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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
reinediation 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 (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 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 are
conducted through a progression of Class I 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 (in) 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 9 NO YES NO NO 0.00 YES

Kaiscr-FSS-003 80 9 NO YES NO NO 0.00 YES

Kaiser-FSS-004 107 9 NO YES NO NO 0.00 YES

Kaiser-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

Kaiscr-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-0!20 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-0!3 1,750 10 NO YES NO NO 0.00 YES

Kaiser-FSS-024 1,454 10 NO YES NO NO 0.00 YES

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

areis.

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 Exceedance WRS Test Elevated Embedded Total Sum Meets DP

Area Samples of DCGL Criterion Area(s) Structure(s) of Acceptance

Survey Unit (M2) 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-O0S 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* 9.3 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
removal of radiologically impacted soil.

kcmaerolocK or concrete retaining wallJ encountered aunng dic

Pond Parcel 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.
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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 () Soil Cores Samples Value Met Present Criteria

Kais.r-FSSB-001 2,220 11 28 NO YES NO YES

Kaisr-FSSB-002 2,405 12 17 NO YES NO YES

Kaisr-FSSB-003 1,709 11 37 NO YES NO YES

Kaisr-FSSB-004 1,647 9 33 NO YES NO YES

Kaiser-FSSB-005 1,716 9 34 NO YES NO YES

Kaiser-FSSB-006 2,177 12 44 NO YES NO YES

Kais :r-FSSB-007 1,381 9 44 NO YES NO YES

Kaisr-FSSB-008 1,431 9 45 NO YES NO YES

Kais~r-FSSB-009 1,840 9 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
area 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 Street 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-
thDrium 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 Remcdiation

Thie 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.

1.3.1 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 Creek 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 (DCGLW) 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
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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 (ft3) of clean off-site soil will
have been used to backfill the Pond Parcel excavations.

1.3.2 Former Operational Area (FOA) Description and Remediation

The DP identified the potential for radioactive material beneath 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.
Thie 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 exception 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, select 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).

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

* 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 area 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 Warehouse 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 beneath 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 DCGLW 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 site 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 site 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:

* Volume I - Pond Parcel Excavation Bottom Survey Units
* Volume II - Former Operational Area Excavation Survey Units
* 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 area of survey, applicable
acceptance criteria and survey protocols, and a summary of survey results as well as
supporting figures, tables, and attachments.

1.4.1 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)
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 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.

1.4.3 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.

I.A.4 Documentation of As-Left Condition and the Completion 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 II - Former Operational Area Excavations

Survey Units Kaiscr-FSSFOA-001 through Kaiser-FSSFOA-009
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 Former Operational Area
(FOA) excavation final status survey activities completed as part of the Thorium Remediation
Project at the Tulsa, Oklahoma facility (Figure 1). Final status surveys associated with the FOA
excavations are being conducted through a progression of Class I 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.

Final status surveying and reporting have been completed for all 9 FOA excavation survey units
(Survey Units Kaiser-FSSFOA-001 through Kaiser-FSSFOA-009) (Figure 3). This volume of
the Final Status Survey Report contains 9 individual sub-reports (EB-031 through EB-039), each
documenting the final status survey results for a particular survey unit. Sub-Reports EB-033,
EB-037, and EB-038 document the final status survey results for Survey Units Kaiser-FSSFOA-
003, Kaiser-FSSFOA-007, and Kaiser-FSSFOA-008, structural retaining walls encountered
during the removal of radiologically impacted soil located adjacent to these structures. The
structural surface of each retaining wall constituted a survey unit and as such was systematically
scanned and sampled per the final status protocols for structures. All additional embedded
structures are included as part of the open land area survey unit sub-reports. Sub-Reports EB-
031 (Survey Unit Kaiser-FSSFOA-001), EB-032 (Survey Unit Kaiser-FSSFOA-002), EB-034
(Survey Unit Kaiser-FSSFOA-004), EB-035 (Survey Unit Kaiser-FSSFOA-005), EB-036
(Survey Unit Kaiser-FSSFOA-006), and EB-039 (Survey Unit Kaiser-FSSFOA-009) document
the final status survey results for open land areas (FOA excavation bottom surface soil) resulting
from the removal of radiologically-impacted soil from impacted portions of the FOA. These
open land area survey units are considered Class 1 survey units with surface areas generally less
than 2,000 m2 .

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
summary of findings relative to the final status survey of FOA excavation Survey Units Kaiser-
FSSFOA-001 through Kaiser-FSSFOA-009 (Chapter 5.0). Supporting appendices to this
volume of the Final Status Survey Report include the following:
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* Appendix A - Survey Instrument Quality Assurance/Quality Control (QA/QC)
Documentation

* Appendix B - Chapter 14.0 of the Decommissioning Plan (September 2005 Revision)
* Appendix C - Evaluation of Survey Unit Analytical Results, Wilcoxon Rank Sum Test
* 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 DCGLw 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 (ADCLw).
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 DCGLEMC 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:

* Excavation Bottom Surface 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.

* Excavation Bottom Surface Soil DCGLEMC - 37.5 net pCi/g of Th-232 over 1 in2.
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.

* Below Criteria Material (BCM) ADCLEMC - 87.5 net pCi/g of Th-232 over I in2.
Additional values are provided for increasing survey areas. Inputs/assumptions are the
same as BCM except for area.

* Structure Surface Total Contamination GA-DCGL - 944 net dpm/100cm2 gross alpha
over 100 m2. Inputs/assumptions include 100 m2 of surface area and a removable
fraction of 0.1.

. Structure Surface Removable Contamination GA-DCGL - 94.4 net dpm/l00cm2
gross alpha over 100 M2 . Inputs/assumptions are the same as structure surface total
contamination.

* Structure Surface Total Contamination GA-DCGLEMC - 92,700 net dpm/100cm2

gross alpha over 1 mi2 . Inputs/assumptions are the same as structure surface total
contamination except for area.

* Structure Surface Removable Contamination GA-DCGLEMC - 9,270 net dpm/l 00cm2

gross alpha over 1 m2. 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
area 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 DCGLEMC values
applicable to the open land areas of the site area are calculated by multiplying the DCGLw by the
area factors presented in Table 3-1. DCGLEmc values are presented in Table 3-2.

DCGLEMC = Area Factor * DCGLW

Table 3-1 - Open Land Arcas Area Factors

Area Factors

Radio- I m 3 lOm 2  30 M2  IOnm2  300 m2  1,000 m2  3,000 m2  10,000m2

nuclide (11 ft ) (32 ft2) (108 f62) (323 ft2) (1076 ft ) (3,229 112) (10,764 ft) (32,292 ft2) (107,639 ft )
Th-232 12.5 6.2 3.2 2.3 1.8 1.5 1.0 1.0

Table 3-2 - DCGLEMC Values for Open Land Areas

DCGLE C (Pci/g)

Radio- 1 m2  3 m2  10 n2  30 M2  loom2  300 m2  1,000 2  3000 In2  10,000 m2

nuclide (11 ft ) (32 2) (108 fl2) (323 fR2) (1,076 ) (3,229 fl2) (10,764 R2 ) (32,292 fl2) (107,639 fl2)
Th-232 37.5 18.6 9.6 6.9 5.4 4.5 3.3 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 area factors presented in
Table 3-1 and the results are presented in Table 3-3.

ADCLEMC= 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 - ADCLEMIC Values for Pond Parcel BCM Units

ADCLENC (PCi/
2 2 2 2 2 2 00 2

Radio- I m 3 m lom 30m 100m 300 m2 1,000 m2  3,000 m2  
l ,ooom

nuclidc (11 ft2) (32 ft2) (108 ft2 ) (323 ft2 ) (1,076 ft2) (3,229 ft0) (10,764 ft ) (32,292 ft ) (107,639 ft
Th-232 87.5 43.4 22.4 16.1 12.6 10.5 7.7 7.0 7.0

3.4 Structures Acceptance Criteria

For surveys of structures remaining onsite, 944 dpm/100cm2 of total alpha contamination is the
applicable GA-DCGL value. Table 34 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-DCGLEMC values are calculated by multiplying the GA-DCGL by the area factors presented
in Table 34 and the results are presented in Table 3-5.

GA-DCGLEmc = Area Factor * GA-DCGL

Table 34 Structures Area Factors

Table 3-5 GA-DCGLEMc Values Structures

DCGLEMc dpm/lOOcm 2)

GA- 1 m2  2 m2  3 m2  4 m2  5 m2  10 m2 20m2  30 m2  I Ioom 2

DCGL 9.27E+04 4.64e+04 3.1IE+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 cm2 of surface area 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 0 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.e., 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 elevated 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 (N/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
(Ala). 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:

-A
O.866N

In the above equation, A 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 Excele. Sample points are identified in the field by flags or
other means using a global positioning system (or equivalent locating tool) to locate each grid
node.

The routine method (of determining ) 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
Section 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:

AreaFactor = ScanMDC(aclual)
DCGLW

(Depending on the survey unit, DCCL or GA-DCGL is substituted for DCGLW in the above
equation.) The size of an area of elevated 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 alternate number of sample locations NJ. If N, exceeds the
value assigned to N, an alternate spacing LI for the systematic sampling grid is calculated using
the equation:

A=A
0.866N,

The corresponding height (h) of the equilateral triangle with side length equal to L (or LI) is
calculated using the following formula: h = ((L2 - (1J2)2 )1 2.

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 Type I (false negative) and Type II (false positive) errors using the following
MARSSIM equation:

MDCRS = MDCR

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 MDCRs calculation and, therefore, will be used), and £ is the instrument efficiency
(cpm per iR/hr; Table 6.4 of NUREG-1507). In addition:

MDCR =s (60
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Si = d 'a;

where si (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 b1 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 Detectors'

C Scan MDCc
Bkg i P (cpm per D' S MDCR MDCRs

(cpm) (sec) - pR/hr) - (counts) (ncpm) (ncpm) C R/hr pCi/g

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

C. Scan MDC (pR/hr) = MDCRs/eand Scan MDC (pCilg) = (MDCRse)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 cm2. 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 Model 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 [I (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

P(n1)= -e 60v

where:

P(n 2 1) =
G =

I* =
cd

probability of observing a single count,
activity (dpm),
47r detector efficiency (cpd),
width of detector in direction of scan (cm), and
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 47n
detector alpha efficiencies of the instruments used. The resulting values of G (dpm) are
significantly below the GA-DCGL value of 944 dpm/l OOcm 2.

Table 4-2 Typical Structure Scan MDCs for Gross Alpha Detection
G d E v P

Wdpm) (cm) (cpm) (cm/s) (-)
380 11.7 _ 0.1618 3.90 0.95

550 11.7 0.1618 5.9 0.95
720 11.7 0.1618 7.80 0.95
1080 11.7 0.1618 11.7 0.95

K4'
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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 equations have been modified to convert to units of dpm/100 cm2. 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
NURE]G-1507, Equation 6-7 (Strom & Stansbury, 1992):

3+3.29 Br*It*(1+ )

MDCstatic =

t3*E,, Aoo

where:

A4DCg~ti,=
BR =
t13.

t.;
A -

40Et

minimum detectable concentration level in dpm/l 00 cm2,
background count rate in counts per minute,
background count time in minutes,
sample count time in minutes,
detector probe physical (active) area in cm2, and
total detector efficiency for radionuclide emission of

Ei x Es,
where:

Ei = 27n instrument efficiency in counts per disintegration (cpd) and
Es = source (or surface contamination) efficiency.

Note: Es values can be determined or the default values provided in NUREG-1 507 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 Alpha Static MDC

Background Static Detector
Gross Alpha Background Measurement Total Probe
Count Rate Count Time Count Time Detector Area Static MDC

(cpm) (min) (m) Efficiency (cm2) (dpm/ 00cm2)
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.e., 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 LC (and thus "not detected") established for each analysis.

4.4 Open Land Area Survey Protocol

4.4.1 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 DGCLW, 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 areas). 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 I survey units, the investigation level is the derived
concentration guideline elevated measurement criteria (DCGLEmc) value for the area scanned.
The DCGLEMc values applicable to the open land areas of the site are calculated by multiplying

Q:\P4000\PA4072\FSS RqportsortextChapter4 revised.doc 4-6 Revision 0
3/22/06



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 m2) 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
piR/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
DCGIEMC) and complete survey units with activity concentration greater than the DCGLW (Fail
DCGIJw). The CF's 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 4-5 - Open Land Areas Scan MDC and Threshold Values
A CF Scan Fail Fail

Area DCGLEmc B (pCi/g / MDC DCGLEmc DCGLw
(np) i/0g) (cp@.) g1R/h) (pCi/g) (ncpm) (ncpm)

0.25 N/A 50,000 0.99 4.0 N/A 2,515
l 37.5 50,000 0.62 2.5 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, decontaminated 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 Use 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, are 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 rn2) 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 which they reside. The
second type of structure is the large surface area (approaching 100 M2 ) 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/lOOcm2 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 areas 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 (NaI) 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 determine the total alpha contamination
(in units of dpm/l100cm2). Smear samples representing 1OOcm2 areas are also collected at the
same sample point location to assess removable alpha contamination (in units of dpm/I00cm2).
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/l00cm2. 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
gamraa 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 (DCGLEMC) value for the area scanned.
The I)CGLEMC values applicable to the BCM survey units are calculated by multiplying the
ADCL by the area factors presented in Chapter 3.0. ADCLEMc values are also presented in
Chapter 3.0.

The scan MDC and the scanning thresholds in measurement units of net counts per minute
(ncprm) are calculated in accordance with MARSSIM and NUREG-1507. These values are
summarized below in Table 4-6 for a maximum background of 50,000 cpm and increasing
survey areas (A). The first line (A = 0.25 m2) 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
ItR/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
DCGLEMC) and complete surveys units with activity concentration greater than the DCGLw (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

Area ADCLEMc B (pCi/g / MDC ADCLEMc DCCL
(n (pCi/g) | p) mR/h) (pCi/g) (ncpm) (npm)
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 43.4 150,000 0.51 3.6 70,495 50,516
I 0 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

1W00 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 Core 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:

* 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 II of the Final Status Survey Report presents a summary of the final
status survey findings and an overall summation of fractions for each FOA excavation survey
unit.

5.1 Structural Surfaces - Survey Units Kaiser-FSSFOA-003, Kaiser-FSSFOA-007, and
Kaiser-FSSFOA-008

Final status survey activities for Survey Units Kaiser-FSSFOA-003, Kaiser-FSSFOA-007, and
Kaiser-FSSFOA-008, structural retaining walls, consisted of a gross gamma scan of the exposed
concrete/cinderblock surface of each survey unit and systematic measurements of total and
removable alpha contamination. The results of the final status survey activities were as follows:

* The 1 00 percent coverage gross alpha scan of the structural surface for each survey unit
did not indicate the presence of small areas of elevated activity (above the DCGL-GA for
the site).

* The systematic measurements of total alpha contamination for each survey unit were
below the DCGL-GA of 944 dpm/l 00cm2.

* The smear sample results for each survey unit were below the DCGL-GA of 94.4
dpm/l00cm2 for removable alpha contamination.

* The total alpha contamination results for each survey unit met 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 measurements were required
for these units.

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-FSSFOA-001, Kaiser-FSSFOA-002, Kaiser-
FSSFOA-004 through Kaiser-FSSFOA-006, and Kaiser-FSSFOA-009

Final status survey activities for open land areas Survey Units Kaiser-FSSFOA-001, Kaiser-
-FSSFOA-002, Kaiser-FSSFOA-004 through Kaiser-FSSFOA-006, and Kaiser-FSSFOA-009
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:

* The 100 percent coverage gamma scan (final as-left condition) of Survey Units Kaiser-
FSSFOA-00l, Kaiser-FSSFOA-002, Kaiser-FSSFOA-004, Kaiser-FSSFOA-005, and
Kaiser-FSSFOA-009 did not indicate the presence of small areas of elevated activity
(above the DCGLW for the site).

* 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).

* 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).

* An elevated area was left in-place for Survey Unit Kaiser-FSSFOA-006; therefore, an
elevated measurement comparison was required for this unit.
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* Embedded structures were encountered and left in-place for Survey Units Kaiser-
FSSFOA-004, Kaiser-FSSFOA-005, and Kaiser-FSSFOA-006.

A summary of the final status survey results by survey unit is provided below in Table 1.

5.3 Sum of Fractions

To evaluate the status of each survey unit 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 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-FSSFOA-001
through Kaiser-FSSFOA-009 meet the DP acceptance criteria.

Table 1- FOA Excavation Final Status Survey Summary by Survey Unit

Systematic
No. of Sample Survey Unit

Surface Systematic Exceedance WRS Test Elevated Embedded Total Sum Meets DP
Area Samples of DCGL Criterion Area(s) Structure(s) of Acceptance

Survey Unit () 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 NIA 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* 9.3 14 NO YES NO N/A 0.09 YES

Kaiser-FSSFOA-009 19.5 10 NO YES NO NO 0.00 YES
* Sunrey unit consists of a structure (cinderblock or concrete retaining wall) encountered during the removal of
radiologically impacted soil.
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Final Status Survey Report
Volume II - Former Operational Area

Sub-Report No. EB-031
Survey Unit Kaiser-FSSFOA-001

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of Former Operational Area (FOA) excavation 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-FSSFOA-001, an open land area (FOA excavation surface soil) resulting from the
removal of radiologically-affected soil from the northwestern portion of the FOA. The survey
unit is situated northwest of the Maintenance Building, northeast of the North Extrusion
Building, and south of the Union Pacific Railroad right-of-way (Figure 3). Survey Unit Kaiser-
FSSFOA-001 is considered a Class 1 survey unit with an approximate surface area of 228 rn2 .

