 9.73 10
95,000 4,659 5.61 257 13,412 14.2 7.40 14
100,000 4,780 5.76 264 13,761 14.6 7.21 14
105,000 4,899 5.90 270 14,100 14.9 7.03 14
110,000 5,014 6.04 276 14,432 153 6.86 15
115,000 5,126 6.18 283 14,757 15.6 6.70 15
120,000 5,237 6.31 289 15,074 16.0 6.54 15
125,000 5,345 6.44 295 15,385 16.3 6.39 16

* Number of sample points required in a maximum 100 m* Class 1 survey unit.
! These calculations were performed in an Excel Worksheet and may lead to rounding differences using a
calculator.

The Minimum Number of Samples Required (N) based on the scan MDC was determined to be
15 (corresponding to the maximum background count rate of 120,000 cpm) as documented on
Survey Unit Worksheet No. 1 (Attachment B). However, the number of sample points used for
the survey unit was 36. The Survey Unit Area (A) of 84.5 m? along with the N of 36 were used
to calculate the Triangular Grid Node Length (L) of 1.6 meters and the Height of the Equilateral
Triangle (h) of 1.4 meters. A random start point was generated using the random number feature
‘of Excel and documented on Survey Unit Worksheet No. 2 (Attachment B).

© 2.2.2 Total and Removable Alpha Contamination Measurement Results

A layout of the total and removable alpha contamination measurement locations is provided on
Figure A-4 contained in Attachment A. At each of the 36 locations, a measurement (static
count with a gas proportional detector) of total alpha contamination (identified as MARSSIM-
001 through MARSSIM-036) and a smear sample for determination of removable alpha
contamination (identified as K-SS-001 through K-SS-036) were collected on the concrete
surface. The smear samples were forwarded to Outreach for analysis of alpha activity (per the
100 cm? surface area sampled). Total alpha contammatlon measurement results are provided
below in Table 3.
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Table 3 — Systematic Total Alpha Contamination Mcasuf:e'mcnt Results

Total
DCGL-GA | Contamination Std. Error MDC
SampleID | (dpm/100cm?) | (dpm/100cm?) | (dpm/100cm?) | (dpm/100cm?)
MARSSIM-001 944 1,570 336 171
MARSSIM-002 - 944 1,860 364 171
MARSSIM-003 944 1,130 286 171
MARSSIM-004 944 3,160 471 171
MARSSIM-005 944 911 260 171
MARSSIM-006 944 1,210 297 171
MARSSIM-007 944 911 260 171
MARSSIM-008 944 268 153 171
MARSSIM-009 944 286 157 171
MARSSIM-010 944 339 168 171
MARSSIM-011 944 946 264 171
MARSSIM-012. 944 1,210 297 171
MARSSIM-013 944 500 198 171
MARSSIM-014 944 714 232 171
MARSSIM-015 944 536 204 171
MARSSIM-016 944 357 171 171
MARSSIM-017 944 304 160 171
MARSSIM-018 944 179 131 171
MARSSIM-019 944 518 201 171
MARSSIM-020 944 1,210 297 171
MARSSIM-021 944 768 240 171
MARSSIM-022 944 232 144 171
MARSSIM-023 944 107 111 171
MARSSIM-024 944 71.4 99.0 171
MARSSIM-025 944 268 153 171
MARSSIM-026 944 107 111 171
MARSSIM-027 944 268 153 171
MARSSIM-028 944 53.6 92.6 171
MARSSIM-029 944 143 121 171
MARSSIM-030 944 2,050 382 171
MARSSIM-031 944 ' 232 144 171
MARSSIM-032 944 304 160 - 171
MARSSIM-033 944 500 198 171
MARSSIM-034 944 821 247 171
MARSSIM-035 944 714 : 232 171
MARSSIM-036 944 214 140 171
Average 694
Standard Dev. 662
Minimum 53.6
Maximum 3,160
Median 500
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Nine of the 36 total alpha contamination measurements ¢xceeded the DCGL-GA of 944
dpm/100cm®. The maximum total alpha contammatlon was 3,160 dpm/100cm®. The average
total alpha contamination was 694 dpm/100cm?.

The standard deviation of the 36 cqual-distant samples was 662, greater than the estimated
standard deviation of 45.9 (based on the Flux Building Survey Unit FB-001 final status survey
results) used to calculate the minimum number of samples (N) required. Using the observed
standard deviation of 662 and the same methodology to determine N as presented in Section
2.2.1 above, a relative shift of 0.7 results The N from Table 5.3 (MARSSIM) corrcspondmg to
a relative shift of 0.7 is 61 for a 100 m? survey unit. For Survey Unit Kaiser-FSS-001 (84.5 m ),
N would be 51.5. However, the values of N provided in MARSSIM Table 5.3 are increased 20%
to account for unusable or lost data during surveys and achieve the desired power level for
statistical tests (MARSSIM Section 5.5.2.2, Contaminant Present in Background — Determining
Number of Data Points for Statistical Tests). Adjusting the value of 51.5 for the 20% buffer
results in a N of 41. Since only 36 sample points were used to complete the survey, a review of
the variability in the total alpha contamination results was conducted to ensure an adequate
number of data points were used and that the Data Quality Objectives selected for the final
survey were met.

In accordance with Section 8.2.4 of MARSSIM (Verify the Assumptions of the Test), the spatial
independence of the total alpha contamination data was reviewed. As shown in Attachment C,

Figure C-1, two distinct populations of total alpha contamination results are present. The first
populatlon is the total alpha contamination results within EMC-1, a 25 m? elevated area located
in the northern section of the survey unit. The remaining survey unit area to the south of EMC-1
is the second population. When the areas are evaluated separately, the minimum number of
sample points required in each of the areas is less than the actual number of samples taken. The
value of N derived for each of these areas is based on the DCGL for the area and the standard
deviation of the samples taken within the area. Table 4 presents a statistical summary for the
two distinct areas. Since the number of data points used for each distinct area exceeds the
minimum number required, the data quality objectives of the survey design are upheld.
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Table 4 — Evaluation of Data Variability and Minimum Number of Samples

Remaining Area of

Survey Unit . Survey Unit
Parameter Kaiser-FSS-001 EMC-1 Kaiser-FSS-001
Average (dpm/100cm?) 694 1,468 436
Standard Deviation -
(dpm/100cm?) 662 700 403
Median (dpm/100cm®) 500 1,214 304
Minimum (dpm/100cm”) 53.6 911 53.6
Maximum
(dpm/100cm?) 3,160 3160 2053
Number of Samples 36 9 27
DCGL-GA
(dpm/100cm?) 944 3,830 944
Relative Shift 0.7 2.7 1.2
Area (m°) 84.5 25 59.5
N 61 10 24
N (< 20%) 41* 8 19

* The value of N for Survey Unit Kaiser-FSS-001 has also been adjusted for area (84.5 / 100). The values
of N for the other two areas have been adjusted only for the 20% buffer allowed by MARSSIM.

Analytical results of the smear samples are provided below in Table 5. The analytical data
report is contained in Attachment D.

Table 5 — Systematic Removable Alpha Contamination Smear Sample Results

"~ Removable
DCGL-GA Contamination Std. Error MDC
Sample ID (dpm/100cm?) | (dpm/100cm?) | (dpm/100cm?) | (dpm/100cm?)

MARSSIM-001 94.4 - 210 1.11 0.437
MARSSIM-002 94.4 2.78 1.30 0.577
MARSSIM-003 94.4 2.24 1.20 0.577
MARSSIM-004 94.4 437 1.59 0.577
MARSSIM-005 94.4 3.02 1.41 0.724
MARSSIM-006 94.4 1.27 0.988 0.617
MARSSIM-007 94.4 2.06 1.12 0.488
MARSSIM-008 94.4 4,08 1.50 0437
MARSSIM-009 94.4 1.05 0.906 0.577
MARSSIM-010 94.4 0.384 0.693 0.577
MARSSIM-011 94.4 0.253 0.644 0.577
MARSSIM-012 94.4 0.624 0.875 0.724
MARSSIM-013 94.4 0.611 0.797 0.617
MARSSIM-014 94.4 1.39 0.957 0.488
| MARSSIM-015 94.4 0.770 0.746 0.437
MARSSIM-016 94.4 0.253 0.644 0.577
MARSSIM-017 94.4 0 0.526 0.577
MARSSIM-018 94.4 0.917 0.868 0.577
MARSSIM-019 94.4 1.02 0.983 0.724
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Removable '
DCGL-GA | Contamination Std. Error - MDC
Sample ID | (dpm/100cm?) [ (dpm/100cm?) | (dpm/100cm?) | (dpm/100cm?)
MARSSIM-020 94.4 0.744 0.839 0.617
MARSSIM-021 94.4 0.730 0.759 0.488
MARSSIM-022 94.4 0.904 0.790 0.437
MARSSIM-023 94.4 0.384 0.693 0.577
MARSSIM-024 94.4 1.05 0.906 0.577
MARSSIM-025 94.4 2.11 1.17 0.577
MARSSIM-026 94.4 0.360 0.795 0.724
MARSSIM-027 94.4 0.080 0.604 0.617
MARSSIM-028 94.4 0.333 0.611 0.493
MARSSIM-029 | -+ 944 0.904 0.790 0.437
MARSSIM-030 94.4 1.31 0.977 0.577
MARSSIM-031 94.4 0.784 0.828 0.577
MARSSIM-032 94.4 3.57 1.45 - 0.577
MARSSIM-033 94.4 1.55 1.11 0.724
| MARSSIM-034 94.4 1.67 1.09 0.617
MARSSIM-035 94.4 0.464 0.664 0.488
MARSSIM-036 94.4 5.02 1.65 0.437
Average 1.42
Standard Dev. 1.27
Minimum 0
Maximum 5.02
Median 0.969

All 36 smear sample results were below the removable contamination DCGL-GA of 94.4
dpm/100cm? (10% of the total contamination DCGL-GA value). The maximum removable
alpha contamination result was 5.02 dpm/100cm?®. The average removable alpha contamination
result was 1.42 dpm/100cm?, less than 2% of the DCGL-GA value.

2.3 Elevated Measurement Comparison Evaluation

As previously mentioned, 9 measurements of total alpha contamination exceeded the DCGL-GA
for the survey unit (Sample Points MARSSIM-001, -002, -003, -004, -006, -011, -012, -020 and
-030). The first 8 sample points (MARSSIM-001, -002 -003, -004, -006, -011, -012 and -020 are
located in a continuous area of approximately 25 m? in the northern portion of the survey unit
defined as EMC-1 (Figure C-1, Attachment C). Sample Point MARSSIM-005 also fell within
EMC-1.

The remaining elevated sample point (MARSSIM-030) is surrounded by sample points
exhibiting total alpha contamination results less than the DCGL-GA. The maximum area of an
elevated area not detected by 36 equal-distant sample points (triangular sample grid) in a 84.5 m?
survey unit is 2.1 m? based on a circular hot spot with a diameter equal to the length (L) of the
equilateral triangle used to form the sample %md (MARSSIM). The area factor and DCGLgmc
values corresponding to an area of 2.1 m” are 47.3 and 44,600 dpm/1 00cm® rcspectlvely
Conservatively assuming Sample Point MARSSIM-030 represents an clevated arca of 2.1 m?, a
second elevated area (EMC-2) is also defined (Figure C-1, Attachment C).
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The total alpha contamination results for Elevated Areas EMC-1 and EMC-2 are presented
below in Table 6.

‘Table 6 - Total Alpha Contamination Results — Elevated Areas

Total Alpha
Contamination Std. Error MDC
Sample ID | (dpm/100cm?) | (dpm/100cm?) | (dpm/100cm?)

Elevated Area

EMC-1:

MARSSIM-001 1,570 336 171
MARSSIM-002 1,860 364 171
MARSSIM-003 1,130 286 171
MARSSIM-004 3,160 471 171
MARSSIM-006 1,210 297 171
MARSSIM-011 946 264 171
MARSSIM-012 | =~ 1,210 297 171
MARSSIM-020 1,210 297 171
Elevated Area

EMC-2:

MARSSIM-030 2,050 382 171

The clevated measurement comparisons are presented in Section 3.2 of this sub-report and the
Elevated Measurement Worksheet is contained in Attachment C.

2.4 Wilcoxon Rank Sum (WRS) Testing

The total alpha contamination results were evaluated using the procedure contained in Appendix
C, Volume I of this Final Status Survey Report (Wilcoxon Rank Sum Test). The evaluation
showed that the survey unit total alpha contamination results mect the DP statistical criterion
based on the third statistical test described below.

If the dlfference (3,170 dpm/100cm?) between any survey unit total alpha contamination (3,160
dpm/100cm? ) result and any reference background area total alpha contamination result (-10.1
dpm/ 100cm? ) is greater than DCGL-GA (944 dpm/lOOcm ), and the difference (614
dpm/100cm?) between the average survey unit total alpha eontammatlon (694 dpm/100cm?) and
the average reference area total alpha contamination (80.1 dpm/100cm?) is less than the DCGL-
GA (944 dpm/100cm?), perform the Wilcoxon Rank Sum (WRS) Test to determine if the survey
unit meets the release criterion. Table 7 presents a summary of the data used to complete the
WRS Test.

Table 7 — Reference Area and Survey Unit Total Alpha Contamination Results

Total Alpha - Total Alpha’
Reference Contamination | Survey Unit _ Contamination
Group Sample ID (dpm/100cm?) Group Sample ID (dpm/100cm®)
R1 4 334 Sl MARSSIM-001 1,571
R2 5 43.2 S2 MARSSIM-002 1,857
R3 11 171 S3 MARSSIM-003 1,125
Q:\P400C\PAL072\FSS Reports\Vokime NSurvey Unit Kaiser-FSS-001\Text.doc 10 _ Revision 0

3/22/06

I




Total Alpha Total Alpha'
Reference Contamination | Survey Unit Contamination
Group Sample ID (dpm/100cm?) Group Sample ID (dpm/100cm?)
R4 12 50.3 S4 MARSSIM-004 3,160
RS 13 141 S5 MARSSIM-005 911
R6 14 161 S6 MARSSIM-006 1,214
R7 15 62.9 S7 MARSSIM-007 911
RS 17 102 S8 MARSSIM-008 268
R9 18 72.7 S9 MARSSIM-009 286
R10 20 92.3 S10 MARSSIM-010 339
R1l 21 80.5 Si1 MARSSIM-011 946
R12 22 82.5 S12 MARSSIM-012 1,214
R13 26 111 S13 MARSSIM-013 500
R14 30 92.3 . S14 MARSSIM-014 714
R15 31 -10.1 Si5 MARSSIM-015 536
R16 32 82.5 Si6 MARSSIM-016 357
R17 34 43.2 S17 MARSSIM-017 304
R18 36 101 S18 MARSSIM-018 179
R19 37 334 S19 MARSSIM-019 518
R20 38 72.7 S20 MARSSIM-020 1,214
R21 39 334 S21 MARSSIM-021 768
R22 41 80.5 S22 MARSSIM-022 232
R23 42 92.3 . S23 MARSSIM-023 107
R24 45 62.9 S24 MARSSIM-024 714
R25 46 151 S25 MARSSIM-025 268
R26 47 141 S26 MARSSIM-026 107
R27 53 66.4 S27 MARSSIM-027 268
R28 54 66.4 S$28 MARSSIM-028 53.6
R29 56 36.2 S29 MARSSIM-029 143
R30 61 . 50.3 S30 MARSSIM-030 2,053
R31 67 151 S31 - .MARSSIM-031 232
R32 68 60.4 S32 MARSSIM-032 304
R33 73 112 S33 MARSSIM-033 500
R34 74 13.8 S34 MARSSIM-034 821
R35 75 62.9 S35 MARSSIM-035 714
R36 77 82.5 S36 MARSSIM-036 214
Average: 80.1 Average: 694
Standard Dev. 42.4 Standard Dev. 662
Minimum: -10.1 Minimum: 53.6
Maximum: 171 Maximum: 3,160
Median: 76.6 Median: 500

"' To eliminate ties during the ranking of the reference and survey unit total alpha contamination values,
greater than 3 significant values are displayed.

The null hypothesis is assumed to be true unless the WRS Test indicates that it should be
rejected in favor of the alternative. The result of the hypothesis test determines whether or not
the survey unit as a whole is deemed to meet the release criterion. The WRS Test was applied as
outlined in the following steps. ' '

1. Adjusted reference background area measurements were calculated by adding the DCGL-
GA to each reference background arca measurement.
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2. The m adjusted reference background area sample measurements and thc n sample
measurements from the survey unit were pooled and ranked in order of increasing size from

1toN,where N=m+n. (N=72,n=36andm=36)  ~ -

3. If measurements were tied in rank, each of the tied values was assigned the same average
rank of that group of tied measurements.

4. The ranks from the adjusted reference background measurements were summed as W,.

5. The value of W; was compared with the critical value given in MARSSIM Table 1.4 for the

appropriate values of m and n at the required Type I error decision rate (ov=0.05). If W, is
greater than the critical value, the null hypothesis that the survey unit exceeds the release

criterion was rejected.

The W, value (sum of the ranks of the adjusted reference group values) is 1,673 exceeding the
calculated critical value for n = 36 samples and & = 0.05 of 1,460. Therefore, the null hypothesis
(survey unit exceeds the release criterion) is rejected. The test is summarized below in Table 8.

Table 8 — Wilcoxon Rank Sum Test

Total Alpha Contamination
Sample Number* (dpm/100cm?) Rank
R1 977 32.0
R10 1036 53.0
R11 1025 47.5
R12 1027 50.0
R13 1055 57.0
R14 1036 53.0
R15 934 28.0
R16 1027 50.0
i R17 987 35.5
R18 1045 55.0
R19 977 32.0
R2 987 35.5
R20 1017 45.5
R21 977 32.0
R22 1025 - 47.5
R23 1036 53.0
R24 1007 41.0
R25 1095 61.5 -
R26 1085 59.5
R27 1010 43.5
R28 1010 43.5
R29 980 340
R3 1115 64.0
R30 994 37.5
R31 1095 61.5
R32 1004 39.0
R33 1056 58.0
R34 958 30.0
R35 1007 41.0
R36 1027 50.0
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PRI

Total Alpha Contamination
Sample Number* (dpm/100cm?) Rank
R4 994 37.5
RS 1085 59.5
R6 1105 63.0
R7 1007 41.0
R8 1046 56.0
R9 1017 45.5
S1 1571 69.0
S10 339 16.0
S11 946 29.0
S12 1214 67.0
S13 500 18.5
S14 714 22.5
S15 536 21.0
S16 357 17.0
S17 304 14.5
S18 179 6.0
S19 518 20.0
S2 1857 70.0
S20 1214 67.0
S21 768 24.0
S22 232 8.5
$23 107 3.5
S24 71 2.0
S25 268 11.0
S26 107 3.5
S27 268 11.0
S28 54 1.0
S29 143 5.0
S3 1125 .65.0
S30 2053 71.0
S31 232 8.5
S32 304 14.5
$33 500 18.5
S34 821 25.0
S35 714 225
S36 214 7.0
S4 3160 72.0
S5 911 26.5
S6 1214 61.0
S7 911 26.5
S8 . 268 11.0
S9 286 13.0
W 1,673
Critical Value: 1,460

*Presented in an increasing sample number order.
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the southwest corner of the Retention Pond arca
revealed the presence of an “embedded” structure (buried concrete spillway) approximately 84.5
m’ in surface area. This “embedded” structure, identified as Survey Unit Kaiser-FSS-001 is
considered a Class 1 survey unit. It is bounded to the south by the Union Pacific Railroad right-
of-way, to the east by Survey Unit Kaiser-FSS-002, to the north by Survey Unit Kaiser-FSS-008,
and to the west by the former freshwater pond non-impacted area (Figure 3). This section of the
sub-report presents a summary of the final status survey findings, an elevated measurement
comparison, and an overall summation of fractions for the survey unit.

3.1 Structural Surface - Total and Removable Alpha Contamination

The acceptance criterion for structures remaining at the Tulsa facility 1 is the DCGL-GA of 944
dpm/100cm® for total alpha contamination and 94.4 dpm/100cm® for removable alpha
contamination. Final status survey activities for Survey Unit Kaiser-FSS-001 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.

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

o The results meet the DP statistical criterion based on the third statistical evaluation of the
data (WRS Test procedure).

3.2 Elevated Measurement Comparison

Consistent with MARSSIM and the DP, elevated areas and the total dose from structures are
evaluated as follows. Total alpha contamination results are used to complete the elevated
measurement comparison. If residual radioactivity is found in a localized area of elevated
activity--in addition to the residual radioactivity distributed relatively uniformly across the
survey unit--the Unity Rule is used to ensure that the release criterion has been met as follows:

1) +Z(5BIC 6)
DCGL “H DCGLEMC

where:
§ =is the average total alpha concentration over the entire survey unit,
Ommc = the average total alpha concentration over the elevated area (x) within the survey
unit,
DCGL = the DCGL-GA,
DCGLEMC (area factor for elevated area x) X (DCGL-GA),

= refers to one of the elevated areas within the survey unit, and
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n = the total number of clevated areas within the survey unit.

The calculation for Survey Unit Kaiser-FSS-001 mcludmg two elevated areas is summarized
below in the Table 9.

Table 9 - Elevated Measurement Comparison and Fraction Summary

Gross Net'
Unit/ | Unit | Total Alpha | Total Alpha
Sample | EMC | Area | Contamination | Contamination | DCGL-GA | Fraction | Sample
Date unit | (m?) | (dpm/100cm?) | (dpm/100cm?) | (dpm/100cm?) | () | Number
1
FSS- through
5/23/2004 | 001 | 84.5 694 694 944 0.74 36
‘ 1,2,3,
4,5,6,
EMC- 11,12,
5/23/2004 1 25 1,468 774 3,830 0.20 and 20
EMC-
5/23/2004 | 2 2.1 2,053 1,360 44,600 0.03 30

Net value for Survey Unit Kaiser-FSS-001 is equal to the gross value; no background

“subtracted. The net value for EMC units is equal to the gross value minus the gross value for the

entire survey unit.
3.3 Sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSS-001 prior to backfill with clean import borrow
material, as a whole, the fraction of each survey element’s average activity divided by the
applicable acceptance criteria is calculated for inclusion in the Sum of Fractions for the entire
survey unit. The Total Sum of Fractions for total alpha contamination, removable alpha
contamination, and the elevated areas is presented below in Table 10.

Table 10 — Fraction of Applicable Acceptance Cnterla per Survey Unit Element

Average | Acceptance
Survey Unit Element Units Activity Criteria Fraction
FSS-001 Total Alpha Contamination dpm/100cm” 694 944 0.74
FSS-001 Removable Alpha Contamination | dpm/100cm® 1.42 94.4 0.02
EMC-1 Total Alpha Contamination dpm/100cm” 774 3,830 0.20
EMC-2 Total Alpha Contamination dpm/100cm*” 1,360 44,600 0.03
TOTAL SUM OF FRACTIONS 0.99

- The Sum of Fractions provides a conservative assessment of the survey unit without backfill.

The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-001 meets the
DP acceptance criteria.
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Gross Gamma Scan Grid Layout
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Attachment A, Figure A-2

Gross Gamma Scan Background Results
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Attachment A, Figure A-3
Gross Gamma Scan Results
Final Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation
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‘Survey Unit Work Sheet No. 1
Final Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

1. Structure Survey Unit: KAISER-FSS-001

2. Description: __Retention Pond Area, Embedded Structure (Concrete Spillway)

3. Dimensions (m): Approximately. 13 meters x 8 meters; Area, A (m?): 84.5

4. AlphaBackground: _ N/A  cpm  MDC (dpnv/100cm®);____ N/A

Gross Gamn;a Scan Background Readings (cpm) ) .
Average: 50,000  Minimum: 20,000 Maximum: 120,000
¢ Note: Gamma scan background only needed in structure survey units that alpha

instrumentation cannot be used. g

5. Gross Gamma Scan MDC (uR/hr): 631 : dpm/100cm?:__ 15,074

6. Minimum Number of Samples (N): 15 and Corresponding Triangular Grid Node Length (L) in
meters: 1.6 m (based on 36 samples)

7.1f the area of the survey unit floor is less than 100 m?, rccalcnlaic the number of samples (N,) corresponding
to L that provides the same coverage in the smaller survey unit as N samples does in 100 m? using the following
formula: N; = A/ (0.866 x L?),

N;: N/A

8.If N, is less than 18, use the default N (18) and recalculate the corresponding Triangular Grid Node Length
(Ly) for the survey unit floor Area (A) less than 100 m?, using the following formula: L, = (A/(0.866 x 18))'2:
N/A m ‘

9. Calculate the height (h) of the equilateral triangle with side length equat to L (or L;) using the following
formula: h= ((L? - (L/2)})"*: 1.4m
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_ Attachment C
Elevated Measurement Comparison Worksheet
Final Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

Survey Unit: Kaiser-FSS-001 DCGLgyc = Area Factor ¥ DCGL-GA

Areé Factors 4
Area Factors

1m? 2 m* 3m¢ 4mt 5m* 10m 20 m* 30m° 100 m*

98.2 49.2 32.9 247 19.8 9.91 4.97 3.32 1
DCGLgyc Values Structures

DCGLeuc (dpm/100cm?) _

1m? 2m? 3m? 4 m? 5m? 10 m? 20 m? 30 m? 100 m?

9.27E+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

) Z" (0emc - 6) <1
DCGL “~ DCGL euc ~

where:
& =is the average total alpha contamination over the entire survey unit,
Opmc = the average total alpha contamination over the elevated area (x) within the survey unit,
DCGL =the DCGL-GA,
-DCGLgyc = (area factor for elevated arca x) X (DCGL-GA),
x = refers to one of the elevated areas within the survey unit, and
" n=the total number of elevated areas within the survey unit,

Elevated Measurement Comparisons

Gross

Unit Net
Sample Unit / Area Alpha Alpha DCGL | Fraction | Sample
Date EMC Unit (m?) | (dpmr100em’) | (dpmr100em?) | (pCilg) ) Number
5/23/2004 FSS-001 84.5 694 694 944 0.74 |i through 36
5123/2004 EMC-1 25 1470 776 3,830 0.20 |1,2,3,4,5,6,11,12,20
512312004 EMC-2 2.1 2050 1356 44,600 0.03 30
' Sum of Fractions:
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Total Alpha Contamination
Survey Unit Kaiser-FSS-001

Survey Data Conversion Form
Form ESC/HPM/M-3-2-2

Date of Survey: 5/24/2004 |Type of Radiation: Alpha

Instrument Serial #: Calibration Due Date: 5/4/2005

Detector Serial #: PR190485 Calibration Due Date: 51412005

E, (Surface Efficiency): 0.25 E; (Insturment Efficiency): 0.1778

BKG Counts: 2.0 BKG Count Time (min): 1

Active Area of Detector Probe (cm?): 126  |MDC (dpm/100cm?): 171

Survey Point Gross Count |  Net Count Total 95% CL
Count Time | Gross Counts Rate Rate Contamination| Uncertainty
FSS Number (min) (cts) {cpm) (cpm) {dpm/100cm?) | (dpm/100cm?)

MARSSIM-001 1 90 90 88 1571 336
MARSSIM-002 1 106 106 104 1857 364
MARSSIM-003 1 65 65 63 1125 286
MARSSIM-004 1 179 . 179 177 3160 471
MARSSIM-005 1 53 53 51 911 260
MARSSIM-006 1 70 70 68 1214 297
MARSSIM-007 1 53 53 51 . 911 260
MARSSIM-008 1 17 17 15 268 153
MARSSIM-009 1 18 18 16 286 157
MARSSIM-010 1 21 21 19 339 168
MARSSIM-011 1 55 55 53 946 264
MARSSIM-012 1 70 70 68 1214 297
MARSSIM-013 1 30 30 28 500 198
MARSSIM-014 1 42 42 40 714 232
MARSSIM-015 1 32 32 30 536 204
MARSSIM-016 1 22 22 20 357 171
MARSSIM-017 1 19 - 19 17 304 160
MARSSIM-018 "1 12 12 10 179 131
MARSSIM-019 1 31 31 29 518 201
MARSSIM-020 1 70 70 68 1214 297
MARSSIM-021 1 45 45 43 768 240
MARSSIM-022 1 15 15 13 232 144
MARSSIM-023 1 107 111
MARSSIM-024 1 71.4 99.0
MARSSIM-025 1 17 17 15 268 153
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Total Alpha Contamination
Survey Unit Kaiser-FSS-001
Survey Data Conversion Form
Form ESC/HPM/M-3-2-2

Date of Survey. 5/24/2004 |Type of Radiation: - Alpha.
Instrument Serial #: 193686 Calibration Due Date: 5/4/2005
- |Detector Serial #: PR190485 Calibration Due Date: 5/412005

E; (Surface Efficiency): 0.25 E; (Insturment Efficiency): 0.1778

BKG Counts: 2.0 BKG Count Time {min): 1

Active Area of Detector Probe (cm?): 126 |MDC (dpm/100cm?): 171

Survey Point | Grosscount |  Net Count Total 95% CL
CountTime | Gross Counts Rate Rate Contamination| Uncertainty
FSS Number (min) (cts) (cpm) (cpm) (dpm/100cm?) | (dpm/100cm?)

MARSSIM-026 1 8 8 6 | 107 111
MARSSIM-027 1 17 17 15 268 153
MARSSIM-028 1 5 5] 3 53.6 92.6
MARSSIM-029 1 10 10 8 143 121
MARSSIM-030 1 117 117 115 2053 382
MARSSIM-031 1 15 15 13 232 144
MARSSIM-032 1 19 19 17 304 160
MARSSIM-033 1 30 30 28 500 198
MARSSIM-034 1 48 48 46 821 247
MARSSIM-035 1 42 42 40 714 232
MARSSIM-036 1 14 14 12 214 140

Comments:

Prepared By: Date:
David B. Weyant 5/25/2004

Reviewed By: Date:
Andrew J. Lombardo 5/25/2004
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LABORATORY ANALYTICAL RESULTS
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May 26, 2004

" Paul Handa -
Kaiser L
7311 E. 41st Street -
Tulsa, OK 74145 ' '

- Project: Kaiser/PA-4000-4072
OUTREACH LAB ID: 20040370

Dear Mr. Handa:

Please find enclosed the revised analytical report for your samples recelved in our laboratory May
- 24, 2004, for the above captloned pro_)cct ¢ B _
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Thank you for choosing Outreach Laboratory and if you havc any questlons feel frec to call
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Client; Kaiser Aluminum
Client Project: KAISER
Outreach Lab Number: 20040370
l.aboratory Date Reported: 5126/200Q W,
ar‘;kf:ihnmch 74012 Date Received: 5n4/0%
g%}gﬁ%l) ’%g}-soooe Page Number: 1of10
Analytical Report
Method ' Result Units DL Prep Analysis  Analyst
Date Date
Lab ID: 20040370-01
Client ID: K-SS-001
Date Sampled:  5/24/2004 10:40:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 0.945 +/- 0.500 pCi/F 0.197 52512004  5/25/2004 RE
Gross Beta EPA 900/9310 0.794 +/- 1.18 pCi/F 1.18 512512004  5/25/2004 RE
Lab ID: 20040370-02
Client ID: K-SS-002
Date Sampled:  5/24/2004 10:42:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 1.25 +/-0.587 pCi/F 0260  5/25/2004 512572004 RE \_/
Gross Beta EPA 900/9310 1.72+/- 123 pCi/F 1.14 5/25/2004  5/25/2004 RE
Lab ID: 20040370-03
Client ID: K-SS-003
Date Sampled:  5/24/2004 10:37:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 1.01 +/-0.539 pCiF 0260 572512004 512572004 RE
Gross Beta EPA 900/9310 0+/-1.18 pCiF 1.29 5/25/2004  5/25/2004 RE
Lab ID: 20040370-04
Client ID: K-SS-004
Date Sampled:  5/24/2004 10:30:00 AM
Matrix: Filter
' Radiochemical Analyses
Gross Alpha EPA 900/9310 1.97 +-0.714 pCi/F 0260  5/25/2004 5/25/2004 RE
Gross Beta EPA 900/9310 0.652 +/- 1.17 pCVF 1.19 5/25/2004  5/25/2004 RE
Lab ID: 20040370-05
Client ID: K-SS-005
Date Sampled:  5/24/2004 10:29:00 AM
Matrix: Filter )

Radiochemical Analyses

BDL = Below Detection Limit



BDL = Below Detection Limit

eS¢
‘ ‘:{3’, Client: Kaiser Aluminum
;o Client Project: KAISER
- Outreach Lab Number: 20040370
Laboratory Date Reported: 512612004
ot e 74012 Date Received: 5124104
;%1)8 sﬁfg)-%;} -50008 Page Number: ~20f10
Analytical Report.
. Method ~ Result Units DL Prep Analysis  Analyst
B Date Date .. _
Gross Alpha -- - - - -~ EPA 900/9310 1.36 +/-0.635 pCiF 0326  5/5/2004 - 57252004 RE ~°
Gross Beta EPA 900/9310 1.74 /- 1.16 pCiF . 1.04 51252004 572512004 .RE -
Lab ID: 20040370-06
Client ID: K-SS-006 e
Date Sampled:  5/24/2004 10:27:00 AM
Matrix: - - Filter ' 7 .
, o * - Radiochemical Analyses
Gross Alpha EPA 900/9310 0.574 +/-0.445 pCiF 0278 5125/2004 - 5/25/2004 RE
Gross Beta EPA 900/9310 1.05 +/-1.15 pCi/F 1.12 5/25/2004  5/25/2004 “RE
LabID: . 20040370-07
Client ID: K-SS-007 .
" Date Sampled:  5/24/2004 10:26:00 AM
u Matrix: : - Filter .~ "’ “‘r o ’
» o ' ‘Radiochemical Analyses
Gross Alpha EPA 90079310 0.927 +/-0.504 pCiF 0220 5/25/2004  5/25/2004 RE
Gross Beta EPA 900/9310 0.160 +/- 1.03 pCiF 1.10 512512004 - -5/25/2004 :RE
Lab ID: 20040370-08
Client ID: K-§85-008 .
Date Sampled:  5/24/2004 10:25:00 AM
Matrix: - - - Filter ;+. w0 . ,,
B " . " - Radiochemical Analyses =~
Gross Alpha EPA 9009310 1.84 +/-0.676 pCiF 0.197 52512004 - 5/25/2004 RE
Gross Beta EPA 9009310 2,58 +/- 134 pCiF 1.18 512512004 . 5/25/2004 RE -
Lab ID: 20040370-09
Client ID: K-SS-009 .
Date Sampled:  5/24/2004 10:24:00 AM L,
Matrix:  : - Filter : =~ " oo e
T “‘Radiochemical Analyses ~
Gross Alpha EPA 900/9310 0.473 +/-0.408 pCVF . 0.260 5125/2004 - 5/25/2004 RE
Gross Beta EPA 900/9310 0+/-1.01 pCi/F 1.14 5/25/2004 . 5/25/2004 RE
W’




Kaiser Aluminum

Client:
Client Project: . KAISER
Lab Number: 20040370
[_aboratory Date Reported: 5/26/20(
.11 North Aspen Date Received: 524/04
e A oa K 4012 Page Number: 3of 10
FAX (918) 251-0008
Analytical Report
Method Result Units DL Prep Analysis  Analyst
Date Date ’
Lab ID: 20040370-10
Client ID: K-SS-010
Date Sampled:  5/24/2004 10:23:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 0.173 +/-0312 pCifF 0260  5/25/2004 5/25/2004 RE
Gross Beta EPA 900/9310 0+/-1.17 pCiF 1.29 5/25/2604  5/25/2004 RE
Lab ID: 20040370-11
Client ID: K-Ss-011
Date Sampled:  5/24/2004 10:21:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 0.114 +/-0.290 pCiF 0260  5/25/2004- 5/25/2004 RE \/
Gross Beta EPA 900/9310 0+/-1.08 pCiF 1.19 5/25/2004  5/25/2004 RE
LabID; 20040370-12
Client ID: K-SS-012
Date Sampled:  5/24/2004 10:20:00 AM
Matrix: Filter
' Radiochemical Analyses
" Gross Alpha EPA 900/9310 0.281 +/-0.394 pCi/F 0326  5/25/2004 5/25/2004 RE
Gross Beta EPA 900/9310 0.320 +/- 1.00 pCV/F 1.04 5/25/2004  5/25/2004 RE
Lab ID: 20040370-13
Client ID: K-SS-013
Date Sampled:  5/24/2004 10:19:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 0.275 +/-0.359 pCiF 0278  5/252004 5/25/2004 RE
Gross Beta EPA 900/9310 0.252 +/- 1.07 pCi/F 1.12 5252004 - 5/25/2004 RE
Lab ID: 20040370-14
Client ID: K-SS-014
Date Sampled:  5/24/2004 10:17:00 AM
Matrix: Filter S
Radiochemical Analyses

BDL = Below Detection Limit



BDL = Below Detection Limit

‘::f‘g Client: Kaiser Aluminum
. ‘ Client Project: KAISER
. Outreach Lab Number: - 20040370
Laboratory Date Reported: 5/26/2004
11 North Aspen Date Received: 524104
roken Arrow, OK 74012
(918) 251-2515 Page Number: 40f10
FAX (918) 251-0008 . h
Analytical Report
Method Result Units DL Prep Analysis  Analyst
: Date Date
_Gross Alpha | © 'EPA 900/9310 - 0.628+/-0431 pC/F~ 0220  5/25/2004  5/25/2004 RE
Gross Beta EPA 900/9310 0.775 4/- 1.10 pCiF 1.10 5/25/2004 51252004 RE .
Lab ID: 20040370-15
Client ID: K-SS-015
Date Sampled:  5/24/2004 10:33:00 AM
Matrix: Filter . : - ‘
: ~  Radiochemical Analyses -
Gross Alpha EPA 900/9310 " 0.347+/-0336 pCifF 0.197  5/25/2004  5/25/2004 RE .
- Gross Beta EPA 900/9310 0.055+/-1.10 pCiF 1.18 5/25/12004  5/25/2004 RE
Lab1D: 20040370-16
Client ID: K-SS-016
Date Sampled:  5/24/2004 10:22:00 AM
u Matrix: * Filter
] . . Radiochemical Analyses
Gross Alpha EPA 900/9310 0.114 +/- 0290 pCiF 0.260 5125/2004 51252004 RE
Gross Beta " EPA 900/9310 0+/-1.03 pCiF 1.14 5/25/2004 | 5/25/2004 RE
Lab ID: 20040370-17 '
Client ID: K-SS-017
Date Sampled:  5/24/2004 10:43:00 AM
Matrix: - Filter . ~ ' T s
L . . Radiochemical Analyses =
Gross Alpha - EPA 900/9310 0+/-0237 pCiF 0260  5/25/2004 .5/2522004 RE -
Gross Beta EPA 900/9310 0.086 +/- 1.20 pCiF 129 °  5/252004  5/25/2004 RE
Lab ID: 20040370-18
Client ID: K-SS-018
Date Sampled:  5/24/2004 11:05:00 AM e ,
Matrix: . Filter . \ c I '
' o A ; Radiochemical Analyses -
Gross Alpha EPA 900/9310 0.413 4/-0.391 pCiF 0.260  5/25/2004 5/25/2004 RE
Gross Beta EPA 900/9310 0+/-1.04 pCiF 1.19 5/‘2572004_ . 51252004 RE
/




Client: Kaiser Aluminum
Client Project: KAISER
Outreach Lab Number: 20040370
Laboratory Date Reported: 5126120 _J
J11 North Aspen Date Received: 5124/04
Broken Arrow, OK 74012
(918) 251-2515 Page Number: 50f10
FAX (918) 251-0008
Analytical Report
Method Result Units DL Prep Analysis  Analyst
Date Date
Lab ID: 20040370-19
Client ID: K-§S-019
Date Sampled:  5/24/2004 11:03:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 0.461 +/-0.443 pCVF 0.326 52512004  5/25/2004 RE
" Gross Beta EPA 900/9310 0.505 +/- 1.02 pCiF 1.04 5/25/2004  5/25/2004 RE
Lab ID: 20040370-20
Client ID: K-SS-020
Date Sampled:  5/24/2004 11:02:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 0.335+-0.378 pCiF 0278 52512004 - 5/25/2004 RE ~
"Gross Beta EPA 900/9310 0.622 +/- 1.11 pCi/F 1.12 512512004  5/25/2004 RE
Lab ID: 20040370-21
Client ID: K-SS-021
Date Sampled:  5/24/2004 11:00:00 AM
Matrix: - Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 0329 +/-0.342 pCifF 0.220 5/25/2004  5/25/2004 RE
Gross Beta EPA 900/9310 0.037 +/-1.02 pCiF 1.10 52512004 51252004 RE
Lab ID: 20040370-22
Client ID: K-SS-022
Date Sampled:  5/24/2004 10:58:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 0407 +/- 0356 pCiF 0.197 52512004  5/25/2004 RE
- Gross Beta EPA 900/9310 1.29 +/-123 pCiF 1.18 52512004 - 5/252004 RE
Lab ID: 20040370-23
Client ID: K-55-023
Date Sampled:  5/24/2004 10:57:00 AM
Matrix: Filter

Radiochemical Analyses

BDL = Below Detection Limit



Client: Kaiser Aluminum
! Client Project: KAISER
Lab Number: _ 20040370
Laboratory i Date Reported: - 5/26/2004
_ é‘: 1 Noth Aspens | Daté Received: 5124/04
:(918) 251-2515 Page Number: 60of 10
FAX (918) 251-0908 .
Analytical Report
Method . Result Units DL- . Prep Analysis  Analyst -
L . , AR N ’ Date Date
_GrossAlpha ... - EPAS00M310 ~°  0.173+/-0312 pCiF 0260 572572004 5/25/2004 RE
Gross Beta EPA 900/9310 0.117+/-1.07 pCilF 114 572572004 - - 5252004 RE -
Lab ID: 20040370-24
Client ID: K-55-024
Date Sampled:  5/24/2004 10:56:00 AM
Matrix: , .. Filter - SN o '
e e ene ._~..{RadiocbemicalAnalysé$ N
Gross Alpha EPA 900/9310 0.473 +/-0.408 pCiF 0260  5/25/2004 57252004 RE .
Gross Beta EPA 900/9310 0+/-1.15 pCiF 129 52572004  5/2572004 RE -
Lab ID: 20040370-25
Client ID: K-SS-025 .
_ Date Sampled:  5/24/2004 10:55:00 AM o
\_/ Matrix:. - Filter s :
- R ‘Radiochemical Analyses .
.Gross Alpha EPA 900/9310 0951 +/-0.526 pCiF 0260 57252004 5/252004 RE: -
Gross Beta EPA 900/9310 0.652+/-1.17 pCifF 119 57252004  5/252004 RE.
Lab ID: 20040370-26
Client ID: K-SS-026 .
Date Sampled:  5/24/2004 10:54:00 AM S
- Matrix: .. . Filter: - ¢ NS oot e
... . .r° ::Radiochemical Analyses "
Gross Alpha EPA 900/9310 0.162+/-0.358 pCilF 0326  5/25/2004 . 5/25/2004 RE
Gross Beta EPA 900/9310 0.8744/-106 pCUF 104  5/25/2004 . 5/2522004 RE
Lab ID: 20040370-27
Client ID: K-§S-027 L
Date Sampled:  5/24/2004 10:52:00 AM R
Matrix: . - Filter - CERERR
.+ -+ .. ¢ Radiochemical Analyses *
Gross Alpha EPA 9009310 0.036 +/-0272 pCi/F 0278  5/25/2004 . .5/2572004 RE
Gross Beta EPA 900/9310 0+/-1.02 pCifF .12 5/25/2004 52572004 RE -
-/
. BDL=Bclow Detection Limit



Client; Kaiser Aluminum
Client Project: KAISER
Outreach Lab Number: 20040377
Laboratory Date Reported: 5126R0__J
11 North Aspen Date Received: 5124/04
Broken ATowtigok 1012 Page Number: 70£10
FAX (918) 251-0008
Analytical Report
Method Result Units DL Prep Analysis  Analyst
Date Date
Lab ID: 20040370-28
Client ID: K-S§S-028
- Date Sampled:  5/24/2004 10:50:00 AM
Matrix: ' Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 0.150 +/-0.275 pCi/F 0220  5/25/2004  5/252004 RE
Gross Beta EPA 900/9310 0.591 +/- 108 pCiF 1.10 52512004  5/252004 RE
LabID: 20040370-29
Client ID: K-S$-029
Date Sampled:  5/24/2004 10:49:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 0.407 +/- 0.356 pCiF 0.197 512572004  5/25/2004 RE S S
Gross Beta EPA 900/9310 0.732 +/- 1.17 pCifF 1.18 51252004  5/25/2004 RE
LabID: 20040370-30
Client ID: K-SS-030
Date Sampled:  5/24/2004 10:48:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 0.592 +/- 0.440 pCiF 0.260 512512004  5/25/2004 RE
Gross Beta EPA 900/9310 0.117 +/- 107 pCiF 1.14 52502004  5/25/2004 RE
Lab ID: 20040370-31
Client ID: K-S85-031
Date Sampled:  5/24/2004 10:12:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 0.353 +-0.373 pCiF 0.260 512502004  5/25/2004 RE
Gross Beta EPA 900/9310 0 +/-1.16 pCiF 1.29 5252004 - 5252004 RE
Lab ID: 20040370-32
Client ID: K-SS-032
Date Sampled:  5/24/2004 10:14:00 AM
Vatrix: Filter R

Radiochemical Analyses

BDL = Below Detection Limit
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Client: Kaiser Aluminum
Client Project: KAISER
Outreach Lab Number: . 20040370
Laboratory : Date Reported: 512612004
11 North Aspen " Date Received: 5/24/04
(018 201 2515 12 « Page Number: 8of 10
FAX (918) 251-0008
Analytical Report.
Method Result Units DL~ 'Prep Analysis  Analyst
) " Date . Date .
. Gross Alpha -~ - EPA900/9310 1.61+/-0.654 pCifF 0260  5/25/2004 51252004 RE
Gross Beta EPA 900/9310 0.960 +/- 120 pCiF 1.19 52512004 * *5/25/2004 'RE
Lab ID: 20040370-33
Client ID: K-SS-033 »
Date Sampled:  5/24/2004 10:15:00 AM o
‘Matrix: . - Filter o .
IR SRR - Radiochemical Analyses
Gross Alpha EPA 900/9310 0.700 +/-0.502 pCifF | 0326  5/25/2004 . 5/25/2004 RE.’
Gross Beta EPA 900/9310 0.751+-1.05 pCi/F 104  5/25/2004 " 5/25/2004: RE’
Lab ID: 20040370-34
Client ID: - K-SS-034
. Date Sampled:  5/24/2004 10:31:00 AM
\_Matrix: - Filter I A
C . " Radiochemical Analyses
Gross Alpha EPA 900/9310 0.754 +/-0.489 pCi/F 0278 512512004 5/252004 RE
Gross Beta EPA 900/9310 0+-0979 pCiF . 112  5/25/2004 ~ 5/252004 RE °
Lab ID: 20040370-35
Client ID: ' K-SS-035 N
Date Sampled:  5/24/2004 10:35:00 AM ’
Matrix: . -Filter : L L '
o ~:.4.7 . FiRadiochemical Analyses
Gross Alpha EPA 900/9310 0.209 +/-0.299 pCi/F 0220  5/25/2004 - 5/25/2004 RE
Gross Beta EPA 90019310 0+/-0953 pCiF . 1.10  5/25/2004 . 5/252004 RE
Lab ID: 20040370-36
Client ID: K-S5-036
Date Sampled: ~ 5/24/2004 10:36:00 AM e
Matrix: -Filter Lo o
SR R “Radiochemical Analyses
Gross Alpha EPA 900/9310 226 +/-0.743 pCifF 0.197  5/25/2004 57252004 RE
Gross Beta EPA 900/9310 246+/-133 pCi/F . 118  5/25/2004 5/252004 RE
/

.BDL = Below Detection Limit



Client: Kaiser Aluminum
Client Project: KAISER
Outreach Lab Number: 20040370
Laboratory Date Reported: 526120
11 North Aspen Date Received: 5124/04
?;?};f‘i;‘{.’i’;”f5°" 7012 Page Number: 90f10
FAX (918) 251-0008
Analytical Report
Result Units DL Prep Analysis  Analyst
Date Date
Lab ID: 20040370-37
Client ID: K-SS-037
Date Sampled:  5/24/2004 10:38:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 0.353 +/- 0373 pCiF 0260  5/25/2004  5/25/2004 RE
Gross Beta EPA 900/9310 0.117 +-1.07 pCi/F - 1.14 512512004  5/25/2004 RE
Lab ID: 20040370-38
Client ID: K-SS-038
Date Sampled:  5/24/2004 10:39:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 2.21+/-0.752 pCi/F 0.260  5/25/2004  5/252004 RE —
Gross Beta EPA 900/9310 1.32 +/-1.31 pCiF 1.29 5/25/2004  5/25/2004 RE
LabID: 20040370-39
Client ID: K-SS-039
Date Sampled:  5/24/2004 10:41:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 7.60 +/- 1.34 pCiF 0.260 5/2512004  5/25/2004 RE
Gross Beta EPA 900/9310 841 +/-179 pCiF 1.19 5/25/2004  5/25/2004 RE
Lab ID: 20040370-40
Client ID: K-SS-040
Date Sampled:  5/24/2004 10:45:00 AM
Matrix: Filter
Radiochemical Analyses
Gross Alpha EPA 900/9310 3.33 #/-0.925 pCVF 0.326 5/25/2004  5/25/2004 RE
Gross Beta EPA 900/9310 444 +/- 141 pCiF 1.04 5/252004 - 5/25/2004 RE

~ BDL = Below Detection Limit
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- 'Kgisér‘Aluminum .
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, P . Date Reported: 52612004
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DOS File : K_10pCi_Th232_0.1cm_concrete.msb

Run Date: July 8, 2004
- Run Time: 11:55:04 AM

Duration : 00:00:00

Description: Kaiser Surf,

MicroShicld v6.02 (6.02-002043)

Geometry: 8 - Cylinder Volume - End Shlelds

Energy

0.015
0.04

coPoPPe
w88

Nudide
Ac-228
Bl-212 .
Pb-212
Po-212
Po-216
Ra-224
Ra-228
Th-228
Th-232 -
TI-208

Adlvity

(o]

1.750e+02
2.190e+00
1.481e+00
9.243e+01
1.520e+01
9.001e+00
. 1.163e+02
5.585e+01

Source Dimensions

CEC,_1Inc.
File Ref:
Date:
By:
Checked:
Case Title: Kalser Concrete
ace Survey 10 pCli/g Th-232, 0.1 em Depth, @ 10 cm

Height 0.1cm 0.0In
Radius 28.0 an 11.0n
Dose Points
X Y Z
#£1 ocm 10.1 em Ocm
0.0in 4.01n 0.0in
Shields
Dimension Matedal
Source 246.301 cm? Concrete  2.35
Alr Gap Alr 0.00122
Source Input
Grouping Method : Standard Indices
Number of Groups : 25
Lower Energy Cutoff 1 0.015
Photons < 0.015 : Included
Library : Grove
curies { 3. 3’
5.7881e-009 2.1416e+002 2.3500e-005 8.6950e-001
5.7881e-009 2.1416e+002 2.3500e-005 8.6950e-001
5.7681e-009 2.1416e+002 2.3500e-005 8.6950e-001
3.7044¢-009 1.3706e+002 1.5040e-005 5.5648e-001
5.7681e-009 2.1416e+002 2,3500e-005 8.6950e-001
5.7681e-009 2.1416e+002 2.3500e-005 8.6950e-001
5.7881e-009 2,1416e+002 2.3500e-005 8.6950e-001
5.7881e-009 2.1416e+4002 2.3500e-005 8.6950e-001
5.7881e-009 2.1416e+002 2.3500e-005 8.6950e-001
2.0837e-009 7.7097e+001 8.4600e-006 3.1302e-001
Bulldup
The material reference Is : Source
Integration Paranieters
Radial : 20
Clrcumferential 10
Y Direction (axial) 10
Results .
Eluence Rate Exposure Rate Exposure Rate
MeV/cm?/sec eV/em? mR/br mR/hr
ik
1.691e-04 1.729e-04 1.450e-05 1.483e-05
. 1.714e-05 1.826e-05 7.580e-08 8.077e-08
1.848e-05 1.970e-05 3.670e-08 3.912¢-08
1.563e-03 1.652¢-03 2.473e-06 2.615e-06
3.232e-04 3.398e-04 4,945e-07 5.199¢-07
2.891e-04 - 3.008e-04 4.761e-07 4.954e-07
4.999¢-03 5.170e-03 8.823e-06 9.124¢-06
3.614e-03 3.709e-03 6.856e-06 7.036e-06



Page :2

DOS File : K_10pCi_Th232_0.1cm_concrete.ms6

Run Date: July 8, 2004
Run Time: 11:55:04 AM
Duration : 00:00:00

Energy Fluence Rate Fluence Rate

Mev p.hmuszc MeY/am?/sec MeV/cm?/sec

No Buildup With Buildup
0.4 5,067e+400 4.384e-04 4.478e-04
0.5 2.953e+01 3.200e-03 3.260e-03
0.6 6.822e401 8.885e-03 9.029¢-03
0.8 6.826e+01 1,188e-02 1.204e-02
1.0 1.247e+402 2.718e-02 2.748e-02
1.5 2.873e401 9.416e-03 9.492¢-03
2.0 6.499¢e-01 2.845e-04 2.864e-04
3.0 7.694e+01 5.063e-02 5.087e-02
TOTALS: 8.696e+02 1.229¢-01 1.243e-01

S| t: )
mR/he
No Buiidup
8.542e-07
6.282¢-06
1.734e-05
2.260¢-05
5.010e-05
1.584e-05
4.400e-07
6.868e-05

2.159¢-04

Exposuyre Rate
mR/Me
With Buildup
8.726e-07
6.399¢-06
1.762e-05
2.289¢-05
5.065¢-05
1.597e-05
4.429¢-07
6.902e-05

2.186e-04
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom
Sub-Report No. EB-002
Survey Unit Kaiser-FSS-002
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-002, an open land area (pond parcel excavation bottom) resulting from the removal
. of radiologically-affected soil from the southwestern portion of the Retention Pond area. Survey
Unit Kalser-FSS 002 is considered a Class 1 survey unit with an approximate surface area of
126.5 m>. The survey unit is bounded to the east by Survey Unit Kaiser-FSS-003, to the south
by the Union Pacific Railroad right-of-way, to the north by Survey Unit Kaiser-FSS-008, and to
the west by Survey Unit Kaiser-FSS-001 (Figure 3).

- Survey Unit Kaiser-FSS-002 consists of an excavation bottom surface soil with two side walls
(east wall and south wall). No elevated areas were left in-place, therefore, no elevated
measurement comparisons were required for this unit. No embedded “structures” were
encountered during the removal of the radiologically-affected soil.

Q\P40OC\PA4OTZVFSS Reports\Vokime [Survey Unit Kaiser-FSS-002FSS-002Textdoc ] ' Revision 0
’ 3/22/06



2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the excavation bottom,
eastern side wall, and southern side wall surface soil of Survey Unit Kaiser-FSS-002. The final
status survey consisted of a gross gamma scan of the exposed surface soil of the survey unit and
systematic soil sampling.

2.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom, eastern side wall, and
southern side wall) was surveyed through a 100 percent coverage gamma scan to confirm
acceptable radiological conditions and identify any elevated areas. During the scanning of the
soil, the detector was held close to the ground surface (1 to 2 inches) and moved in a serpentine
pattern. Background measurements were obtained at 1-meter above the ground surface at 9
approximately equal-distant locations in the survey unit. The statistics for the 9 background
measurements are provided below in Table 1. Background measurements ranged from 45,071
counts per minute (cpm) to 123,316 cpm moving southwest to northeast across the survey unit.
The scan results increase as the surveyor moves closer to impacted material located to the east-
northeast of the survey unit.

- A total of 26 area-averaged measurements of gross count rate were made across the survey unit’s
. 126.5 m? surface arca. The results ranged from 43,000 cpm to 90,000 cpm. A statistical
summary of the 100 percent coverage gamma scan of the survey unit is provided below in Table
1. '

Table 1 — Gross Gamma Scan Results Summary

Survey Arca: 126.5 m"
Number of Scan

Measurements (Recorded 26
Average per 2 m? grid area)

Scan Rate: 0.5m/s

(Swinging the detector awidth | (MARSSIM recomm‘ends
of 1-meters1de to s1de

TR e e

e Pt A S R R R B
5 3 i__vr;,c" mae'z, ) l{_—f'; »1:.33 .2.”3 b 0‘“ 5

] Results Summary ]

| Background (Gross cpm) Scan (Gross cpny “'.

. Minimum ' 45,071 43,000
Maximum 123,316 90,000
Average 71,389 , 57,000
Standard Deviation 28,698 . 14,000
Median 61,076 52,000

Contour maps of the gross gamma background and final (as-left condition) scanning survey
results are presented on Figure A-1 contained in Attachment A. The 100 percent coverage
gross gamma scan did not indicate the presence of small areas of elevated activity (above the
DCGLy for the site).