Survey Unit Kaiser-FSSFOA-001 consists of an excavation bottom surface soil with three side
walls, (north wall, east wall, and west wall). 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", a 24-inch diameter storm drain line, was
encountered. The storm drain line piping was removed (and disposed as a radiological waste) to
facilitate the excavation of radiologically-affected soil located beneath it. The drain line was
ultimately replaced with new piping.
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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,
northern side wall, eastern side wall, and western side wall surface soil of Survey Unit Kaiser-
FSSFOA-001. 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,
eastern 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 pattern. Background measurements were obtained at 1-meter above the ground
surface at 25 approximately equal-distant locations in the survey unit. The statistics for the 25
background measurements are provided below in Table 1. Background measurements ranged
from 6,887 counts per minute (cpm) to 14,092 cpm moving south to north across the survey unit.
The scan results increase as the surveyor moves closer to impacted material located to the north
of the survey unit (pond parcel).

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 2,351 measurements of gross count rate were made at one second intervals across the survey
unit's 228 m2 surface area. The results ranged from 6,837 cpm to 18,945 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: 228 m2l
Number of Scan
Measurements (1-Second 2,351
Intervals).
Scan Rate: 0.10 m/s
(Swinging the detector a width (MARSSIM recommends
of 1-meter side to side) 0.5m/s)

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 6,887 6,837
Maximum 14,092 18,945
Average 9,457 11,087

Standard Deviation 1,618 1,724
Median 9,316 10,782

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
DCGLw for the site). As part of the gross gamma survey, two biased soil samples (K-471 and
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K-503) were collected at locations exhibiting high scan rates on the western side wall (Figure A-
2, Attachment A). In addition, four biased soil samples (K-466 through K-469) were collected
at equal-distant locations along the excavation bottom relative to the position of the removed
drain line (Figure A-2, Attachment A). The biased soil samples were screened on-site in a lead
cave. Results of the sample screening are presented below in Table 2. The sample screening
levels were below the DCGLw for the site.

Table 2 - Biased Soil Sample Screening Results

Gross Th-232 Std. Error MDC
Soil Sample ID (pCi/g) (pCi/g) (pCi/g)
DCGrLw 3.0
Site Background 1.1 0.3
K466 1.35 0.950 1.52
K-467 0.524 0.978 1.52
K-468 1.49 0.875 1.52
K-469 1.55 0.882 1.52
K-471 1.09 0.859 1.56
K-503* 2.32 0.161 0.550
*Ana-lyzed by Outreach.

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 228 rn2 along with the N
of 9 were used to calculate the Triangular Grid Node Length (L) of 5.4 meters and the Height of
the Equilateral Triangle (h) of 4.7 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-3 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-435 through K-443) 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 (pCig) (pCi/g) (pCiKg) (pCi/g) (pCi/g)

K-435 0.826 0.100 0.420 0 3.0
K-436 1.04 0.113 0.251 0 3.0
K-437 1.54 0.162 0.574 0.44 3.0
K-438 0.716 0.080 0.352 0 3.0
K-439 1.08 0.114 0.396 0 3.0
K-440 1.09 0.096 0.238 0 3.0
K-441 0.911 0.130 0.475 0 3.0
K-442 0.679 0.099 0.403 0 3.0
K-443 0.649 0.084 0.318 0 3.0

Average 0.948
Standard Dev. 0.280

Minimum 0.649
Maximum 1.54 '
Median 0.911

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 1.54 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 equal-distant samples was 0.280, 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 (0.70 pCi/g) between the maximum survey unit soil sample activity
concentration (1.54 pCi/g) and the minimum reference background area soil sample activity
concentration (0.84 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)

RI 235 1.18 S1 K-435 0.826

R2 268 2.32 S2 K-436 1.04
R3 66 0.84 S3 K-437 1.54
R4 319 1.31 S4 K-438 0.716

R5 173 0.86 S5 K-439 1.08
R6 227 2.25 S6 K-440 1.09
R7 298 1.38 S7 K-441 0.911

R8 150 1.50 S8 K-442 0.679
R9 255 1.42 S9 K-443 0.649

= Average 1.45 _ Average 0.948

Sd. Dev. 0.53 Sd. Dev. 0.280
_ Minimum 0.84 Minimum 0.649

Maximum 2.32 Maximum 1.54

Median 1.38 _ Median 0.911

KJ/
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the northwestern portion of the FOA resulted in
an open land area consisting of an excavation approximately 228 m2 in area. This open land
area, identified as Survey Unit Kaiser-FSSFOA-001, is considered a Class 1 survey unit. The
survey unit is situated northwest of the Maintenance Building, northeast of the North Extrusion
Building, and south of the Union Pacific Railroad right-of-way (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 (FOA excavation surface soil) at the Tulsa facility is
the I)CGLw of 3.0 pCi/g net Th-232 activity concentration. Final status survey activities for
Survey Unit Kaiser-FSSFOA-001 consisted of a gross gamma scan of the exposed surface soil of
the survey unit (excavation bottom, northern side wall, eastern side wall, and western side wall)
and systematic soil sampling. The results of the final status survey activities were as follows:

* 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).

* 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 analytical results meet 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 comparisons
were required for this unit.

3.2 Sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unjt Kaiser-FSSFOA-001 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 or elevated areas were left in-place for the survey unit.

Table 5 - Fraction of Applicable Acceptan ce Criteria per Survey Unit Element
Average

Net Acceptance
Survey Unit Element Units Activity Criteria Fraction

-FSSFOA-001 Excavation Surface Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 0.00
-Embedded Structures (None Left In-Place) dpm/l00cm 0 0.00
TOZAL SUM OFFRACTIONS 0.00
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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-FSSFOA-001
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-FSSFOA-001

2. Description: Former Operational Area, North of Survey Unit Kaiser-FSSFOA-004

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

4. Dimensions (m): Excavation Bottom - Approx. 25 meters x 9 meters; Area, A (m2): 228

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 m2 Class I 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 m2, recalculate the corresponding Triangular Grid Node

Length (LI) for the Survey Unit Area (A), using the following formula: LI = (A/(0.866 x 9 ))'V: 5.4 m

8. If N is greater than 9 and the A is other than 2,000 n2 , recalculate the corresponding Triangular Grid Node

Length (LI) using the following formula LI = (A/(0.866 x N))"2: N/A

9. If A is greater than 2,000 m2 and N is equal to 9, recalculate the minimum number of samples (NI)

corresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N, = A / (0.866 x

1.62), NI: N/A

10. Calculate the height (h) of the equilateral triangle with side length equal to L (or (LI) using the following

formula: h = (([2 - (L12)2)"2: 4.7 m.
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I 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-FSSFOA-001

RANDOM START POINT

I
x axis ( Meters) y axis ( Meters)

9 1 6 1
111� m 111

lower bound
upper bound

1
co

(0, 0)
North

x axis
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Outreach
Labor atoy January 25,2005 ( I e -

I 1 Nort Aspen
Broken Arrow, OK 74012 David Weyant *
FAX(918) 2Z5S1- 3 Kaiser Aluminum & Chemical 8 >J')

7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium. Remediation PA-4000-4072
OUTREACH LAB ID: 20050056

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
January 18, 2004 for the above captioned project. Nine soil samples were received in
good condition and analyzed for Th-232 by Gamma Spectroscopy without drying and
grinding and Percent Moisture with an expedited 5 work day turn. Results were faxed
1/25/05.

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

Your samples will be returned as requested.

Thank you for choosing Outreach Laboratory and if you have any questions, please call
us at 918-251-2515.

Laboray tor

ODEQ ID #9517 gA ACC o,?
DEQ LIC. #27522-01\

CERT. ID #OK001
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Outreadc
'aboratoiy

Q.,-k I North Aspen
tsroken Arrow, OK 74012
(918) 251-2515
FAX (918) 251 -0008

* Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050056
1/25/2005

1/18/05
I of 3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:

Date Sampled:
Matrix:

20050056-01

K-435

1/17/2005 10:40:00 AM
Soil

Ac-228 HASL 300
Radiochemical Analyses

0.826 +/- 0.100 pCi/g

Inorganics Analyses
92 11.7 %

0.420 1/18/2005 RE

Percent Moisture ASTM D2216-! 1/19/2005 1/20/2005 RT

Lab ID:

Client ID:
Date Sampled:

Matrix:

20050056-02
K436
1/17/2005 10:55:00 AM

Soil

Ac-228 HASL 300
Radiochemical Analyses

1.04 +/- 0.113 pCi/g

Inorganics Analyses
0.251 1/18/2005 RE

Percent Moisture ASTM D2216-92 11A % 1/19/2005 1/20/2005 RT

Lab ID:
* Client ID:

Date Sampled:

Matrix:

20050056-03

K437
1/17/2005 11:10:00 AM

Soil

Ac-228 HASL 300
Radiochemical Analyses

1.54 +/- 0.162 pCilg

Inorganics Analyses
92 15.7 %

0.574 1/18/2005 RE

Percent Moisture ASTM D2216-' 1/19/2005 1/20/2005 RT

Lab ID:

Client ID:
Date Sampled:

Matrix:

Ac-228

20050056-04
K-438
1/17/2005 11:25:00 AM

Soil

Radiochemical Analyses
0.716 +/- 0.080 pCi/gHASL 300 0.352 1/18/2005 RE

Inorganics Analyses
ASTMD2216-92 24.5 %Percent Moisture 1/19/2005 1/20/2005 RT

BDL = Below Detection Limit



Outreach
kaboratoiy

I North Aspen
.,roken Arrow. OK 7401 2
(918) 251-Z515
FAX (918) 25 1-0008

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050056
1t25/2005

1/18/05
2of3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050056-05
K-439
1/17/2005 11:40:00 AM
Soil

Radiochemical Analyses
HASL300 1.08+/-0.114 pCi/g

Inorganics Analyses
ASTM D2216-92 12.6 %

Ac-228

Percent Moisture

0.396 1/18/2005 RE

1/19/2005 1/20/2005 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050056-06
K-440
1/17/2005 11:55:00 AM
Soil

Ac-228 HASL 300
Radiochemical Analyses

1.09 +/- 0.096 pCi/g
Inorganics Analyses

92 14.2 %

0.238 1/18/2005 RE

Percent Moislure ASTM D2216-! 1/19/2005 1/20/2005 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Ac-228

Percent Moisture

20050056-07
K441
1/17/2005 12:10:00 PM
Soil

Radiochemical Analyses
HASL 300 0.911 +/- 0.130 pCi/g

Inorganics Analyses
ASTM D2216-92 9.7 %

0.475 1118/2005 RE

1/19/2005 1/20/2005 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050056-08
K-442
1/17/2005 12:25:00 PM
Soil

Ac-228 HASL 300
Radiochemical Analyses

0.679 +/- 0.099 pCi/g
Inorganics Analyses

92 14.5 %

0.403 1/18/2005 RE

Percent Moisture ASTM D2216-! 1/19/2005 1/20/2005 RT

BDL - Below Detcction Limit
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311 North Aspen
Broken ArTroW OK 74012
(918) 251-2515
FAX (918) 251-0008

* Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050056
1/25n2005

1/18/05
3of3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050056-09
K-443
1/17/2005 12:40:00 PM
Soil

Ac-228 HASL 300
Radiochemical Analyses

.0.649 +/- 0.084 pCi/g
Inorganics Analyses

92 9.8 %

0.318 1/18/2005 RE

Percent Moisture ASTM D2216-! 1/192005 1/20t2005 RT

QC Report

Parameter Blank LCS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RPD

Ac-228 0.9 1117M2UMS

Amn-241

Co-60

Cs-137

Percent Moisture

99.0

93.0

96.0

112.0 11.8

95.0 1.9

96.0 0.3

1I1II2005

1/17/2005

1n17/2005

/20/20053.7

0�'
Lab Approval:

BDL= Below Detection Limit
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SAMPLE LOGIN

Date Received: 1/18/2005 9:46:55

. Sample
Number

Client
Sample ID

'jabt Nqi 1uSIer.

Date
Matrix Sampled

^.n na^_ -
AVU U'Jzo

Container
Type

Container
Size

Due:

Custody
Seal

Seal
IntactPreservation

20050056-01 a K-435
Gamma Spec (NORW

Percent Moisture (LOD)

Soil

20050056-02 a K-436
Gamma Spec (NORM
Percent Moisture (LOD)

Soil

20050056-03 a K-437
Gamma Spec (NORM)

Percent Moisture (LOD)

Soil

20050056-04 a K-438
Gamma Spec (NORM)
Percent Moisture (LOD)

Soil

01/17/05 Plastic

01/17/05 Plastic

01/17/05 Plastic

01/17/05 Plastic

01/17/05 Plastic

01/17/05 Plastic

01/17/05 Plastic

01/17/05 Plastic

16 oz

16 oz

60oz

60oz

60oz

16 oz

60oz

16 oz

None

None Yes

Yes

None Yes

None Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

20050056-05 a K-439
Gamma Spec (NORM)

Percent Moisture (LOD)

Soil None Yes

20050056-06 a K-440
Gamma Spec (NORM)

. Percent Moisture (LOD)

Soil None Yes

20050056-07 a K-441
Gamma Spec (NORM)

Percent Moisture (LOD)

Soil None Yes

20050056-08 a K-442 Soil None Yes

Page 1



C

L

Gamma Spec (NORM)
Percent Moisture (LOD)

20050056-09 2 K-443
Gamma Spec (NORM)

Percent Moisture (LOD)

Soil 01/17/05 Plastic 16oz None Yes Yes

CONTA1NXI~SPECTION

# Coolers(-"_ Custody Seals Broken - Y/N Temperature Blue Ice / Wet Ice Radiation Survey fixed removable

SAMPLE INSPECTION

Custody Seals Broken - Ye Chain of Custody Recoe Labels In Tac 3  Radiation Survey Completp)

Anomalies:

Inspected By:

QA or Designee Review:

Sample Custodian Review:

DATE 1/ I 7KLSZ
DATE

DATE_

Project Notes:

Page 2
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Outreach
Laborator'y
J I North Aspen
droken Arrow. OK. 74012
(918) 251-2515
FAX (918) 251 00)8

>ofA
January 31, 2005

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

I6',1. i/ ~ I/ /

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050081

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
January 25, 2004 for the above captioned project. One soil sample was received in good
condition and analyzed for Th-232 by Gamma Spectroscopy without drying and
grinding and Percent Moisture with an expedited 5 work day turn. Results were faxed
1/31/05.

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

Your samples will be returned as requested.

Thank you for choosing Outreach Laboratory and if you have any questions, please call
us at 918-251-2515.

Labora: etor

6".

* ODEQ ID #9517
DEQ LIC. #275Z

- '__�I 01 k_-)

CERT. ID #OK001

i



Outreach
Laboratory

1 i North Aspen
Broken Arow, OK 74012
(918) 251-2515
FAX (918) 251-0008

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050081
1/31/2005

1/25/05
I of I

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:

Client ID:

Date Sampled:

Matrix:

20050081-01
K-503

1/24/2005 9:30:00 AM
Soil

Radiochemical Analyses
HASL 300 2.32.+/- 0.161 pCi/g

Inorganics Analyses
ASTM D2216-92 16.7 %

Th-232

Percent Moisture

0.550 1/26/2005 SD

1/24/2005 1/25/2005 RT

QC Report
Pirameter Blank LCS LCSD DUP MS MSD Date

%REC %REC RPD RPD %REC %REC RPD

Ac-228 10.7 1126t2005

Am-241

CO-60

Cs-137

Peceit Moisture

99.0

90.0

96.0

89.0 10.6

93.0 3.3

92.0 4.7

1n62005

mn26o2005

1n26o2005

1/25/200S12.1

Lab Approval:

K JL,

BDL - Below Detection Limit
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SAMPLE LOGIN

C

Date Received: 1/25/2005 12:30:4

Sainple Client
Number Sample JD

20050081-01 A K-503
Percent Moisture (LOD)
Th-232 by Gamma Spec

M.atrix

Soil

Lab Number: 2fl50081

Date Container
Sampled Type

01/24/os Plastic

Container
Size

16oz

I

I

Preservation

ione

fised_

. Due: 2/1/2005

Custody Seal
Seal Intact

Yes Yes

removable

:I
CONTAINE XINSPECTION

# Coolersr Custody Seals Broken - Y/N Temperature Blue Ice I Wet Ice Radiation Survey

SAMPLE INSPECTION

Custody Seals Broken - YI/Chain of Custody RecoroQ/N Labels in Tact6:a Radiation Survey Comple;)'
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Inspected By: DATE
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Final Status Survey Report
Volume II - Former Operational Area

Sub-Report No. EB-032
Survey Unit Kaiser-FSSFOA-002

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of Former Operational Area (FOA) excavation 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-FSSFOA-002, an open land area (excavation surface soil) resulting from the
removal of radiologically-affected soil located adjacent to a concrete retaining wall. The survey
unit is situated at the southeastern corner of the Maintenance Building (Figure 3). Survey Unit
Kaiser-FSSFOA-002 is considered a Class 1 survey unit with an approximate surface area of 49
M 2 .