QA\P4000'\PALOTZFSS Reports\Volume RSurvey Unit Kaiser-FSS-002FSS-002Text doe 2, Revision 0
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2.2 Systematic Soil Sampling — Excavation Bottom/Side Wall Surface Soil

The final status survey also consisted of systematic soil sampling based on a random start point

and an equal-distant triangular grid. The Minimum Number of Samples Required (N) based on
the scan MDC was determined to be 9 as documented on Soil Survey Unit Workshcct No. 1
(Attachment B). Once N was determined, the Survey Unit Area (A) of 126.5 m? along with the
N of 9 were used to calculate the Triangular Grid Node Length (L) of 4.0 meters and the Height
of the Equilateral Triangle (h) of 3.5 meters. A random start point was generated using the

random number feature of Excel and documented on Soil Survey Unit Worksheet No. 2
(Attachment B).

A layout of the soil sampling locations is provided on Figure A-2 contained in Attachment A.
The soil sampling locations were demarcated in the field using a GPS unit. A total of 9 soil
samples (identified as K-019 through K-027) were collected at the excavation bottom/side wall
surface (0-6-inch depth interval) level using a clean, decontaminated sampling auger or
sharpshooter shovel. The samples were forwarded to Outreach for analysis of Th-232 activity

concentration. Analytical results are provided below in Tablc 2. Analytical data reports are
contained in Attachment C.

Tablé 2 —~ Systematic Soil Sample Results

Net
Soil Gross Th-232 | Std. Error MDC Net Th-232 DCGL
Sample ID (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
K-019 0.391 0.078 0.190 0 3.0
K-020 0.986 0.113 0.473 0 3.0
K-021 0.821 0.103 0.340 0 3.0
K-022 1.02 0.097 0.249. 0 3.0
K-023 1.03 0.118 0.440 0 3.0
K-024 1.22 . 0.119 0.252 0.12 3.0
K-025 1.11 0.070 0.336 0.01 3.0
K-026 1.63 0.116 0.476 0.53 3.0
K-027 0.941 0.116 0.414 0 3.0
Average 1.02
Standard Dey. 0.328
Minimum 0.391
Maximum 1.63
Median 1.02

All 9 systematic soil sample results (gross and net) were below the open land area surrogate
value of 3.0 pCi/g net Th-232 activity concentration (DCGLyw). The maximum gross Th-232
activity concentration was 1.63 pCi/g, which fell slightly above the background Th-232 activity
of 1.1 pCi/g for the site. The average gross Th-232 activity concentration was 1.02 pCi/g. The
standard deviation of the 9 equal-distant samples was 0.328, which fell below the estimated
standard deviation of 0.42 (based on the adjacent land final status survey results) used to
calculate the minimum number of samples required.

. Q\P4000'PAOTFSS ReponsiVolume NSurvey Unit Kaiser FSS-002FSS002Textdoc 3 ) Revision 0
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2.3 Wilcoxon Rank Sum (WRS) Testing

The analytical results for the systematic soil samples were evaluated using the procedure
contained in Appendix C, Volume I of this Final Status Survey Report (Wilcoxon Rank Sum
Test). The evaluation showed that the survey unit soil sample results meet the DP statistical
" criterion based on the first statistical test as described below.

If the difference (1.06 pCi/g) between the maximum survey unit soil sample activity
concentration (1.63 pCi/g) and the minimum reference background area soil sample activity
concentration (0.57 pCi/g) is less than DCGLw (3.0 pCi/g), then the survey unit meets the release
criterion. Table 3 presents a summary of the data used to complete the statistical evaluation of

the survey unit.

Table 3 ~ Reference Group and Survey Unit Sample Results

Reference Th-232 Survey Unit Th-232
Group Sample ID . (pCi/g) Group Sample ID (pCi/g)
R1 299 1.24 Sl K-019 0.391
R2 263 1.54 S2 K-020 0.986
R3 96 0.57 S3 K-021 0.821
R4 20 . 1.38 S4 K-022 1.02
R5 262 1.63 S5 - K-023 1.03
R6 255 1.42 S6 K-024 1.22
R7 263 1.54 S7 K-025 1.11
R8 343 1.14 S8 K-026 1.63
R9 156 0.96 S9 K-027 0.941
Average 1.27 Average 1,02
Standard Standard
Devy. 0.34 Dev. 0.328
Minimum 0.57 Minimum 0.391
Maximum 1.63 - Maximum 1.63
Median 1.38 Median 1.02
Q\PA0OCRPA4OTZ\FSS Reports\Volume I'Survey Unit Kaiser-FSS-002FSS002Textdoc 4 Revision 0
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the southwestern portion of the Retention Pond
area resulted in an open land area consisting of an excavation approximately 126.5 m? in area.
This open land area, identified as Survey Unit Kaiser-FSS-002 is considered a Class 1 survey
unit. The survey unit is bounded to the east by Survey Unit Kaiser-FSS-003, to the south by the
Union Pacific Railroad right-of-way, to the north by Survey Unit Kaiser-FSS-008, and to the
west by Survey Unit Kaiser-FSS-001 (Figure 3). This section of the sub-report presents a

- summary of the final status survey findings and an overall summation of fractions for the survey
unit.

3.1 Excavation Bottonv/Side Wall Surface Soil

The acceptance criterion for open land areas (pond parcel excavation bottom surface soil) at the
Tulsa facility is the DCGLw of 3.0 pCi/g net Th-232 activity concentration. Final status survey
activities for Survey Unit Kaiser-FSS-002 consisted of a gross gamma scan of the exposed
surface soil of the survey unit (excavation bottom, eastern side wall, and southern side wall) and
systematic soil sampling. The results of the final status survey activities were as follows:

e The 100 percent coverage gamma scan (final as-left condition) did not indicate the
- presence of small areas of elevated activity (above the DCGLw for the site).
o All 9 systematic soil sample results (gross:and net) were below the open land area
surrogate value of 3.0 pCi/g net Th-232 activity concentration (DCGLw).
e The analytical results meet the DP statistical criterion based on the first statistical
evaluation of the data (WRS Test procedure).

- e No elevated areas were left in-place, therefore, no elevated measurement comparisons
were required for this unit.

3.2 Sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSS-002 prior to backfill with 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 entire survey unit.
The Total Sum of Fractions for surface soil, clevated areas, and embedded structures respectively
is presented below in Table 4. As previously mentioned, no embedded structures were
encountered within the survey unit and no elevated areas were left in-place for the survey unit.

Table 4 — Fraction of Applicable Acceptance Criteria per Survey Unit Element

Average
Net Acceptance
Survey Unit Element Units Activity Criteria Fraction
-FSS-002 Excavation Bottom Soil pCilg 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCilg 0 0.00
-Embedded Structures (None Encountered) | dpm/100cm® 0 0.00
TOTAL SUM OF FRACTIONS 0.00
Q:\P4000\PA4OTLFSS Reports\Vokime NSurvey Unit Kaiser-FSS-002FSS-002Textdoc 5 . Revision 0
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The Sum of Fractions provides a conservative assessment of the survey unit without backfill.
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-002 mects the
DP acceptance criteria.
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¢ FIGURE A-1 Gross Gamma Background and Scanning Survey
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¢ FIGURE A-2 Systematic Soil Sampling Locations
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Soil Survey Unit Work Sheet No. 1
Final Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: ' KAISER-FSS-002

2. Description: __Retention Pond Area, East of Survey Unit Kaiser-FSS-001
3. Net Th-232 Acceptance Criteria (pCi/g): 3.0

4. Dimensions (m): Excavation Bottom ~ Approx. 13 meters x 9.5 meters; Area, A (m?):126.5

5. Estimate of Gross Gamma Scan Background Readings (cpm)
Average: __ 50,000 Minimum: 40,000 Maximum: 100,000

6. Based on the maximum background gross gamma scan reading, the scan MDC (Minimum Detectable
~ Concentration of Th-232), the corresponding N (Minimum Number of Required Samples) and L (Triangular
Grid Node Length) for a standard 2,000 m? Class 1 survey unit are:

*  Gross Gamma Scan MDC (pCi/g): 5.7

e  Minimum Number of Samples (N): 9 Triangular Grid Node Length (L): 16.0 m

7. If the area of the Survey Unit is less than 2,000 m?, recalculate the corresponding Triangular Grid Node
Length (L,) for the Survey Unit Area (A), using the following formula: L; = (A/(0.866 x 9))'?: _4.0m

8. If N is greater than 9 and the A is other than 2,000 m?, recalculate the corresponding Triangular Grid Node
Length (L,) using the following formula L, = (A/(0.866 x N))'2: N/A

9.1f A is greater than 2,000 m? and N is equal to 9, recalculate the ;ninimum number of samples (N})
corresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N; = A / (0.866 x
16, N;:. N/A

10. Calculate the height (h) of the equilateral triangle with side length equal to L (or (L.,) using the following
formula: h = ((L? - (L/2))"%: 3.5m.

Q\P4000\PASOT2\FSS ReportsiVolume NSurvey Unit Kaiser-FSS-002\Attachment B « Soil Survey Unik Worksheets\Soil Survey Unit Worksheet No. 1.doc



1 Soil Survey Unit Worksheet No. 2
Random Number Generator for Start Point
Final Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

SURVEY UNIT: KAISER-FSS-002-
RANDOM START POINT )
x axis ( Meters) y axis ( Meters) X axis axis
5 3 lower bound 0 0
upper bound 13 9.5

o
x
©
>
North
(0,0) x axis
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ATTACHMENT C

LABORATORY ANALYTICAL RESULTS



‘ &7

Outreach
Laboratory

1 North
roken MmKMOIZ
(918) 251-2515
FAX (918) 251-0008

May 26, 2004 o | EA 'L _0 Zq/ |

Paul Handa

Kaiser

7311 E. 41st Street -
Tulsa, OK 74145

. Project: Kaiser/PA-4000-4072

OUTREACH LAB ID: 20040371

" Dear Mr. Handa:

Please find enclosed the revised analytical report for your samples recelved in our laboratory May
25, 2004, for the above captioned project. ,

All QC is within limits.

Thank you for choosing Outreach Laboratory and if you have any questions feel free to call.

Y

ODEQ ID #9517 CERT. ID #0K001
NRCODEQLIC. #27522-01 - . =1+ ‘..

—



BDL = Below Detection Limit

Client: Kaiser Aluminum
Client Project: KAISER/PA-4000-4072
Lab Number: 200403 -
M )
Laboratory Date Reported: sRIRO_/
511 North Aspen ! Date Received: 5125/04
B AT 1 012 Page Number: 1of3
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Th-232 HASL 300 0391 +/-0.078 pCi/g;: ©-.0.190 - ~ 512512004 SD
RS AT h
Lab ID: 20040371-02
Client ID: K-020
Date Sampled:  5/24/2004 6:05:00 PM
Matrix: Soil
Radiochemical Analyses . .
Th-232 HASL 300 - 0.986 +/-0.113 pCi/g " =2: '..'0.4‘]3 .5/2512004 SD u
Lab ID: 20040371-03
Client ID: K-021
Date Sampled: 52412004 6:10:00 PM
Matrix: Soil p - o
B " Radiochemical Analyses
Th-232 HASL 300 0.821 +/-0.103 pCig 0.340 512512004 SD
Lab ID: 20040371-04 .
Client ID: K-022
Date Sampled:  5/24/2004 6:15:00 PM
Matrix: Soil
Radiochemical Analyses . N
Th-232 HASL 300 1.02 +/-0.097 pCilg 0249 - 502512004 SD
LabID: '20040371-05
Client ID: K-023
"Date Sampled:  '5/24/2004 6:20:00 PM
 Matrix: Soil _
. : Radiochemical Analyses e e o
Th-232 - HASL 300 1.03+/-0.118 pCi/g H 0440 5/2512004 SD



Client: Kaiser Aluminum
Client Project: KAISER/PA-4000-4072
Lab Number: © 20040371
Laboratory Date Reported: . 512612004
JiloahAspen Date Received: - 5/25 /04
(918) 251-2515 Page Number: 20f3
FAX (918) 251-0008 e
Analytical Report
Method -Result -Units-* " " DL Prep Analysis  Analyst
-~ c . Date Date
Lab ID: 20040371-06 KR
Client ID: K-024. . A -
© Date Sampled: . 5/24/2004 6:25:00 PM - o
Matrix: - Soil o
T Radiochemical Analyses gLl
Th-232-" HASL 300 122 +4/-0.119 pCi/g ¢7° 0.252 5512004 SD
Lab ID: - 20040371-07
Client ID: K-025
Date Sampled: . 5/24/2004 6:30:00 PM
Matrix: . Soil .
_ L Radiochemical Analyses .
Th232 " HASL300, - . LI11+-0070 pCig 0336 512512004 SD
\_/ LabID; 2004037108
Client ID: K-026
Date Sampled:  5/24/2004 6:35:00 PM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 1.63 +/-0.116 pCi/g 0.476 512512004 SD
Lab ID: 20040371-09
Client ID: K-027
Date Sampled:  5/24/2004 6:40:00 PM
Matrix: Soil
. Radiochemical Analyses
Th-232 HASL 300 0.941 +/-0.116 pCig 0414 5/252004 SD
o/

BDL = Below Detection Limit

1



Kaiser Aluminum

BDL = Below Detection Limit

Client:
Client Project: KAISER/PA-4000-4072
. Lab Number: 20040371
Date Reported: 5126200, }
1 ) - . R . . [ -
: ?9",:};:52}“’295;’?:&‘ 74012 Date Received: 5125/04
A z ey 251 Page Number: 3of3
‘vf-'?i"‘fx
QCReport .- .
Parameter Blank  LCS LCSD DUP MS . MSD Date .
YREC ypec Rrep  RPD %REC  opyc, RPD. x
Ac-228 - NC 51512004 -
Am-241 91.0 930 18 o 57252004
Co-60 92,0 930 137 R 512512004 -
Cs-137 970 940 36 ' 512512004
QA Apprm:fil: iy
SETURETE.S S N

i: i Lab Approval: -~

-y I.
i i




e  DUTREACH
” LABORATORY

311 North Aspen
. Broken Arrow, OK 74012
Phone:
Fax:

(918) 251-2515
(918)251-0008 ..

cuan (. cusToDy

C

Re:éult's To: Compan S \1:\W 5] R\ A?;:[Q N3~ Bill To: - o
N Name AP &R : Companyme_él.slm_-_ﬁ_&m_
Cz\\ _ Addressja \.\ Té— + W ﬁ ST; Name_£AN., \'\Ji> A
-7y . CiyXOAS D State oW _zip —uisey addross N __T: Y|SE 7
IJIA / <’ PhoneQl® =354 = 0¥ &% Fax #G(% - VA '.I_L'l\ Oi‘YJ-\!l&B——Sta‘B—Q}\——Z‘P——Zim7

ANALYSIS REQUESTED

PO# - . oor;résmzn Pnssznwmvs
PROJECT# ¢ C, E_&__&Q‘I_Z 0 1 _HNO;pHd ~ ] .
| prodECT NaMiE Y AMSe T | sasne | o prd )
REQUESTEDTURNAROUNDTIME* Z DAL AT, A 3R (5. Niompmnt u&
(ADD CHARGES MAY APPLY) N .
SAMPLE :,..)4' R %4  REMARKS
) - s g (LE. FILTERED, UNFILTERED,
W . oGy o MATRIX AN GRAB, COMPOSITE)
MM k-—oﬂ 5-TY4 | 1Roo || V] coued] wdoe | / £0.% pdjas b= &
Rl 2aVeas | | (3L L . ' \ ! A REITIET
w. {‘<"Lq \‘b\b l ‘ x 1 ’ %, e ; = .
Zu [1slX 1 prel / y ;. ¥
-2u | Y2 - A — #|
AN YAY \ , . \ &
S-IM | MR \ 7 :
AN 18R A : VAR - #|
<1 VaMs| 4 X | I x|
1/ PR AN AN I T
TP (s BacnTi g
oo Novsad W SHm Gramirey
FEN T LAS 0

RELINQUISHED BY:
My signature on this chaln of custody form indicates that | am authorized by the above comp
of sample data and it Is understood and agreed that any balance carried over thirty (30) days is subject to & 1.5
_becomes tegally liable for any reasonable attomey and/or coflection fees and afl related costs necessary to

. SAMPLE RETURN/DISPOSAL: All non-hazardous samples shall be disposed o 30 days aﬂo; Issue of final report, ARl others will be retumed at clent’s expense,

DATE - _TIME

RECEIVED

y 1o release

. ebmplnyugrmtoply mwamuponnoolp'
(18% per annum) late charge. in the event of default, the company
entire balance to Outreach Technologies, Inc, (Outreach Laboratory).

DA“’J/"‘/ o nMLor}@ e

'{ﬂ;f.; PR idddnd ,,v‘x,;rvrg-'r’v o r
NG Lo )})&,’ I'/‘)\'&/’{E )::‘7




SUB-REPORT

SURVEY UNIT KAISER-FSS-003



TABLE OF CONTENTS

Page

1.0 BACKGROUND 1
2.0 SURVEY ACTIVITIES AND RESULTS 2
2.1 Gross Gamma Scan : 2
2.2 Systematic Soil Sampling — Excavation Bottom/Side Wall Surface Soil 3
2.3 Wilcoxon Rank Sum (WRS) Testing 4
3.0 SUMMARY OF FINDINGS A 6
3.1 Excavation Bottom/Side Wall Surface Soil 6
-3.2 Sum of Fractions for Entire Survey Unit 6

ATTACHMENTS

ATTACHMENT A: Figure A-1 Gross Gamma Background and Scanning Survey Results
Figure A-2 Systematic Soil Sampling Locations

ATTACHMENT B: Soil Survey Unit Worksheet No. 1
Soil Survey Unit Worksheet No. 2

ATTACHMENT C: Laboratory Analytical Results

N

QI\P400C\PAOT2FSS ReportsiVohume ISurvey Unit Kaiser-FS$-003%003 toc.DOC



Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom
Sub-Report No. EB-003
Survey Unit Kaiser-FSS-003
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND.

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility

-, (Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit

Kaiser-FSS-003, an open land areca (pond parcel excavation bottom) resulting from the removal
of radiologically-affccted soil from the southwestern portion of the Retention Pond area. Survey
Unit Kaiser-FSS-003 is considered a Class 1 survey unit with an approximate surface area of 80
m®. This limited size survey unit was demarcated due to the presence of a metal utility pole.
The soils immediately surrounding the utility pole were not radiologically-affected.—The survey
unit is bounded to the south and east by the Union Pacific Railroad right-of-way, to the north by
Survey Unit Kaiser-FSS-005, and to the west by Survey Unit Kaiser-FSS-002 (Figure 3).

Survey Unit Kaiser-FSS-003 consists of an excavation bottom surface soil with two side walls
(east wall and south wall). No elevated areas were left in-place, thercfore, no elevated
measurement comparisons were required for this unit. No embedded “structures” were
encountered during the removal of the radiologically-affected soil.
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2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the excavation bottom,
eastern side wall, and southern side wall surface soil of Survey Unit Kaiser-FSS-003. The final
status survey consisted of a gross gamma scan of the exposed surface soil of the survey unit and
systematic soil sampling.

2.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom, eastern side wall, and
southern side wall) was surveyed through a 100 percent coverage gamma scan to confirm
acceptable radiological conditions and identify any elevated areas. During the scanning of the
soil, the detector was held close to the ground surface (1 to 2 inches) and moved in a serpentine
pattern. Background measurements were obtained at 1-meter above the ground surface at 7
approximately equal-distant locations in the survey unit. The statistics for the 7 background
measurements arc provided below in Table 1. Background measurements ranged from 24,383
counts per minute (cpm) to 101,422 cpm moving southeast to northwest within the survey unit.
The scan results increase as the surveyor moves closer to impacted material located to the
northwest of the survey unit.

A total of 20 area-averaged measurements of gross count rate were made across the survey unit’s
‘80 m? surface area. The results ranged from 16,000 cpm to 86,000 cpm. A statistical summary
of the 100 percent coverage gamma scan of the survey unit is provided below in Table 1.

Table 1 — Gross Gamma Scan Results Summary

Survey Area: 80 m*
Number of Scan

Measurements (Recorded 20
Average per 2 m? grid area) :

Scan Rate: 0.5m/s

(Swinging the detector a width
of l-mer s1de to side

(MARSSIM recommends

TG R Y IS
;tr-‘f:p.

i huzziu‘“. 42 ESC

| esul Summa. T | Background (Gross cpm)

Minimum 24,383 : : 16, 000
Maximum 101,422 86,000
Average 58,767 37,000 !
Standard Deviation 28,467 21,000
Median 52,539 - 30,000

Contour maps of the gross gamma background and final (as-left condition) scanning survey
results are presented on Figure A-1 contained in Attachment A. The 100 percent coverage
gross gamma scan did not indicate the presence of small areas of elevated activity (above the
DCGLy for the site). As part of the gross gamma survey, 4 biased soil samples were collected at
locations exhibiting the highest scan rates on the soil walls (1 sample per wall) surrounding the
utility pole concrete footing (Figure A-2, Attachment A). The biased soil samples were

Q:\P4000\PA4OTIFSS ReportstVokume NSurvey Unit Kaiscr-FSS-003FSS-003Textdoc Revision 0
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forwarded to Outreach for analysis of Th-232 activity concentration. The analytical results are
provided below in Table 2. The biased soil sample results were below the DCGLuw for the site.

Table 2 —- Biased Soil Sample Analytical Results

Gross Th-232 - Std. Error MDC

Soil Sample ID (pCi/g) (pCi/g) ~ (pCi/g)
DCGLw 3.0
Site Background 1.1 0.3
K-042 (Point A) 2.64 0.131 0.349 -
K-043 (Point B) 1.29 0.085 0.255
K-044 (Point C) 0.974 0.086 0.329

.| K-045 (Point D) 0.724 0.076 0.200

d

2.2 Systematic Soil Sampling — Excavation Bottom/Side Wall Surface Soil

The final status survey also consisted of systematic soil sampling based on a random start point

and an equal-distant triangular grid. The Minimum Number of Samples Required (N) based on -

the scan MDC was determined to be 9 as documented on Soil Survey Unit Worksheet No. 1
(Attachment B). Once N was determined, thé Survey Unit Area (A) of 80 m? along with the N
of 9 were used to calculate the Triangular Grid Node Length (L) of 3.2 meters and the Height of
the Equilateral Triangle (h) of 2.8 meters. A random start point was generated using the random
number feature of Excel and documented on Soil Survey Unit Worksheet No. 2 (Attachment B).

A layout of the soil sampling locations is provided on Figure A-2 contained in Attachment A.
The soil sampling locations were demarcated in the field using a GPS unit. A total of 9 'soil
samples (identified as K-032 through K-034, and K-036-POST through K-041) were collected at
the excavation bottom/side wall surface (0-6-inch depth interval) level using a clean,
decontaminated sampling auger or sharpshooter shovel. The samples were forwarded to
Outreach for analysis of Th-232 activity concentration. Analytical results arc provided below in
Table 3. Analytical data reports are contained in Attachment C.

Q\PADOOPASOTAFSS Reports\Volume [Survey Unit Kaiser-FSS-003FSS-003Text doc 3 Revision 0
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Table 3 — Systematic Soil Sample Results

Net
Soil Gross Th-232 Std. Error MDC Net Th-232 DCGL
Sample ID (pCi/g) (pCilg) (pCi/g) (pCi/g) (pCi/g)
K-032 0.878 0.064 0.215 0 3.0
K-033 1.02 0.060 0.177 0 3.0
K-034 0.713 0.065 0.194 0 3.0
K-036-POST 1.06 0.075 0.227 0 30
K-037 1.11 0.078 0.194 0.01 3.0
K-038 1.16 0.088 0.279 0.06 3.0
K-039 1.09 0.074 0.198 0 3.0
K-040 1.19 0.069 0.259 0.09 30
K-041 1.05 0.078 0.231 0 3.0
Average 1.03 ’
Std. Dey. 0.149
Minimum 0.713
Maximum 1.19
Median 1.06

All 9 systematic soil sample results (gross and net) were below the open land area surrogate
value of 3.0 pCi/g net Th-232 activity concentration (DCGLw). The maximum gross Th-232
activity concentration was 1.19 pCi/g, which fell slightly above the background Th-232 activity
of 1.1 pCi/g for the site. The average gross Th-232.activity concentration was 1.03 pCi/g. The
standard deviation of the 9 equal-distant samples was 0.149, which fell below the estimated
standard deviation of 0.42 (based on the adjacent land ﬁnal status survey results) used to
calculate the minimum number of samples required.

2.3 Wilcoxon Rank Sum (WRS) Testing

The analytical results for the systematic soil samples were evaluated using the procedure
contained in Appendix C, Volume I of this Final Status Survey Report (Wilcoxon Rank Sum
Test). The evaluation showed that the survey unit soil sample results meet the DP statistical
criterion based on the first statistical test as described below.

If the difference (0.83 pCi/g) between the maximum survey unit soil sample activity
concentration (1.19 pCi/g) and the minimum reference background arca soil sample activity
concentration (0.36 pCi/g) is less than DCGLw (3.0 pCi/g), then the survey unit meets the release
criterion. Table 4 presents a summary of the data used to complete the statistical evaluation of
the survey unit.

Revision 0
3/22/06
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Table 4 — Reference Group and Survey Unit Sample Results

Reference Th-232 Survey Unit Th-232
Group Sample ID (pCi/g) Group Sample ID (pCi/g)
R1 5 0.90 S1 K-032 0.878
R2 353 0.79 S2 K-033 1.02
R3 342 1.26 S3 K-034 0.713
R4 186 1.36 S4 K-036-POST 1.06
R5 19 0.36 S5 - K-037 1.11
R6 351 1.07 - 56 K-038 1.16
R7 146 1.23 S7 . K-039 1.09
R8 52 1.63 S8 K-040 1.19
R9 193 1.16 S9 K-041 1.05
Average 1.08 Average 1.03
Std. Dev. 0.37 Std. Dev. 0.149
Minimum 0.36 Mininium 0.713
Maximum 1.63 Maximum 119
Median 1.16 Median 1.06
y
Q\PI00C\PA4OTIFSS Reports\Volume [Survey Unit Kaiser-FSS-003FSS-003Textdoc 5 Revision 0
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the southwestern portion of the Rctcntlon Pond
area resulted in an open land area consisting of an excavation approximately 80 m’ in area. This
open land area, identified as Survey Unit Kaiser-FSS-003 is considered a Class 1 survey unit.
The survey unit is bounded to the south and east by the Union Pacific Railroad right-of-way, to
the north by Survey Unit Kaiser-FSS-005, and to the west by Survey Unit Kaiser-FSS-002

(Figure 3). This section of the sub-report presents a summary of the final status survey findings
and an overall summation of fractions for the survey unit.

3.1 Excavation Bottom/Side Wall Surface Soil

The acceptance criterion for open land areas (pond parcel excavation bottom surface soil) at the
Tulsa facility is the DCGLw of 3.0 pCi/g net Th-232 activity concentration. Final status survey
activities for Survey Unit Kaiser-FSS-003 consisted of a gross gamma scan of the exposed
surface soil of the survey unit (excavation bottom, eastern side wall, and southern side wall) and
systematic soil sampling. The results of the final status survey activities were as follows:

o The 100 percent coverage gamma scan (final as-left condition) did not indicate the
presence of small areas of elevated activity (above the DCGLy for the site).

o All 9 systematic soil sample results (gross and net) were below the open land area
surrogate value of 3.0 pCi/g net Th-232 activity concentration (DCGLw).

o The analytical results mect the DP statistical criterion based on the first statistical
evaluation of the data (WRS Test procedure).

¢ No elevated areas were left in-place, therefore, no elevated measurement compansons
were required for this unit.

3.2 Sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSS-003 prior to backfill with 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 entire survey unit.
The Total Sum of Fractions for surface soil, elevated areas, and embedded structures respectively
is presented below in Table 5. As previously mentioned, no embedded structures were
encountered within the survey unit and no elevated areas were left in-place for the survey unit.