Survey Unit Kaiser-FSSFOA-002 consists of an excavation bottom surface soil with two side
walls (west wall and south wall). No elevated areas were left in-place, therefore, no elevated
measurement comparisons were required for this unit. The final status survey of the concrete
retaining wall and an embedded sub-footer encountered during the removal of radiologically-
affected soil are addressed in a separate sub-report (EB-033).

Q:\P400\PA4072\FSS Rpots\Volunte fwSey Unh FSSFOA-OO42SSFOA-OO2Tcxt.&c 1 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,
western side wall, and southern side wall surface soil of Survey Unit Kaiser-FSSFOA-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, western 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 16
approximately equal-distant locations in the survey unit. The statistics for the 16 background
measurements are provided below in Table 1. Background measurements ranged from 8,152
counts per minute (cpm) to 10,015 cpm moving east to west across the survey unit.

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 350 measurements of gross count rate were made at one second intervals across the survey
unit's 49 m2 surface area. The results ranged from 7,571 cpm to 15,175 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: 49 ry
Number of Scan
Measurements (1-Second 350
Intervals)
Scan Rate: 0.14 m/s
(Swinging the detector a width (MARSSIM recommends
of 1-meter side to side) 0.5mls)
2 g ' .- 7..;^s:i-2 ! ; . a< *" -..

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 8,152 7,571
Maximum 10,015 15,175
Average 9,070 12,307

Standard Deviation 568 1,275
Median 9,061 12,393

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
DCC;LW for the site). As part of the gross gamma survey, one biased soil sample (K-470) was
collected at a location exhibiting a high scan rate on the excavation floor along the base of the

Q:TP4OOC\PA4072MFSS Repon\Volunic I\Survey Unt FSSFOA-002\FSSFOA-02Text.dOC 2 Revision 0
3/22/06



concrete wall (Figure A-2, Attachment A). The sample was forwarded to Outreach for analysis
of Th-232 activity concentration. The analytical result is provided below in Table 2.

Table 2-Biased Soil Sample Result

Gross Th-232 Std. Error MDC
Soil Sample ID (pCi/g) (pCi/g) (pCi/g)
DC(;Lw 3.0
Site Background 1.1 0.3
K40 2.12 0.097 0.251

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 49 m2 along with the N
of 9 were used to calculate the Triangular Grid Node Length (L) of 2.5 meters and the Height of
the Equilateral Triangle (h) of 2.2 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 K444 through K452) 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.

Q:\P40(0PA4072\FSS Reports\Volunm llSurveyUnit FSSFOA-OO\PSSFOA-002Text-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) (pCi/g) (pCi/g) (pCi/g) (pCi/g)

K-444 1.01 0.098 0.289 0 3.0
K-445 0.756 0.094 0.338 0 3.0
K-446 1.15 1.11 0.250 0.05 3.0
K-447 0.881 0.089 0.272 0 3.0
K-448 0.947 0.044 0.329 0 3.0
K-449 1.33 0.118 0.326 0.23 3.0
K-450 0.912 0.107 0.281 0 3.0
K-451 0.868 0.085 0.347 0 3.0
K-452 0.733 0.072 0.249 0 3.0

Average 0.954
Standard Dev. 0.189

Minimum 0.733
Maximum 1.33

Median 0.912

All E) 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 1.33 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 0.954 pCi/g. The
standard deviation of the 9 equal-distant samples was 0.189, 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 (0.52 pCi/g) between the maximum survey unit soil sample activity
concentration (1.33 pCi/g) and the minimum reference background area soil sample activity
concentration (0.81 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.

Q:\P40W0\PA4072\FSS Reports\Volunme I\Swvey Uni FSSFOA-002\FSSFOA-002Tcxt.doc 4 Revision 0
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Table 4-Reference Group and Survey Unit Sample Results
Reference Th-232 Survey Unit Th-232

Jroup Sample ID (pCi/g) Group Sample ID (pCi/g)

R1 34 1.11 Si K-444 1.01
R2 235 1.18 S2 K-445 0.756
R3 153 0.85 S3 K-446 1.15
R4 109 1.27 S4 K-447 0.881
R5 302 1.16 S5 K-448 0.947
R6 183 0.81 S6 K-449 1.33
R7 180 0.96 S7 K-450 0.912
R8 315 0.84 S8 K-451 0.868
R9 236 1.14 S9 K-452 0.733

Average 1.04 Average 0.954
Sid. Dev. 0.17 Std. Dev. 0.189
Minimum 0.81 Minimum 0.733
Maximum 1.27 Maximum 1.33
Median 1.11 Median 0.912

Q:\P40CO\PA4072\FSS Reports\Volune Il\Swvey Unit FSSFOA-002\FSSFOA-002Text.doc 5 Revision 0
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil located adjacent to an FOA concrete retaining wall
resulted in an open land area consisting of an excavation approximately 49 m2 in area. This open
land area, identified as Survey Unit Kaiser-FSSFOA-002, is considered a Class 1 survey unit.
The survey unit is situated at the southeastern corner of the Maintenance Building (Figure 3).
The final status survey of the concrete retaining wall and sub-footer (Survey Unit Kaiser-
FSSFOA-003) is addressed in a separate sub-report (EB-033). 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 (FOA excavation surface soil) at the Tulsa facility is
the :DCGLW of 3.0 pCilg net Th-232 activity concentration. Final status survey activities for
Survey Unit Kaiser-FSSFOA-002 consisted of a gross gamma scan of the exposed surface soil of
the survey unit (excavation bottom, western side wall, and southern side wall) and systematic
soil sampling. The results of the final status survey activities were as follows:

* 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).
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 meet 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 comparisons
were required for this unit.

3.2 'sum of Fractions for Entire Survey Unit

To cvaluate the status of Survey Unit Kaiser-FSSFOA-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 and elevated areas is presented below in
Table 5. As previously mentioned, no elevated areas were left in-place for the survey unit.

Table 5 - Fraction of Applicable Acceptance Criteria per Survey Unit Element
Average

Net Acceptance
Survey Unit Element Units Activity Criteria Fraction

-FSSFOA-002 Excavation Surface Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 0.00
TOTAL SUM OF FRACTIONS I I 0.00

Q:\P40(0PA4072\FSS Reports\Volunm II\Survey Unit FSSFOA-002\FSSFOA-OOZrext.doc 6 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-FSSFOA-002
meets the DP acceptance criteria.

Q:\P4000\PA4072\FSS Reponts\Volume ItSurvey Unt FSSFOA-O02\FSSFOA002Tcvt.doc 7 Revision 0
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ATTACHMENT A
TABLE OF CONTENTS

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

* FIGURE A-2 Systematic Soil Sampling Locations
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Attachment A, Figure A-1

Gross Gamma Background and Scanning Survey Results
Survey Unit Kaiser-FSSFOA-002
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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-FSSFOA-002

2. Description: Former Operational Area. Adjacent to Survey Unit Kaiser-FSSFOA-003

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

4. Dimensions (m): Excavation Bottom - Approx. 19 meters x 2.6 meters; Area, A (m2): 49

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 it 2 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 M2 , recalculate the corresponding Triangular Grid Node

Length (LI) for the Survey Unit Area (A), using the following formula: LI = (A/(0.866 x 9))1/: 2.5 m

X3. If N is greater than 9 and the A is other than 2,000 n2 , recalculate the corresponding Triangular Grid Node

Length (LI) using the following formula LI = (A/(0.866 x N))m: N/A

9. If A is greater than 2,000 m2 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

162), NI: N/A

10. Calculate the height (h) of the equilateral triangle with side length equal to L (or (LI) using the following

:ormula: h = ((L2 - (LU2)2)12: 2.2 n.

Q:VP4000\PA4072FSS Reports\Volume Ml\Survey Unit FSSFOA-002\Att1achnent B - Soil Survey Unit Worksheets\Soil Survey Unit Worksheet No. Idoc



1

l~jvo

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-FSSFOA-002

RANDOM START POINT
is; ( Meters) y axis ( Meters)

11 2 lower bound
upper bound

0

(0, 0)
North

x axis

Q:\P4000\PA4C*72FSS ReportsWVouume IFuirvey Unit FSSFOA.02Vdltadwcent B - Soil Survey Unit WofKsheetsSoil Survey Unit Worksheet No. 2
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(918) Z51-2515
FAX (918) Z51-0008
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December 30, 2004

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

Project: Kaiser Thorium Remediation PA-40004072
OUTREACH LAB ID: 20040912

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
December 17, 2004 for the above captioned project. Nine soil samples were received in
good condition and analyzed for Th-232 by Gamma Spectroscopy without drying and
grinding and Percent Moisture with an expedited 5 work day turn. Results were faxed
early on 12/22/04.

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

Your samples will be returned as requested.

Thank you for choosing Outreach Laboratory and if you have any questions, please call
us at 918-251-2515.

AAfln-

CERT.ID #OKOOI

ODEQ ID #9517
DEQ LIC. #27522-01



Outreadc
' aboratory

Godi II North Aspen
Broken Arrow. OK 94012
(918) 251-2515
FAX (918) 251.000E

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20040912
12/30/2004

12/17104
1 of 3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20040912-01
K-444
12/15/2004 12:40:00 PM
Soil

Radiochemical Analyses
HASL 300 1.01 +/- 0.098 pCi/g

Inorganics Analyses
ASTMD2216-92 15.6 %

0.289 12/17/2004 SD

12/17/2004 12/20/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20040912-02
K-445
12/15/2004 12:50:00 PM
Soil

Radiochemical Analyses
HASL 300 0.756 +1- 0.094 pCi/g

Inorganics Analyses
ASTM D2216-92 18.0 %

0.338 12/17/2004 SD

12/17/2004 12t2012004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040912-03
K-446
12/15/2004 1:00:00 PM
Soil

Radiochemical Analyses
HASL 300 1.15 +/- 1.11 pCi/g

Inorganics Analyses
ASTM D2216-92 17.0 %

Th-232

Percent Moistare

0.250 12/17/2004 SD

12/17/2004 12/20/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040912-04
K-447
12/15/2004 1:10:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.881 +/-0.089 pCi/g
Inorganics Analyses

92 18.6 %

0.272 12117/2004 SD

Percent Moisture ASTM D2216-! 12/17/2004 12/20/2004 RT

BDL- Below Detection Limit



Outreach
E.aboratory

:1 North Aspen
droken Arrow. OK 7401 2
(918) 251-2515
FAX (918) 251 0003

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20040912
12/30n2004

12/17/04
2 of 3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040912-05
K-448
12/15/2004 1:20:00 PM
Soil

Radiochemical Analyses
0.947 +/- 0.044 pCi/gTh-232 HASL 300 0.329 12/17/2004 SD

Inorganics Analyses
ASTM D2216-92 18.6 %Percent Moisiure 12/1712004 12/20/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040912-06

K-449
12/15/2004 1:30:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

1.33 +/- 0.118 pCi/g
Inorganics Analyses

92 17.8 %

0.326 12/17/2004 SD

Percent Moisture ASTM D2216-' 12/17/2004 12=012004 RT

Lab ID:
Client ID:
Date Sampletl:
Matrix:

Th-232

Percent Moisture

20040912-07
K450
12/1512004 1:40:00 PM
Soil

Radiochemical Analyses
HASL 300 0.912 +1- 0.107 pCi/g

Inorganics Analyses
ASTM D2216-92 17.1 %

0.281 12/17/2004 SD

12/17/2004 12/2/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040912-08
K-451
12/15/2004 1:50:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.868 +1- 0.085 pCi/g
Inorganics Analyses

92 . 18.1 %

0.347 12/17/2004 SD

Percent Moisture ASTM D2216-' 12/1712004 1212012004 RT

BDL- Below Dtcction Limit



Outreach
lab oratory

i0% ] , A North Aspen
KLIJ droken AnrowOK 7401 Z

(918) 251-2515
FAX (918) 25 1-V0013

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20040912
12/30t2004

12/17/04
3 of 3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20040912-09
K-452
12/15/2004 2:00:00 PM

Soil

Radiochemical Analyses
HASL 300 0.733 +/- 0.072 pCi/g

Inorganics Analyses
ASTM D2216-92 20.3 %

0.249 12/17/2004 SD

12/17/2004 12/20/2004 RT

QC Report

Parameter Blank LeS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RPD

Ac-228 NC 12/1712004

Am-241

Co-60
Cs-137

Pecent Moisturv

93.0

94.0

94.0

87.0 6.5

93.0 1.3
98.0 3.9

n2no2004

111712004

1217/2004

12/20120041.0

Lab Approval: __ _

r.

BDL Below Detection Limit



CHAIN 6, CUSTODY,

F

* - OUTREACH
LABORATORY

311 North-Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008

Results To:
,Ct. L% -

J~IG3%4-0S~c..
Clt' -7Z4 -

11" -ont I

Compan 1JA >I~t . hjAn Te 9lt c- Mfr, .
Name ktth* h x.%iute - t,2

Address 7Tl1 ,

c ihtone'?? f State F ap :La1t.P

Phone'7714-4 I -111 Fax # qj I L 9t ' I1 7

Bill To:

Company pt9 E kR A ,@

Namdes4i% ? "Atlp,;, L%\r
Addres72m P. SI V- "t5
Cit O ML State ok zipiaubc-

PO# KA
PROJECT # PA.- _4Elhr - 1407 ?.I

PROJECT NAME 'AZ~t - AU r q Q;s P
REQUESTED TURNAROUND TIME S-e feA
(ADDITIONAL C E APPLY

SAMPLE ./1 - -Z

. /~ Signature

C
0
N
T
A
I
N
E

SR
S

CONTM
SIZE

PLASTIC
OR

GLASS

PRESERVATIVE

1. Ht*4 p,14
2. IN -cCC
S. Ha pitid
4. H2SO4 pHd
5 NOOH p911

, _

2
£6

o j

-o

?,-A

(ktJ

*~c

zf

IdS.

.E
X7

IQ REMAARKS
(I.L ImERD, uNITErED,

GRAB, COMPOSITE)cumI SAu
ID

D/IM
5W

TMI
AMnED C A0 t,

L\g J1Z IN A . o5/

/ _ n .e jo Way 54_

_q c z SwA de / d <_ Rm,@ W 7/
_____ X rXe<r

k _u 135-0 -- •a _L 5 X_

=- /]f' > $L I. _ -2 - -< - r . .

_ F 35_ = _ ' _=_ _ _ _ _ _ _. _ _

_ _ _ _ /6/'(o jJI/5 d lS6!,L AkI , ' > cK < =_ _ _ _ .

___jis-o _ 9 - _ _____s =

4 f 1 ,?S - - , J ,,>>s

AIA X, /,a A/
,-, -,,. F. ,, ,,, "...,.

RELINQUISHED BY/ 7A ME- I CEIVED BY: ME

RELINQUISHED BY: DATE TIME.i- RECEIVED BY: DATE__ __r__

My ;ignature on thts chain of custody form Indicates that I am authorized by the above company to r.4ease sampies for analysis. The company agrees to pay the entire balance upon r ipt

of sample data and it Is understood and agreed that any balance carried over thirty (30) der h Subject to a 1.5% pr month (I8% per annum) late charge. In the event of default, the company
becomes legally liable for any reasonable attorney and/or collection fees and aii related costs necessary to remit the entire balance to Outreach Technologies. Inc. (Outreach Laboratory).