Table 5 — Fraction of Applicable Acceptance Criteria per Survey Unit Element

Average
N Net Acceptance
Survey Unit Element Units Activity Criteria Fraction
-FSS-003 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 : 0.00
-Embedded Structures (None Encountered) | dpm/100cm® 0 0.00
TOTAL SUM OF FRACTIONS 0.00
Q\P4000'PA4OTZFSS ReportsiVolume [Survey Unit Kaiser-FSS-003FSS-003Textdoc Revision 0
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The Sum of Fractions provides a conservative assessment of the survey unit without backfill.
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-003 mects the
DP acceptance criteria.
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Soil Survey Unit Work Sheet No. 1
Final Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-003

2. Description: __Retention Pond Area, East of Survey Unit Kaiser-FSS-002

3. Net Th-232 Acceptance Criteria (pCi/g): 3.0

4. Dimensions (m): Excavation Bottom — Approx. 10 meters x 8 meters; Area, A (m?): 80

5. Estimate of Gross Gamma Scan Background Readings (cpm)

_Average: 50,000 Minimum: 40,000 Maximum: 100,000

6. Based on the maximum background gross gamma scan reading, the scan MDC (Minimum Detectable
Concentration of Th-232), the corresponding N (Minimum Number of Required Samples) and L (Triangular
Grid Node Length) for a standard 2,000 m® Class 1 survey unit are:

¢  Gross Gamma Scan MDC (pCi/g): 5.7

¢  Minimum Number of Samples (N): 9 Triangular Grid Node Length (L): 16.0 m

* 7. 1f the area of the Survey Unit is less than 2,000 m?, recalculate the corresponding Triangular Grid Node

Length (L,) for the Survey Unit Area (A), using the following formula: L, = (A/(0.866 x9))'2: __3.2m

8.1f N is greater than 9 and the A is other than 2,000 m?, recalculate the corresponding Triangular Grid Node
Length (L,) using the following formula L; = (A/(0.866 x N))'?: N/A

9. If A is greater than 2,000 m? and N is equal to 9, recalculate the minimum number of samples (N;)
corresponding to a Triangular Grid Node Length (L) of 16 m using the following formulaN; = A/ (0.866 x
16%), N;: N/A

10. Calculate the height (h) of the equilateral triangle with side length equal to L (or (L) using the following
formula: h= (L - (L/12)%)'%: 2.8 m.
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Soil Survey Unit Worksheet No. 2
Random Number Generator for Start Point
Final Status Survey
\_/ Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

SURVEY UNIT: KAISER-FSS-003
RANDOM START POINT
x axis ( Meters) y axis ( Meters) X axis y axis
2 8 lower bound 0 0
upper bound 10 8

o
x
«
>
North
(0,0) X axis

\—/
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Outreach
Laboratory , -
u&?:ﬁ"nﬁ‘iﬁé‘xuon ’ M 4
Cp e - Wesme - Wieyy
June 18, 2004 | Ao E ey
. WV Co
~ David Weyant ’ . . gloY
. Kaiser = ' ,' 6{v / 7 ,
7311 E. 41st Street
Tulsa, OK 74145
' Project} Kaiser Tulsa
OUTREACH LAB ID: 20040412
Dear Mr. Weyant:
~ Please find enclosed the analytical report for your samples received in our laboratory June 12,
2004, for the above captioned prOJect. N it
\_/ L Nine soil samples were received in good condmon and analyzed for Th-232 by Gamma Spec

without drying and grinding with a five work day turn. Results were faxed 6/18/04.
All QC is within limits.

Thank you for choosing Outreach Laboratory and if you have any questions feel free to call. |

2

./‘/
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ODEQ ID #9517
NRC ODEQ LIC. #27522-01
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‘
‘ .'d’ N Client: Kaiser Aluminum
Client Project: PA-4000-4072

Outreach : . Lab Number: . 2004041°
Laboratory : ' o Date Reported: : o 6/187200~"
ér‘c:ks:fngg:ox 74012 - Date Received: 6/14/04

251- ‘
%8918') %5 1-0008 _ Page Number Tof3
| ‘Analytical Report
Method Result Units DL Prep = Analysis Analyst
e > Date Date
Lab ID: 20040412-01
Client ID: K-032 :
Date Sampled:  6/12/2004 10:35:00 AM
Matrix: Soil
) Radiochemical Analyses T

Th-232 HASL 300 - 0.878+/-0.064 pCi/g -~ 0215 6/1412004 SD

‘Lab ID: 20040412-02

Client ID: K-033

Date Sampled:  6/12/2004 10:40:00 AM

Matrix: Soil .

. Radiochemical Analyses B

Th-232 HASL 300 1.02+/-0.060 pCilg  0.177 . 6/14/2004 SD u

‘LabID: 2004041203 .0 ke

ClientID: *~ . K-034

Date Sampled: 6/12/2004 10:46:00 AM

Matrix: Soil _ o

: . - . .'Radiochemical Analyses =~ -
Th-232 HASL 300 0.713 +/-0.065 pCig 0.194 6/1412004 SD
Lab ID:
Client ID:
Date Sampled:  6/12/2004 10:15:
Matrix: Soil
Th-232 HASL 300 6/12R2004 SD
Lab ID: 20040412-05 Co
ClientID;.  K-037 ' T oo oo
. Date Sampled: = 6/12/2004 10:20:00 AM ‘
Matri:  Soll
Lot R Radiochemical Analyses
Th-232 HASL 300 1.11+/-0.078 pCi/g 0.194 6/15/2004 SD

BDL = Below Detection Limit
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‘ ‘::J/ Client: Kaiser Aluminum
Client Project: PA-4000-4072
Outreach Lab Number: 20040412
Laboratory Date Reported: 6/18/2004
11 Notth Aspery  so12 Date Received: 6/14/04
ek B cos Page Nuber 2013
Analytical Report -
~_ Method Result “Units™™ * DL~ I"rep : Analysis  Analyst
Lo Date Date
Lab ID: 20040412-06 ‘ . ok .
Client ID: K-042 , i ooeowRE e
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom
Sub-Report No. EB-004
Survey Unit Kaiser-FSS-004
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-004, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the southwestern portion of the Retention Pond area. Survey
Umt Kaiser-FSS-004 is considered a Class 1 survey unit with an approximate surface area of 107
m’. This limited size survey unit was demarcated due to the presence of three wooden utlllty
poles. The soils surrounding the utility poles were not radiologically-affected. The survey unit is
bounded to the south by the Union Pacific Railroad right-of-way, to the east and north by Survey
Unit Kaiser-FSS-007, and to the west by Survey Unit Kaiser-FSS-005 (Figure 3).

Survey Unit Kaiser-FSS-004 consists of an excavation bottom surface soil with one side wall
(south wall). No elevated areas were left in-place, therefore, no elevated measurement
comparisons were required for this unit. No embedded “structures” were encountered during the
removal of the radiologically-affected soil.

Q\P400CIPA40T2\FSS ReportsiVohume FSurvey Unit Kaiser-FSS-004 Text\FSS-0M4Text.doc | L Revision 0
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2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the excavation bottom and
southern side wall surface soil of Survey Unit Kaiser-FSS-004. The final status survey consisted
of a gross gamma scan of the exposed surface soil of the survey unit and systematic soil
sampling.

2.1 Gross Gamma Scan

~ The exposed surface soil of the Class 1 survey unit (excavation bottom and southern side wall)

. was surveyed through a 100 percent coverage gamma scan to confirm acceptable radiological
conditions and identify any elevated areas. During the scanning of the soil, the detector was held
close to the ground surface (1 to 2 inches) and moved in a serpentine pattemn. Background
measurements were obtained at 1-meter above the ground surface at 9 approximately equal-
distant locations in the survey unit. The statistics for the 9 background measurements are
provided below in Table 1. Background measurements ranged from 36,123 counts per minute
(cpm) to 75,991 cpm moving east to west within the survey unit. The scan results increase as the
surveyor moves closer to impacted material located west of the survey unit.

Similar results were obtained for the gross gamma scan of the survey unit’s surface area. A total
of 25 area-averaged measurements of gross count rate were made across the survey unit’s 107 m?
surface area. The results ranged from 25,000 cpm to 75,000 cpm. A statistical summary of the
100 percent coverage gamma scan of the survey unit is provided below in Table 1.-

Table 1 — Gross Gamma Scan Results Summary

Survey Area: 107 m*
Number of Scan

Measurements (Recorded - 25
Average per 2 m? grid area)

Scan Rate: 0.5 m/s

(Swinging the detector a width (MARSSIM recommends

of 1-meter side to side
e

TR T Ly XY NE A r SRS R Rty L AN ST
Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 36,123 25,000
Maximum 75,991 : 75,000
Average 48,954 ' 42,000
Standard Deviation 15,674 16,500
Median 41,623 o 35,000

Contour maps of the gross gamma background and final (as-left condition) scanning survey
results arc presented on Figure A-1 contained in Attachment A. The 100 percent coverage
gross gamma scan did not indicate the presence of small areas of clevated activity (above the
DCGLw for the site).

Q\P400O\PA4OTAFSS Reports\Vohime NSurvey Unit Kaiscr-FSS-004 Text\FSS-004Text.doc 2, Revision 0
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2.2 Systematic Soil Sampling — Excavation Bottony/Sidé Wall Surface Soil

The final status survey also consisted of systematic soil sampling based on a random start point
and an equal-distant triangular grid. The Minimum Number of Samples Required (N) based on
the scan MDC was determined to be 9 as documented on Soil Survey Unit Workshcct No. 1
(Attachment B). Once N was determined, the Survey Unit Area (A) of 107 m? along with the N
of 9 were used to calculate the Triangular Grid Node Length (L) of 3.7 meters and the Height of
the Equilateral Triangle (h) of 3.2 meters. A random start point was generated using the random
number feature of Excel and documented on Soil Survey Unit Worksheet No. 2 (Attachment B).

A layout of the soil sampling locations is provided on Figure A-2 contained in Attachment A.
The soil sampling locations were demarcated in the field using a GPS unit. A total of 9 soil
samples (identified as K-046 through K-054) were collected at the excavation bottom/side wall
surface (0-6-inch depth interval) level using a clean, decontaminated sampling auger or
sharpshooter shovel. The samples were forwarded to Outreach for analysis of Th-232 activity

concentration. Analytical results are provided below in Table 2. Analytical data reports are
contained in Attachment C.

Table 2 — Systematic Soil Sample Results

' Net
Soil Gross Th-232 | Std. Error MDC Net Th-232 DCGL
Sample ID (pCi/g) (pCi/g) (pCilg) (pCig) (pCilg)
K-046 1.00 0.090 0.340 0 3.0
K-047 0.689 0.103 0.183 0 3.0
K-048 0.917 0.126 0.396 0 3.0
K-049 0.983 0.129 0.416 0 3.0
K-050 0.841 0.153 0.393 0 3.0
K-051 0.873 0.115 0.306 0 3.0
K-052 1.11 0.144 0.448 - 0.01 3.0
K-053 1.35 0.166 0.420 0.25 3.0
K-054 0.765 0.088 0.308 0 3.0
Average 0.948
Standard Dev. 0.197
Minimum 0.689
Maximum 135
Median 0.917

All 9 systematic soil sample results (gross and net) were below the open land area surrogate
value of 3.0 pCi/g net Th-232 activity concentration (DCGLw). The maximum gross Th-232
activity concentration was 1.35 pCi/g, which fell slightly above the background Th-232 activity
of 1.1 pCi/g for the site. The average gross Th-232 activity concentration was 0.948 pCi/g. The
standard deviation of the 9 cqual-distant samples was 0.197, which fell below the estimated
standard deviation of 0.42 (based on the adjacent land final status survey results) used to
calculate the minimum number of samples required.

QAP400C'PA4OT2FSS RepontsiVolume FSurvey Unit Kaiser-FSS-00\Text\FSS-004Text.doc 3 Revision 0
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2.3 Wilcoxon Rank Surn (WRS) Testing

The analytical results for the systematic soil samples were evaluated using the procedure
contained in Appendix C, Volume I of this Final Status Survey Report (Wilcoxon Rank Sum
Test). The evaluation showed that the survey unit soil sample results mect the DP statistical
criterion based on the first statistical test as described below.

If the difference (0.65 pCi/g) between the maximum survey unit soil sample activity
concentration (1.35 pCi/g) and the minimum reference background area soil sample activity
concentration (0.70 pCi/g) is less than DCGLw (3.0 pCi/g), then the survey unit meets the release
criterion. Table 3 presents a summary of the data used to complete the statistical evaluation of

the survey unit.

Table 3 — Reference Group and Survey Unit Sample Results

Reference Th-232 Survey Unit Th-232
Group Sample ID (pCi/g) Group Sample ID (pCi/g)
R1 338 1.04 S1 - K-046 © 1.00
R2 27 1.24 S2 K-047 0.689
R3 363 0.97 S3 K-048 0.917
R4 270 1.46 S4 K-049 0.983
RS 53 1.29 S5 K-050 0.841
R6 80 1.25 S6 - K-051 0.873
R7 305 1.50 S7 K-052 1.11
R8 39 0.70 S8 K-053 1.35
R9 184 1.08 S9 K-054 0.765
Average 117 Average 0.948
Std. Devy. 0.25 Std. Dev. 0.197
Minimum 0.70 Minimum 0.689
Maximum 1.50 Maximum 1.35
Median 1.24 Median 0.917
Q\P4000\PA4072\FSS Reports\Volume DSurvey Unit Kaiser-FSS-004\Text'FSS-004Text doc & Revision 0
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the southwestern portion of the Retention Pond
arca resulted in an open land arca consisting of an excavation approximately 107 m? in area.
This open land area, identified as Survey Unit Kaiser-FSS-004 is considered a Class 1 survey
unit. The survey unit is bounded to the south by the Union Pacific Railroad right-of-way, to the
cast and north by Survey Unit Kaiser-FSS-007, and to the west by Survey Unit Kaiser-FSS-005
(Figure 3). This section of the sub-report presents a summary of the final status survey findings
and an overall summation of fractions for the survey unit.

3.1 Excavation Bottom/Side Wall Surface Soil

The acceptance criterion for open land areas (pond parcel excavation bottom surface soil) at the
Tulsa facility is the DCGLw of 3.0 pCi/g net Th-232 activity concentration. Final status survey

activities for Survey Unit Kaiser-FSS-004 consisted of a_gross gamma scan of the exposed
surface soil of the survey unit (excavation bottom and southern side wall) and systematic soil
sampling. The results of the final status survey activities were as follows:

e The 100 percent coverage gamma scan (final as-left condition) did not indicate the
. presence of small areas of elevated activity (above the DCGLy, for the site).

e All 9 systematic soil sample results (gross and net) were below the open land area
surrogate value of 3.0 pCi/g net Th-232 activity concentration (DCGLy).

e The analytical results meet the DP statistical criterion based on the first statistical
evaluation of the data (WRS Test procedure).

e No elevated areas were left in-place, therefore, no elevated measurement comparisons
were required for this unit.

3.2 Sum of Fractions for Entire Survey Unit -

To evaluate the status of Survey Unit Kaiser-FSS-004 prior to backfill with 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 entire survey unit.
The Total Sum of Fractions for surface soil, elevated areas, and embedded structures respectively
is presented below in Table 4. As previously mentioned, no embedded structures were
encountered within the survey unit and no elevated areas were left in-place for the survey unit.

Table 4 — Fraction of Applicable Acceptance Criteria bcr' Survey Unit Element

Average
Net Acceptance
Survey Unit Element Units Activity Criteria Fraction
-FSS-004 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 0.00
-Embedded Structures (None Encountered) | dpm/100cm” 0 0.00
TOTAL SUM OF FRACTIONS 3 0.00
QI\P4000\PA4072\FSS ReportsValume FSurvey Unit Kaiser-FSS-00Text FSS-004Text.doc § ‘ Revision 0
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The Sum of Fractions provides a conservative assessmerit of the survey unit without backfill.
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-004 meets the
DP acceptance criteria.
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Soil Survey Unit Work Sheet No. 1
Final Status Survcy
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-004

2. Description: __Retention Pond Area, East of Survey Unit Kaiser-FSS-005

3. Net Th-232 Acceptance Criteria (pCi/g): 3.0

4. Dimensions (m): Excavation Bottom — Approx. 11.5 meters x 9 meters; Area, A (m?): 107

5. Estimate of Gross Gamma Scan Background Readings (cpm) .
Average: 50,000 Minimum: 40,000 Maximum: 100,000

6. Based on the maximum background gross gamma scan reading, the scan MDC (Minimum Detectable
Concentration of Th-232), the corresponding N (Minimum Number of Required Samples) and L (Triangular
Grid Node Length) for a standard 2,000 m® Class 1 survey unit are:

*  Gross Gamma Scan MDC (pCi/g): 5.7

¢  Minimum Number of Samples (N): 9 Triangular Grid Node Length (L): 16.0 m

7.1f the area of the Survey Unit is less than 2,000 m?, recalculate the corresponding Triangular Grid Node
Length (Ly) for the Survey Unit Area (A), using the following formula: L, = (A/(0.866 x 9))'?: __3.7m

8.If N is greater than 9 and the A is other than 2,000 m’, recalculate the cdrrcsponding Triangular Grid Node
Length (L) using the following formula L, = (A/(0.866 x N))'?: N/A

9. If A is greater than 2,000 m?and N is equal to 9, recalculate the minimum numbcr;of samples (N;)
corresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N, = A/ (0.866 x
16), N;: N/A

10. Calculate the height (h) of the equilateral triangle with side length equal to L (or (L;) using the following
formula: h= (L? - (L/2))"*: 32m. '
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"SURVEY UNIT:

Soil Survey Unit Worksheet No. 2
Random Number Generator for Start Point
Final Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

KAISER-FSS-004
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Outreach

* aboratory

North
enAnbA:v’?CSKNOlZ
(918) 251-2515
FAX (918) 251-0008

K.“" QU(Q - M‘ OSL\

June 18, 2004

"‘”',‘,-Dadeeyant ‘ : U S

‘Kaiser’

7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Tulsa .

~ OUTREACH LAB ID: 20040421

Dear Mr. Weyant:

~ .Please find enclosed the analytical report for your samples received in our ]aboratory June 15, |

2004, for the above captloned pro_ject

Y
SN

| Nme soil samples were received in good condition and analyzed for Th-232 by Gamma Spec

without drying and grmdmg with a five work day turn. Results were faxed 6/18/04.

'All QC is within limits.

Thank you for choosing Outreach Laboratory and if you have any questions feel free to call.

Laborato%

i . R
3 L .

ODEQ ID #9517
NRC ODEQ LIC. #27522-01

CERT. ID #0K001
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BDL = Below Detection Limit

Client: Kaiser Aluminum
Client Project: Tulsa
Outreach Lab Number: 120040421
Laboratory Date Reported: 6/181200{
Bl AP 74012 Date Received: 6/16/04
2 e Page Number: tof3
Analytical Report
Method Result Units DL Prep ~ Analysis  Analyst
Date . Date
Lab ID: 20040421-01
Client ID: K-046
Date Sampled:  6/14/2004 3:10:00 PM
Matrix: Soil
Radiochemical Analyses NS
Th-232 HASL 300 1.00 +/-0.090 pCi/g.:.c;i" 0340 6/17/2004 SD
LabID: 20040421-02
Client ID: K-047
Date Sampled:  6/14/2004 3:15:00 PM
. Matrix: _Soil , . R TR
o o Radiochemical Analyses - . bon
Th-232 HASL 300 0.689 +/-0.103 pCi/g 0.183 6/17/2004 SD
- Lab ID: . 20040421-03 A
Client ID: K048 .
Date Sampled:  6/14/2004 3:21:00 PM
* Matrix: Soil
. .-.Radiochemical Analyses .7 "~ :
Th-232 HASL 300 " 0917+/-0.126 pCilg '0.396 6/17/2004 SD
LabID: 20040421-04
Client ID: K-049
Date Sampled:  6/14/2004 3:28:00 PM
Matrix: Soil
Radiochemical Analyses _ .. =
Th-232 HASL 300 0.983 +/-0.129 pCilg 0.416 6/17/2004 SD
LabID: 20040421-05
ClientID: = K-050 e
Date Sampled:  6/14/2004 3:35:00 PM A
Matrix:  Soll
o e s Radiochemical Analyses
Th-232 HASL 300 0.8414/-0.153 pCilg 0.393 6/172004 SD
-/
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‘ ‘:1*‘", Client: Kaiser Aluminum
' Client Project: Tulsa
_Outreach Lab Number: " 20040421
Laboratory Date Reported: 6/18/2004
\_Jégk::: Arﬁ\noA\:lp:ch 74012 Date Received: 6/16/04
. (;3&8{9%')%}5_0008 Page Number: 20f3
Analytical Report
Method - Result Units™ ~ DL~ Prep  Analysis Analyst
T Date Date
LabID: 20040421-06 . LN
Client ID: K051 e )
Date Sampled:  -6/14/2004 3:42:00 PM o
Matrix: Soil . o
S Radiochemical Analyses the
Th232' HASL 300 0.873 +/-0.115 pCijg ¢:% 0306 6/17/2004 SD
Lab ID: 20040421-07
Client ID: K-052 _
Date Sampled:  6/14/2004 3:50:00 PM
Matrix: Soil
' o Radiochemical Analyses
Th-232 HASL 300 - 1.11 +/-0.144 pCi/g 0.448 6/17/2004 SD
U‘ LabID: 20040421-08
Client ID: K-053 _
Date Sampled:  6/14/2004 4:05:00 PM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 1.35+/-0.166 pCifg 0.420 6/17/2004 SD
LabID: 20040421-09
Client ID: K-054
Date Sampled:  6/14/2004 4:15:00 PM
Matrix: Soil
Radiochemical Analyses
Th-232 . HASL 300 0.765 +/-0.088 pCilg 0.308 6/17/2004 SD

-

BDL = Below Detection Limit




Clicnt;

Kaiser Aluminum

BDL = Below Detection Limit

;-1 LabApproval:
: &

o

: Client Project: Tulsa
: { Lab Number: 2004042!
-Laboratory Date Reported: 611812004, J
?9";:5?":5;‘?"?;",‘):3" 72012 Date Received: 6/16/04
AX1918) 2210008 Page Number: 30f3
QCReport_ ..
: Parameter Blank LCSD . DUP MS MSli Date
%REC RPD RFD YREC  o,REC ~RPD
Ac-228 NC " 6172004
Am241 34 6/1772004
Co-60 22 ol 61772004
Cs-137 10 6/17/2004
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. " SAMPLE LOGIN

DateReceiveds‘6)16/2004'1'1:05:1 S Lab Number: 20040421 - - ..~ - Due: 6212004

Sample © __ " Client” "~ . A Date " Contafner . Container Gt Custody Seal
"Number . . SampleID - * - - — ' Matrix .Sampled - Type | Size _ Preservation . Seal . .Intact
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom
Sub-Report No. EB-005
Survey Unit Kaiser-FSS-005
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

March 22,2006 .

1.0 BACKGROUND .

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-005, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the southwestern portion of the Retention Pond area. Survey
Umt Kaiser-FSS-005 is considered a Class 1 survey unit with an approximate surface area of 35
- m?. This limited size survey unit was demarcated due to the presence of guide wires from nearby
utility poles. The survey unit is bounded to the south by Survey Unit Kaiser-FSS-003, to the east
by Survey Unit Kaiser-FSS-004, to the north by Survey Umt Kaiser-FSS-008, and to the west by
Survey Unit Kaiser-FSS-002 (Figure 3).

Survey Unit Kaiser-FSS-005 consists of an excavation bottom surface soil with no side walls.
No elevated areas were left in-place, therefore, no elevated measurement comparisons were
required for this unit. No embedded “structures” were encountered during the removal of the
radiologically-affected soil.

Q:\P4000\PAYOTFSS Reports'Volume ISurvey Unit Kaiser-FSS-005\Text FSS-005Text doc ] , Revision 0
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2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the excavation bottom
surface soil of Survey Unit Kaiser-FSS-005. The final status survey consisted of a gross gamma
scan of the exposed surface soil of the survey unit and systematic soil sampling.

2.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom) was surveyed through a
100 percent coverage gamma scan to confirm acceptable radiological conditions and identify any
elevated areas. During the scanning of the soil, the detector was held close to the ground surface
" (1 to 2 inches) and moved in a serpentine pattern. Background measurements were obtained at
1-meter above the ground surface at S approximately equal-distant locations in the survey unit.
The statistics for the 5 background measurements are provided below in Table 1. Background
measurements ranged from 45,054 counts per minute (cpm) to 60,946 cpm moving southeast to
- northwest within the survey unit. The scan results increase ‘as the surveyor moves closer to
impacted material located to the north-northwest of the survey unit.

. Similar results were obtained for the gross gamma scan of the survey unit’s surface area. A total
of 8 arca-averaged measurements of gross count rate were made across the survey unit’s 35 m?
surface arca. The results ranged from 43,000 cpm to 52,000 cpm. A statistical summary of the
100 percent coverage gamma scan of the survey unit is provided below in Table 1.

Table 1 — Gross Gamma Scan Results Summary

Survey Area: 35m°

Number of Scan

Measurements (Recorded 8

Average per 2 m? grid area)

Scan Rate: 0.5m/s :
(Swinging the detector a width { (MARSSIM recommends

of 1-meter side to side ] 0.5m/s

Background (Gross cpJ

Results Summary: Scan (Gross cpm)
Minimum 45,054 43,000
Maximum 60,946 52,000

Average 53,885 47,000
Standard Deviation 7,204 . 2,900
Median 56,261 46,500

Contour maps of the gross gamma background and final (as-left condition) scanning survey
results are presented on Figure A-1 contained in Attachment A. The 100 percent coverage
gross gamma scan did not indicate the presence of small areas of elevated activity (above the
DCGLy for the site).
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2.2 Systematic Soil Sampling — Excavation Bottom Sui'facc Soil

The final status survey also consisted of systematic soil sampling based on a random start point
and an equal-distant triangular grid. The Minimum Number of Samples Required (N) based on
the scan MDC was determined to be 9 as documented on Soil Survey Unit Worksheet No. 1
(Attachment B). Once N was determined, the Survey Unit Area (A) of 35 m? along with the N
of 9 were used to calculate the Triangular Grid Node Length (L) of 2.1 meters and the Height of
the Equilateral Triangle (h) of 1.8 meters. A random start point was generated using the random
number feature of Excel and documented on Soil Survey Unit Worksheet No. 2 (Attachment B).

A layout of the soil sampling locations is provided on Figure A-2 contained in Attachment A.
The soil sampling locations were demarcated in the field using a GPS unit. A total of 9 soil
samples (identified as K-055 through K-063) were collected at the excavation bottom surface (0-
6-inch depth interval) level using a clean, decontaminated sampling auger or sharpshooter
_ shovel. The samples were forwarded to Outreach for analysis of Th-232 activity concentration.

Analytical results are provided below in Table 2. Analytical data reports are contained in
Attachment C.

Table 2 — Systematic Soil Sample Results

Net
Soil - Gross Th-232 | Std. Error MDC Net Th-232 DCGL
Sample ID (pCi/g) @®Ci/)) | (pCilg) (pCi/g) (pCilg)
K-055 0.591 0.126 0.481 0 3.0
K-056 0.752 0.112 0.236 0 3.0
K-057 2.27 0.168 0.547 1.17 3.0
K-058 1.48 0.191 0.352 0.38 3.0
K-059 0.821 0.134 0.380 0 3.0
K-060 0.960 0.146 0.429 0 3.0
K-061 0.943 0.140 0.429 0 3.0
K-062 0.818 0.120 0438 - 0 3.0
K-063 1.14 0.128 0.442 0.04 3.0
Average 1.09
Standard Deyv. 0.512
Minimum 0.591
Maximum 2.27
Median 0.943

All 9 systematic soil sample results (gross and net) were below the open land area surrogate
value of 3.0 pCi/g net Th-232 activity concentration (DCGLw). The maximum gross Th-232
activity concentration was 2.27 pCi/g, which fell above the background Th-232 activity of 1.1
pCi/g for the site. The average gross Th-232 activity concentration was 1.09 pCi/g. The
‘'standard deviation of the 9 equal distant samples was 0.512, which fell above the estimated
standard deviation of 0.42 (based on the adjacent land final status survey results) used to
calculate the minimum number of samples required.
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Since the estimated variance (standard deviation) is greater than the variance used to calculate
the minimum number of samples required (N), N was recalculated using the measured variance
of 0.512 to ensure enough samples were taken, as follows:

Paramount to determining the minimum number of samples is the determination of the relative
shift, delta over sigma (A/G). 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. In the DP the estimate of sigma used was based on the standard deviations in
Th-232 activity measured in survey units during the FSS sampling of the adjacent land
remediation final survey (0.42). The net Th-232 activity concentration of 3.0 pCi/g was used as
the DCGL and A was equal to 3.0 - 1.5, or 1.5. Delta divided by the sigma of 0.42 resulted in a
relative shift of 3.57 which is rounded to 3.5 for the purpose of determining the required number

of samples. The number of samples was then looked up in Table 5.3 of MARSSIM (9 for
selected alpha and beta error rates of 0.05).

Using the original net DCGL value of 3.0 pCi/g, a recalculation of N results in a delta of (3 —
1.5) of 1.5 and a relatlve shift of (1.5 /7 0.512) of 2.93. The resulting N for a standard Class 1
survey unit of 2,000 m? is 10 (MARSSIM Table 5.3). However, the number of sample values
provided in MARSSIM Table 5.3 is increased 20% to account for unusable or lost data during
surveys and achieve the desired power level for statistical tests (MARSSIM Section 5.5.2.2,
Contaminant Present in Background — Determining Number of Data Points for Statistical Tests).
Adjusting the value of 10 for the 20% buffer results in a minimum number of samples required
of 8, one less than the number taken in Survey Unit Kaiser-FSS-005. :

2.3 Wilcoxon Rank Sum (WRS) Testing

The analytical results for the systematic soil samples were evaluated using the procedure
contained in Appendix C, Volume I of this Final Status Survey Report (Wilcoxon Rank Sum
Test). The evaluation showed that the survey unit soil sample results meet the DP statistical
criterion based on the first statistical test as described below.

If the difference (1.66 pCi/g) between the maximum survey unit soil sample activity
concentration (2.27 pCi/g) and the minimum reference background area soil sample activity
concentration (0.61 pCi/g) is less than DCGLw (3.0 pCi/g), then the survey unit meets the release

criterion. Table 3 presents a summary of the data used to complete the statistical evaluation of
the survey unit.
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Table 3 — Reference Group and Survey Unit Sample R&Suits

Reference Th-232 Survey Unit Th-232

Group Sample ID (pCi/g) Group Sample ID (pCi/g)
R1 178 0.71 Sl K-055 0.591
R2 78 1.04 S2 K-056 0.752
R3 61 - 0.92 S3 K-057 - 2.27
R4 4 0.61 S4 K-058 1.48

R5 261 1.30 S5 K-059 0.821

R6 265 1.18 S6 K-060 0.960
R7. 143 1.03 S7 K-061 0.943

R8 337 1.21 S8 K-062 0.818
R9 268 2.32 S9 K-063 1.14
Average 1.15 Average 1.09

Std. Dev. 0.50 Std. Dev. 0.512

Minimum 0.61 Minimum 0.591

Maximum 2.32 Maximum 2.27

Median 1.04 Median 0.943 .
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the southwestern portion of the Retention Pond
area resulted in an open land area consisting of an excavation approximately 35 m®in area. This
open land area, identified as Survey Unit Kaiser-FSS-005 is considered a Class 1 survey unit. It
_is bounded to the south by Survey Unit Kaiser-FSS-003, to the east by Survey Unit Kaiser-FSS-
- 004, to the north by Survey Unit Kaiser-FSS-008, and to the west by Survey Unit Kaiser-FSS-

002 (Figure 3). This section of the sub-report presents a summary of the final status survey
- findings and an overall summation of fractions for the survey unit.

3.1 Excavation Bottom Surface Soil

The acceptance criterion for open land areas (pond parcel excavation bottom surface soil) at the
Tulsa facility is the DCGLw of 3.0 pCi/g net Th-232 activity concentration. Final status survey
activities for Survey Unit Kaiser-FSS-005 consisted of a gross gamma scan of the exposed

surface soil of the survey unit (excavation bottom) and systematic soil sampling. The results of
the final status survey activities were as follows:

e The 100 percent coverage gamma scan (final as-left condition) did not indicate the
presence of small areas of elevated activity (above the DCGLy for the site).

o All 9 systematic soil sample results (gross and net) were below the open land area
surrogate value of 3.0 pCi/g net Th-232 activity concentration (DCGLyw).

e The analytical results meet the DP statistical criterion based on the first statistical
evaluation of the data (WRS Test procedure).

e No elevated areas were left in-place, therefore, no elevated measurement comparisons
were required for this unit.

3.2 Sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSS-005 prior to backfill with clean import borrow
material, as a whole (excavation bottom/side wall surface soil, elevated areas, and embedded
structures), the fraction of each survey elements average net activity divided by the applicable
acceptance criteria is calculated for inclusion in the Sum of Fractions for the entire survey unit.
The Total Sum of Fractions for surface soil, elevated areas, and embedded structures respectively
is presented below in Table 4. As previously mentioned, no embedded structures were
encountered within the survey unit and no clevated areas were left in-place for the survey unit.

Table 4 — Fraction of Applicable Acceptance Criteria per Survey Unit Element

Average
Net Acceptance
Survey Unit Element Units Activity Criteria Fraction
-FSS-005 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 0.00
-Embedded Structures (None Encountered) | dpm/100cm® 0 0.00
TOTAL SUM OF FRACTIONS 0.00
Q\P4000\PA4072\FSS Reports\Vohume NSurvey Unit Kaiser-FSS-005\TextFS$-005Text.doc ) Revision 0
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. The Sum of Fractions provides a conservative assessment of the survey unit without backfill.
_/ The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-005 meets the
DP acceptance criteria.

Q\P4DDOPALOTZFSS Reports\Volume I'Survey Unit Kaiser-FSS-005\TextFSS-005Text doc 7 : Revision 0
3/22/06



ATTACHMENT A
TABLE OF CONTENTS

¢ FIGURE A-1 Gross Gamma Background and Scanning Survey
Results

¢ FIGURE A-2 Systematic Soil Sampling Locations

Q:\P4000'PA4OT2\FSS ReportsiVolume I'Survey Unit Kaiser-FSS-005\Attachment A\Attachment A toc.doc



TN Atiachment A, Figure A-1
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Soil Survey Unit Work Shect No. 1
Final Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-005

2. Description: __Retention Pond Area, South of Survey Unit Kaiser-FSS-008

3. Net Th-232 Acceptance Criteria (pCi/g): 3.0

4. Dimensions (m): Excavation Bottom — Approx. 7 meters x 5 meters; Area, A (m?); 35

5. Estimate of Gross Gamma Scan Background Readings (cpm)
Average: 50,000 Minimum: 40,000 Maximum: 100,000

6. Based on the maximum background gross gamma scan reading, the scan MDC (Minimum Detectable
Concentration of Th-232), the corresponding N (Minimum Number of Required Samples) and L (Triangular
Grid Node Length) for a standard 2,000 m? Class 1 survey unit are:

*  Gross Gamma Scan MDC (pCi/g): 5.7

"o Minimum Number of Samples (N): :9 Triangular Grid Node Length (L): 16.0 m

. 71.1f the area of the Survey Unit is less than 2,000 m?, recalculate the corresponding Triangular Grid Node
Length (L) for the Survey Unit Area (A), using the following formula: L; = (A/(0.866 x 9))"z i 21m

8. If N is greater than 9 and the A is other than 2,000 m?, recalculate the corresponding Triangular Grid Node
Length (Ly) using the following formula L, = (A/(0.866 x N))m: N/A

9.If A is greater than 2,000 m? and N is equal to 9, recalculate the minimum number of" samples (N})
corresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N; = A 7 (0.866 x
163, N;: N/A

10. Calculate the height (h) of the equilateral triangle with side length equal to L (or (L;) using the following
formula: h = ((L? - (L/2))": 1.8 m.
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Soil Survey Unit Worksheet No. 2
Random Number Generator for Start Point
' Final Status Survey
Y . Thorium Remediation Project
_ Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

SURVEY UNIT: ' KAISER-FSS-005
RANDOM START POINT
x axis ( Meters) y axis ( Meters) xaxis  yaxis
2 3 lower bound 0 0
upper bound 7 5

L]
®
>
North
(0,0) x axis
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LABORATORY ANALYTICAL RESULTS
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Outreach
Laboratory

11 North Aspen

roken Arrow, OK 74012
(918) 251-2515
FAX (918) 251-0008

June 18, 2004 \\ R K - o3
David Weyant | e e )
- Kaiser ™ "7

7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Tulsa . | '3 BN
.OUTREACH LAB ID: 20040422
Dear Mr. chant:

Please find enclosed the analytical report for your samples received in our laboratory June 16,
2004, for the above captloned pro;ect .

,,,...‘
R

U/ Nme soil samples were received in good condition and analyzed for Th-232 by Gamma Spec
wﬂhout drying and grinding with a five work day tum. Results were faxed 6/ 18/04

All QC is within lumts

Thank you for choosing Outreach Labqratoiy and "if :yod have any questions feel free to call.

Laboratory Direc ‘
O R R TEE L RN
e // oy v lhd

ODEQID #9517
NRC ODEQ LIC. #27522-01

CERT.ID #QKOQI



" BDL = Below Detection Limit

Client: Kaiser Aluminum
Client Project: © Tulsa
Outreach Lab Number: 2004042°
Laboratory Date Reported: 6180l __J
ot A 74012 Date Received: 6/16/04
2 000 Page Number: 1of3
!
Analytical Report ‘
Method Result Units DL Prep .  Analysis Analyst
. -Date: -' ;" Date

Lab ID: 20040422-01

Client ID: K-055

Date Sampled:  6/15/2004 4:37:00 PM

Matrix: Soil

Radiochemical Analyses

Th-232 HASL 300 0.591+/-0.126 pCi/g .-~ ; 0481 6/1772004 SD

Lab ID: 20040422-02

Client ID: K-056

Date Sampled:  6/15/2004 4:40:00 PM

Matrix: Soil ) o . oodennonl

- P 17 "% Radiochemical Analyses -t o :

Th-232 HASL 300 0.752+4/-0.112 pCilg 0236 6/17/2004 SD

LabID: - 2004042203 ©

ClientID: - * K-057 ~ =~ " i

Date Sampled:  6/15/2004 4:43:00 PM -

Matrix: Sofl

. ] ,Radiqc‘be‘miealAnalyses Loty RN

Th-232 " HASL300  227+/-0.168 pCilg  0.547 6/17/2004 SD

LabID: 20040422-04

Client ID: K-058

Date Sampled:  6/15/2004 4:46:00 PM

Matrix: Soil

. Radiochemical Analyses - . % .. Ce

Th232 HASL 300 148+/-0.191 pCig . 0352 6/172004 SD

LabID: 20040422-05

‘ClientID: - K-059 .

‘DateSampled: 61512004 4:49:00 PM b

~ Matrix: - Soll

I Radiochemical Analyses

Th-232 HASL 300 0.821+/-0.134 pCilg 0.380 6/17/2004 SD

./
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Client:

BDL = Below Detection Limit

Kaiser Aluminum
Client Project: Tulsa
Ig]l;treach Lab Number: 20040422
oratory Date Reported: 6/18/2004
1&2.?""2’»«"‘& 74012 Date Received: 6/16/04
ﬁmﬁsﬁ’g} 20008 Page Number; 20f3
Analytical Report
. . .. Method © Result Units™ " ~ DL Prep “Analysis  Analyst
S Date Date
LabID: 20040422-06 kel
ClientID:  K-060 ) e .
-Date Sampled: ~ 6/15/2004 4:51:00PM
Matrix: Soil e
. Radiochemical Analyses . ©¢!° : ‘
Th-232 HASL 300 0.960 +/-0.146. pCi/g " 0.429 6/172004 SD
LabID: 20040422-07
Client ID: K-061
Date Sampled: '.6/15/2004 4:54:00 PM
Matrix: Soil .
o Radiochemical Analyses
Th-232 . HASL 300 © 70943 +/-0.140 pCilg 0.429 6/17/2004 SD
\_/ LabID: 2004042208
Client ID: K-062
Date Sampled:  6/15/2004 4:57:00 PM
Matrix: Soil ,
Radiochemical Analyses
Th-232 HASL 300 0.818+/-0.120 pCilg 0438 6/1712004 SD
LabID: 20040422-09
ClientID: K-063
Date Sampled:  6/15/2004 5:00:00 PM
Matrix: Sofl
Radiochemical Analyses .
Th232 HASL 300 1.14+/-0.128 pCi/g 0.442 6/17/12004 SD
U/



‘$
‘q:‘r«/

Client: Kaiser Aluminum
Client Project: Tulsa
Lgﬂtmm Lab Number: 20040422
YN oratory Date Reported: 6/181200, J
‘egr?;scegoﬂgsw’?egx 74012 Date Received: 6/1 6/0z
;'AX 29 xsal)gss, 1l -sboos Page Number: 30f3
QC Report s -
Parameter Blank  LCS LCSD DUP MS  MSsD Date
%REC o,REC  RPD RPD %REC  o,REC RPD
Ac-228 NC T E172004
Am-241 94.0 98.0 34 6172004
Co-60 94.0 960 22 . T 6172004
Cs-137 96.0 950 - ' 6172004
.. Lab Approval: V4 '
: rd
BDL = Below Detection Limit



311 North'Aspen

Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: . (918) 251-0008"
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SAMPLE LOGIN.

" 62172004

Th-232 by Gamma Spec

4 -

Date Received: 6/16)2004 12 o Lab Number: 20040422 . . " Due:
Sample. ... .. Client “:. .5 - S Date » Container CoeL " Custody  Seal
Number .. San’:ple Matrix "Sampled .~ Type Preservation Seal - —- Intact
20040422-01 A K-055._ Soil ~  06/15/04 Plastic None Yes = Yes
Th-232 by Gamma Spec ‘ : C '
20040422-02A- - - K056 * Soil _06/15/04 - Plastic None . Yes . Yes
Th-23\2»by'ctiamma Spec E S o s
20040422-03A © K-057 Sl 06/15/04  Plastic None Yes Yes
Th-232 by Gamma Spec S : :
20040422-04,&‘ K-058 o  Soil.  06/15/04 . . Plastic None Yes Yes
v1'_11-232byGa:nmaSpcc e ' | o
20040422-05A .- K-059 T ~Seil - 0601504  Plastic None
Th-232byGammaSpcc S . SR - e
- zoo40422.os A K060, T T sl """06/15/04 sansm: T | Nome
' -232byGammaSpec T = R & L
Lo : | - {
. . b
dt0d0422-07A ko8l Soll . OGS4 Plastic ' None Yes Yes
'1'11-232 by Gamma Spec ’ o
20040422-08 A K-062 Soil ... 06/15/04  Plastic None' Yes - Yes
Th-232 by Gamma Spec T - :
20040422-09A K063 _Soil - 06/15/04 - Plastic \-n -] None - Yes Yes
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CONT INSPECTION
# Coolers Custody Seals Broken - Y/N Temperattire Blue Ice / Wet Ice Radiation Survey fixed removable
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom
Sub-Report No. EB-006
Survey Unit Kaiser-FSS-006
Thorium Remediation Project

. Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation
March 22,2006

1.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-006, an-open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the northwestern comer of the Retention Pond area. Survey
Unit Kaiser-FSS-006 is considered a Class 1 survey unit with an approximate surface area of
2,670 m%. It is bounded to the south by Survey Units Kaiser-FSS-010 and Kaiser-FSS-011, to
the east by Survey Unit Kaiser-FSS-022, to the north by Fulton Creek, and to the west by the
former freshwater pond non-impacted area (Figure 3).

Survey Unit Kaiser-FSS-006 consists of an excavation bottom surface soil with two side walls
(north wall and west wall). No clevated areas were left in-place, therefore, no elevated
measurement comparisons were required for this unit. No embedded “structures” were
encountered during the removal of the radiologically-affected soil.
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2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the excavation bottom,
northemn side wall, and the western side wall surface soil of Survey Unit Kaiser-FSS-006. The
final status survey consisted of a gross gamma scan of the exposed surface soil of the survey unit
and systematic soil sampling.

2.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom, northern side wall, and
-western side wall) was surveyed through a 100 percent coverage gamma scan to confirm
acceptable radiological conditions and identify any elevated areas. During the scanning of the
soil, the detector was held close to the ground surface (1 to 2 inches) and moved in a serpentine
.pattemn. Background measurements were obtained at 1-meter above the ground surface at 30
approximately equal-distant locations in the survey unit. The statistics for the 30 background
measurements are provided below in Table 1. Background measurements ranged from 12,465
counts per minute (cpm) to 24,597 cpm moving northwest to southcast within the survey unit.
The scan results increase as the surveyor moves closer to impacted material located to the east-
southeast of the survey unit.

Similar results were obtained for the gross gamma scan of the survey unit’s surface arca. A total
of 7,551 measurements of gross count rate were made at one second intervals across the survey
unit’s 2,670 m? surface area. The results ranged from 11,814 cpm to 30,131 cpm. A statistical
summary of the 100 percent coverage gamma scan of the survey unit is provided below in Table
1.

Table 1 — Gross Gamma Scan Results Summary

Survey Area: 2,670 m°
Number of Scan

Measurements (1-Second 7,551
Intervals)

Scan Rate: 0.35m/s

(Swinging the detector a width (MARSSIM recommends
of l-meter side to side

Rcsults Summary. Background (Gross cpm) Scan (Gross cpm)
Minimum 12,465 11,814
Maximum 24,597 30,131

Average 16,348 16,903
Standard Deviation 2,637 2,168
Median 15,573 = 16,488

Contour maps of the gross gamma background and final (as-left condition) scanning survey
results are presented on Figure A-1 contained in Attachment A. The 100 percent coverage
gross gamma scan did not indicate the presence of small areas of clevated activity (above the
DCGLy for the site). As part of the gross gamma survey, 1 biased soil sample was collected at a
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location exhibiting the highest scan rate on the excavation bottom (Figure A-2, Attachment A).
The biased soil sample was forwarded to Outreach for analysis of Th-232 activity concentration.

The analytical result is provided below in Table 2. 'I’he biased soil sample result was below the
DCGLyw for the site.

- Table 2 — Biased Soil Sample Analytical Result

Gross Th-232 Std. Error MDC
Soil Sample ID (pCi/g) (pCi/g) (pCi/g)
DCGLy 3.0 ‘
Site Background 1.1 0.3
K-108 1.20 0.139 0.422

2.2 Systematic Soil Sampling — Excavation Bottom/Side Wall Surface Soil

‘The final status survey also consisted of systematic soil sampling based on a random start point

and an equal-distant triangular grid. The Minimum Number of Samples Required (N) based on
the scan MDC was determined to be 9 as documented on Soil Survey Unit Worksheet No. 1
(Attachment B). The default Class 1 survey unit area of 2,000 m* along with the N of 9 were
used to. calculate the Triangular Grid Node Length (L) of 16.0 meters and thc Height of the
Equilateral Triangle (h) of 13.9 meters. Since A was greater than 2,000 m?, the number of
samples (N;) was recalculated (12) to correspond to the L of 16.0 meters. A random start point
was gencrated using the random number feature of Excel and documented on Soil Survey Unit

" Worksheet No. 2 (Attachment B).

A layout of the soil sampling locations is provided on Figure A-2 contained in Attachment A.
The soil sampling locations were demarcated in the field using a GPS unit. A total of 12 soil

‘samples (identified as K-064 through K-075) were collected at the excavation bottom/side wall

surface (0-6-inch depth interval) level using a clean, decontaminated sampling auger or
sharpshooter shovel. The samples were forwarded to Outreach for analysis of Th-232 activity
concentration. Analytical results are provided below in Table 3. Analytical data reports are
contained in Attachment C.
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Table 3 — Systematic Soil Sample Results

Net
Soil Gross Th-232 | Std. Error MDC Net Th-232 DCGL
Sample ID (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
K-064 1.22 0.150 0.375 0.12 3.0
K-065 0.997 0.145 0.498 0 3.0
K-066 1.40 0.093 0.458 0.3 3.0
K-067 0826 0.106 0.321 0 3.0
K-068 ' 0.576 0.111 0.327 0 3.0
K-069 0.600 0.094 0.448 0 3.0
K-070 0.840 0.143 0.409 0 3.0
K-071 0.843 0.150 0.297 0 3.0
K-072 0.817 0.111 0.407 0 3.0
K-073 0.880 . 0.103 0.273 0 3.0
K-074 0.807 0.115 0.356 0 3.0
K-075 0.834 0.135 0.495 0 3.0
Average ' 0.887
Standard Dey. 0.231
Minimum 0.576
Maximum 1.40
Median 0.837

All 12 systematic soil sample results (gross and net) were below the open land area surrogate
value of 3.0 pCi/g net Th-232 activity concentration (DCGLw). The maximum gross Th-232
activity concentration was 1.40 pCi/g, which fell slightly above the background Th-232 activity
of 1.1 pCi/g for the site. The average gross Th-232 activity concentration was 0.887 pCi/g. The
standard deviation of the 12 equal-distant samples was 0.231, which fell below the estimated
standard deviation of 0.42 (based on the adjacent land final status survey results) used to
calculate the minimum number of samples required.

2.3 Wilcoxon Rank Sum (WRS) Testing

The analytical results for the systematic soil samples were evaluated using the procedure
contained in Appendix C, Volume I of this Final Status Survey Report (Wilcoxon Rank Sum
Test). The evaluation showed that the survey unit soil sample results meet the DP statistical
criterion based on the first statistical test as described below.

If the difference (0.85 pCi/g) between the maximum survey unit soil sample activity
concentration (1.40 pCi/g) and the minimum reference background area soil sample activity
concentration (0.55 pCi/g) is less than DCGLw (3.0 pCi/g), then the survey unit meets the release
criterion. Table 4 presents a summary of the data used to complete the statistical evaluation of
the survey unit.
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Table 4 — Reference Group and Survey Unit Sample Results

Reference Th-232 Survey Unit Th-232
Group Sample ID (pCi/g) Group Sample ID (pCi/g)
R1 160 1.20 S1 K-064 1.22
R2 192 1.32 S2 K-065 0.997
R3 263 1.54 S3 K-066 1.40
R4 132 1.48 S4 K-067 0826
R5 331 0.55 S5 K-068 0.576
R6 113 1.28 S6 K-069 0.600
R7 374 0.95 S7 K-070 0.840
R8 265 1.18 S8 K-071 0.843
R9 82 1.43 S9 K-072 0.817
R10 327 1.32 S10 K-073 0.880
R11 129 0.93 S11 K-074 0.807
R12 309 2.04 S12 K-075 0.834
Average 127 Average 0.887
Std. Dev. 0.37 Std. Dev. 0.231
Minimum 0.55 Minimum 0.576
Maximum 2.04 Maximum 1.40
Median 1.30 Median 0.837
QPAOOCRPAAOT2FSS Reports\Vokume NSurvey Unit Kaiser-FSS-006\TextFSS-006Text doc 5 Revision 0
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the northwestern corner of the Retention Pond
area resulted in an open land area consisting of an excavation approximately 2,670 m? in arca.
This open land area, identified as Survey Unit Kaiser-FSS-006 is considered a Class 1 survey
unit. It is bounded to the south by Survey Units Kaiser-FSS-010 and Kaiser-FSS-011, to the east
by Survey Unit Kaiser-FSS-022, to the north by Fulton Creek, and to the west by the former
freshwater pond non-impacted area (Figure 3). This section of the sub-report presents a

summary of the final status survey findings and an overall summation of fractions for the survey
unit. '

3.1 Excavation Botton/Side Wall Surface Soil

* The acceptance criterion for open land areas (pond parcel excavation bottom surface soil) at the

Tulsa facility is the DCGLw of 3.0 pCi/g net Th-232 activity concentration. Final status survey
activities for Survey Unit Kaiser-FSS-006 consisted of a gross gamma scan of the exposed
surface soil of the survey unit (excavation bottom, northern side wall, and western side wall) and
systematic soil sampling. The results of the final status survey activities were as follows:

e The 100 percent coverage gamma scan (final as-left condition) did not indicate the
presence of small areas of elevated activity (above the DCGLy, for the site).

e All 12 systematic soil sample results (gross and net) were below the open land area
surrogate value of 3.0 pCi/g net Th-232 activity concentration (DCGLw).

e The analytical results meet the DP statistical criterion based on the first statistical
evaluation of the data (WRS Test procedure). :

¢ No clevated areas were left in-place, therefore, no elevated measurement comparisons
were required for this unit.

3.2 Sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSS-006 prior to backfill with below criteria
material (BCM), as a whole (excavation bottom/side wall surface soil, elevated areas, and
embedded structures), the fraction of each survey elements average net activity divided by the
applicable acceptance criteria is calculated for inclusion in the Sum of Fractions for the entire
survey unit. The Total Sum of Fractions for surface soil, elevated areas, and embedded
structures respectively is presented below in Table 5. As previously mentioned, no embedded
structures were encountered within the survey unit and no elevated areas were left in-place for
the survey unit. '
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Table 5 — Fraction of Applicable Acceptance Criteria per Survey Unit Element

Average
Net Acceptance
Survey Unit Element Units Activity |  Criteria | Fraction
-FSS-006 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 0.00
-Embedded Structures (None Encountered) | dpm/100cm® 0 0.00
TOTAL SUM OF FRACTIONS 0.00

The Sum of Fractions provides a conservative assessment of the survey unit without backfill,
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-006 mects the
DP acceptance criteria.
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Backgrounds are 1 minute readings.

Scanning readings are recorded at 1 second intervals.
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Soil Survey Unit Work Sheet No. 1
Final Status Survey -
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-006

2. Description: __Retention Pond Area, West of Survey Unit Kaiser-FS$S.022
3. Net Th-232 Acceptance Criteria (pCi/g): 3.0

4, Dimensions (m): Excavation Bottom — Approx. 65 meters x 42 meters; Area, A (m?): 2,670

5. Estimate of Gross Gamma Scan Background Readings (cpm)
Average: 20,000 Minimum: 10,000 Maximum: 50,000

6. Based on the maximum background gross gamma scan reading, the scan MDC (Minimum Detectable
Concentration of Th-232), the corresponding N (Minimum Number of Required Samples) and L (Triangular
Grid Node Length) for a standard 2,000 m® Class 1 survey unit are:

e  Gross Gamma Scan MDC (pCi/g): 4.0

~®  Minimum Number of Samples (N): 9 Triangular Grid Node Length (L): 16.0 m

7.If the area of the Survey Unit is less than 2,000 m?, recalculate the corresponding Triangular Grid Node
Length (L,) for the Survey Unit Area (A), using the following formula: L, = (A/(0.866 x 9))'?: __ N/A

8. If N is greater than 9 and the A is other than 2,000 m?, recalculate the corresponding Triangular Grid Node
Length (L;) using the following formula L, = (A/(0.866 x N))'?: : N/A

9. If A is greater than 2,000 m’ and N is equal to 9, recalculate the minimum number of samples (N;)
corresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N, = A/ (0.866 x
16), N;: 12 '

10. Calculate the height (h) of the equilateral triangle v.-'ﬂh side length equal to L (or (L;) using the following
formula: h= (L2 - (L/2))"%: 139  m. ‘
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SURVEY UNIT:

Soil Survey Unit Worksheet No. 2

Random Number Generator for Start Point
Final Status Survey

Thorium Remediation Project

KAISER-FSS-006

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

RANDOM START POINT

x axis ( Meters)

37

y axis ( Meters)
36

x axis y axis
lower bound 0 0
upper bound 65 42
2
3
gt
North
(0,0) x axis

Q:\P4DO0\PALOT2\F SS Reports\Volume I\Survey Unit Kaiser-FSS-006\Altachment B « Soil Survey Unit Worksheets\Soll Survey Unit Worksheet No. 2



ATTACHMENT C

LABORATORY ANALYTICAL RESULTS



Outreach
Laboratory

1 North Aspen
\ ; ken Arrow, OK 74012

18) 251-2515
FAX (918) 251-0008

" David Weyant

9&4.01'«# .1.0’7g .pf' 71'11’”‘/7

'\&_Cj&\\—g Y\EQ")?A’ X Y-

July 19, 2004

R

*Kaiser Aluminum & Chemical

7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium Remediation PA—4000-4072 _

OUTREACH LAB ID 20040506

| Dear Mr.-Weyant:

Please find enclosed the analytical report for your samples recelvcd in our laboratory

July 14 2004 for the above captioned project.