. ........ . .... *.,,.ha5 I. *A A M itt ^ aur aftt lam.^ M ffll ,ecor All thers nwill De returnfe at _11ft' *5^--
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SAMPLE LOGIN

Date Received: 12/17/2004 10:01:

Sample
Number

Client
Sample ID

Lab .Nu.n.ker:

Date
Sampled

.2nAAAM4

Container
TypeMatrix

Container
Size

Due: 1223/2004

Custody Seal
Seal IntactPreservation

20040912-01 A K-444
Percent Moisture (LOD)

Th-232 by Gamma Spec

Water

20040912-02 A K-445
Percent Moisture (LOD)

Th-232 by Gamma Spec

Water

20040912-03 A K-446
Percent Moisture (LOD)
Th-232 by Gamma Spec

Water

20040912-04 A K-447
Percent Moisture (LOD)
Th-232 by Gamma Spec

Water

12/15/04 Plastic

12/15/04 Plastic

12/15/04 Plastic

12/15/04 Plastic

12/15/04 Plastic

12/15/04 Plastic

12/15/04 Plastic

12/15/04 Plastic

16oz

60oz

60oz

16oz

16 oz

60oz

16oz

60oz

None Yes

None Yes

None Yes

None Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

20040912-05 A K-448
Percent Moisture (LOD)

Th-232 by Gamma Spec

Water None Yes

20040912-06 A K-449
Percent Moisture (LOD)

Th-232 by Gamma Spec

20040912-07 A K-450
Percent Moisture (LOD)

Th-232 by Gamma Spec

Water None Yes

Water

Water

None Yes

20040912-08 A K451. None Yes

Page 1



r

Percent Moisture (LOD)

Th-232 by Ganuna Spec

20040912-09 A K-452
Percent Moisture (LOD)
Th-232 by Gamma Spec

Wh..'- r I1215;/04 Plastic 16 Oz None Yes Yes

CONTA WSPECTION

# Coolerf 7  . Custody Seals Broken - Y/N Temperature Blue Ice / Wet Ice Radiation Survel

SAMPLE INSPECTION

Custody Seals Broken -Y/f*Chain of Custody Recor=63N Labels In Tact1N Radiation Survey CompI@N

Anomalies:

(___fixed removable

Inspected By:

QA or Designee Review:

Sample Custodian Review:

)ATE

DATE

_DATE

Project Notes:

Page 2

e



'Outreach t 6t o
oratoea January 25, 2005

I North Aspen
Y;roken Affow, OK 74)02 David Weyant .-

FAX (918) 251 -DO Kaiser Aluminum & Chemical
7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium Remediation PA40004072
OUTREACH LAB ID: 20050055

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
January 17, 2004 for the above captioned project. One soil sample was received in good
condition and analyzed for Th-232 by Gamma Spectroscopy without drying and
grinding and Percent Moisture with an expedited 5 work day turn. Results were faxed
1/25/05.

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

Your samples will be returned as requested.

Thank you for choosing Outreach Laboratory and if you have any questions, please call
us at 918-251-2515.

Laboratory Di

ODEQ ID #9517 0 ACCoes

DEQ LIC. #27522-01

* * .

CERT. ID #OK001



Outreach
iboratorl

\S s Noith Aspen
'%isroken Arrow, Ol 74)12

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

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050055
1n25o2005

1/17/05
1 of 1

Analytical Report
Result UnitsMethod DL- Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
P ate Sampled:
Matrix:

, Ac-228

.Percent Moistute

20050055-01
K-470
1/14/2005 11:50:00 AM

Soil.
Radiochemical Analyses

HASL 300. 2.12 l/- 0.097 *pCi/g
Inorganics Analyses

ASTM D2216-92 13.1 %

0.251 1/17/2005 E/D

1/17/2005 1/18/2005 RT

QC Report

'arAmeter

Ac-228.

Am-241

Cs-137
Pecent Moisture

Blank LCS LCSD
%REC %REC RPD

DUP
RPD

MS MSD
%REC %REC RPD

Date

0.9

99.0

93.0

96.0

112.0

95.0

96.0

11.8

1.9

0.3

1117f2oo5

111720S

n105

n1 os

1/1S20058.4

;11,11

-(I/
Lab Approval:

BDL BlorW Detection Limit
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( OUTREACH:

LABORATORY

C .r : .C .TO .

CHAIN- Ur CUSTODY:.'
..:m . ...

I
Results To: Compan ; --- -- -.~eA~ - t
LOCAL ai~~\

.W4i31i North.Aspen
Broken Arrow, OK 74012
Phone: (91.8) 25,1;251 5
Fax: (918)-251-0008

BillITo:

Company v AqiS)1 -/f' u(

'CitY4SALVAState-616J4 'JAX

C.1MqL1 1t4
7?h I t"1)

City, -T to 1. k-�t�te-- p -7 !J.) 14Y- --A & -ZliI
Phone224-!M4.-2t1& Fax#qik��4-'.B"1. 1,,I. f1

PO# CONTAtIER PRESERVATiVE .:.

PROJECT# A ' i . 0 1. HNO3 pH .. .
N 2. Ic<4C0

.PROJECT NAME T PLASTIC ±R ) . C . -*

A 0~r 4- II2S04 pHc e
REQUESTED TURNAROUND TIME ASS NOHpH>1. A C
(ADDITIO AES APY c

SAMPLE Signat.r R E | -c :S

_____DA I.L FILTER:D, 1...UW T1R .,

uk ;n 1-4 l t s 4m£ X X X e 7I : - SA-_D .A .- .. -. ~ _ _I:''' : RS CO.SIE
. ''..- ...... - ~ - - - ,./.

__ .- - 4-- - -!

. -. - ._. ,

; . ; . . . , / .. '

REUNQUISHED k Y. Zvz BY: WDATE///L/S1E 53.

K*5\

RELINQUISHED BY: DATS TIMFZ. .. RCEIVED BY:_______DATE_ _ TIM_
My slgnature on this chain of custody tomm Indcates that I am authorized by t ahbove company to relesea samples Wo analysiL The company agrees to pay the antre balance upon r pt
of sample data and It Is undentood and agreed thatany balance carled ove thirty (30) days i sublecd to a 1.5# per' month (18% per annum) ltate charg. In the event of default the Company

IhAM.v nfhf. fr,-nv r,,qnabl. attomne and/orcoteton fees and all related costs nocessaryto remit theantire balance to Outreach Techrtles; Inc (Outreach Laborator'). .
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SAMPLE LOGIN

Date Received: /17/2005 9:25:53

Sample Client
Number Sample ID

20050055.01 a K-470
Gamra Spec (NORM)
Percent Moisture (LOD)

Lab Number: 2uu50055

Date Container
Sampled Type

01/14/05 Plastic

Matrix

Soil

Container
Size

16oz

Preservation

None

"ue. 2A1,&11A%0'

Custody Seal
Seal Intact

Yes Yes

CONTAINER INSPECTION

# Coolers __A Custody Seals Broken - Temperature .,AA Blue Iee Wet Ice RadiationSurvey /0" A >fixed LA-emovable

SAMPLE INSPECTION

Custody Seals Broken - Chain of Custody Record/N Labels in TactC9¶ Radiation Survey CompletI/N

Anomalles:

Inspected By: DATE f t
QA or Designee Review: - DATE '/

Sample Custodian Revie~v:J fi,'AO ,(J DATE /Lhv LLs

Project Notes:
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Final Status Survey Report
Volume II - Former Operational Area

Sub-Report No. EB-033
Survey Unit Kaiser-FSSFOA-003

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of Former Operational Area (FOA) excavation 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-FSSFOA-003, a structure (cinderblock wall) encountered during the removal of
radiologically-affected soil from the Survey Unit Kaiser-FSSFOA-002 (Figure 3). Survey Unit
Kaiser-FSSFOA-003 consists of the cinderblock wall's structural surface. It is considered a
Class 1 survey unit with an approximate surface area of 30 mi2 . An additional embedded
structure was encountered during the removal of radiologically-affected soil from the Survey
Unit: Kaiser-FSSFOA-002. A small concrete sub-footer of approximately 5 m2 (located directly
across the excavation from the cinderblock wall) was also surveyed and the results presented in
this sub-report. No elevated areas were left in-place, therefore, no elevated measurement
comparisons were required for this unit.

Q:\P40O\PA4072\FSS Repofts\Volume I!Survey Unit FSSFOA-003\SSFOA-003 Tcxt.doc 1 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 structural surface of the
cinderblock wall and concrete sub-footer defined as Survey Unit Kaiser-FSSFOA-003. The final
status survey consisted of a gross alpha scan of the cinderblock and concrete surfaces and
systematic measurements of total and removable alpha contamination. The supporting
documentation for the final status survey of the cinderblock wall and concrete sub-footer's
structural surface is contained in Attachment A and includes the following:

* Figure A-1, Gross Alpha Scan Grid Layout
e Figure A-2, Systematic Sampling Locations
* Alpha Scan MDC Calculation
4 Total Alpha Contamination Survey Data Conversion Forms
4 Table A-1, Gross Alpha Scan Results Summary

2.1 Gross Alpha Scan of Structural Surface

The structural surface of the Class 1 survey unit was surveyed through a 100 percent coverage
gross alpha scan, to confirm acceptable radiological conditions and identify any elevated areas.
The structural surface was divided into 1-meter by 1-meter grids for recording the results of the
100 percent coverage gross alpha scan (Figure A-i, Attachment A). Minimum, maximum, and
average scan rates for alpha activity in gross counts per minute (cpm) were recorded for each
grid, The results of the scanning activities are summarized in Table A-1 contained in
Attachment A. The 100 percent coverage gross alpha scan of the structural surface did not
indicate the presence of small areas of elevated activity (above the DCGL-GA for the site).

2.2 Systematic Measurements of Total and Removable Alpha Contamination

The final status survey of the cinderblock wall also consisted of systematic measurements of
total and removable alpha contamination based on a random start point and an equal-distant
triangular grid. Three equal-distant measurements of total and removable contamination were
also taken on the concrete sub-footer. 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 the measurement of total and removable alpha
contamination has been recalculated. Since scanning measures total alpha contamination, the
minimum number of sample points required (N) is re-determined if the alpha scan minimum
detectable concentration (MDC) is greater than the total contamination DCGL.

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/a). 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

Q:\P400)\PA4072\FSS Repons\Volurm lI\Suwvey Unit FSSFOA-003\FSSFOA.003 Text.doc 2 Revision 0
3/22/06
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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 alpha activity of
944 dpm/1OOcm2 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.

2.2.2 Adjusting N Based on Scan Minimum Detectable Contamination (MDC)

The scan of structural surfaces is used to detect elevated areas. The total contamination DCGL
value applicable to final status surveys of structures for the Tulsa site is the DCGL-GA (DCGL
gross alpha) and the value is 944 dpm/100cm2 of total alpha contamination. Since the
background count rate for gross alpha is usually very low, e.g., 1 count per minute (cpm),
MARSSIM provides guidance for determining the scanning MDC for gross alpha based on the
probability of detecting very small increments in gross alpha count rate, i.e., one of two counts.
For a typical alpha background level of less than 3 epm, the probability of detecting a single
count while passing over the contaminated area is:

-GEd

P(n 2 1) =-e 60V

where:

P(n 2 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).

Increase the value of G until the corresponding probability equals the desired confidence level,
e.g., 95 percent, and the resulting dpm is the MDC. (The dpm value may be divided by the
active area of the detector, e.g., 100 cm2 to yield an MDC result in dpm/100cm2.) This method
of determining the alpha scan MDC is not background dependent (assuming the background
alpha count rate is low). However, the calculated MDC is dependent on the scan speed. Using
this formula and typical alpha efficiencies for gas proportional detectors, the calculated scan
MDC range from 330 to 1,000 dpm/l0ocm2 based on scan speeds of a third of a detector width
to one detector width per second. This range of MDC values is the same magnitude as the
DCGL-GA and does not result in an increase in the minimum number of samples required.

The Minimum Number of Samples Required (N) was determined to be 9 as documented on
Survey Unit Worksheet No. 1 (Attachment B). However, the number of sample points used was
18 lor the cinderblock wall. The Survey Unit Area (A) of 30 m2 along with the N of 18 were
used to calculate the Triangular Grid Node Length (L) of 1.4 meters and the Height of the
Equilateral Triangle (h) of 1.2 meters. A random start point was generated using the random
number feature of Excel and documented on Survey Unit Worksheet No. 2 (Attachment B).
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2.2.3 Total and Removable Alpha Contamination Measurement Results

A layout of the total and removable alpha contamination measurement locations is provided on
Figure A-2 contained in Attachment A. At each of the 18 locations on the cinderblock wall, a
measurement (static count with a gas proportional detector) of total alpha contamination
(identified as MARSSIM-001 through MARSSIM-018) and a smear sample for determination of
removable alpha contamination (identified as K-SS-048 through K-SS-065) were collected on
the cinderblock wall surface. Three of the locations (K-SS-053, K-SS-061, and K-SS-062) were
subsequently re-sampled (Smear Samples K-SS-066, K-SS-067, and K-SS-068) after
remediation. The smear samples were forwarded to Outreach for analysis of alpha activity (per
the 100 cm2 surface area sampled).

Three additional systematic measurements of total and removable contamination were taken on
the concrete sub-footer surface. The total alpha contamination measurements were identified as
Al subfooter through Cl subfooter and the smear samples for determination of removable alpha
contamination were identified as K-SS-071 through K-SS-073.

Total alpha contamination measurement results are provided below in Table 1.
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Table 1 - Systematic Total Alpha Contamination Measurement Results
Total Alpha

DCGL-GA Contamination Std. Error MDC
Sample ID (dpni/l 00cm2) (dpmll 00cm2) (dpm/l 00cm2) (dpm/100cm2)

MARSSIM-001 944 127 84.9 117
MARSSJM-002 944 225 103 117
MARSSIM-003 944 323 118 117
MARSSIM-004 944 314 117 117
MARSSIM-005 944 -16.1 48.1 117
MARSSIM-006 944 37.5 64.4 117
MARSSIM-007 944 -25.0 44.8 117
MARSSLM-008 944 19.6 59.5 117
MARSSIM-009 944 46.4 66.8 117
MARSSIM-010 944 -33.9 41.3 117
MARSSIM-01 1 944 55.4 69.0 117
MARSSIM-012 944 180 95.1 117
MARSSIM-013 944 359 123 117
MARSSIM-014 944 -51.8 33.0 117
MARSSIM-015 944 261 109 117
MAPRSSIM-016 944 55.4 69.0 117
MAPRSSIM-017 944 19.6 59.5 117
MA'RSSIM-018 944 162 91.9 117
Al subfooter 944 44.6 63.1 110
BI subfooter 944 545 145 110
C1 subfooter 944 339 119 110

,4verage 142
Standard Dev. 163

Minimum -51.8
Maximum 545

Median 55.4

All 21 systematic total alpha contamination measurements were below the DCGL-GA of 944
dpm/lOOcm 2. The maximum total alpha contamination result was 545 dpm/lOOcm2. The
average total alpha contamination result was 142 dpm/lOOcm 2.

The standard deviation of the 21 equal-distant samples was 163, 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 163 and the same methodology to determine N as presented in Section
2.2.'L above, a relative shift of 2.9 results. The N from Table 5.3 (MARSSIM) corresponding to
a relative shift of 2.9 is 10 for a 100 m2 survey unit.

Analytical results of the smear samples are provided below in Table 2. The analytical data
reports are contained in Attachment C.
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Table 2 - Systematic Removable Alpha Contamination Smear Sample Results
Removable

Alpha
DCGL-GA Contamination Std. Error MDC

Sample ID (dpm/lOOcm 2) (dpm/lOOcm 2) (dpm/lOOcm 2) (dpm/lOOcm 2)
MARSSIM-001

(K-SS-048) 94.4 0.689 0.507 0.350
MARSSIM-002

(K-SS-049) 94.4 0.624 0.496 0.355
MARSSIM-003

(K-SS-050) 94.4 0.631 0.495 0.350
MARSSIM-004

(K-SS-051) 94.4 0.258 0.636 0.287
MARSSIM-005

(K-SS-052) 94.4 0 0.327 0.162
MARSSIM-006

(K-SS-066) 94.4 7.48 1.78 0.673
MARSSIM-007

(K-SS-054) 94.4 0.862 0.544 0.158
MARSSIM-008

(K-SS-055) 94.4 0.397 0.469 0.177
MARSSIM-009

(K-SS-056) 94.4 0.573 0.482 0.158
MARSSIM-010

(K-SS-057) 94.4 0.277 0.411 0.160
MARSSIM-011

(K-SS-058) 94.4 0.400 0.440 0.158
MARSSIM-012

(K-SS-059) 94.4 1.12 0.772 0.287
MARSSliM-013

(K-SS-060) 94.4 0.617 0.498 0.162
MARSSIM-014

(K-SS-067) 94.4 0.637 0.788 0.673
MARSSIM-015

(K-SS-068) 94.4 0.155 0.666 0.673
MARSSIM-016

(K-SS-063) 94.4 0.628 0.521 0.177
MARSSIM-017

(K-SS-064) 94.4 0.226 0.394 0.158
MARSSIM-018

(K-SS-065) 94.4 0.508 0.470 0.160
Al subfooter (K-SS-071) 94.4 0.241 0.466 0.425
BI subfooter (K-SS-072) 94.4 4.36 1.16 0.509
Cl subfooter (K-SS-073) 94.4 2.34 0.849 0.369

Average 1.10
Standard Dev. 1.74

Minimnumn 0
Maximum 7.48
Median 0.617
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All 21 smear sample results were below the removable alpha contamination DCGL-GA of 94.4
* dpnL/100cm 2 (10% of the total contamination DCGL-GA value). The maximum removable

alpha contamination result was 7.48 dpm/lOOcm 2 . The average removable alpha contamination
result was 1.10 dpm/lOOcm2, less than 1% of the average total alpha contamination result.

2.3 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 meet the DP statistical criterion
based on the first statistical test described below.