. Thirteen soil samples were received -in good ‘condition and'analyzed for Th-232 by . .
~~Gamma Spec and Percent Moisture without diylﬁg and grinding with a 5 work day turn,

Gamma Spec results were faxed early on 7/16/04;" e

N All QC is w1thm control limits. The samples wﬂl be returned as requested

‘ Laborat%ﬁ)r

NRC ODEQ LIC. #27522-01

\_/

Thank you for choosing Outreach Laboratory and if you have any questlons feel frec to
call

/l

ODEQ ID #9517 . et CERTID HOK001

ooEy

o
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Kaiser Aluminum

BDL = Below Detection Limit

Client:
Client Project: Thorium Remediation PA4000
0utreach Lab Number: 20040506
l.aboratory Date Reported: m 6/200‘\/1
oo AP 74012 l i Date Received: . 7114104
OlB 2512518 : ‘ Page Number: 1of4
Analytical Report S
Method Result Units DL Prep Analysis  Analyst
Date “Date
Lab ID: 20040506-01 .
Client ID: K-064 !
Date Sampled: ~ 7/13/2004 3:30:00 PM
Matrix: Soil R TRETRES B L. S I
o Radiochemical Analyses - {."7 ¢
Th-232 HASL 300 122 4/-0.150 pCi/g 0.375 7/1412004 SD
Inorganics Analyses
Percent Moisture LOD 136 % 7/14/2004  7/15/2004 RT
Lab ID: 20040506-02
“ClientID: | K-065. - , N ! =
Date Sampled '7/l3f2004 3:35:00 PM .
Matrix: Soil
4 .o - ... -Radiochemical Analyses :° MTTC S S L \_/
Th-232 HASL 300 . 0.997 +/-0.145 an/g e ~ 0498 - . ¢ © - 7142004 SD
Inorgamcs Analyses R
Percent Moisture LOD 111 % . 7/142004  7/1512004 RT
Lab ID: 2004050603
ClientID: = . K-066 b I
Date Sampled: 7ll3f2004 4:00:00 PM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 1.40 +/- 0.093 pCi/g 0458 7/14/2004 SD
Inorganics Analyses . » S
Percent Moisture LOD 11.1 % - 71412004 7/15/2004 RT
Lab ID: . 20040506-04 R -
Client ID: K-067 . ..
Date Sampled:  7/13/2004 4:05:00 PM
Matrix: - Soil . ' : -
e pe TEIY Radiochemical Analyses SR I .
Th-232 HASL 300 0.826 +/-0.106 pCi/g o321 7/14/2004 SD
. Inorganics Analyses
Percent Moisture LOD 161 % 7/14/2004  7/15/2004 RT
' -/
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Client: - Kaiser Aluminum
Client Project: Thorium Remediation PA4000
.Qutreach Lab Number: 20040506
Laboratory Date Reported: 7/16/2004
; gkf:mxpem 11012 Date Received: 7/14/04
918) 251-2515 * Page Number: 20f4
FAX (918) 251-0008 =
Analytlcal Report
Method Result Units DL.  Prep Analysis  Analyst
Date Date
- Lab ID: 20040506-05
Client ID: K-068 )
Date Sampled:  7/13/2004 4:10:00 PM
Matrix: Soll
Radiochemical Analyses .
Th-232 HASL 300 0.576 +/-0.111 pCl/g 0327 71472004 SD -~
: " Inorganics Analyses =
Percent Moisture LOD 175 % 5 /1472004  7/15/2004 RT -
Lab ID: 20040506-06
Client ID: K-069
Date Sampled:  7/13/2004 4:15:00 PM
Matrix: Soil
' Radiochemical Analyses .
U'm-m ~ HASL 300 © 0.600 +/-0.094 pCl/g LT 044 711472004 SD*
: - Inorganics Analyses
"Percent Moisture _ LOD 143 % 7/142004  7/15/2004 RT.
Lab ID: 20040506-07
Client ID: K-070 ,
Date Sampled:  7/13/2004 4:20:00 PM .
Matrix: Soil
Radiochemical Analyses L
Th-232 HASL 300 0.840+/-0.143 "pCifg =~ 0.409 71142004 SD -
- ‘  Inorganics Analyses o
Percent Moisture LOD 105" % ) 7/14/2004  7/15/2004 . RT
Lab ID: 20040506-08
Client ID: K-071
Date Sampled:  7/13/2004 4:28:00 PM
Matrix: Soll
Radiochemical Analyses | o
Th232 HASL 300 -0.843 +/-0.150 pC:/g 0297 - 71142004 SD
e * Inorganics Analyses T
Percent Moisture LOD 92 % /142004  7/15/2004 RT
AN

., BDL = Below Detection Limit
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‘ ‘:{3’; Client: Kaiser Aluminum
Client Project: Thorium Remediation PA4000
- Qutreach Lab Number: 20040506 .
Laboratory Date Reported: MO0
o AP 74012 Date Received: - 714104 :
OB 2512518 Page Number:. 3of4
Analytical Report -
v " Method Result Units DL Prep Analysis _ Analyst
- ' ©om T 7 Date Date .
Lab ID: 20040506-09
Client ID: K-072.
Date Sampled:  7/13/2004 4:35:00 PM
. Matrix: Soil TR
Radiochemical Analyses s .
Th-232 HASL 300 0.817 4/~ 0,111 pCi/g,,_';yv_{ 0.407 711472004 SD
Inorganics Analyses ‘ S
Percent Moisture "LOD 17.1 % 7/14/2004  7/152004 RT
LablID: - 20040506-10
ClientID: _ K-073
Date Sampled:  7/13/2004 4:40:00 PM
Matrix: Soil P »
., Radiochemical Analyses . (- A\
Th-232 HASL 300 0.880+/-0.103 pCi/g.. . 0273 71142004 SD
: Inorganics Analyses ) - . l
Percent Moisture LOD- 93 % 7/14/2004  7/15/2004 RT
LabID: 20040506-11
ClientID: K-074
Date Sampled:  7/13/2004 4:50:00 PM
Matrix: Soil L e
. ’ Radiochemical Analyscs‘ Lo
Th-232 - HASL300 ~ = 0.807+-0.115 pCi/g .. .. -0.356 7142004 SD
_ Inorganics Analyses ' , o
Percent Moisture ‘LOD' 134 % 7/14/2004  7/152004 RT
Lab ID: 20040506-12 '
Client ID: K-075
Date Sampled: ~ 7/13/2004 4:55:00 PM
Matrix: Soil et el
_ Radiochemical Analyses (.
Th232 .~ 00 HASL 300 0.834 +/-0.135 -pCifg -.-- -0.495 7/14/2004 SD
N Inorganics Analyses '
Percent Moisture LOD M7 % 711412004  7/152004° RT
_ -/
BDL = Below Detection Limit
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CHAIN O) <USTODY:

£

iz . JUTREACH

+ SAMPLE RETURND

' S Results To: Company. YAama=-Alom & Q\AIM "'AC-- - | |BINl To: '
LABORATORY Logav? Name. D)N\p Q. \,\%fpp)- Company, \‘(A‘Sit& ’PS‘.‘A &lc
311 North Aspen - - 1‘3 Jg‘q: ' Address ‘7?\\ -, Mt &7 ﬂzz-r . || Name DAS ; Z.EIN A
E;"loken Ang\p'/,802}(5;/'42()&_;l125 . N P YT T~ City X WA State E Zip Address‘7:£\\ S YISZ 37¢ S-i‘fv
one: . _‘7_'-!.!&;
* Fax: §91a; 251-0008 : o T98-68T)  pons)24-934-3¥ 0 Fax # Q%< 254 = T17) Cfty}t\‘\m’ stateOW,__zp 7% My
| ANALYSIS REQUESTED '
PO # VAN e . Ue72 | % |communenf preservamve -'8 T
PROJECT # PA= Yaan=~"Yq92 o | % |v moyme N I { oA
PROJECTNAME  YAA\Stq Hhadivm _!ﬁmm;ynaﬂ A (N - R | F & hé ° .°:‘§'
.| REQUESTED TURNAROUND TIME S' DAY A SR |5 Niommen ngﬂ 2 o R =t .
. (ADDITMSMAYAPP Y). N g 9" gy b i
R : &S N RE B e
-§ SAMPLER A R T z 40 | U L\E ‘ REMARKS . -
r XN s LAXHS |o |5 ' (LE. FILTERED, UNFILTERED,
wrp | s | wmx Ao o sduedge |17 g ! GRAB, COMPOSTTE)
71318220 fsal [ | |soemd] popt DI | X 1 Ml arg ~
A gy LI > 4574 ' JANRE
t_{16%s l I [ /L
NSNS )| : N /
S TS | - N /1.
o A\ L 2] S, _IN M VANE .
etz ! - I ¥
! \s‘.l% ‘ . l)Q 3 ] : - / ‘ i ’
N \Q'fl)' ! ‘ x N /
IR \ NG NIN
Tesal T SIS 1T T
. \g‘.gy 1 1A V//-- ;
SIA Lol [ ARAARL A N/MA A IAASIAR)A DAl A S JA
‘ RELINQUISHED BY: [S WW 4/‘20 me_529 _RECEIVED BY; 52% oA'rEj//‘//°‘/ TIME el
RELINQUISHED BY: 7 DATE TME_____ RECENEDBY: . OATE TME_. .
! Myslgnahmonmlschalnofwﬂodylonnmdlutnmnlamwﬂwdudbymanbovo P leass ) famMc,ﬁompmqumt!omyNanmmm
of sample data and It is understood and agreed that any balance carried over thirty (30) days la cub]ocﬂon S%pormonlh {18% per annum) late charge. In the event of default, the company
becomes legalty lisble (= ¢ reasonable nnomoyand/orooﬂxﬂon(mandallnhhdeo:hnmumh remit the entire balance to Technologies, Inc. (Outreach Laboratory).
2 All norvhazardous samples shafl be disposed of 30 days after lssue of final report. All others will be . clleit's expense, .
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SAMPLE LOGIN

Date Received: 7/14/2004 10:56:3 X Lab Number: 20040506 . Due: 7/21/2004
Sample Client ' Date Container Container Custody  Seal
Number . Sample ID Matrix Sampled Type . Size Preservation Seal. Intact
20040506-01 A K-064 ’ Soil 07/13/04.- Plastic 16 0z _ . None Yes Yes
Percent Moisture )
Th-232 by Gamma Spec
20040506-02 A K-065 Soil 07/13/04 . Plastic 16 0z None Yes "Yes
Percent Moisture :
Th-232 by Gamma Spec
20040506-03 A - K-066 . " Soil 07/13/04 Plastic 16 0z None Yes - Yes
Percent Moisture )
Th-232 by Gamma Spec
20040506-04 A K-067 Soil 0713104 Plastic 16 0z None Yes Yes
" Percent Moisture . ’ '
Th-232 by Gamma Spcc o
) "“') "“ - . . et l'! \ . ' P’ ::-"“ ‘(‘" - ) ) e .‘A ..
E 20040506-05 A K-068 e - Soil Y/ 13/04‘ Plastxc. 16 02 ~ None - Yes S Yes
Percent Moxsturc . ) : )
Th-232 by Gamma Spec m
20040506-06 A K-069 ' Séil 07/ 13/04 I"Iastic 160z None Yes Yes
Percent Moisture '
’rh-232 by Gamma Spcc
20040506-07A'  K-070 Soil 07/13/04  Plastic 16 0z None Yes Yes
Percent Moisture ' :
Th-232 by Gamma Spec ’
20040506-08A K-071° ' | Soil . 071304  Plastic 16 0z None Yes . Yes

Page 1



Percent Moisture
Th-232 by Gamma Spec

120040506-09A - K-072 ' . Soil 071304 Plastic 160z ' -Nome Yes | Yes
Percent Moisture
Th-232 by Gamma Spec

20040506-10A  K-073 . Soil . 07304  Plastic 160z None © Yes . Yes
Percent Moisture o . : '
Th-232 by Gamma Spec ' - _ '

20040506-11 A K-074 Soil 07/13/04 Plastic 160z °~ = -None Yes " Yes
Percent Moisture

Th-232 by Gamma Spec

20040506-12 4 K-075 Soil 0713/04  Plastic 160z None Yes  Yes
Percent MoisturAcA_ ) : : =
Th-232 by Gamma Spec

20040506-13 A K-107- Soil 07/15}04' Plastic 16 oz None - Yes Yes
Percent Moisture ) ’ ’
Th-232 by Gamma Spec’

BT T e IS A s

. A e
syt AN AT S : (‘(‘\
R T st

Page 2



SPECTION | : | .
Custody Seals Broken - Y/N Temperature _____ Blue Ice / Wet Ice " Radiation Survey fixed . . removable
SAMPLE INSPECTION 7 - .‘ . B g

Custody Sea!s Broken Y@ Chain of Custody Iiecord@v Labpls In Tact @ Radiation Survey Coinplete‘@{'

4

Anomalles: ¢+ - "‘

Project Notes:

Page3



311 North

Broken Arrow, OK 74012
(918) 251-2515

FAX (918) 251-0008

o
) . & l ol x4
V2 0 7
K- 13 W - 10k,
July 21, 2004 ' ;
David Weyant . . »
‘Kaiser Aluminum & Chemical

7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20040508

Dear Mr. Weyant: \
™ L ‘
Please find enclosed the analytical report for your sam;alcs recewed m our laboratory

July 15, 2004 for the above captioned project. {j‘.”ﬁ L

)

Two soil samples were received in good condmgm ‘and analyzed for Th-232 by: Gamma
Spec and Percent Moisture.without drying and gnndmg wnh as woxk day tum Rcsults
were faxed early. ,

All QC is within control limits, The samples wxll be retumcd as requested

. Thank you for choosing Outreach Laboratory and 1f you have any quesuons feel free to

call.

Laboratory Di r

. RN
[ IS | .
1
i
R B
N . 8
ST
/ L .
- RN
L I
< g

-

ODEQID #9517

NRC ODEQ LIC. #27522-01 S CERT.ID #0 1;091
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R Eoob : o DatcRepawd:
311 North Aspen A T S B
 Broken Amow, OK 74012 : i . : _ )

(918) 2512515 - :
©. 'FAX (918) 251.0008 b

S s
' : ' ‘ ?
. t

l

! 7'

| I i . Client:;
T v i ' Clithrojea.

; C LabNumbd‘

R L R )

, TR P 3 AnalytlcalReport
T T " ' “Result Unlts ', DL

Prep

_ Kaiser Aluminum
Thorium Remediation PA4000-4072
20040508

7120104

715/04

10f1

Analyxis Analyst

Date - Date

LabID: ' 2004050801 ' i i S : ‘ :
- CllentXD:™. K203 . i S ! i
Date Sampled: = 7/14/04 1:00:00 FM o s : /
CMawie DSl 7T S SRR T ) |
N . P P.IdlochemlwlAmlyus A o !
o232 - 17 HASL300 T 7. 0.5684/-0.072 pCllgw 0190 T NS4 SD .
| S S S A InorpnluAnalyses T b ' s T
Peroent Moighore ~,, “LOD T 142 %T:;; ©+ . nems ‘RE
b gemsesert L AT -
Cllent: | ixa08, &, oo L IPh , o
Date Sampled: | 7/14/042:00: ooPM A A I .
Sou o S B ‘ ‘ ’
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Matche: L =
- P “ RadlochexhlcalAmli&u P
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wop -~ P 16.2 %

232

0422 -

-' 7/_1'5/04'

16104

| T AT e e e . ..
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SN : ! -
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. . . :,i ! z i 7'7- . ; i ’ ; B ‘ . . ‘_ .
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AT AL 2

2.  OUTREACH CHAIN _.: CUSTODY o o
‘ ':‘.3” 7 Results To: Company. x AlSle A (VaY g ¢ h} PO P Bill To: ‘ -

. LABORATORY \E(i‘:hg{“\' Némegiggibu c 3,,)&15& COmpany\LA;‘&)LJ!)}‘AN Ed _

311 Nort /{sp%\ a2 . o A ey T Namo DA -

". Broken Arrow, RN hi ‘ ity % . - Add b -
Phone:  (918) 251-2515 199 .07 oy IMA. stere QW Zp J41Hy | jAddess
Fax:  (918) 251-0008 e Phone 771k -4 34~ & YoFax # Y {G,- I W .17} Cy_YoWA  state OU  2ip 7YIYy
ANALYSIS REQUESTED

PoF AT T P e Ll I P I /
PROJECT # FA~Yaoe sMaz2. |0 v ) [T 3y, |90
. “ (‘ ' R c o N 2 laat pé =Gl ‘e v ‘
PROJECT NAME M \lﬂ,\'\'ﬂ_ﬁ_&@mwlu T | riasnc |3.. Hapha Lt ol :
: : Al on |<msomalH L& © 1M, :
REQUESTED TURNAROUND TIME < DAH |7 | aues |5 moompen |7 3 Jile ,
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R o 0 A S s, * e
S - s 4. 51@ 04 v 5 , b’ T nnusxs
gﬂ N £ G (L FILTERED, UKFRTERID,
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Seve ] 4 ol pooat XA _1Gare
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1 S =41 P
= L 7
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¥ . M&A A o / ‘

R =T 1 1 7 T — 7
B - } : N 4 1. : //

A

— 1t T —
RELINQUISHED BMM'E7@4WM7R#%M%DAE 725 4 rrve_J ZZ "_‘,’"W‘”“‘“&M 0‘566 ]
' e | L o ' Sanpucmumamapt 0 ] |

RELINQUISHED BY: . DATE_ RECEIVED BY: TIME \
Ay sigratura on this chah of cusiody form incicates that | arn authorized by tha above company 1o reisase sacnpiet for andlysis, The company aprees fo pay $¢ enfire balance upon receipl L, ) , .-\- LY
o Jarple data and I s understood end agtsed thal any belance carfed over thidy (30} days is subject o 8 1.5% per month (18% per annumi fata chargs. In he sverd of defaul, the cormpany Custody Seals intact N . AT

~ch Techaclogies, Inc. (Outreach Laboratory). . C :

11 becomes legal “ar any reascnnble attomey andior collection fess and al refafad costs nacestary fo tecnli the entire balance
SA\;PI.E _SPOSAL: AT non-hazardous sarphes ehall be dsposed of 30 days afler issus of finel report, Allothere Wil ba \._od at cliorf’s empense. Cotlor Tamperaturs
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| SAMPLE LOGIN
Date Received: 7/15/2004 10:58:4 Lab Number: 20040508 Due: 7/22/2004
Sample Client Date Container Container C
ustody Seal
Number Sample ID Matrix Sampled Type Size Preservation Seal d Ix:taact
20040508-01 A K-103 Soil 07/14/04 Plastic - 16 0z None Yes Yes
Percent Moisture
Th-232 by Gamma Spec
20040503-02 A K-108 Soil 07/14/04 Plastic 1602 None Yes Yes
- Percent Moisture
Th-232 by Gamma Spec -
CONTAINER INSPECTION '
¥ Coolerv!ﬂMc{ Custody Seals Broken - Y@ Tcmpemtnrem Blue Ice / Wet Ice Radistion Survey {10 K€ fixed removable

SAMPLE INSPECTION

Custody Seals Broken- Y Chain of Custody Recon@ﬂ Labels in Tac@N Radiation Survey Complet@
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom
Sub-Report No. EB-007
Survey Unit Kaiser-FSS-007
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-007, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the southern portion of the Retention Pond area. Survey Unit
Kaiser-FSS-007 is considered a Class 1 survey unit with an approximate surface area of 1,182
m?. The survey unit is bounded to the south by the Union Pacific Railroad right-of-way, to the
west by Survey Units Kaiser-FSS-004 and Kaiser-FSS-008, to the east by Survey Unit Kaiser-
FSS-030, and to the north by Survey Unit Kaiser-FSS-012 (Figure 3).

Survey Unit Kaiser-FSS-007 consists of an excavation bottom surface soil with one side wall
(south wall). Another feature or element of the survey unit is an approximate 14-meter long by
1.22-meter wide by 4.6-meter deep trench oriented west to east in the northwestern corner of the
unit. The trench is associated with a groundwater collection system installed for the remediation
project. No elevated areas were left in-place, therefore, no elevated measurement comparisons
were required for this unit. During the removal of the radiologically-affected soil, one embedded
“structure” was encountered and left in-place along the south wall of the excavation. The
structure was identified as a 10-foot long by 24-inch diameter concrete pipe.
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2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the following physical
features or elemeqts of Survey Unit Kaiser-FSS-007:

Excavation bottom surface soil, including the south wall surface soil,
Surface soil associated with the approximate 14-meter long by 1.22-meter wide by 4.6-
meter deep trench oriented west to east in the northwestern comer of the unit, and

* Ancmbedded structure (concrete pipe) remaining in the south wall of the survey unit.

2.1 Excavation Bottom/Side Wall Surface Soil
The final status survey of the excavation bottom and side wall surface soil consisted of a gross
gamma scan of the exposed surface soil and systematic soil sampling. The trench was surveyed

through a gross gamma scan of the removed materials and composite soil sampling of the
exposed surface soil.

2.1.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom and southern side wall)
was surveyed through a 100 percent coverage gamma scan to confirm acceptable radiological

-conditions and identify any elevated areas. During the scanning of the soil, the detector was held
- close to the ground surface (1 — 2 inches) and moved in a serpentine pattemn. Background

measurements were obtained at 1-meter above the ground surface at 10 approximately equal-
distant locations within the survey unit. The statistics for the 10 background measurements are
provided below in Table 1. Background measurements ranged from 13,520 counts per minute
(cpm) to 20,803 cpm moving west to east within the survey unit. The scan results increase as the
surveyor moves closer to impacted material located to the east of the survey unit.

Similar results were obtained for the gross gamma scan of the survey unit’s surface area. A total
of 4,048 measurements of gross count rate were made at one second intervals across the survey

-unit’s 1,182 m? surface area. The results ranged from 11,352 cpm to 31,690 cpm. A statistical

summary of the 100 percent coverage gamma scan of the survey unit is provided below in Table
1.
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Table 1 — Gross Gamma Scan Results Summary

' of 1-meter 51d to side

Survey Area: 1,182 m’
Number of Scan

Measurements (1-Second 4,048
Intervals)

Scan Rate: 0.29 m/s
(Swinging the detector a width (MARSSIM recommends

R R G R R T R e,
. Rcsults Summary. Background (Gross cpn;) Scan (Gross cpJ
' Minimum 13,520 : 11,352
Maximum 20,803 ' 31,690
Average 18,834 18,655
Standard Deviation 2,077 1,946
- Median 18943 18,511

Contour maps of the gross gamma background and final (as-left condition) scanning survey
results are presented on Figure A-1 contained in Attachment A. The 100 percent coverage

gross gamma scan did not indicate the presence of small areas of elevated activity (above the
DCGLy for the site).

The soil associated with the approximate 14-meter long by 1.22-meter wide by 4.6-meter deep
trench was surveyed (in the excavator bucket) as it was removed. The gross gamma scan results
for the excavated trench soil ranged from 14,000 to 16,000 cpm which were similar to the
measured background gross gamma reading for the trenching activities of 16,000 cpm.

2.1.2 Systematic Soil Sampling — Excavation Bottom/Side Wall Surface Soil

The final status survey also consisted of systematic soil sampling based on a random start point
and an equal-distant triangular grid. The Minimum Number of Samples Required (N) based on
the scan MDC was determined to be 9 as documented on Soil Survey Unit Worksheet No. 1
(Attachment B). The Survey Unit Area (A) of 1,182 m® and sample number of 9 were used to
calculate the Triangular Grid Node Length (L) of 12.3 meters and the Height of the Equilateral
Triangle (h) of 10.7 meters. A random start point was generated using the random number
feature of Excel and documented on Soil Survey Unit Worksheet No. 2 (Attachment B).

A layout of the soil sampling locations is provided on Figure A-2 contained in Attachment A.
The soil sample locations were demarcated in the field using a GPS unit. A total of 16 soil
samples (identified as K-078 through K-086, K-088 through K-093, and K-097) were collected

-at the excavation bottom/side wall surface (0-6-inch depth interval) level using a clean,

decontaminated sampling auger or sharpshooter shovel. The samples were forwarded to
Outreach for analysis of Th-232 activity concentration. Analytical results are provided below in
Table 2. Analytical data reports are contained in Attachment C.
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Table 2 — Systematic Soil Sample Results

Net
Soil Gross Th-232 | Std. Error MDC Net Th-232 DCGL
Sample ID (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
K-078 0.969 0.126 0.458 0 30
K-079 1.05 0.239 0.323 0 3.0
K-080 1.31 0.218 0.132 0.21 3.0
K-081 0.890 0.139 0.393 0 3.0
K-082 0.781 0.139 0.201 0 3.0
K-083 0.593 - 0.120 0.346 0 3.0
K-084 0.694 0.077 0.219 0 3.0
K-085 0.792 0.153 0.398 0 3.0
K-086 2.22 0.192 0.392 1.12 3.0
K-088 1.07 0.177 0.184 0 3.0
K-089 0.908 0.150 0.441 0 3.0
K-090 0.801 0.200 0.174 0 3.0
K-091 0.737 0.076 0.139 0 3.0
K-092 0.725 0.120 0.478 0 3.0
K-093 1.18 0.163 0.222 0.08 3.0
K-097 1.02 0.157 0.481 0 3.0
Average 0.995 ) x
Standard Dev. 0377
Minimum 0.593
Maximum 2.22
Median 0.932

All 16 systematic soil sample results (gross and net) were below the open land area surrogate
value of 3.0 pCi/g net Th-232 activity concentration (DCGLw). The maximum gross Th-232
activity concentration was 2.22 pCi/g, which fell above the background Th-232 activity of 1.1
pCi/g for the site. The average gross Th-232 activity concentration was 0.995 pCi/g. The
standard deviation of the 16 cqual-distant samples was 0.377, which fell below the estimated
standard deviation of 0.42 (based on the adjacent land final status survey results) used to
calculate the minimum number of samples required.

The trench was also sampled as part of the FSS. Three composite samples were taken: one from
the north wall of the trench, one from the trench bottom/east wall, and one from the south wall of
the trench (Samples K-094, K-095 and K-096 respectively). The threec composite samples were
forwarded to Outreach for analysis of Th-232 activity concentration. Analytical results are
provided below in Table 3. The results for the three composite samples were below the DCGLw

- for the site. E
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Table 3 — Trench Composite Soil Sample Results

Net
Soil Gross Th-232 Std. Error MDC Net Th-232 DCGL
Sample ID (pCilg) @Cilg) | (pCilg) (pCi/g) (pCilg)
K-094 0.694 0.104 0.334 . 0 3.0
K-095 0.646 0.116 0.366 0 3.0
K-096 0.651 0.110 0.415 0 3.0

2.1.3 Wilcoxon Ran}c Sum (WRS) Testing

The analytical results for the systematic soil samples were evaluated using the procedure
contained in Appendix C, Volume I of this Final Status Survey Report (Wilcoxon Rank Sum
Test). The evaluation showed that the survey unit soil sample results mect the DP statistical
criterion based on the first statistical test as described below.

If the difference (1.67 pCi/g) between the maximum survey unit soil sample activity
concentration (2.22 pCi/g) and the minimum reference background area soil sample activity
concentration (0.55 pCi/g) is less than DCGLw (3.0 pCi/g), then the survey unit meets the release .
criterion. Table 4 presents a summary of the data used to complete the statistical evaluation of

- the survey unit.

Table 4 — Reference Group and Survey Unit Sample Res.ults

Reference Sample ID Th-232 Survey Unit Sample ID Th-232
Group (pCi/g) Group ' (pCi/g)
. Rl 195 1.48 S1 K-078 0.969

R2 10 0.57 S2 K-079 1.05
R3 331 - 0.55 S3 K-080 1.31
R4 356 1.45 S4 K-081 0.890
RS 246 1.46 S5 K-082 0.781
R6 161 1.20 S6 K-083 0.593
R7 71 1.07 S7 K-084 0.694
RS 48 1.10 S8 K-085 0.792
R9 222 1.19 S9 K-086 2.22
R10 366 0.99 S10 K-088 1.07
R11 103 1.12 Si1 K-089 0.908
R12 18 0.60 S12 K-090 0.801
R13 46 0.58 S13 K-091 0.737
R14 347 0.90 S14 K-092 0.725
R15 188 1.25 S15 K-093 1.18
R16 280 1.17 S16 K-097 1.02
Average 1.04 Average 0.995
Standard Standard
Dev. 0.32 Dev. 0.377
Minimum 0.55 Minimum 0.593
Maximum 1.48 Maximum 2.22
Median 1.11 Median 0.932
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2.2 Embedded Stiucture

As previously noted, one embedded “structure” (a 10-foot long by 24-inch diameter concrete
pipe) was encountered along the south wall of the excavation (Figure D-1, Attachment D). The
structure was surveyed and sampled in-place. A description of the survey and sample activities
used to evaluate any potential exposure from the structure is presented in this section.

The supporting documentation for the surveying and sampling of the Survey Unit Kaiser-FSS-
007 embedded structure is contained in Attachment D and includes the following:

Figure D-1, Embedded Structure Location Map
Alpha Scan MDC Calculation Form

- Total Alpha Contamination Survey Data Conversion Form
Table D-1, Embedded Structure Gross Alpha Scan Results

)

. The pipe was surveyed through scanning and static counts for total alpha contamination and
. sampling (smear) for removable alpha contamination. No elevated areas were detected during
scanning. Scan results are provided in Attachment D, Table D-1. Two static counts to
determine total alpha contamination were taken at the highest scan result for the top and the
bottom inside surfaces of the pipe. Corresponding smear samples of removable alpha
contamination were also taken at the same locations (K-SS-041 and K-SS-042). The results of
the total and removable alpha contamination measurements are presented below in Table 5.

Table 5 — Concrete Pipe Total and Removable Alpha Cohtamination Results

DCGLw Alpha Std. Error MDC
Sample ID (dpm/100cm?) | (dpm/100em?) | (dpm/100cm?) | (dpm/100cm?)
Total Contamination
Static Count Bottom 944 64.3 454 68.3
Static Count Top 944 3.57 35.0 68.3
Removable Contamination :
K-SS-041 94.4 0.355 0.466 0.360
K-SS-042 94.4 0.0 0.406 0475
U/
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the southem portion of the Retention Pond area
resulted in an open land area consisting of an excavation approximately 1,182 m’ in area. This
open land area, identified as Survey Unit Kaiser-FSS-007 is considered a Class 1 survey unit.
The survey unit is bounded to the south by the Union Pacific Railroad right-of-way, to the west
by Survey Units Kaiser-FSS-004 and Kaiser-FSS-008, to the east by Survey Unit Kaiser-FSS-
030, and to the north by Survey Unit Kaiser-FSS-012 (Figure 3). This section of the sub-report
presents a summary of the final status survey findings and an overall summation of fractions for
the survey unit including an identified embedded structure (concrete pipe).

3.1 Excavation Bottom/Side Wall Surface Soil

The acceptance criterion for open land areas (pond parcel excavation bottom surface soil) at the
Tulsa facility is the DCGLw of 3.0 pCi/g net Th-232 activity concentration. Final status survey
activities for Survey Unit Kaiser-FSS-007 consisted of a gross gamma scan of the exposed
surface soil of the survey unit (excavation bottom and southern side wall) and systematic soil
sampling. The results of the final status survey activities were as follows:

e The 100 percent coverage gamma scan (final as-left condition) did not indicate the
presence of small areas of elevated activity (above the DCGLw for the site).

o All 16 systematic soil sample results (gross and net) were below the open land arca
surrogate value of 3.0 pCi/g net Th-232 activity concentration (DCGLw).

o The analytical results meet the DP statistical ‘criterion based on the first statistical
evaluation of the data (WRS Test procedure).

o No elevated areas were left in-place, therefore, no elevated measurement comparisons
were required for this unit.

The results of the final status survey activities associated with the trench were as follows:

o The gross gamma scan of the excavated trench soil did not indicate the presence of small
areas of elevated activity (above the DCGLy, for the site).

o All three composite soil sample results were below the open land area surrogate value of
3.0 pCi/g net Th-232 activity concentration (DCGLw).

3.2 Sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSS-007 prior to backfill with clean import borrow
material, as a whole (excavation bottom/side wall surface soil, elevated arcas, 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 entire survey unit.
The Total Sum of Fractions for surface soil, elevated areas, and embedded structures respectively
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is presented below in Table 6. As previously mentioned, no elevated areas were left in-place for
the survey unit.

Table 6 — Fraction of Applicable Acceptance Criteria pe'r Survey Unit Element

Average
Net Acceptance
| Survey Unit Element Units Activity Criteria | Fraction
-FSS-007 Excavation Bottom Soil . pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Placc) pCi/g 0 0.00
Concrete Pipe (Removable Contamination) | dpm/100cm® | 0.178 94.4 0.00
Concrete Pipe (Total Contamination) dpm/100cm” 33.9 944 0.04
TOTAL SUM OF FRACTIONS 0.04

The Sum of Fractions provides a conservative assessment of the survey unit without backfill.
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-007 meets the
DP acceptance criteria. '
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Soil Survey Unit Work Sheet No. 1
Final Status Survey : -
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-007

2. Description: __Retention Pond Area, South of Survey Unit Kaiser-FSS-012
3. Net Th-232 Acceptance Criteria (pCi/g): 3.0

4, Dimensions (m): Excavation Bottom — Approx. 102.5 meters x 11.5 meters; Area, A (mz): 1,182

5. Estimate of Gross Gamma Scan Background Readings (cpm)
Average: 20,000 Minimum: 10,000 ) Maximum: 50,000

) 6. Based on the maximum background gross gamma scan reading, the scan MDC (Minimum Detectable
Concentration of Th-232), the corresponding N (Minimum Number of Required Samples) and L (Triangular
Grid Node Length) for a standard 2,000 m?* Class 1 survey unit are:

¢  Gross Gamma Scan MDC (pCi/g): 4.0

¢ Minimum Number of Samples (N): 9 Triangular Grid Node Length (L): 16.0 m

7. If the area of the Survey Unit is less than 2,000 m?, recalculate the corresponding Triangular Grid Node
. Length (L) for the Survey Unit Area (A), using the following formula: L, = (A/(0.866 x 9))'?: __123m

8.If N is greater than 9 and the A is other than 2,000 m?, recalculate the corresponding Triangular Grid Node
Length (L;) using the following formula L; = (A/(0.866 x N))'2: N/A

9.If A is greater than 2,000 m* and N is equal to 9, recalculate the minimum number of samples (N;)
-corresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N; = A /(0.866 x
16%), N;: N/A

10. Calculate the height (h) of the equilateral triangle with side length equal to L (or (L) using the following
formula: h= ((L? - (L/2))"% 107 m. ' ‘
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SURVEY UNIT:

Soil Survey Unit Worksheet No. 2

Random Number Generator for Start Point

Final Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
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LABORATORY ANALYTICAL RESULTS



$reach

Laboratory

1 North Aspen
joken Arrow, OK 74012
\_,‘918) 251-2515
FAX (918) 251-0008

July 2, 2004 ,

~ David Weyant .
Kaiser Aluminum & Chemical
7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20040466 R

Dear Mr. Weyant'

Please find enclosed the analytical report for your samples recexved m our laboratory"
June 30, 2004 for the above captioned project. :

o Five soil samples were received in good condmon ‘and analyzed for Th-232 by Gamma o

-/ g * Spec and Percent Moisture without drymg and gnndmg with a 2 Work day turn. Results®
were faxed on 7/02/04. : ) .

All QC is W1thm control limits. The samples will be returned as requésted.

Thank you for choosing Outreach Laboratory and if you have any quesuons feel free to’ i
call. :

" Laboratory Diregtor
/=

ODEQ ID #9517 | e N
. .. NRCODEQLIC.#27522-00, .. ... . . . CERT.ID #OK001

.....



Kaiser Aluminum

U 1/04\ /

‘ "’ Client:
Client Project: PA-4000-4072
~ Outreach Lab Number: 7120040466
‘.aboratory Date Reported: . 7/2f2004
orceorth Aspent 24012 Date Received: R
o18) BIBls e Page Number: 1of2
Analytical Report
Method Result Units DL Prep Analysis  Analyst
Date
Lab ID: 20040466-01
‘Client ID: K-078 : -
Date Sampled:  6/28/2004 2:50:00 PM
-Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 0.969 +/-0.126 pCi/g 0.458 7112004 SD
i ' Inorganics Analyses
Percent Moisture LOD 179 % 7/1.2004 7212004 RT
Lab ID: 20040466-02
Client ID: K-081
Date Sampled:  6/28/2004 3:20:00 PM
Matrix: Soil )
. .Radiochemical Analyses Ny
Th-232 HASL300 0.890+/-0.139 pCi/g 0.393 2004 SD N
Inorganics Analyses :
Percent Moisture LOD - 170 % M1R2004 22004 RT
Lab ID: 20040466-03
Client ID: K-089
Date Sampled:  6/29/2004 3:28:00 PM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 0.908 +/- 0.150 . pCi/g 0.441 7/1/2004 SD
Inorganlcs Analyses ‘ .
Percént Moisture LOD 184 % 7/1/2004 7/22004 RT
-LabID: - 20040466-04
Client ID: K-092
Date Sampled:  6/29/2004 3:50:00 PM
Matrix: Soil’
Radiochemical Analyses .
Th-232 HASL 300 0.725+/-0.120 pCi/g 0478 7112004 SD
' Inorganics Analyses .
Percent Moisture LOD 16.8 % 7/1/2004 7/22004 RT °

BDL = Below Detection Limit
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2 JUTREACH
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Date Received: 7/1/200? 12:21:18

Sample Client

Number

SampleID -

Matrix

-

C

SAMPLE LOGIN .

Lab Number: 20040466

Date
Sampled

Container
Type

Container

Size

Preservation

Due: 7/2/2004

Custody Seal
Seal Intact

20040466-01 A K-078
" Percent Moisture

Th-232 by Gamma Spec .

20040466-02 A
Percent Moisture
Th-232 by Gamma Spec

K-081

20040466-03 A
Percent Moisture
Th-232 by Gamma Spec

K-089

20040466-04 A K-092
Percent Moisture
Th-232 by Gamma Spec

20040466-05A  K-093

Percent Moisture = 7 ** 2 1
. 'I‘h-23_2byGammaSpecwr_l-~

Soil
Soil
Soil

Soil

.Soil e

06/28/04

06/28/04

06/29/04

06/29/04

t

R}

Plastic

Plastic

Plastic

Plastic

.- 06/29/04---—Plastic

N 3

- -
3 .

500 ml

500 m! *

500 ml

500 ml

500 ml

None -

None

None

None

None

Yes Yes
Yes 3 Yes
Yes Yes
Yes Yes

Yes Yes
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CONTAINENSPECTION ,
# Caolers Custody Seals Broken-Y/N  Temperature Blue Ice / Wet Ice Radiation Survey
SAMPLE INSPECTION '

fixed

removable

Custody Seals Broken - Y%' Chain of Custody Rec@Y/N Labels in Tac Radiation Survey Complct@'
Anomalles: '
Inspected By: M DATF/@/ 7'/// W W
QA or Designee Review: 2’) DATE ék 7 ZQ Z:Z 7‘
Sample Custodian Review: ' DATE

Project Notes:
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Outreach
-Laboratory

11 North Aspen

foken Arrow, OK 74012
(918) 251-2515
FAX (918) 251-0008

July 5,2004

- David Weyant
Kaiser Aluminum & Chemical
7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium Remediation PA-4000-4072 .
- OUTREACH LAB ID: 20040457 o

. Dear Mr. Weyaht-

Please find enclosed an amended analytical report for your samples recelved in our -
laboratory June 28, 2004 for the above captioned project. - ' :

U 4 The Total Solids number was reported instead -of the Percent Moisture number The :
correct results now appear on your report. Nothmg elsc has changed. I

AllQCis within control limits. The samples wﬂl be retumed as requested.

Thank you for choosing Outreach Laboratory and lf you have any questxons feel free to
call.

/
ODEQ ID #9517 | .
NRC ODEQ LIC. #27522-01 TR CERT. ID #0KO001 o

i




Kaiser Aluminum

Client:
Client Project: PA-4000-4072 Thorium Remed
Lab Number: 20040457 -
Date Reported: /52004
311 North Aspen Date Received: . 6/28/0_4\J
e P Toaia K 74012 Page Number: 10f2
FAX (918) 251-0008 .
Analytical Report
Method Result Units DL Prep Analysis  Analyst
Date Date
Lab ID: 20040457-01
Client ID: K-084
Date Sampled:  6/25/2004 2:45:00 PM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 0.694 +/- 0.077 pCig 0.219 6/28/2004 SD
Inorganics Analyses ’ '
Percent Moisture LOD 167 % 6/29/2004  6/30/2004 RT
Lab ID: 20040457-02
Client ID: K-085
Date Sampled:  6/25/2004 3:00:00 PM
Matrix: Soil
Radiochemical Analyses _
Th-232 " HASL 300 0.792 +/-0.153 pCi/g 0.398 6/28/2004 SD ~
Inorganics Analyses
Percent Moisture LOD 182 % 6/29/2004  6/30/2004 RT
Lab ID: 20040457-03
Client ID: K-086
Date Sampled:  6/25/2004 3:15:00 PM
Matrix: Soll
: Radiochemical Analyses .
 Th-232 HASL 300 222 +/-0.192 pCi/g 0.392 6/28/2004 SD
Inorganics Analyses
Percent Moisture LOD 16.8 % 6/29/2004  6/30/2004 RT
Lab ID: 20040457-04
Client ID: K-083
Date Sampled:  6/25/2004 2:30:00 PM
Matrix: Soil .
Radiochemical Analyses .
Th-232 HASL 300 0.593 +/-0.120 pCi/g 0.346 6/28/2004 SD
Inorganics Analyses
Percent Moisture LOD 18.1 % 6292004  6/30/2004 RT
~—

BDL = Below Detection Limit
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Outreach
Laboratory

Client:

Client Project:
Lab Number:
Date Rg’pé_rtéd:

Kaiser Aluminum
PA-4000-4072 Thorium Remed
20040457

71512004

{11 North Aspen © REpITTH
- S,r?g)egs l::_rg;/,.SOK 74012 ; : Date Received: 6/28/04
FAX (918) 251-0008 - | i Page Number: 20f2
i
R , v - g
' ; QCReport " -_. - ;
Parameter . Bask  LCS LCSD  ; _‘DUP MS MSD; = Date
' - Y%REC oppc Rpp-. —RPD-- - %REC - oppc - RPD
Am241 b 990 1030 "33 4 UTTTTU t., 612802004
Co-60 o 930 1000 .81 |- 62812004
Cs-137 : 960 . 980 16 T 6282004 <
i { s ‘ . ' .
Percent Moisture I PL7s 61302004
. : 17
T ‘
X o -
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BDL = Below Détection Limit ‘
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"Outreach
' Laboratory

«1 North

Aspen
oroken Arrow, OK 74012

(918) 251-2515
FAX (918) 251-0008

\(\46“‘( M\M&\ Y\- Q“H

= »/
July 6,2004 : f /M/U’W Jold ™

- - Kaiser Aluminum & Chemical

7311 E. 41st Street S
Tulsa, OK 74145 ) _ : o '

- Project: Kaiser Thorium Remediation PA-4000-4072

OUTREACH LAB ID: 20040472 4
Dear Mr. Weyant:
Please find enclosed the analytical report for your samples recelved in our laboratory -

July 1, 2004 for the above captioned pro;cct

Four soil samples were received in good condmon and analyzed for Th-232 by Gamma

.. .. Spec and Percent Moisture without drying and grmdmg wnh a 2 work day turn. Gamma ‘

| "Spec results were faxed on 7/03/04

Al QC is thhm control limits. The samples will be returned as requcsted

Thank you for choosing Outreach Laboratory and if you have any questlons feel free to -

call.

7,
//I /74

ODEQ ID #9517 R
NRC ODEQLIC. #27522:01 = “hiowmoies

CERT ID #0KO001

. 'Dadeeyant i . . pW

¢
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Client: Kaiser Aluminum
Client Project: PA-4000-4072
Lab Number: 20040472
Date Reported: 71612004
311 North Aspen Date Received:
Broken Amow, OK 74012 Page Number: 1of2
(918) 251-2515
FAX (918) 251-0008
Analytical Report
Method Result Units DL Prep Analysis  Analyst
Date Date -
Lab ID: 20040472-01
Client ID: K-094
Date Sampled:  7/1/2004 1:50:00 PM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 0.694 +/-0.104 pCi/g 0.334 7122004 SD
Inorganics Analyses
Percent Moisture LOD 193 % 7212004 7/6/2004 RT
Lab ID: 20040472-02
Client ID: K-095
Date Sampled:  7/1/2004 2:05:00 PM
Matrix: ~Soil
Radiochemical Analyses
Th-232 HASL 300 0.646 +/-0.116 pCi/g 0.366 7212004 SD
Inorganics Analyses
Percent Moisture LOD 202 % 71212004 7/6/2004 RT
Lab ID: 20040472-03
Client ID: K-096
Date Sampled:  7/1/2004 2:15:00 PM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 0.651 +/-0.110 pCi/g 0.415 7/2/2004 SD
‘ Inorganics Analyses
Percent Moisture LOD 159 % 7/2/2004 7/6/2004 RT
Lab ID: 20040472-04
Client ID: K-097
Date Sampled:  7/1/2004 2:30:00 PM
Matrix: . Soil
' Radiochemical Analyses
Th-232 HASL 300 1.02 +/-0.157 pCi/g 0.481 722004 SD
Inorganics Analyses
Percent Moisture LoD 131 % 71212004 7/612004 RT

BDL = Below Detection Limit



‘ fesd ~ © Client: _ Kaiser Aluminum
St | . | Client Project: PA-4000-4072
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BDL = Below Detection Limit




rz JUTREACH
LABORATORY

.311 North Aspen

Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008
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LA

CHAIN OF cUSTODY

Results To:
Lol AL
q18-3%Y -
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" Name AT, %Ao\o R . \AEvAA)L

CompanyﬁA}Mn_. Mlow § Ol T,
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[ C4
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PhoneZ2Y4 - TR -3 5T Fax# Q15 -TeM =37}

Bill To:

City~y O\ A State__o¥_ Zip7H My

ANALYSIS REQUESTED

PO # . e - Yo7 2 4 |conanen PRESERVATIVE /‘j '
SIZE # 4
PROJECT # PA - "t“‘“‘"’ ~ Uez o 1. HNOjpHQ . 2 i
\\ 3 N . . N 2. lce<d’C ;3 o L) _5__0- -
PROJECT NAME PN TRRYAV TN (6 AR P VS T | puasnic |3 HopHe VE Sl M o)
D A OR 4. H2804 pH<2 £ z = hal Y
REQUESTEB.JURNAROUND TIME _ 2 AY | 5 NoHpon | ] & -5 =
(ADDITIONA RGES PPLY) N GLASS P 3 gl N ~
(K¢ th\r N 3N P
SAMPLER YOSV (Se \AEVA R 2?_) o Z) ‘fé F : REMARKS
. Slgnature . .
:m 731?\\ s avl 22 AN 3 , A (LE. FILTERED, UNFILYERED,
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L ]
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) Y
Kooy [T} [Mex [} |y
W-odt [7-V Mg\, < /
¥
V=037 [9-{ Wzl L |} L /
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et
]
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_ s
/
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T R
== mkﬁﬁ?ﬁiﬁ / } AN ¥ S B, S 4
RELINQUISHED BY; oATE)=) o4 Ml T) § meceweD BY;/ DATEl-_l:sx:mMEJlL\’_ ? :*; HOHATORY
) ' - 5
‘RELlNOUlSHED BY:, _ DATE, TIME_ RECEIVED BY: DATE TIME i’;’-’
My signature on this chain of custody form indicates that | am authorized by the above company to release samples for analysis. The company agrees (o pay the entire balance upon feceipt
of sample data and it Is understood and agreed that any balance carried ovef thirty {30) days is subject to a 1.5% per month (18% per annum) late charge. I the event of default, the company
Recomes legally “y reasonable attomey and/of collection fees and all related Cosls necessary (o remit the entire balance to ¢ Technologles, inc. (Outreach Laboratory). ey T
SAMPLE RETUR SAL: All non-hazardous sampies shall be disposed of 30 days after issue of final report, All others will be re. ) at client’s axpense, . ﬁ?_:’;;:?;‘:-‘:?r
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Date Received: 7/2/2004 9:41:56

'SAMPLE LQGIN

Lab Number: 20040472

C

Due: 7/6/2004

Percent Moisture
Th-232 by Gamma Spec

Sample Client Date Container Container . -Custody  Seal
Number Sample ID " Matrix Sampled Type . Size Preservation Seal _Intact
2904b472401 A K-094 Soil 0_7/01704 Plastic 16 oz None No No
Percent Moisture
Th-232 by Gamma Spec
20040472-02 A K-095 Soil 07/01/04 Plastic 160z None No No
Percent Moisture A
Th-232 by Gamma Spec
20040472-03 A K-096 Soil 07/01/04 -  Plastic 16 0z None' No " No
~ Percent Moisture
" Th-232 by Gamma Spec
120040472-04 A K-097  Soil 07/01/04 Plastic 160z - None No  No

Page 1




CONTAINER INSPECTION : f :
# Coolers I Custody Seals Broken - Y " Temperature ld “_ Blue Ice / Wet Ice Radiation Survey fixed removable

SAMPLE INSPECTION
Custody Seals Broken - ¥/N  Chain of Custody Record Y/N Labels in Tact Y/N Radiation Survey Complete Y/N

Anomalles:

Inspected By: //%;1 . DATE__7 /2 A o

_DATE_ 27 /o2fov
TE7—2 -0/

QA or Designee Review:

Sample Custodian Review:

Project Notes:

Page 2
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- Q&7

( Outreach - - T |
Laboratory - 3 |
B ek 7401z December 30, 2005
(018) 25(-2515
FAX (018) 2510008
David Weyant
Kaiser Aluminum & Chemijcal

7311 E. 41st Street . . e
Tulsa, OK 74145 ‘

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LLAB ID: 20051029

Lt

Dear Mr. Weyant'

Pleabc fi nd enclosed the analytical report for your samples recewed in our laboratory on .
December 21 2005 for the above captioned project. Nine soil samples were received in °
good condition and analyzed by Gamma Spectroscopy without drying and grinding and
Percent Moisture with an expedited 5-work day tum. Results were faxed on 12/30/05.

All Quality Control for the requested analyscs is reported on the analytical report. The |
. laboratory control standard and. dupllcatcs for all analyses were within method control

\J ‘ _ " limits.
a Your samples will-be rcturned as requested.

Thank you for choosmg Outreach Laboratory and if you have any quesuons, plcasc call .
us al 918-251-2515. , :

A

. LaboratoryDjréctor

ODEQ ID #9517
DLQ LIC. #27522-01

CER] D #OKOO]



Client: Kaiser Aluminum
Client Project: Thorium Remediation
Lab Number:- 20051029
Date Reported: 12730/0$
Date Received: 1221
Page Number: 1 o\f‘r/
gfngkgnoﬁgwspe& 74012
(918) 251-2515
FAX (918) 251-0008 Analytical Report
Method Result Unlts DL Prep Aualysis  Analyst
Date Date
Lab ID: 20051029-01
Client ID: K-128
Date Sampled:  7/22/04 12:40:00 PM
Matrix: Soil
Radiochemical Analyses
Thorium 232 HASL 300 0.779 +/- 0,106 pCi/g 0.171 12/29/05 SD
Inorganics Analyses
Percent Moisture ASTM D2216-92 92 % 12/21/05 1228/05 RT
LabID: 20051029-02
Client 1D; K-132
Date Sampled:  7/26/04 4:10:00 PM
Matrix: Soil
Radiochemical Analyses
Thorium 232 HASL 300 0910 +/-0.153 pCi/g 0.148 1229/05. SD
Inorganics Anslyses R
Percent Moisture ASTM D2216-92 156 % 12/21/05 1228005 RT
Lab ID: 200510259-03
Client ID: K-182
Date Sampled:  8/13/04 11:40:00 AM
Matrix: Soit
Radiochemijcal Analyses
Thorium 232 HASL 300 0.955 +/- 0,198 pCi/g 0.175 12/29/05 SD
Inorganics Analyses
Percent Moisture ASTM D22]16-92 143 % 12/21/05 12/28/05 RT
Lab ID: 20051029-04
Cllent ID: K-088
Date Sampled:  6/29/04 3:22:00 PM
Matrix: Soil
. Rad{ochemical Analyses
Thorium 232 HASL 300 1.07 +/-0.177 pCug 0.184 12/29/0s SD
Inorganics Analyses
Percent Moijsture ASTM D2216-92 162 % 12/21/05 12728005 RT
Lab ID: 20051029-05
Client ID: K-090 _
Date Sampled:  6/29/04 3:35:00 PM
Matrix: Soil
Radlochemical Analyses

BDL = Below Detection Limit



Client: ' Kaiser Aluminum

" (.;‘,”, : : Client Project: : - Thorium Remediation
8%s) | Lab Number: 20051029
‘ . . Date Reported: 12/30/05
" Outreach g Date Recejved: A - 12/21/05
. bLabomtory » i s Page Number: S ' © - 20f3
311 North R
Broken Afrow. OK 74012
(918) 251-2515
FAX {918) 251-0008 Analytical Report
- Method - " Result Usis " DL Prep Analysis  Analyst
: Date Date
Thorium 232 HASL 300 0.801 +/-0.200 pCi/g* 0.174 12/29/05 SD
- BT . lnorganics Analyses 77 L .
Percent Moisture . _ASTMD2216-92 - 154 % T T 12721005  12728/05 RT
Lab ID: 20051029-06 . Lo
Client ID: K-091 . . e
Date Sampled;  6/29/04 3:40:00 PM
Matrix; Soil
Radiochemical Analyses
Thorium 232 HASL 300 0.737 +/-0.076 pCig 0.139 12/29/05 SD
. Inorganics Analyses
Percent Moisture ASTM D2216-92 143 % 12/21/05 1272805 RT
LabID: = - -20051029-07
Client ID: K-082
Date Sampled:  6/28/04 3:30:00 PM
v Matrix: Soil
Radlochemical Analyses .
Thorium 232 . HASL 300 0.781 +/-0.139 pCi/g 0.201 : 12/29/05 SD
Inorganics Analyses a
Percent Moisture ASTM D2216-92 110 % 12121/05  12728/05 RT
LabID: 20051029-08
Client ID: K-079
Date Sampled:  6/28/04 3:00:00 PM
Matrix: Soil
Radiochemical Analyses
Thorium 232 HASL 300 1.05 +/-0239 pCig . 0.323 12/26/05 SD
: Inorganics Analyses .
Percent Moisture ASTM D2216-92 125 % 12/21/05 12/28/0s RT
‘Lab ID: 20051029-09
Client ID: K-080
Date Sampled:  6/28/04 3:10:00 PM
Matrix: Soil : i
Radjochemical Analyses . ‘
Thorium 232 I:IASL 300 1.31+/-0.218 pCig 0.132 12/29/05 SD
Inorganics Analtyses ‘ ’
\ e Moisture ASTM D2216-92 138 % ’ 12221/05  12/28/05 RT

BDL =~ Below Detection Limit



Clienﬁ Kaiser Aluminum
Client Project: Thorjum Remediation
Lab Number: 20051029
Date Reported: 12/30/05
Date Received: 12121_’
Page Number: 3 o
a1 No
Broken Arow, OK 74012
1918) 251.2515
fAX (91B) 251-0008
QC Report
Parzmeter Blank 1LCS LCSD pup MS MSD Date
%REC w.Rgc RPD RPD AREC  wpgc RPD
Ac28 NC 1229/05
Am-241 830 90.0 86 12729705
Co-60 96.0 930 29 12729/08
Cs-137 94.0 94.0 03 12129108
Percent Moisture 18.4 12728008
Lab Approval: )
.

BDL = Below Detection Limit
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: l-Oll;treaczh . : .

aboratory o K | .
A:katw?egxuonz : RS B S& - "ll > K*S«S" L{L
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FAX (918) 251-0008

July 1, 2004 9; DL I oo !
‘David Weyant ‘ é 1208y
Kaiser Aluminum & Chemical -

"~ 7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20040455 e T

'Deaer Weyant, |

Please find enclosed the analytical report for your sample received i in our laboratory on’
June 28, 2004 for the above captioned project. Two filters were received in good
condition and analyzed on 6/29/04 for Gross Alpha/Beta. Results were faxed 6/30/04. - o
\J '~ -AlQCiswithinlimits. The samples will be returned as requested.

Thank you for choosing Outreach Laboratory and 1f you have any questions feel free to
call.

- y

ODEQID #9517 ' CERT. ID# OK001
NRC ODEQ LIC. #27522-01 :



BDL = Below Detection Limit

Client: Kaiser Aluminum
Client Project: PA-4000-4072 Thorium Remed

Outreach Lab Number: 20040455
laboratory Date Reported: 6/30/200.
%ﬁzg?";i:‘"f;"k?:& 74012 Date Received: 6/28/04
; B 351 Page Number: 1of1

Analytical Report
Method Result Units DL Prep Analysis  Analyst
Date Date

Lab ID: 20040455-01

Client ID: K-SS-041

Date Sampled:  6/25/2004 4:20:00 PM

Matrix: Filter

' Radiochemical Analyses

Gross Alpha EPA 900/9310 0.355 +/-0.466 DPM/F 0.360 6/29/2004 SD

Gross Beta EPA 900/9310 0.686 +/-1.51 DPM/F 1.58 629712004 SD

Lab ID: 20040455-02

Client ID: K-S§S-042

Date Sampled:  6/25/2004 4:22:00 PM

Matrix: Filter

Radiochemical Analyses
Gross Alpha EPA 900/9310 0.0 +/-0.406 DPM/F 0.475 6/29/2004 SD
Gross Beta EPA 900/9310 0.861 +/- 1.47 DPM/F 1.52 6/29/2004 SD
QC Report
Parameter Blank LCS LCSD DuUp MS MSD Date
%REC oREC RPD RPD  %REC  oREc RPD
Gross Alpha 0+/-0..17 84.0 820 1.7 NC 62912004
Gross Beta 0+/0.639 79.0 86.0 4.1 NC 6/29/2004
Lab Approval: %/
7r
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SAMPLE LOGIN

Date Received: 6/28/2004 10:38:4 Lab Number: 20040455 Due: 6/30/2004
Sample Client Date Container Container ' Custody  Seal
Number Sample ID Matrix Sampled Type Size Preservation Seal Intact
2004045501 A K-5S-041 Filter 06/25/04  Other N/A None Yes Yes
Gross Alpha/Beta
20040455-02 A K-S5-042 Filter 06/25/04 Other N/A None Yes Yes
Gross Alpha/Beta
CONT. INSPECTION
#Coolers ~ = Custody Seals Broken-Y/N  Temperature Blue Ice /WetIce . Radiation Survey fixed removable
SAMPLE INSPECTION
Custody Seals Broken - YIB? Chain of Custody Recor@N Labels in Tact @ Radiation Survey Completé;’ W{,ﬂ b&
Anomalles:
Inspected By: ﬂ; >d/ DATE @ / Z %?/

QA or Designee Review: DATE

Sample Custodian Reviews } L/ L &W«L DATE @7&?/ OL{

Project Notes:

Page |
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¢ FIGURE D-1 Embedded Structure Location Map
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¢ TABLE D-1 Embedded Structure Gross Alpha Scan Results

o Total Alpha Contamination Survey Data Conversion Form
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Attachment D, Figure D-1
Embedded Structure Location Map
Survey Unit Kaiser-FSS-007
Final Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

North

|

Trench

Wall @

24" concrete pipe( ~ 10’ long)

QP4000\PA4072VFSS Reports\Volume ASurvey Unit Kaiser-F$S-007\Attachment D\Figure D-1
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Alpha Scan MDC Calculation

Instrument Serial Number: 193686 ’ Cal. Due: : 5/4/2005
U Detector Serial Number: PR190485 Cal. Due: 5412005
Radiation Detected:  Alpha | <3 cpm
Probability of observing 2 or more counts: ' Probability of observing a single count:
(GE+B)a Y E2M —GEd
P(n=2)=1-(1+ e o ——
v P(n=1)=1-¢ 5
D G d E v B P
Date Activity Detector Instrument Scan Background | Probability
Width Efficiency Speed Countrate
(dpm) (cm) (cpm) (cm/s) (cpm) Q)
1 6/25/2004 330 11.7 0.1778 3.90 24 0.95
2
3
4
5
6
7
8
10
11
12
13
14
15
16
17
18
19
20
21
22
Comments:
Survey Unit Kaiser-FSS-007, 24" Concrete Pipe in S. Wall of Excavation
Prepared By: Date:
David B. Weyant 6/26/04
Reviewed By: Date:
\_/ Andrew J. Lombardo ' 6/26/04

Notes:

19 nskpment Elsicooy.is, e Arinstrmant SEISAE Y oipha scan soc
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Attachment D, Table D-1
Embedded Structure Gross Alpha Scan Results
Survey Unit Kaiser-FSS-007
Final Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

Survey Number:  KAISER-FSS-007 Instrument Serial Number: 193686 Cal. Due: 5/4/2005
Tech.DBW A Detector Serial Number PR190485 Cal. Due: 5/4/2005| -
e L T R E o T P (B Ao Sy S S T A L R R T e e O
Structure/Location Area Date welghted Bgrd Average
cpm cpm cpm (dpm/100cm?)