If the difference (545 dpm/lOOcm2) between the maximum survey unit total alpha contamination
result (545 dpm/lOOcm2) and the minimum reference background area total alpha contamination
result (0 dpni/lOOcm2) is less than DCGL-GA (944 dpm/lOOcn 2), 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. Since the survey unit consisted of 18 cinderblock surface sample
points and 3 concrete surface sample points, the reference group selected consisted of 18
cinderblock surface background values and 3 concrete surface values.
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Table 3 - Reference Area and Survey Unit Total Alpha Contamination Results
Total Alpha Total Alpha

Reference Contamination Survey Unit Contamination
Group Sample ID (dpm/lOOcm2 ) Group Sample ID (dpm/lOOcm2)

Rl 12 30.2 S I MARSSIM-001 127
R2 42 40.3 S2 MARSSIM-002 225
R3 52 29.5 S3 MARSSIM-003 323
_ R4 3 13.8 S4 MARSSIM-004 314
R5 5 30.2 S5 MARSSIM-005 -16.1
_ R6 45 3.93 S6 MARSSIM-006 37.5
_ R7 6 111 S7 MARSSIM-007 -25.0
R8 1 10.1 S8 MARSSIM-008 19.6
R9 66 26.2 S9 MARSSIM-009 46.4

R10 29 10.1 SlO MARSSIM-010 -33.9
= R11 16 80.5 Sli MARSSIM-011 55.4
R12 55 12.1 S12 MARSSIM-012 180
R13 26 30.2 S13 MARSSIM-013 359
R14 69 26.2 S14 MARSSIM-014 -51.8
R15 48 43.2 S15 MARSSIM-015 261
R16 11 0 S16 MARSSIM-016 55.4
R17 40 20.1 S17 MARSSIM-017 19.6
R18 60 2.01 S18 MARSSIM-018 162
R19 75 62.9 S19 MARSSIM-019 44.6
R20 53 66.4 S20 MARSSIM-020 545
R21 50 33.4 S21 MARSSIM-021 339

Average: 32.5 Average: 142
Standard Dev. 27.8 Standard Dev. 163
Minimum: 0 Minimum: -51.8
Maximum: 111 Maximum: 545
Median: 29.5 Median: 55.4
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3.0 SUMMARY OF FINDINGS

Two structures (a cinderblock wall and a concrete sub-footer) were encountered during the
removal of radiologically-affected soil from FOA Survey Unit Kaiser-FSSFOA-002 (Figure 3).
These structures, identified as Survey Unit Kaiser-FSSFOA-003 are considered a Class 1 survey
unit with an approximate surface area of 35 mi2 . 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 Structural Surface - Total and Removable Alpha Contamination

The acceptance criterion for structures remaining at the Tulsa facility is the DCGL-GA of 944
dpm/l00cm2 for total alpha contamination and 94.4 dpm/lOOcm 2 for removable alpha
contamination. Final status survey activities for Survey Unit Kaiser-FSSFOA-003 consisted of a
gross alpha scan of the exposed structural 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:

< The 100 percent coverage gross alpha scan of the structural surface did not indicate the
presence of small areas of elevated activity (above the DCGL-GA for the site).
All 21 systematic measurements of total alpha contamination were below the DCGL-GA
of 944 dpm/100cm2.

" All 21 smear sample results were below the DCGL-GA of 94.4 dpm/l00cm2 for
removable alpha contamination.

o The total alpha contamination 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.

3.2 'Sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSSFOA-003 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 elevated areas is presented below in
Table 4. As previously mentioned, no elevated areas were left in-place for the survey unit.

Table 4 - Fraction of Applicable Acceptance Criteria er Survey Unit Element
Average Acceptance

Suriey Unit Element Units Activity Criteria Fraction
FSSFOA-003 Total Alpha Contamination dpm{/lOcm2  142 944 0.15
FSSFOA-003 Removable Alpha dpm/l100cm' 1.10 94.4 0.01
Contamination
Elevated Areas (None Left In-Place) dpm/lOOcm _ 0.00
TOTAL SUM OF FRACTIONS I_0.16
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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-FSSFOA-003
meets the DP acceptance criteria.
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Attachment A, Figure A-1

Gross Alpha Scan Grid Layout
Survey Unit Kaiser-FSSFOA-003

Final Status Survey
Throium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

0

Area = 35 m2

1 meter X 1 meter GridCinderblock Wall

Retaining Wall N. of Kaiser-FSSFOA-002

E-

Concrete Sub-footer
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Form HPMIM-2-2-3
Alpha Scan MDC Calculation

Instrument Serial Number: 193686 Cal. Due: 5/4/2005
Detect:or Serial Number: PR190485 Cal. Due: 5/4/2005

Radiation Detected: Alpha I For < 3 count background

Probability of observing 2 or more counts: Probability of observing a single count:

D G d E v B P
Date Activity Detector Instrument Scan Background Probability

Width Efficiency Speed Countrate
(dpm) (cm em) (ern/s) (epm)(-

1/2012005 330 11.7 0.1778 3.90 N/A 0.95

1/20/2005 1000 11.7 0.1778 11.7 N/A 0.95

1/26/2005 330 11.7 0.1778 3.90 N/A 0.95

1/26/2005 1000 11.7 0.1778 11.7 N/A 0.95

2/1/2005 330 11.7 0.1778 3.90 N/A 0.95

2/1/2005 1000 11.7 0.1778 11.7 N/A 0.95

Comments:

Prepared By: David B. Weyant Date: 2/1/05

Reviewed By: Andrew J. Lombardo Date: 2/1/05

Notes:
1.) Instrument Efficiency is the 4ic instrument efficiency.
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Total Alpha Contamination
Survey Unit Kaiser-FSSFOA-003
Survey Data Conversion Form

Form ESC/HPM/M-3-2-2

Date of Survey: 1/26/2005 Type of Radiation: Alpha

Instrument Serial #: 193686 Calibration Due Date: 514/2005

Detector Serial t: PRI90485 Calibration Due Date: 5/412005

Es (Surface Efficiency): 0.25 El (Insturment Efficiency): 0.1778

BKG Counts: 39 BKG Count Time (min): 10

Active Area of Detector Probe (cm2): 126 MDC (dom/1 00cm2 ): 117

Survey Gross Count Net Count Total 95% CL
Survey Point Count Gross Counts Rate Rate Contamination Uncertainty

FSS Swipe Number Location Time (min) (cts) (cpm) (cpm) (dpmt1OOcm2) (dpmIIOOcm 2)

K-SS-048 MARSSIM-001 2 22 11.0 7.10 127 84.9

K-SS-049 MARSSIM-002 2 33 16.5 12.6 225 103

K-SS-050 MARSSIM-003 2 44 22.0 18.1 323 118

K-SS-051 MARSSIM-004 2 43 21.5 17.6 314 117

K-SS-052 MARSSIM-005 2 6 3.00 -0.90 -16.1 48.1

K-SS-066 MARSSIM-006 2 12 6.00 2.10 37.5 64.4

K-SS-054 MARSSIM-007 2 5 2.50 -1.40 -25.0 44.8

K-SS-055 MARSSIM-008 2 10 5.00 1.10 19.6 59.5

K-SS-156 MARSSIM-009 2 13 6.50 2.60 46.4 66.8

K-SS-057 MARSSIM-10 2 4 2.00 -1.90 -33.9 41.3

K-SS4158 MARSSIM-011 2 14 7.00 3.10 55.4 69.0

K-SS.059 MARSSIM-012 2 28 14.0 10.1 180 95.1

K-SS-060 MARSSIM-013 2 48 24.0 20.1 359 123

K-SS-067 MARSSIM-014 2 2 1.00 -2.90 -51.8 33.0

K-SS-068 MARSSIM-015 2 37 18.5 14.6 261 109

K-SS-063 MARSSIM-16 2 14 7.00 3.10 55.4 69.0

K-SS-064 MARSSIM.017 2 10 5.00 1.10 19.6 59.5

K-SS-065 MARSSIM-018 2 26 13.0 9.1 162 91.9
Comment.

Cinder Block Wall Survey

Prepared By:

David B. Weyant

Date:

. 2/1/2005

I i /iewed By:

I Ani

Date:

drew J. Lombardo 2/2/2005
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Total Alpha Contamination
Survey Unit Kaiser-FSSFOA-003
Survey Data Conversion Form

Form ESC/HPM/M-3-2-2

Date of Survey: 1/20/2005 Type of Radiation: Alpha

Instrument Serial #: 193686 Calibration Due Date: 5/4/2005

Detector Serial It: PRI90485 Calibration Due Date: 5/412005
Es (Surface Efficiency): 0.25 El (Insturment Efficiency): 0.1778

BKG Counts: 4 BKG Count Time (min): 2

Active Area of Detector Probe (cm2): 126 MDC (dDm/lOOcm 2): 110

Survey Gross Count Net Count Total 95% CL
Survey Point Count Gross Counts Rate Rate Contamination Uncertainty

FSS Swipe Number Location Time (min) (cts) (cpm) (cpm) (dpm/l100cm2) (dpmr1100cm 2)

K-SS-C71 Al subfooter 2 9 5 3 44.6 63.1

K-SS-072 BI subfooter 2 65 33 31 545 145

K-SS-073 Cl subfooter 2 42 21 19 339 119
Commentt Concrete Sub-Footer Survey

Prepared By: Date:

David B. Weyant 1/20/2005

Reviewed By: Date:

Andrew J. Lombardo 1/20/2005

I'K

Q:\P4000\UA4072\FSS Reports\Volume ll\Survey Unit FSSFOA-003\Attachment AWFSSFOA-003 Total Contamination Results oppiste wall



lt-

Survey Number KAISER-FSSFOA-003
Cinderblock Wall
Tech: DBW

C
Attachment A, Table A-i

Gross Alpha Scan Results Summary
Survey Unit Kaiser-FSSFOA-003

Final Status Survey
Thornum Remediation Project

TU!SV Ok oma It*
Kaiser Aluminum & Chemical Corporation

sin: 193686/PR190485
Alpha Eff: 17.78%

Cal Due: 5/4/2005

Scan weighted weighted Bgrd
cpm dpm/IOOcm2  cpm dpm/100cm2  cpm dpm/O10cm2 cpm

Location Grid min min max max ave ave (I min) Date

Cinderblock Wall Al 0 -75 20 282 3 -21 4.2 1/26/2005

Cinderblock Wall A2 0 -75 10 104 2 -39 4.2 1/26/2005

Cinderblock Wall B1 0 -75 10 104 1 -57 4.2 1/26/2005

Cinderblock Wall B2 0 -75 0 -75 0 -75 4.2 1/26/2005

Cinderblock Wall C1 0 -75 10 104 1 -57 4.2 1/26/2005

Cinderblock Wall C2 0 -7S 10 104 2 -39 4.2 1/26/2005

Cinderblock Wall DI 0 -75 10 104 1 -57 4.2 1/2612005

Cinderblock Wall D2 0 -75 0 -75 0 -75 4.2 1/26/2005

Cinderblock Wall El 0 -75 10 104 2 -39 4.2 1/26/2005

Cinderblock Wall E2 0 -75 0 -75 0 -75 4.2 1/26/2005

Cinderblock Wall F1 0 -75 0 -75 0 -75 4.2 1/26/2005

Cinderblock Wall F2 0 -75 10 104 1 -57 4.2 1/26/2005

Cinderblock Wall GI 0 -75 0 -75 0 -75 4.2 1/26/2005

Cinderblock Wall G2 0 -75 10 104 3 -21 4.2 1/26/2005

Cinderblock Wall HI 0 -75 10 104 1 -57 4.2 1/26/2005

Cinderblock Wall H2 0 -75 0 -75 0 -75 4.2 1/26/2005

Cinderbiock Wall 11 0 -18 10 161 2 18 1.0 2/1/2005

Cinderblock Wall 12 0 -18 10 181 1 0 1.0 211/2005

Cinderblock Wall J1 0 -18 10 161 1 0 1.0 2/1/2005

Cinderblock Wall J2 0 -18 15 250 1 0 1.0 2/1/2005

Cinderblock Wall KI 0 -18 20 339 2 18 1.0 2/1/2005
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Attachment A, Table A-1
Gross Alpha Scan Results Summary

Survey Unit Kaiser-FSSFOA-003
Final Status Survey

Thorium Remediation Project
Tuisa, Okiahoma Faciiity

Kaiser Aluminum & Chemical Corporation

s/n: 193686/PRI90485
Alpha Eff: 17.78%

ir

Survey Number KAISER-FSSFOA-003
Cinderblock Wall
Tech: DBW

Cal Due: 5/412005

Scan weighted weighted Bgrd
cpm dpmIIOOcm 2  cpm dpm/lOOcm2  cpm dpmnflOOcm 2  cpm

Location Grid min min max max ave ave (1 min) Date

Cinderb ock Wall Li 0 -75 0 -75 0 -75 4.2 1/26/2005

Cinderb ock Wall Ml 0 -75 40 639 2 -39 4.2 1/26/2005

Cinderb ock Wall Ni 0 -75 10 104 2 -39 4.2 1/26/2005

Cinderb ock Wall 01 0 -75 20 282 2 -39 4.2 1/26/2005

Cinderb ck Wall P1 0 -75 10 104 1 -57 4.2 1/26/2005

Cinderb ock Wall Q1 0 -75 0 -75 0 -75 4.2 1/26/2005

Cinderb ck Wall R1 0 -75 0 -75 0 -75 4.2 1/26/2005

Cinderb xckWall Si 0 -75 10 104 0 -75 4.2 1/26/2005

Cinderbi ck Wall T1 0 -75 10 104 0 -75 4.2 1/26/2005

Concrete iub-Footer concrete 0 O 10 179 1 18 0.0 2/1/2005

Notes:

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

the survey or determines the "weighted average".

2. The acc ptance criteria for Total Contamination is 944 dpm/100cm2. 10 cpm is approximately 150 dpm/100cm2.

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

4. Complia ce is demonstrated by static counts and smear (sample) results.
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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-FSSFOA-003

RANDOM START POINT
x ( Meters) y axis ( Meters)

2 0 lower bound
upper bound

x axis y axis

20.5 2

0,.

(0, 0)
North

x axis

J
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LABORATORY ANALYTICAL RESULTS



Outreach
V aboratory

1 North Aspen
Broken Arrow, OK 7401Z January 28, 2005
(918) 252-2515
FAX (918) 25 1.0008

,I , t/ 2 1/ 0°5,

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

Project: Kaiser Thorium Remediation PA40004072
OUTREACH LAB ID: 20050072

Dear Mr. Weyant,

Please find enclosed the analytical report for your samples received in our laboratory on
January 21, 2005 for the above captioned project. Three filters were received in good
condition and analyzed for Gross Alpha/Beta with an expedited 5-work day turnaround.
Results were faxed 1/28/05.

All QC is within limits. The samples will be returned as requested.

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

Labor ry Director

ODEQ ID #9517
CERT. ID# OK001

NRC ODEQ LIC. #27522-01 0 A4



Outreach
Waboiatory

l North Aspen
sroken Arrow, OK 74012
(918) 251-2515
FAX (918) 251-0008

Client:
Client Project:
Lab Number.
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050072
1/28t2005

1/21/05
1 of 2

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

Gross Beta

20050072-01
K-SS-071
1/20/2005 3:40:00 PM
Filter

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.241 +/-0.466 dpm/lOOcm 0.425

2
0.881 +/- 1.42 dpm/lOOcm 1.47

2

1/21/2005 1/212005 RE

1/21/2005 1/21/2005 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

20050072-02
K-SS-072
1/20/2005 3:45:00 PM
Filter

EPA 900/9310
Radiochemical Analyses

4.36+/-1.16 dpm/lOOcm 0.509
2

2.38 +/- IA9 dpm/lOOcm 1.44
2

1/21/2005 1/21/2005 RE

Gross Beta EPA 900/9310 1/21/2005 1/21/2005 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050072-03
K-SS-073
1/20/2005 3:50:00 PM
Filter

Gross Alpha

Gross Beta

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
2.34 +/- 0.849 dpm/l00cm 0.369

2
2.18+/-1.44 dpm/lOOcm 1.39

2

1/21/2005 1/21/2005 RE

1/21/2005 1/21/2005 RE

BDL = Below Detection Limit



Outreach
.- aboratory

14i North Aspen
II IJZ croken Arrow, OK 74012

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

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050072
1/2812005

1/21/05
2of2

QC Report

Parameter Blank LC2S LCSD DUP Ms MSD Date
%/REC %REC RPD RPDm %REC %REC RPD

Gross Alpha

Gross Beta

0+/-0.4 114.0

1.2+/-1.4 106.0

NC

NC

1n2112005

1121/2005

W

Lab Approval:

BDL = Below Detection Limit



CHAIN .* IS

CHAIN W bSTODY. -* ~ JUTREACH
LABORATORY

311 North Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008

Results To: Company laor 1 9 -Ls 1 - =T4. .
LoCjtL'

CZU'Z71 -

ICA , % n

Name rffiX~r. a s. A~fa,
Bill To:

CompanY\f / r17 / F I4dC

Nam

Address; 1y P, t 1(27

City tPL . StateQ\_ap7 4bY Y-

uUwlw , v., . \, .. _ _ . - .

Cityt State.Azip -72 L 4 1 w
Phone77`4-22 l -32j2, Fax#q aL;-1%J Z1

A - . . .

PO #

PROJECT#

PROJECTNAME
-0

REQUES~ TURNAROUND TIME V-) M
(ADDrnONACNQRGES M&Y APPLY)

SAMWŽAM PL
-b!4A.J-

IC
0

T
A

N
E
R
S

CONTAtWER
SIZE

PLASTIC
OR

GLASS

PRESERVATVE
a

1. HN03 pH<2
2. Ica ~*VC
3. MCI Pff4
4. H204 ptz2
5. NiOO p#611 - W-

I
.

_ 6
O-'
a.., c

-6 r

rj
4

) 000

-1ZE4.
� C
ot-

.4

4.4
,Mt

-'I-

a Jo,

q
_.e

eL G
.2 0

t £
92 / A

REMARKS
L .MTRD, UNFIRE,.

.GRAB, COMPOSIE
- �n .. 4-�4-, --
c11M SAMPt

ID mmX

I~~ I \ jt~X

___ __ __ __ __ __ ___ __ __I I* - ' -

RELNQUISHED BY. DATE TM .RECEIVED BY:._______ _ DATE__ME_
My signatur on this chain of custody fomindicates that I amn auihortzed by the above company to risae sam&leS for anaiysisb The company agrees to pay the *nfttr balanc upon recpt
of sample data and It Is understood and agreed that any balance carried over thirty (30) days Is aubect to a 1.5% per month (1 8% per annum) late charge. In tet *vent of defaul th e company
becomes legally fable for any reasonable attorney. and/or collection fees and alt retlated costs necessary to remit te entire balance to Outreach Technolo,0ea, Inc (Outreach Lwbratory).

SAMPiE tTtJRNnrISPOSAL An non-hazardous samples shait be dkSpoed O 30 days after 5te ofinit repot Al others wiii berew at cliens opee



qf

SAMPLE LOGIN

Date Received: 1/2)

Sample
Number

20050072-01 A
Gross Alpha/Beta

712005 9:27:06

Client
Sample ID .

K-SS-071

Lab Number:

Date
Sampled

01/20/05

20050072

Container
Type

Other

Container
Size

N/A

Due: 1/28/2005

Custody Seal
Seal Intact

No No

Matrix

Filter
-

Preservation

None
_

20050072-02 A
Gross Alpha/Beta

20050072-03 A
Gross Alpha/Beta

K-SS-072 Filter 01/20/05 Other

01/20105 Other

N/A

N/A

None

None

No No

No NoK-SS-073 Filter

v.

Page 1



tI

i

CONTAINER MWgIO ,
# Coolers Custody Seals Broken - Temperature a2 h . tie ; X . .c .. Radiation Survey L ;c fixed removable
SAMPLECSPECTION

Custody Seals Broken Chaln of Custody RecordL9/N Labels in Tact&O Radiation Survey Complet6N

Anomalies:

Inspected By: DATE_
QA or Designee Review: G DATE 2/(/L.25

Sample Custodian Review: DATEd&zJ DATE E/2 #l

Pjc N
Project Notes:

Page 2



Outreadi
" aboratory

; I. 1 North Aspen
Broken Arrow. OK 74012
(918) 251-2515
FAX (918) 251-0008

't t�- I

January 12, 2005 )Is 9[ l o\
David Weyant
Kaiser Aluminum & Chemical
7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium Remediation PA40004072
OUTREACH LAB ID: 20050020

Dear Mr. Weyant,

Please find enclosed the analytical report for your samples received in our laboratory on
January 07, 2005 for the above captioned project. Three filters were received in good
condition and analyzed for Gross Alpha/Beta with an expedited 1-work day turnaround.
Results were faxed 1/10/05.

All QC is within limits. The samples will be returned as requested.

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

Laboratorortit /

ODEQ ID #9517 s c ,
CERT. IDU OKOO I

NRC ODEQ LIC. #27522-01 S



Outreach
laboratory

11 North Aspen
t1roken Arrow. OK 74012
(918) 251-Z515
FAX (918) Z5 1 -000

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thoriun Remediation

20050020
1/10/2005

in/os
I of 2

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20050020-01
K-SS-066
116/2005 12:45:00 PM
Filter

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
7A8 +/- 1.78 DPM/F
7.50 +/- 3.15 DPM/F

0.673
2.84

1/10/2005 SD
1/10/2005 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
9 IJ Gross Beta

20050020-02
K-SS-067
116/2005 12:55:00 PM
Filter

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.637 +1- 0.788 DPM/F

0.917 +1- 2.69 DPM/F
0.673
2.84

1/10/2005 SD
1/10/2005 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20050020-03
K-SS-068
1/6/2005 1:00:00 PM
Filter

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.155 +/- 0.666 DPMIF

1.57 +/- 2.73 DPM/F
0.673
2.84

I/10/2005 SD
1/10/2005 SD

BDL = Below D:tection Limit



Outreach
Laboratory

',J) Broken Arrow, OK 74012
(918) 251-2515
FAX (918) 251-0008

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050020
1/10/2005

1/7/OS
2 of 2

QC Report

Parameter Blank LCS LCSD DUP MS MSD Date
0/.REC %REC RPD RPD %REC %REC RPD

Gross Alpha 0+14.58 76.1 1110/2005

Gross Beta 2.1+/-2.8 72.6 111012005

Lab Approval:

Ki)

I '.

BDL - Bcow Detection Limit



0 LJUTREACH
LABORATORY

C AN * ..V . .
' CHAIN C, -OST011Y

Results To:

C~t lt '.

0% tL
cut 1; '.7 N -

-111 - 04-7\

Company -

Namee

Address 1Z1I S. . il- .

City --- v StatelL ap l__ _M 1
Phnn417ti - I Fax 0l4 'A -?t'-l

Bill To:

rmnnnqnvX% # /Pcx /A g-

311 North Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Cnv- In-llo% Or1l-nno8

AddrassZfI I ~ . W I -t CYs,VtL
.--.--- --. . - ,N - .,4f ff 1

cfty-,�r�,�State-tk-zipl L4 I 4 - -
* v.A V i 7 -',.' I .} . / f i ~V V I . I. - __ ___

PO# t¶ h -'41t C CONTAINER PRESERVATIVE c _ - j4;
PROJECT# .0 1. HN03pH2d

PROJECT NAME r~"T PLASTIC 3. HCI pHd 4 0 ~
A OR 4* H2S04 PH4 -2 O4Ii

REQUESTED TURNAROUND TIME Z £a V S. N&OH pll11 _.
(ADDITIONAL CHA QES MAY APPLY) 'AN SS _ ) ,,

SAMPLE i' R?~ c t
SAMPLER <" 't R , 'i ' REMARKS

Su (I.L MITERED, UNWFTERED,

CUES DATE TOM A S , GRAB, COMPOSITE)

I-E-2 I a55 CA;¢ rxwn ^ & &

- jS -\I _

- ._ ,-- I . ._

I

RELINQUISHED BY/ .C --- DATE /-t"1STIME ? R RECEVED BY.-:ATEID Yk

REUIQUI HED BY: DATE. .TIMEi- RECEIVED BY DATE__ TIME_
My slgnahtfe on this chaIn of custody form Indicates that I am authorized by the above company to release samples for anaeyaIs. The company agr*ee to pay the entire balance upon rcelpt
of sample data and it Is understood sod agreed that any balance carded o'er thirty (36) days Is *ubect to a 1.5% per month (1 I% per annum) late charge. In the event of default the company

becomes legally Sable for any reasonable attonieyand/or collection fees and aS related coats necessary to reit the *ntrr balanceto Outreach Technologies, Inc. (Outreach Laboratory).



P

I

CONTAINER INSPECTION

i Coolers ;k Custody Seals Broken - Y/N Temperature Blue fce / Wet Ice Radiation Survey fixed removable

SAMPLE INSPECTION

Custody Seals Broken - Ye Chain of Custody Recor.o?,N Labels in Tac2N Radiation Survey Comple&

Anomalies:

Inspected By:

QA or Designee Review:

Sample Custodian Review:_

DATE /I ADl.
-DATE

_DATE_______

Project Notes:

Page 2

r



Outreach
' ab oratory

K, u' .I Nort Aspen
Broken Arrow, OK 74012
(918) 251-2515
FAX (918) 251 -OOOS

�iA 16 5 e)'�,

.1�1 b,--�
r I �

December 17, 2004

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

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20040904

Dear Mr. Weyant,

Please find enclosed the analytical report for your samples received in our laboratory on
December 15, 2004 for the above captioned project. Eighteen filters were received in
good condition and analyzed for Gross Alpha/Beta with an expedited 2-day turnaround.
Results were faxed 12/17/04.

All QC is within limits. The samples will be returned as requested.

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

Labo#6yirectorg

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

CERT. WI OK001



Outreach
laboratory
is 1 North Aspen

Broken Arrow. OK 74012
(918) 251-2515
FAX (918) 251-0008

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20040904
12/17/2004

12/15/04
1 of 5

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040904-01
K-SS-048
12/15/2004 8:02:00 AM
Filter

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.689 +1- 0.507 DPM/F

1.58 +/- 1.62 DPM/F
0.350 12/15/2004 12/15/2004 RE
1.66 12/15/2004 12/15/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
i;~ Gross Beta

20040904-02
K-SS-049
12/15/2004 8:04:00 AM
Filter

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.624 +/- 0.496 DPM/F

2.08 +/- 1.23 DPM/F
0.355 12/15/2004 12/15/2O04 RE
1.17 12115/2004 12/15/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040904-03
K-SS-050
12/15/2004 8:06:00 AM
Filter

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

Radlochemical Analyses
0.631 +/- 0.495 DPM/F

1.03 +/- 1.36 DPMIF
0.350 12/15/2004 12/15/2004 RE
IA0 12/15/2004 12/15t2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040904-04
K-SS-051
12/15/2004 8:08:00 AM
Filter

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.258 +/- 0.636 DPM/F
0.502+/-1.38 DPM/F

0.287
0.659

12/15/2004
12/15/2004

12/15/2004 RE
12/15/2004 RE

Lab ID:
Client ID:
Date Sampled:

1.i AMatrix:

20040904-05
K-SS-052
12/15/2004 8:10:00 AM
Filter

Radiochemical Analyses

BDL = Below Detection Limit



Outreach
x'aboratory

i INoth Aspen
kroen Arrow. OK 74012

(918) 251-2515
FAX (918) 251-08

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kalser Aluniinum
Thorium Remediation

20040904
12117/2004

12/15/04
2 of S

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Gross Alpha
Gross Beta

EPA 900/9310
EPA 90019310

0 +/- 0.327 DPMIF
1.37 +1- 1.19 DPMIF

0.162 12/15/2004 12/15t2004

0.529 12/15/2004 12/15/2004

RE
RE

Lab ID:
Client ID:

Date Sampled:

Matrix:

Gross Alpha
Gross Beta

20040904-06

K-SS-053

12/15/2004 8:12:00 AM

Filter

EPA 900/9310
EPA 90019310

Radiochemical Analyses
0.733 +1- 0.523 DPMWF

1.29+/- 1.21 DPM/F

0.162 12/15t2004 12/15/2004 RE
0.545 12/15/2004 12/15/2004 RE

Lab ID:
Client ID:
Date Sampled:

l JMatrix:

20040904-07
K-SS-054
12/1512004 8:14:00 AM
Filter

Gross Alpha
Gross Beta

EPA 90019310

EPA 90019310

Radiochemical Analyses
0.862 +/- 0.544 DPM/F

1.93 +/- 128 DPM/F

0.158 12/1/2004 12/15/2OO4 RE
0.556 12/15/2004 12/15/2004 RE

Lab ID:

Client ID:
Date Sampled:
Matrix:

20040904-08

K-SS-055
12/15/2004 8:16:00 AM

Filter

Gross Alpha
Gross Beta

EPA 90019310
EPA 900/9310

Radiochemical Analyses
0.397 +/- 0.469 DPM/F

2.08 +/- 1.27 DPM/F
0.177
0.548

12/15/2004 12/15/2004 RE
12/15/2004 12/15/2004 RE

Lab ID:
Client ID:

Date Sampled:

Matrix:

Gross Alpha

Gross Beta

20040904-09
K-SS-056
12/15t2004 8:18:00 AM
Filter

EPA 900/9310

EPA 900/9310

Radiochemical Analyses

0.573 +/- 0.482 DPM/F

2.11 +/- 1.65 DPM!F
0.158 12/15/2004 12/15/2004 RE
0.749 12/15/2004 1215/2004 RE

BDL - Below Detection Limit



Outreach
Laboratory

i . IA North Aspen
, 3droken Arrow, OK 74012
(918) 251-2515
FAX (918) 251-0008

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20040904
12/17/2004

12/15/04
3 of 5

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:

Client ID:
Date Sampled:

Matrix:

Gross Alpha

Gross Beta

20040904-10

K-SS-057

12/15/2004 8:20:00 AM

Filter

EPA 90019310

EPA 900/9310

Radiochemical Analyses
0.277 +/- 0.411 DPMJF

2.48 +/- 126 DPM/F
0.160 12/15/2004 12/15/2004 RE

0.525 12/15/2004 12/15/2004 RE

Lab ID:

Client ID:
Date Sampled:

Matrix:

Gross Alpha
Gross Beta

20040904-11
K-SS-058

12/15/2004 8:22:00 AM
Filter

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
OA00 +/- 0.440 DPM/F

1.25 +/- 137 DPM/F
0.158 12/15/2004 1211512004 RE

0.629 12/15/2004 12/15/2004 RE

Lab ID:

Client ID:
Date Sampled:

Matrix:

20040904-12
K-SS-059
12/15/2004 8:24:00 AM
Filter

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
1.12 +/- 0.772 DPM/F

1.82 +/- I1A6 DPMIF
0.287 12115/2004 12/152004 RE
0.659 12/15/2004 12/15/2004 RE

Lab ID:
Client ID:

Date Sampled:

Matrix:

Gross Alpha

Gross Beta

20040904-13

-SS-060

12/15/2004 8:26:00 AM

Filter

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.617 +/- 0.498 DPM/F

2.43 +/- 1.26 DPM/F
0.162 1211512004 12/15/2004 RE
0.529 12/15/2004 12115/2004 RE

Lab ID:

Client ID:
Date Sampled:

I Watrix:

20040904-14

K-SS-061

12/15/2004 8:28:00 AM

Filter

Radiochemical Analyses

BDL- Bclow Detcction Limit



Outreach
xwaboratory

* I North Aspen
Kl,2  roken Arrow, OK 74012

(918) 251-2515
FAX (918) 25140008

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20040904
12/17n2004

12/15/04
4 of S

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

25A +1- 2AO DPM/F
15.4 +1- 1.97 DPM/F

0.162 12/1512004 12/15t2004 RE
0.545 12/15/2004 12/15/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040904-15
K-SS-062
12/15/2004 8:30:00 AM
Filter

EPA 900/9310
EPA 900/9310

Radlochemical Analyses
2.48 +/- 0.809 DPMTF

2.54 +1- 1.32 DPM/F
0.158 12/15/2004 12/15/2004 RE
0.556 12/15/2004 12/152004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040904-16
K-SS-063
12/15/2004 8:32:00 AM
Filter

Gross Alpha
Gross Beta

EPA 90019310
EPA 900/9310

Radlochemical Analyses
0.628 +1- 0.521 DPMIF

2.39 +/- 1.29 DPM/F
0.177 12/15/2004 12/15/2004 RE
0.548 12/152004 1215/2004 RE

Lab ID:
Client ID:
Date Sampled:

Matrix:

20040904-17
K-SS-064
12115/2004 8:34:00 AM
Filter

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.226 +/- 0.394 DPM/F

0.261 +/- 1.55 DPM/F
0.158 12/15/2004 12/15/2004 RE
0.749 12115/2004 12/15/2004 RE

LAb ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040904-18
K-SS-065
12/15/2004 8:36:00 AM
Filter

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.508 +/- OA70 DPM/F

1.95 +/- 1.22 DPMIF
0.160 12/15/2004
0.525 12/15/2004

12/15/2004 RE
12/15/2004 RE

BDL Below Dclction Limit



Outreach
. Iabortowy

I~ S. I North Aspen
H lroken Arrow. OK 74012
(918) 251-2515
FAX (918) 251 0008

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20040904
12/17/2004

12/15/04
5 of 5

QC Report

Parameter Blank LCS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RPD

_ . . . ,.. nA
Gross Alpha

Gos Bea

U+1--u3 I i.U

2.2+1-1.6 105.0

NC

NC

zaIzIIuuq

12/512004

Lab Approval:

BDL Below Mdction Limit



JUTREACH
LABORATORY

r ..

CHAIN i. CUSTODY
Results To: Company %h( g f\Awm . C-ikN _> .C=e-

311 North Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008

q t-Z8N ^

CW-o*1t'j -
741~ - (361

Nam 55.19 - ,- - - LtrE -
Bill To:

Companvy. tf-/ Ai (C t6x
- 2f -lr^- - L 1 ra

Addre s 21\- S1 .y MI lstn
Cltyvl p . State (2tLZap 7Yi I 4IZ-
Phone7V1Z. -1 L '-2. Fax # ! It 5- t nLI \

. . , . / -, , ---
NameDA')j, CZ .R/ b f,*~lj IfA,
Address IJ L H . -'' -l l T/

Ci State-O-YtZip-LL4R~--
.W _,,_W ,

C- I
- I -

PO#

PROJECT # Y ASSM - 6.