A ave (5 min) net
et T R i AT L LTV LN s LA e R Tt Lo ] LA o AL e T AR R B
I/S Concrete Pipe 6/25/2004 0 0 0 2.4 0
Notes:

1. The weighted cpm is determined by the surveyor. Since alpha counts (clicks on audible) are infrequent, and 1 count may equal 10 cpm,

the surveyor determines the "weightéd average”.
2. The acceptance criteria for Total Contamination is 944 dpm/1 00cm?. 10 cpm Is approximately 150 dpm/100cm2.

3. Scans are used to identify elevated area above the acceptance criteria.

4. Compliance is demonstrated by static counts and smear (sample) resuits.

Q:\P4000\PA4072\FSS ReportsiVolume NSurvey Unit Kalser-FSS-00T\Attachment D\Table D1 FSS-007 structure sipha scans



Total Alpha Contamination
Survey Unit Kaiser-FSS-007

Survey Data Conversion Form
Form ESC/HPM/M-3-2-2

Type of Radiation:

Date of Survey: 5/23/2004 Alpha
Instrument Serial #: 193686 Calibration Due Date: 51412005
Detector Serial #: PR190485 Calibration Due Date: 51412005
E; (Surface Efficiency): 0.25 E; (Insturment Efficiency): 0.1778
- |BKG Counts: 12 BKG Count Time (min): 5
Active Area of Detector Probe (cm?): 126 |MDC (dpm/100cm?): 68.3
Survey Point Gross Count |  Net Count Total 95% CL
Count Time | Gross Counts Rate Rate Contamination} Uncertainty
Location (min) (cts) (cpm) (cpm) (dpm/100cm?) | (dpm/100cm?)
Concrete-Pipe-1/S-Bottom 5 30 6.00 3.60 64.3 454
Concrete-Pipe-l/S-Top 5 13 2.60 0.20 3.57 35.0
Comments:
Concrete Pipe
Prepared By: Date:
David B. Weyant 6/26/2004
Reviewed By: Date:
Andrew J. Lombardo 6/26/2004
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom
Sub-Report No. EB-008
Survey Unit Kaiser-FSS-008
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation
March 22,2006

1.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-008, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the southwestern corner of the Retention Pond area. Survey
Unit Kaiser-FSS-008 is considered a Class 1 survey unit with an approximate surface area of 424
mZ. It is bounded to the south by Survey Units Kaiser-FSS-001, Kaiser-FSS-002, and Kaiser-
- FSS-005, to the east by Survey Unit Kaiser-FSS-007, to the north by Survey Unit Kaiser-FSS-
009, and to the west by the former freshwater pond non-impacted area (Figure 3).

Survey Unit Kaiser-FSS-008 consists of an excavation bottom surface soil with one side wall
(west wall). No elevated areas were left in-place, therefore, no eclevated measurement
comparisons were required for this unit. No embedded “structures” were encountered during the
removal of the radiologically-affected soil.

Q\P4000\PA40TZ\FSS Reports\Volume I'Survey Unit Kaiser-FSS-008\FSS-008Textdoc ] Revision 0
3/22/06



2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the excavation bottom and
western side wall surface soil of Survey Unit Kaiser-FSS-008. The final status survey consisted

of a gross gamma scan of the exposed surface soil of-the survcy unit and systematic soil
sampling.

2.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom and western side wall)
was surveyed through a 100 percent coverage gamma scan to confirm acceptable radiological
conditions and identify any elevated arcas. During the scanning of the soil, the detector was held
_close to the ground surface (1 to 2 inches) and moved in a serpentine pattern. Background
measurements were obtained at 1-meter above the ground surface at 13 approximately equal-
distant locations in the survey unit. The statistics for the 13 background measurements are
provided below in Table 1. Background measurements ranged from 13,499 counts per minute
(cpm) to 15,477 cpm.

Similar results were obtained for the gross gamma scan of the survey unit’s surface area. A total
of 1,276 measurements of gross count rate were made at one second intervals across the survey
-unit’s 424 m? area. The results ranged from 11,501 cpm to 19,078 cpm. A statistical summary
.of the 100 percent coverage gamma scan of the survey unit is provided below in Table 1.

Table 1 — Gross Gamma Scan Results Summary

Survey Area: 424 m*
Number of Scan

Measurements (1-Second 1,276
Intervals)

Scan Rate: 0.33m/s

(Swinging the detector a width (MARSSIM recommends
1

Results Summary. ‘ Background (Gross cpm) Scan (Gross cpm)
Minimum 13,499 11,501
Maximum 15,477 19,078

Average 14,559 B 15,258
Standard Deviation 589 : 1,091
Median 14,567 15,354

Contour maps of the gross gamma background and final (as-left condition) scanning survey
results are presented on Figure A-1 contained in Attachment A. The 100 percent coverage

gross gamma scan did not indicate the presence of small areas of elevated activity (above the
DCGLy for the site). :

Q:\P400C\PA4OTIESS Reports\Volume NSurvey Unit Kaiser-FSS-008FSS-008Text.doc 2, Revision 0
3/22/06




2.2 Systematic Soil Sampling — Excavation Bottom/Side Wall Surface Soil

The final status survey also consisted of systematic soil sampling based on a random start point
and an equal-distant triangular grid. The Minimum Number of Samples Required (N) based on
the scan MDC was determined to be 9 as documented on Soil Survey Unit Worksheet No. 1
(Attachment B). Once N was determined, the Survey Unit Area (A) of 424 m” along with the N
of 9 were used to calculate the Triangular Grid Node Length (L) of 7.4 meters and the Height of
the Equilateral Triangle (h) of 6.4 meters. A random start point was generated using the random
number feature of Excel and documented on Soil Survey Unit Worksheet No. 2 (Attachment B).

A layout of the soil sampling locations is provided on Figure A-2 contained in Attachment A.
The soil sampling locations were demarcated in the field using a GPS unit. A total of 9 soil
samples (identified as K-098 through K-106) were collected at the excavation bottom/side wall
surface (0-6-inch depth interval) level using a clean, decontaminated sampling auger or
sharpshooter shovel. The samples were forwarded to Outreach for analysis of Th-232 activity

concentration. Analytical results are provided below in Table 2. Analytical data reports are
contained in Attachment C.

- Table 2 — Systematic Soil Sample Results

Net
Soil - Gross Th-232 | Std. Error MDC Net Th-232 DCGL
Sample ID (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
K-098 1.12 0.116 0.409 0.02 3.0
K-099 0.892 0.148 0.445 0 3.0
K-100 0.988 0.164 0.402 0 3.0
- K-101 0.725 0.139 0.450 0 3.0
K-102 0.757 0.160 0.498 0 3.0
K-103 - 0.568 0.072 0.190 0 3.0
K-104 0.889 0.125 0.449 0 3.0
K-105 1.06 0.157 0.340 0 3.0
K-106 0.961 0.140 0.338 0 3.0
Average 0.884
Standard Dev. 0.175
Minimum 0.568
Maximum 112
Median 0.892

.All 9 systematic soil sample results (gross and net) were below the open land area surrogate

value of 3.0 pCi/g net Th-232 activity concentration (DCGLw). The maximum gross Th-232
activity concentration was 1.12 pCi/g, which fell slightly above the background Th-232 activity
of 1.1 pCi/g for the site. The average gross Th-232 activity concentration was 0.884 pCi/g. The
standard deviation of the 9 equal-distant samples was 0.175, which fell below the estimated
standard deviation of 0.42 (based on the adjacent land final status survey results) used to
calculate the minimum number of samples required.

Q:\P400C'PA4OTFSS ReportsiVolume NSurvey Unit Kaiser FSS-008\FSS-008Textdoc 3 Revision 0
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2.3 Wilcoxon Rank Sum (WRS) Testing

The analytical results for the systematic soil samples were evaluated using the procedure
contained in Appendix C, Volume I of this Final Status Survey Report (Wilcoxon Rank Sum
Test). The evaluation showed that the survey unit soil sample results meet the DP statistical
criterion based on the first statistical test as described below.

If the difference (0.71 pCi/g) between the maximum survey unit soil sample activity
concentration (1.12 pCi/g) and the minimum reference background area soil sample activity
concentration (0.41 pCi/g) is less than DCGLy (3.0 pCi/g), then the survey unit meets the release
criterion. Table 3 presents a summary of the data used to complete the statistical evaluation of

the survey unit.

Table 3 — Reference Group and Survey Unit Sample Results

Reference Th-232 Survey Unit Th-232
Group Sample ID (pCi/g) Group Sample ID (pCi/g)
R1 346 0.84 S1 - K-098 - 1.12
R2 123 0.57 S2 K-099 0.892
R3 369 1.21 S3 K-100 0.988
R4 355 0.96 S4 K-101 0.725
RS 236 1.14 S5 K-102 0.757
R6 330 1.22 'S6 K-103 0.568
R7 81 1.25 'S7 K-104 0.889 .
RS 372 1.06 S8 K-105 1.06
R9 36 0.41 S9 K-106 0.961
Average 0.96 ' Average 0.884
Std. Devy. 0.30 Std. Dev. 0.175
Minimum 0.41 Minimum 0.568
Maximum 125 Maximum 112
Median 1.06 Median 0.892
Q\PA0OO\PA4OTIFSS ReportsiVolume NSurvey Unit Kaiser-FSS-008FSS008Textdoc 4 Revision 0
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the southwestern corner of the Retention Pond
area resulted in an open land area consisting of an excavation approximately 424 m? in area.
This open land area, identified as Survey Unit Kaiser-FSS-008 is considered a Class 1 survey
unit. The survey unit is bounded to the south by Survey Units Kaiser-FSS-001, Kaiser-FSS-002,
and Kaiser-FSS-005, to the east by Survey Unit Kaiser-FSS-007, to the north by Survey Unit
Kaiser-FSS-009, and to the west by the former freshwater pond non-impacted area (Figure 3).
This section of the sub-report presents a summary of the final status survey findings and an
overall summation of fractions for the survey unit.

3.1 Excavation Bottom/Side Wall Surface Soil

The acceptance criterion for open land areas (pond parcel excavation bottom surface soil) at the
Tulsa facility is the DCGLw of 3.0 pCi/g net Th-232 activity concentration. Final status survey
activities for Survey Unit Kaiser-FSS-008 consisted of a gross gamma scan of the exposed
surface soil of the survey unit (excavation bottom and western side wall) and systematic soil
sampling. The results of the final status survey activities were as follows:

e The 100 percent coverage gamma scan (final as-left condition) did not indicate the
presence of small areas of elevated activity (above the DCGLy for the site). .
e All 9 systematic soil sample results (gross and net) were below the open land area
surrogate value of 3.0 pCi/g net Th-232 activity concentration (DCGLy).
o The analytical results meet the DP statistical cntenon based on the ﬁrst statistical
evaluation of the data (WRS Test procedure).

¢ No clevated areas were left in-place, therefore, no elevated measurement comparisons
were required for this unit. \

3.2 Sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSS-008 prior to backfill with clean import borrow
material, as a whole (excavation bottom/side wall surface soil, elevated areas, and embedded
structures), the fraction of each survey elements average net activity divided by the applicable
acceptance criteria is calculated for inclusion in the Sum of Fractions for the entire survey unit.
The Total Sum of Fractions for surface sml elevated areas, and embedded structures respectively
is presented below in Table 4. As prevxously mentioned, no embedded structures were
encountered within the survey unit and no elevated areas were left in-place for the survey unit.

Table 4 — Fraction of Applicable Acceptance Criteria per Survey Unit Element

Average
A Net Acceptance
Survey Unit Element Units Activity Criteria Fraction
-FSS-008 Excavation Bottom Soil pCi/g - .0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 0.00
-Embedded Structures (None Encountered) [ dpm/100cm® 0 0.00
TOTAL SUM OF FRACTIONS 0.00
QAP4000\PALOTZIFSS ReportstVolume NSurvey Unit Kaiser FSS-008\FSS-008Textdoc 5 Revision 0
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\_/ The Sum of Fractions provides a conservative assessment of the survey unit without backfill.
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-008 meets the
DP acceptance criteria. '

Q\P4000'PA4OTFSS ReportstVolome NSurvey Unit Kaiser-FSS-008FSS-008Textdoc . Revision 0
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Soil Survey Unit Work Sheet No. 1
Final Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-008

2. Description: __ Retention Pond Area, South of Survey Unit Kaiser-FSS-009

3. Net Th-232 Acceptance Criteria (pCi/g): 3.0

" 4, Dimensions (m): Excavation Bottom — Approx. 62 meters x 7 meters; Area, A (mz): 424

5. Estimate of Gross Gamma Scan Background Readings (cpm) .
Average: - 20,000 Minimum: 10,000 : Maximum: 50,000

6. Based on the maximum background gross gamma scan reading, the scan MDC (Minimum Detectable
Concentration of Th-232), the corresponding N (Minimum Number of Required Samples) and L (Triangular
Grid Node Length) for a standard 2,000 m? Class 1 survey unit are:

¢ Gross Gamma Scan MDC (pCi/g): 4.0

¢  Minimum Number of Samples (N): 9 Triangular Grid Node Length (L): 16.0 m

7. If the area of the Survey Unit is less than 2,000 m?, recalculate the corresponding Triangular Grid Node
Length (L;) for the Survey Unit Area (A), using the following formula: L; = (A/(0.866 x9))'*: _74m

8.If N is greater than 9 and the A is other than 2,000 m?, recalculate the corresponding Triangular Grid Node
Length (Ly) using the following formula L; = (A/(0.866 x N))'2; N/A

9.1f A is greater than 2,000 m® and N is equal to 9, recalculate the minimum number of samples (Ny)
corresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N; = A / (0.866 x
16%), Ny: _N/A

10. Calculate the height (h) of the equilateral triangle with side length equal to L (or (L;) using the following
formula: h = ((L* - (L/2))"*: 64 m. '

Q:\P4000\PA4OT2FSS ReponsiVolume I'Survey Unit Kaiser-FSS-008\Attachment B - Soil Survey Unit Workshoets\Soil Survey Unit Worksheet No. 1.doc



Soil Survey Unit Worksheet No. 2
Random Number Generator for Start Point

Final Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facllity

Kaiser Aluminum & Chemical Corporation

SURVEY UNIT: KAISER-FSS-008
RANDOM START POINT
x axis ( Meters) y axis ( Meters) X axis y axis

0 7 lower bound 0 0

} upper bound 62 7
2
S
>

_ North
(0,0) X axis

QAP4000PA4072\FSS ReportsiVolume NSurvey Unit Kaiser-FSS-008\itachment B - Soil Survey Unit Worksheets\Soil Survey Unit Worksheet No. 2
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July 19, 2004

‘ _Dav1d Weyant

Kaiser Aluminum & Chemrcal
7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium Remediation PA—4000-4072
OU'I'REACH LAB ID 20040509 :

. Dear Mr. Weyant: .

Please find enclosed the analytical report for your samples recelved in our laboratory
July 14, 2004 for the above captioned project.

Eight soil samples were received in good condition'and analyzed for Th-232 by Gamma

Spec and Percent Moisture without drying and grmdmg with a 2 work day turn per Paul  *

Handa. Gamma Spec results were faxed ontime. -
All QC is within control limits. The samples will be returned as requested

Thank you for choosing Outreach Laboratory and if you have any questlons feel free to
call.

CERT ID #0K001

ODEQ ID #9517
~ NRC ODEQ LIC. #27522-01
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Kaiser Aluminum

Client:
Client Project: Thorium Remediation PA4000-4072
‘Outreach Lab Number: 20040509
I.aboratory Date Reported: 7/16/2004
o orth Aspen 12 Date Received: Mneiok_J
5T 33 c0n Page Number o
Analytical Report -
Method Result Units DL Prep Analysis  Analyst
Date Date
Lab ID: 20040509-01
Client ID: K-098
Date Sampled:  7/15/2004 7:40:00 AM
Matrix: " Soil
‘ Radiochemical Analysés
Th-232 HASL 300 1.12 +/-0.116 - pCi/g 0.409 7162004 SD
Inorganics Analyses
Percent Moisture LOD 113 % 7/16/2004  7/1612004 RT
Lab ID: 20040509-02
Client ID: K-099
Date Sampled:  7/15/2004 7:45:00 AM
Matrix: Soil
Radiochemical Analyses ,
Th-232 HASL 300 0.892 +/-0.148 pCi/g 0.445 7/16/2004 SD e’
) Inorganics Analyses .
Percent Moisture LOD ’ 18.1 % 7/16/2004  7/16/2004 RT
Lab ID: 20040509-03
" Client ID: K-100
Date Sampled:  7/15/2004 7:50:00 AM
Matrix: Soil
Radiochemical Analyses .
Th-232 HASL 300 0.988 +/-0.164 pCi/g 0.402 7/16/2004 SD
Inorganics Analyses
Percent Moisture LOD ‘ 102 % 7/16/2004  7/16/2004 RT
" LabID: 20040509-04
Client ID: K-101
Date Sampled:  7/15/2004 8:00:00 AM
Matrix: Soil .
' Radiochemical Analyses
Th-232 HASL 300 0.725 +/-0.139 pCi/g 0.450 7/16/2004 SD
: Inorganics Analyses
Percent Moisture LOD 156 % 7/16/2004  7/16/2004 RT
S

" BDL = Below Detection Limit



‘ .‘" Client: Kaiser Aluminum
Client Project: Thorium Remediation PA4000-4072
‘Outreach Lab Number: 20040509
'.aboratory Date Reported: " 711612004
North ived: .
N o e
FAX (918) 251-0008
Analytical Report
. Method Result Units - ----- DL Prep Analysis  Analyst
Date Date
LabID: . 20040509-05
ClientID: . K-102
Date Sampled:~ 7/15/2004 8:10:00 AM T Ty
" Matrix: Soil
. Radiochemical Analyses . .
. Th-232 . HASL 300 0.757 +/-0.160° pCi/g 0.498 7/16/2004 SD
.. Inorganics Analyses
Percent Moisture LOD ‘ 100 % 7/16/2004  1/16/2004 RT
LabID: 20040509-06
Client ID: K-104
Date Sampled:  7/15/2004 8:20:00 AM
Matrix: Soil: -
A Radiochemical Analyses ‘
U'I‘h-232 HASL 300 0.889 +/-0.125 pCi/g 0.449 771612004 SD
L Inorganics Analyses
Percent Moisture LOD 116 % 7/16/2004  7/16/2004 RT
Lab ID: 20040509-07
Client ID: K-105
Date Sampled:  7/15/2004 8:28:00 AM
Matrix: Soll
Radiochemical Analyses
Th-232 HASL 300 1.06 +/- 0.157 pCi/g 0.340 7162004 SD
Inorganics Analyses
Percent Moisture LOD 206 % 7/162004  7/16/2004 RT
LabID: 20040509-08
ClientID: K-106
Date Sampled:  7/15/2004 8:35:00 AM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 0.961 +/-0.140 pCi/g 0.338 7/16/2004 SD
Inorganics Analyses
" Percent Moisture LOD ‘ 140 % 71612004  7/16/2004 RT
-/

BDL = Below Detection Limit




Client; Kaiser Aluminum
Client Project: Thorijum Remediation PA4000-4072
Lab Number: 20940509
‘ Date Reported: 7/16/2004
,g;gkg';m,( 73012 Date Received: 7116105/
18) 251-2515
FAX (918) 251-0008 Page Number: 30f3
QC Report
Parameter Blank LCS LCSD Dup MS MSD Date
“%REC oREC  RPD RPD “REC o REC RPD
Am-241 92.0 89.0 2.7 /1622004
Co-60 95.0 920 35 7/16/2004
Cs-137 98.0 97.0 13 7/16/2004
Percent Moisture 92 711612004
Th-232 NC - 71612004
Lab Approval:
R
\\‘-—/

BDL = Below Detection Limit
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RELINQUISHED BY:__ DATE, TIME RECEIVED BY e DATE. . TIME

My signature on this chain of custody form indicates that | am atthorized by the abovocompanytorduuump!ufoimdyth.MWWIgmnopcymonﬂnbalcncowonncdpt

ofsampl'c data and It Is understood and agreed that any balance carried over thirty (30) days Is subject to a 1.5% per month (18% pgramum) fate charge. In the event of default, the company
legalty fiable for any reasonable attomey and/or collection fees and all refated costs necessary to remit the entire balance to Outrsach Technologles, inc. (Outreach Laboratory).

becomes
SAMPLE RETURN/DISPOSAL: All non-hazardous samples shall be disposed of 30.days after lssue of final report. All others will be retimaed at cllent’s expense.’




Date Received: 7/16/2004 9:53:11

Sample Client
Number

Sample ID

SAMPLE LOGIN

Lab Number: 20040509

Date
Matrix Sampled

Container

Container

Type - . Size .

Preservation

Due; 7/16/2004

Custody  Seal
Seal Intact

20040509-01 A K-098
Percent Moisture
Th-232 by Gamma Spe¢

20040599-02 A K-_099
Percent Moistqrc

Th-232 by Gamma Spec N

20040509-03 A " K-100
Pcrccm:Moisturc
Th-232 by Gamma Spec

20040509-04A  K-101
Pkrgc_nt Moisture
Th-232 by Gamma Spec

20040509-05A - K-102°7

- Percent M.o_isture, .
- Th-232 by Gamma Spec
20040509-06A  K-104
- Percent Moisture
Th-232 by Gamma Spec

20040509-07 A - K-105
. Percent Moisture
Th-232 by Gamma Spec

20040509-08 A K-106

Soil 07/15/04;
Soil 07/15/04:

Soil - 0W/5/04;

o "3 .
-y .

Soil : 07/15/04"

A

e
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. e
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- Project Notes: - ; _ oo et wole moii T
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Percent Moisture
Th-232 by Gamma Spec

CONTAINER INSPECTION |
{

#Coolers ~

Custody Sea!s Broken - YN Temperature A"-lh ‘“’7‘ Blue Ice/ Wet Ice " Radiation Survey <300 fixed_

removable

SAMPLE INSPECTION e
Custody Seals Broken YIN - Chain of Custody Recor@/N Labels in Tact YIN Radlatlon Survey Complet@lN

3
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Outreach | o
Laboratory o d,j:)-. 7/ »ol>

i North Aspen fﬂ; . T
kea ot Sk a0t 7 [ol8¥
FAX (918) 251-0008 . le

\( ~ =3 )V\ - 1o%
July 21, 2004
Davnd Weyant .
" Kaiser Aluminum & Chemical
7311 E. 41st Street
Tulsa, OK 74145

Project: 'Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20040508

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory
July 15, 2004 for the above captioned project.

Two soil samples were received in good condition and analyzed for Th-232 by Gamma
Spec and Percent Moisture without drying and grinding with a 5 work day turn. Results
were faxed early.

All QC is within control limits. The samplés ﬁll be returned as requested.

Thank you for choosing Outreach Laboratory and if you have any questions feel free to
call. _

Laboratory, Di r

ODEQ ID #9517 . po——
NRC ODEQ LIC. #27522-01 CERT. ID #0K001



Outreach
Laboratory

*{ North

en Arrow, OK74OIZ

18) 251-2515 -

"’ FAX(918) 251-0008

Client:
Client Project:
Lab Number
Date Reported:

: . Date Reoewed:

' ol PageNumber

. Analytical Re;pofrt

Result Units ~~ DL

Prep
Date

~ Kaiser Aluminum

_ Thonum Remedxauon PA4000-4072

20040508
7120104
7/15/04
" 1of1

" Analysis

‘.Aru.xlyst'
. Date - ‘ '

: U’I‘h-232

_ LabID: 20040508-01 ' L ,
ClientID: . K103 -~ ! - T
Date Sampled:  7/14/04 1: ooooPM P : e
Matrix: Soll ' L o . P
; : f ; Radjochemfcal Analyses - - e
" Th-232 _HASL300, - - 0568+/-0072 pCilg - 0190 715/04 SD
-. - o lnorganim Analyses . . # B -
Percent Moisture LOD - . 14.2 % EE 7116/04 ;* RE i
_LabID: 20040508-02 -+ - oty
" Client ID: _ K-108 , 3 : !
DateSampled:  7/14/04 2:00:00 PM - LT ‘ .
‘Matrix: © Soll’ ‘ s SRR At \
- RS ‘Rﬁdlocherhichleﬁly'sec ol o, e
|+ CHASL300; - f: 12040139 pCig 0422 715104 ' SD
L Lo | ) Inorganlcs Analyses ; S o
Percent Moisture ' LoD | ; ; 16.2 % “7/16/04 . RE »
i L K ) : '

[

: N P QC Report e '
" Parameter ; . Blank LCS - .LCSD . | DUP ' MSD. - Date . .
Pl i . | %REC gpgc ,Rrpp. (- RPD .%REC  gpREc. RPD.
Am241 ; CTTTUT 900 1130 220 ¢ o ansmd .
' C6-60 ; o 910 ' 950 ' 45 ;i_.;:»ﬁ % nsP4
s 137 B P 950 1910 20 i} D NS4
P ‘ . i ' H H S ' R Vo , :
PaoemMastum T ’ ' ' ,.3.5 76104
. Th232 B T g AL 54
R T SRR
. : . 1 H : ' o _.4:‘ :
y A L T T !
i SR i P :
$ N : R
l A S R S S AR
S A S

i

BDL = Below Detection Limit .

'1 e

v N vl;,ab'ApproYval:




¢2 JUTREACH " CGHAINO: GusTODY - . o
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REUNQUISHED BY: : DATE_ TIME, RECE: EDBY: DATE TIME,

My signature on this chain of custody form indicales that | am authorized by the above company to rel ples for analysis. The company agrees 1o pay the entice balance upon receipt
ot&ampledauAndllgundmtoodandagxoadmaxmybmmwwormny(w)dayshmb}odwn1.5%pormonm(laxwmm)momm.lnmwmddmm.mommy
|, becomes legally ki ¥ reasonable attorney and/or coliection fees and all related costs necessary (0 remit the entire balance to 7 “Technologies, Inc. (Outreach Laboratory).

[:"S‘AMPLERETURNA. SAL: All notehazardous samples shall be disposed of 30 days after lssue of final report. All othars will be reh. atcliont's expense. -




C N

SAMPLE LOGIN
Date Received: 7/15/2004 10:58:4 : Lab Number: 20040508 Due: 7/22/2004
Sample Client Date Container Container Custody  Seal
Number SampleID . Matrix Sampled - Type Size Preservation Seal Intact
20040508-01 A K-103 Soil © 07/14/04 Plastic 16 oz “None Yes Yes
Percent Moisture
Th-232 by Gamnma Spec
20040508-02 A K-108 Soil 07/14/04 Plastic 16 oz None Yes Yes
Pefcégf Moisture -7
Th-232 by Gamma Spec
CONTAINER INSPECTION
# Coo!eﬁv“ﬂ%&{ Custody Seals Broken - Y@ Tempemturem Blue Ice / Wet Ice Radiation Survey JAD @ fixed___. . removable

SAMPLE INSPECTION

Custody Seals Broken - Y% Chain of Custody Recorc@N Labels in’ Tac@N Radiation Survey Complet@*l

"~ Anomalles:

Inspécted 3 -3
-._._———-/

QAor De ignee Review: |

Page 1