PROJECT NAME

REQUES TURNAROUND TIME ' k
(ADDM IK ?

SAMPE , X {

C
0
N
T
A

N

R
S

SIZE

PLASTIC
OR

GLASS

1.
2.
3.
41..

CONTAINER I PRESERVATIVE

HNO3 pHld
kce -4C

HtCI pH4
H2604 pH<2
NeOH pH)11

I N

tow

..

j, a

I -C

ej
. 6
1-1vj
- iW. C, 1
f<

--4.
-lt

Ip. '7
Si-gnatur-e " V / REMARKS

(I.E FL.TER£D, UNFILTERED,
GRAB, COMPOSIE)I . I T n n I

It, - PA1.
SAMWP U;;t6 I MAmX

I(- 9;' . - > -W>Mt* oti~ 1/{1

ol - k -- -- - == - -ml _ ___ S2 lL_ I I I I

k-(X ac-0•' _ _. -- _ - 7Z7X

,S- -_ In

k -o&cl i -

RELI HED . &JOAib I

RELINQUISHED BY. DATE TIME RECEIVED BY. DATE TIME______
My signature on thiis chain of custody form Indicates that I am authorized by the above company to release samplot tot analysis. The company agrees to pay the ntre balance upon rceipt
ot sample date and It is understood and agreed that any balance carried over thirty (30) days Is Subfect to a 1.5% per month (18% per annnm) late charge. In the event of d fautt, the company
becomes legally liable for any reasonable attomey and/or colection fees and an related costs necessary to remIt fta erntre balance to Outreach Technologs. Ine (Outreach Laboratory).

cAiAotc oc,, rnMfruoot�oM� All n-hamrrtoua aamclaa shalt be OleDosed Of �O 051'S slIer teat,. 61116.1 rsoot AN others wIll be mftJr,,.�I .9 �.iWtr*



C
CHAIN U*. IUSTODY

~,fr-
i

JUTREACH
LABORATORY

311 North Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008

Results To:
tLbCA 1.

oyti
CUt(: 7ZL -

711 -O 0,-

Compan YMMLht A1i'.A tQ6 as ~~~

Addres-sT-n ~ 4I~ ~2~~

ClItyAL% StateODh zp -7 '9 I 4
Phone'72 - 9Z..~ ZS2 ax ~f-:314 -Z1I7 1

Bill To:

Company M$ _ - __r .$ .

Address'~721~ 5-- U14 L i,iLP&
Clty'.�!��State-&,--�P..

.1. .

PO#

PROJECT #
PROJECT NAME

V, MM 0 - 110 I I. .�)js, - 4 0s,,, - 14 7 7-
\� I- %%l it 4 a a I..,(, tit-Net b ,

REQUESTD TURNAROUND TIME
(ADDln~z~2P

SAMPLER v C.
Signature

C
0
N
T
A

N
E
R
S

CONTAINER
SIZE

PLASTIC
OR

GLASS

PRESERVATIVE
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SAMPLE LOGIN

Lab Number: 20040904Date Received: 12/15/2004 8:39:2 Due: 12/17/2004

Sample
Number

20040904-01 A
Gross Alpha/Beta

20040904 02 A
Gross Alpha/Beta

20040904-03 A
Gross Alpha/Beta

20040904-04 A
Gross Alpha/Beta

2004090405 A
Gross Alpha/Beta

20040904-06 A
Gross Alpha/Beta

20040904-07 A
Gross Alpha/Beta

20040904-08 A
Gross Alpha/Beta

20040904-09 A
Gross Alpha/Beta

20040904-10 A

Client
Sample ID)

K-SS-048

Matrix

Filter

K-SS-049

K-SS-050

K-SS-051

Filter

Filter

Filter

K-SS-052

K-SS-053

K-SS-054

Filter.

Filter

Filter

Filter

Filter

Filter

Date
Sampled

12/15/04

12/15/04

12/15/04

12/15/04

12/15/04

12/15/04

12115/04

12/15/04

12/15/04

12/15/04

Container Container Custody Seal

Plastic

Type Size

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

N/A

N/A

N/A

NIA

N/A

N/A

N/A

N/A

N/A

N/A

Preservation

None

None

None

None

Seal

No

No

No

No

Intact

No

No

No

No

None

None

None

None

None

None

No

No

No

No

No

No

No

No

No

No

No

No

K-SS-055

K-SS-056

K-SS-057
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Gross AlphaJBeta

20040904-11 A K-SS-058 Filter 12/15104 Plastic N/A None No No

Gross Alpha/Beta

20040904-12 A K-SS-059 Filter 12/15/04 Plastic N/A None No No

Gross Alpha/Beta-

20040904-13 A K-SS-060 Filter 12/15/04 Plastic N/A None No No

Gross Alpha/Beta

20040904-14 A K-SS-061 Filter 12/15/04 Plastic N/A None No No
Gross Alpha/Beta

20040904-15 A K-SS-062 Filter 12/15/04 Plastic N/A None No No

Gross Alpha/Beta

20040904-16 A K-SS-063 Filter 12115/04 Plastic N/A None No No

Gross Alpha/Beta

20040904-17 A K-SS-064 Filter 12/15/04 Plastic N/A None No No

Gross Alpha/Beta

20040904-18 A K-SS-065 Filter 12t15/04 Plastic N/A None No No

Gross Alpha/Beta
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Final Status Survey Report
Volume II - Former Operational Area

Sub-Report No. EB-034
Survey Unit Kaiser-FSSFOA-004

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of Former Operational Area (FOA) excavation 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-FSSFOA-004, an open land area (FOA excavation surface soil) resulting from the
removal of radiologically-affected soil from beneath a "built-up" dock area associated with the
Maintenance Building. The survey unit is located immediately west of the Maintenance
Building (Figure 3). Survey Unit Kaiser-FSSFOA-004 is considered a Class 1 survey unit with
an approximate surface area of 84 in2 .

Survey Unit Kaiser-FSSFOA-004 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. During the removal of the radiologically-affected soil, one embedded
"structure" (a cinderblock wall and associated concrete footer) was encountered and left in-place
along the eastern boundary of the excavation.

Q:\4000\PA4072\FSS Repots\Volume Ir\Swvey Unk FSSFOA-004\PSS-FOA-004 Text.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 following physical
features or elements of Survey Unit Kaiser-FSSFOA-004:

0

Excavation bottom surface soil.
Embedded structure (a cinderblock wall and associated concrete footer) remaining on the
eastern boundary of the survey unit.

2.1 Excavation Bottom Surface Soil

The final status survey of the excavation bottom surface soil consisted of a gross gamma scan of
the exposed surface soil and systematic soil sampling.

2.1.1 Gross Gamma Scan

The exposed surface soil of the Class I 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 14 approximately equal-distant locations in the survey unit.
The statistics for the 14 background measurements are provided below in Table 1. Background
measurements ranged from 10,359 counts per minute (cpm) to 12,462 cpm.

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 20 area-averaged measurements of gross count rate were made across the survey unit's 84 m2

surface area. The results ranged from 10,200 cpm to 14,500 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: 84 m2  ll
Number of Scan
Measurements (Recorded 20
Average per 2 m2 grid area)
Scan Rate: 0.5 m/s
(Swinging the detector a width (MARSSIM recommends
of 1-meter side to side) 0.5m/s)

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 10,359 10,200
Maximum 12,462 14,500
Average 11,121 12,300

Standard Deviation 545 970
Median 11,070 12,200

Q:AP4001PA4072\FSS Reports\Volune IDSurvey Unit FSSFOA-004\FSS-FOA-004 Text.doc 2 Revision 0
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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
DCGLw for the site). As part of the gross gamma survey, I biased soil sample (K-484) was
collected at a location exhibiting a high scan rate under the concrete footer (Figure A-2,
Attachment A). The biased soil sample was forwarded to Outreach for analysis of Th-232
activity concentration. The analytical result is presented below in Table 2. The biased soil
sample result was below the DCGLw for the site.

Table 2 - Biased Soil Sample Result

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-484 2.01 0.355 0.757

2.1.2 Systematic Soil Sampling - Excavation Bottom 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. I
(Attachment B). Once N was determined, the Survey Unit Area (A) of 84 m2 along with the N
of 9 were used to calculate the Triangular Grid Node Length (L) of 3.3 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 10 soil
samples (identified as K-493 through K-502) 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 3. Analytical data reports are contained in
Attachment C.

Q:\P40CO\PA4072\FSS Reports\Volume IIrSurvey Unt FSSFOA.004\FSS-FOA-004 Text.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 KUM (ppCilg) (pCi/g) (pCi/g) (pCi/g)

K-493 0.844 0.103 0.365 0 3.0
K-494 0.786 0.069 0.318 0 3.0
K-495 0.883 0.148 0.595 0 3.0
K-496 0.547 0.064 0.281 0 3.0
K-497 0.978 0.062 0.302 0 3.0
K-498 1.00 0.104 0.288 0 3.0
K-499 1.13 0.235 0.506 0.03 3.0
K-500 1.29 0.115 0.462 0.19 3.0
K-501 0.905 0.100 0.427 0 3.0
K-502 1.14 0.074 0.286 0.04 3.0

Average 0.950
Standard Dev. 0.209

Minimum 0.547
Maximum 1.29

Median 0.942 _

All 10 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 1.29 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 0.950 pCi/g. The
standard deviation of the 10 equal-distant samples was 0.209, 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.

2.1.3 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 (0.48 pCi/g) between the maximum survey unit soil sample activity
concentration (1.29 pCi/g) and the minimum reference background area soil sample activity
concentration (0.81 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 (pCilg) Group Sample ID (pCilg)

RI 74 0.87 S I K-493 0.844
R2 90 1.37 S2 K-494 0.786
R3 257 1.31 S3 K-495 0.883
R4 272 1.43 S4 K-496 0.547
R5 258 0.81 S5 K-497 0.978
R6 262 1.63 S6 K-498 1.00
R7 171 1.16 S7 K-499 1.13
R8 207 1.56 S8 K-500 1.29
R9 362 1.18 S9 K-501 0.905

R10 26 1.47 Slo K-502 1.14
Average 1.28 Average 0.950
Standard Standard
Dev. 0.28 Dev. 0.209
Minimum 0.81 Minimum 0.547
Maximum 1.63 ______Maximum 1.29
Median 1.34 Median 0.942

2.2 Embedded Structures

As previously noted, one embedded "structure" (a cinderblock wall and associated concrete
footer) was encountered along the eastern boundary of the excavation (Attachment D, Figure
D-1). 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-
FSSFOA-004 embedded structure is contained in Attachment D and includes the following:

0

0
to
I

.

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 cinderblock wall was approximately 2 m2 in total surface area and the concrete footer
another 5 m2. The cinderblock wall and concrete footer were scanned for gross alpha
contamination. No elevated areas were detected. The results of the gross alpha scan are
presented in Table D-1 contained in Attachment D. Four static counts to determine total alpha
contamination were taken on the wall and footer (A, B and C on the wall and 1 biased location
on the footer). Two smear samples of removable contamination were also taken on the exposed
structural surface (K-SS-070 and K-SS-079). Smear Sample K-SS-070 was taken at Location B
on the cinderblock wall and Smear Sample K-SS-079 was taken on the concrete footer. The
results of the total and removable alpha contamination measurements are presented below in
Table 5.
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Table 5 - Cinderblock Wall and Associated Concrete Footer Total and
Contaminatinn Results

Removable Alpha

DCGL-GA Alpha Std. Error MDC
Sample ID (dpmIlOOcm 2) (dpm/100cm2) (dpm/100cm2) (dpm/1OOcm 2)

Total
Contamination

Concrete Footer 944 80.3 52.5 26.8
Wall (A) 944 98.2 72.1 98.7
Wall (C) 944 8.93 46.3 98.7
Wall (B) 944 393 124 98.7

Removable
Contamination

K-SS-070 94.4 0 0.368 0.441
K-SS-079 94.4 0.361 0.887 0.811
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from beneath a built-up dock area associated with the
Maintenance Building resulted in an open land area consisting of an excavation approximately
84 m2 in area. This open land area, identified as Survey Unit Kaiser-FSSFOA-004 is considered
a Class 1 survey unit. The survey unit is located immediately west of the Maintenance Building
within the FOA (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 the identified
embedded structure (cinderblock wall and associated concrete footer).

3.1 Excavation Bottom Surface Soil

The acceptance criterion for open land areas (FOA excavation 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-FSSFOA-004 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:

1 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).

* All 10 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 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-FSSFOA-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 6. As previously mentioned, no elevated
areas were left in-place for the survey unit.
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Table 6 - Fraction of Applicable Acceptance Criteria per Survey Unit Element
Average

Net Acceptance
Sunrey Unit Element Units Activity Criteria Fraction
-FSSFOA-004 Excavation Surface Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 0.00
-Embedded Structure (Total dpm/lOOcm' 145 944 0.15
Contamination)
-Embedded Structure (Removable dpm/l 00cm2  0.181 94.4 0.00
Contamination)
TOTAL SUM OF FRACTIONS 0.15

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-FSSFOA-004
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-FSSFOA-004

2. Description: Former Operational Area. West of Maintenance Building

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

4. Dimensions (m): Excavation Bottom - Approx. 9.2 meters x 9.2 meters; Area, A (m2): 84

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

Average: 20.000 Minimumn 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 m2 Class I 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 m2, recalculate the corresponding Triangular Grid Node

Length (LI) for the Survey Unit Area (A), using the following formula: LI = (A/(0.866 x 9))f: 3.3 m

8. If N is greater than 9 and the A is other than 2,000 m2, recalculate the corresponding Triangular Grid Node

Length (LI) using the following formula LI = (A/(0.866 x N))12 : N/A

9. If A is greater than 2,000 i 2 and N is equal to 9, recalculate the minimum number of samples (NI)

corresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N, = A / (0.866 x

162), No: N/A

10. Calculate the height (h) of the equilateral triangle with side length equal to L (or (LI) using the following

formula: h = ((L2 - (L/2)2)12: 2.8 In.
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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-FSSFOA-004

RANDOM START POINT
i ( Meters)I y axis ( Meters)

7 3 lower bound
upper bound

c()o

(0, 0)
North

x axis
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Outreach
Laboratoty
I 11 NorthAspen

kk.,, droken Arrow. OK 74012
(918) 251-2515
FAX (918) 25100083

e��, -L+ OC) 7c L-January 31, 2005

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

",f- /1A / f

Project: Kaiser Thorium Remediation PA-40004072
OUTREACH LAB ID: 20050087

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
January 26, 2004 for the above captioned project. Nine soil samples were received in
good condition and analyzed for Th-232 by Gamma Spectroscopy without drying and
grinding and' Percent Moisture with an expedited 5-work day turn. Results were faxed
1/31/05.

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

Your samples will be returned as requested.

Thank you for choosing Outreach Laboratory and if you have any questions, please call
us at 918-251-2515.

Laboratoryict or

,1l

V >. ~k

ODEQ ID #9517
'DEQ LIC. #27522-01 C,

*x Xa ar

CERT. ID #OK001
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Outreach
Laboratory
.3 I North Aspen
Broken Arrow, OK 7401 2
(918) 251-2515
FAX (918) 251.00B8

* Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050087
1/31t2005

1t26/05
I of 3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050087-01
K-493
1/25/2005 1:45:00 PM
Soil

Radiochemical Analyses
HASL 300 0.844 +/- 0.103 pCilg

Inorganics Analyses
ASTM D2216-92 12.4 %

0.365 l126t2005 SD

1/26/2005 1/27t2005 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050087-02
K-494
1/25/2005 1:50:00 PM
Soil

Radiochemical Analyses
HASL 300 0.786 +/- 0.069 pCi/g

Inorganics Analyses
ASTM D2216-92 14.2 %

0.318 1/26/2005 SD

1/26/2005 1/27/2005 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050087-03
K-495
1/25/2005 1:55:00 rM
Soil

Radiochemical Analyses
HASL 300 0.883 +/- 0.148 pCi/g

Inorganics Analyses
ASTMD2216-92 14.6 %

Th-232

Percent Moisture

0.595 1/26/2005 SD

1/26/2005 1/27/2005 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050087-04
K-496
1/25/2005 2:00:00 PM
Soil

Radiochemical Analyses
HASL 300 0.547 +/- 0.064 pCi/g

Inorganics Analyses
ASTM D2216-92 12.3 %

0.281 1/26/2005 SD

1/26/2005 1/27/2005 RT

BDL - Below Dctection Limit



Outreach
Laboratory

~JI i, North Aspen
Broken Arrow. OK 74012
(918) 251-2515
FAX (918) 25 1 -000

Client: . .
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050087
1/31/2005

1126/05
2 of3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050087-05
K-497
1125/2005 2:05:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

. 0.978 +/- 0.062 pCi/g
Inorganics Analyses

92 14.5 %

0.302 112612005 SD

.Percent Moisture ASTM D2216-5 1/26/2005 112712005 RT

Lab ID:
Client YD:
Date Sampled:
Matrix:

!
Th-232

Percent Moisture

I20050087-06
K-498
1125/2005 2:10:00 PM
Soil

R
HASL 300

ASTM D2216-92

tadiochemical Analyses
1.00 +/-0.104 pCi/g

Inorganics Analyses
11.4 %

0.288 1/26/2005 SD

1126/2005 1/2712005 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050087-07
K-500

/25/2005 2:20:00 PM
Soil

Radiochemical Analyses
HASL 300 1.29+i-0.115 pCi/g

Inorganics Analyses
ASTM D2216-92 13.3 %

Th-232

Percent Moisture

0.462 1/26/2005 SD

1/2612005 1/2712005 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050087-08
K-501
1/25/20052:25:00 PM
Soil

HASL 300
Radiochemical Analyses

0.905 +/- 0.100 pCilg
Inorganics Analyses

0.427 1/26/2005 SD

ASTM D2216-92 5.8 % 1126/2005 1127/2005 RT

liDL = B3elow Detection Limit



Outreach
' aboratory

Ki ..I 1 1 1o4t Aspen
Broken Arrow. OK 74012
(918) 251-2515
FAX (918) 251 -00C8

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050087
1/31/2005

16/05
3 of 3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:

Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moiture

20050087-09
K-502

1/25/2005 2:30:00 PM
Soil

Radiochemical Analyses
HASL300 1.14+/-0.074 pCi/g

Inorganics Analyses
ASTM D2216-92 12.0 %

0.286 1/26/2005 SD

1/2612005 1127/2005 RT

QC Report

'arameter Blank LCS LCSD DUP MS MSD . Date
%REC %REC RPD RPD %REC %REC RPD

Ac-22. 10.7 1n612005

Am-241

CO 6U

Cs-137

Percent Moisturc

99.0

90.0

96.0

89.0

93.0

92.0

10.6

3.3

4.7

n2612005

126/2005

mn26o2005

1127/200513.2

"A)Lab Approval:

RLJrJ r
,

BDL - Below Detection Limit



( OUTREACH
LABORATORY

5lC- O
CHAIN %.I CUSTODY .

ir�
t

311 North Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008

Results To:
LOCAL

O'1. ', ti -

'I71 -n I1,-

rCnmn:nv V( 0xSSr - hlk 9 ^^R t.c} i r-\'
ras Ib ys\a , ,, x ,,L, _ _L

Name S Ct. ')NA 4,..
Address1.~u S- t41 SIAIL

Bill To:

Company W ,tbA !t',4 4! fr
NAdr 7ZIt kA^A

Addres7 59 tsYCityI11 -& State-A Zip '4 1 YY

PhonejZ4 -qTh4 tZ l Fax At#_ N0. 1N -) Icity: MA & State-Zip 7 1

J,

PO# r >. , r, . -57 z
PROJECT#ti-' - 4-

PROJECT NAME A, _ JM T ,

REQUESTED TURNAROUND TIME ____k
(ADDITIONAL.HARGES MAY APPLY)

SAMPLER.- '
TS.h MCj gfl\,~ vrV .

C
0
N
T
A

N
E
R
S

CONTAINER
SIZE

PLASTIC
OR

GLASS

PRESERVATIVE
I

1. HNO3 pHd

2. ke ec4-C
3. MCI pH<2
4. H`12S04 PH4
S. NeOH pH>11

-j

t- .

.4--
I j

~1*
4,I

11t
c:-Z

-r U

-L I
V'
.1

i- C
C~,N.:

13.

,)

C

.. j

'i14 11

-rc -,
.O 4

.,e- --
r"
tj

V4) 1." 1�1

t�, 4

1)'k:
Z
IQ

/
/

REMARKS
(.E. FltTERED, NllN ED,

GRAB, COMPOSITE)
V *-�--�*�=-�-- r - P

CEENT SAMPLE
ID

TIME
SAWPII MAW

____, rCi \ S 1 _ . -;

* t ,r7--.-.~h1 ; 4 - - < 4 6 z t

W 1 l2 r 9 ._ _ _ _ _ _ _ _ _ _ _ _ _ _2N

_ - I l 3 D l-D s o p - - _ _ _ _ _ _ _ _ _ a

I~ 1 _ ' L - - - _ _ _ _ _

-/ Y . _ - 6 t _ A' _ -e _ .

,4

I _ _ _ _ _ _ _ _ I 7 5 -- &

RELINQUISHESA &ARECEIVEDBA-TA\i . D.C A

RELINQUISHED BY:E -) DATE. TIME . RECEIVED BY: DATE TIME _ _
My signature on this chain of custody form Indicates that I am authorized by the above company to release samplet for analysie. The company agrees to pay the entire balance upon recept

of sample data and it is understood end agreed that any baiance carried ovar thirty (30) days Is subject to a 1.5% per month (I8% per annum) late charge. In the event of default, the compaey

becomes legally liable for any reasonable attorney and/or cotection fees and al related cost, necessary to remit the entir balance to Outreach Technologies, Inc (Outreach Laboratory).

CASIDI � ooTlOujrricDftcAI .411 n-tra�ar,*..� ..,,�i...hatib.dtaooaed of 30 days after Issue of final recoil. All others alit be returned atdientasnenaa.



4- L

SAM~PLE LOGIN

nD-te Received: 1/26/7005 9:22:11 Lab Number: 200S00S7

Sample
Number

Client
Sample ID

Date Container Container
Sampled Type . Size

Due: 2/2/705

Custody Seal
Seat IntactMatrix Preservation

20050087-01 A K-493
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil 01/25/05 Plastic

20050087-02 A K-494
1i Percent Moisture (LOD)
!'I Th-232 by Gamma Spec

20050087-03 A K-495
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 01/25/05 Plastic

16oz

16oz

16oz

None

None Yes

Yes

Yes

Yes

YesSoil 01/25/05 Plastic None Yes

20050087-04 A K-496
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050087-05 A K-497
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050087-06 A K498
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

01/25105 Plastic

01/25/05 Plastic

01/25/05 Plastic

01/25105 Plastic

01/25105 Plastic

16 oz

60oz

16 oz

16oz

16 oz

None

None

None Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

20050087-07 A K-500
Percent Moisture (LOD)

I Th-232 by Gamma Spec

Soil None Yes

.1

!20050087-08 A K-501 *Soil None Yes

Page I



Percent Moisture CLOD)
ah-232 by Gamma Spec

20050087-09 A K-502 Soil 01/25/05 Plastic 16 oz None Yes Yes
Percent Moisture (LOD)
Th-232 by Gamma Spec

CONTAINER INSPECTION AL;t.

# Coolers Custody Seals Broken - Y#Q Temperature /1 Blue Ice / Wet Ice Radiation Survey _ fixed removable

SAMPLE INSPECTION

Custody Seals Broken - Chain of Custody Recoyd/N Labels in Tacti Radiation Survey CompleteAN

Anormalies:

Inspected By: DATE_________

I QA or Designee Review: . DATE_

Sample Custodian Review:, DATE

Project Notes:

Page 2



Outreach
'boratory

A4" M O 74M12 January 19,2006 'IT )),Aid
(918) 251-2515 j
FAX (918) 25 10008

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

Project: -Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20060018

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our.laboratory on
: January 10, 2005 for the above captioned project. Four 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 turn.

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

Your samples will be.returned as requested.

: Thank you for choosing Outreach Lab6ratory and if you have any questions, please call
us at 918-25i-2515.

LaboratoryDer

ODEQ ID #9517'
DEQ LIC. #27522-01. I



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
IPage Number:

Kaiser Aluminum
Thorium Remediation

20060018
1/19106
1/10/06

* of2
Outreach

,iboratory
II NorAspen

Broken Arrow. OK 74012
(918) 251-2515
FAX (918) 251.0008 Analytical Report

Result UnitsMethod * DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

-Thorium 232

Percent Moisture

*20060018-01
K-484
1/19/05 2:25:00 PM
Soil

Radiochemical Analyses
HASL 300 . 2.01 +/-0.355 pCi/g

* Inorganics Analyses
ASTMD2216-92 18.2 %

. 1/10/060.757 SD-

RT.1/11/06 1/12/06

LibJID:
Client ID:
Date Sampled:
Matrix:

Thorium 232.

Percent Moisture

20060018-02
K;499
1/25/05 2:1S:00 PM
Soil

HASL 300
Radiocbemical Analyses

1.13 +/- 0.235 pCi/g 0.506 . 1/10/06 SD
Inorganics Analyses

ASTM D2216-92 7,4 % * 1/11/06 1/12/06 kT

. ab ID:
* 'Client iD:

* Date Sampled:
. Matrix:

Thorium 232

Percent Moisture

20060018-03 '

K-810
7/20/05 2:20:00 PM
Soil

Radiochenical Analyses
HASL 300 0.819 +/- 0.184 pCi/g

Inorganics Analyses
ASTM D2216-92 21.8 %

0.258 1/10/06 SD

1/11/06 1/12/06 RT

Lab ID:
Client ID:

* Date Sampled:
Matrix:

*Thorium 232

* Percent Moisture

20060018-04
K-896
8/3/05 8:45:00 AM
Soil

Radiochemical Analyses
. HASL 300 1.13 +/-0.249 pCilg

Inorganics Analyses
ASTM D2216-92 . 6.6 %

0.453 1/10/06 SD

1/11/06 1/12/06 * RT

BDL - Below Detection Limit



Outreadi
- tboratomy

l Noh Aspen
k..YBroken Arrow. OK 74012

(918) 251-2515
VAX (918) 251-0008

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Reinediation

20060018
1/19/06
1/10106
2of2

QC Report

Parameter Blank LCS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RPD

Ac228 NC .. 1110106
Am-241

*Co-60

* Cs-137

* Percent Moisture

82.0

93.0
94.0

S1.0

94.0

94.0

10

1.3

0.7

1/10/06

1/10106

1/10/06

1/12/067.0

Lab Approval:

-�V

BDL = Below Detection Limit



CHAI-, LCUSTaDYUUIMLAIC
Bill To:

LABORATORY
311 North Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008

PO# K~ "6e - 0,1
PROJECT # PA ' . 4- z.L. .. .
PROJECT NAME Ymmrtf Alsnb,
REQUTeRNAROUND TIME 5 nJL2tr, I
(ADDIT NA C E M AP

SA M PL~~L~>L' r, SLx ~. Lk.]-

CONTAINER
SIZE

PRESERVATIVE
I

1. HN0 3 pHd
2. Ic C40C
a HCI ptd
4. l2S04S pHd
S. NoON p1t+1

J

I

T
A

PLASMC
OR

GLASS

REMARKS
(I.E. FILTERED, UNFILTERED,

GRAB, COMPOSITE)

RELINQUISHED BY: DATE IlME _R ECEIVED BY: DATE M__M__
My signature on thbi chain of custody form Indfca that I am authorized by the above company to release samplee for analysis. The company agrees to pay the entire balance upon recelpt
of saemps data and I Is understood and agreed at ay balance caerd over thlrty () days laubject to a 1.5% p month (18% per annum) late charge. In the event o deult, the company
becomes legally liable for any reasonable attorney Jndor collection fees and ail related costs necessary to remit the entire balance to Outreach Technologies, Inc (Outreach Laboratory).



. ,"2
V

a"JLr1JZ____
Ce

Date Received: 1/10/06 12:52:08

Sample Client
Number Sample mD

Lab Number:

Date
Sampled

01/19/05

sll'

20060018

Container
Type

Plastic

* Matrix

Soil

Container
Size

16oz

Preservation

None

Due: 1/17/06

Custody Seal
Seal Intact

20060018-01 A K-484
Percent Moisture (LOD)
Ih-232 by Gamma Spec

Yes Yes

20060018-02 A K-499
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil

20060018-03 A K-810
Percent Moisture (LOD)
lh-232 by Gamma Spec

20060018-04 A K-896
Gamma Spec - Thorium 232
Percent Moisture (LOD)

Soil

0125/05 Plastic

07/20/05 Plastic

08/03/05 Plastic

16oz

16 oz

16oz

None

None Yes

Yes Yes

Yes

Yes. Soil None Yes

CONTAINER INSPECTION

# Coolers 0 Custody Seals Broken

SAMPLE INSPECTION
Sample Seal Broken NA Chain

Anomalies

ri Tempenrture Ice

Labels in Tact R 3

Radiation Survey: <300 cpm

Radiation Survey Complete ;n of Custody Record i3

Inspected By: DATE k

QA or Designee Revi:

Sample Custodian Review: 0 A )W LA DATE____________

Project Notes:



' I

Outrea(h
taboiratry

AX2I 1 Northi Aspen
BrokenArow. OK74012 a 28 2005
(918) 251 -Z515 anuary 28, 2005
FAX (918) 25 1 t.O

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

90X4c--r I ta7o If

'I --

Project: Kaiser Thorium Remediation PA.4000-4072
OUTREACH LAB ID: 20050065

Dear Mr. Weyant,

Please find enclosed the analytical report for your samples received in our laboratory on
January 20, 2005 for the above captioned project. One filter was received in good
condition and analyzed for Gross Alpha/Beta with an expedited 5-work day turnaround.
Results were faxed 1/28/05.

All QC is within limits. The samples will be returned as requested.

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

Labdiory Director

ODEQ ID #9517
CERT. IDU OK001

NRC ODEQ LIC. #27522-01
4

-C

ACCo�

-4



Outreach
kaboratory

1, %. ,11 Norti Aspen
Broken Arrow, OK 7401 2
(918) 251-2515
FAX (918) 251o00o8

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050065
1/28/2005

1/20/05
lofi -

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

20050065-01
K-SS-070
1/19/2005 2:30:00 PM
Filter

EPA 900/93 10
Radiochemical Analyses

0+/-0.368 dpm/lOOcm 0.441
2

0 +/- 1.19 dpm/lOOcm 1.31
2

1/21/2005 1/21/2005 RE

Gross Beta EPA 900/9310 1/21/2005 1/21/2005 RE

QC Report

Parameter Blank LCS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RPD

Gross Alpha

Gross Beta

0+I-0.4 114.0

1.2+/-1.4 106.0

NC

NC

1n21/2005

1n21/2005.

IV'Lab Approval:

BDL - Below Detection Limit



tJUTREACH
4' LABORATORY

311 North Aspen

Phone: (918) 251-2515
Fax: (918) 251-0008

CHAIN L. iUSTODY
Results To: Company 1 Al - ^ (j 9 -

Name £f*4 o N . eA

Addressa-zi l NJ 1R :

crti.i 7- Cityl, )A State cXEZip 741(4r
718-6o'1\ Phone~tY-9;t 4Z9< Fax# -: 71

ey

Bill To:

Company (&s5Jy /$,4Z (C

NametrN t X A'.4/P 4 NPL fl1

Address7311) E '-j)Z. 4S77S
City~ i State4IiS Zip -7 lY 14y

REUNQUISHED BY: V DATE _ TIME RECEIVED BY: ______

My signature on this chain of custody form indicates that I am authorized by the above company to release samples for analysls. The company agrees to Py the entlr balance upon recept
of sample data and It Is understood and agreed that any balance carried over thirty (30) days Is subd to a 1.5% per mrnth (1S% per amn) la charg. In th event of deaduLt, w comany
becomes legally liable tor any reasonable attorney andtor collection fees and all related costs necessary to remit th ente balance to Outreach Technologies. Inc. (Outreach Laboratory).

.CAMPtF RFTIIRNJDISPnAi, All nonrhaZardouj sarndes shall ic disposad ot .S Oys alter isu or hnri reri AitST vW Ut "'t"' e



f4 -.-

SAMPLE LOGIN

Date Received: 1/2a

Sample
Number

20050065-01 A
Gross Alpha/Beta

/2005 10:16:4

Client
Sample ID

K-SS-070

Matrix

. Filter

Lab Nnmner:

Date
Sampled

01/19/05

2005006-

Container
Type

Other

Container
Size

N/A

Due: 1/27/2005

Custody Seal
Seal Intact

Yes Yes

-

Preservation

NoneII

CONTAINERINSPECTION Ba ov
# Coolers tCustody Seals Broken - T emperaturea Jne.w urtev RadittfonSureyZ300fixed removable
SAMPLE INSPECTION

Custody Seals Broken - Chain of Custody Record&N Labels in Tact N Radiation Survey CompletedN

Anomalles:

Inspected By: iz, D

QA or Designee Review: I

Sample Custodian Review: / ' g t ) ]

ATE

)ATE

DATE / T65

e1
~Prject Notes:

Page 1



Outreach
- I aboratory

iL.,) * 1 North Aspen
Broken Arrow, OK 74012
(918) 251-2515
FAX (918) 251.0008

31r l DQ -7 '8 - of'- 7/,, f
February 7, 2005

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

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050108

Dear Mr. Weyant,

'Please find enclosed the analytical report for your samples received in our laboratory on
February 2, 2005 for the above captioned project. Two filters were received in good
condition and analyzed for Gross Alpha/Beta with an expedited turn time. Results were
faxed 2/07/05.

All QC is within limits. The samples will be returned as requested.

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

Yaoratory Director

-.£

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

CERT. ID# OK001

K>)



Outreach
Iaboratory

t i I NorthAspen
Broken Arrow. OK 74012
(918) 251-2515
FAX (918) 251-008

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050108
2/712005

2/2/05
1 of l

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:

Date Sampled:
Matrix:

20050108-01

K-SS-078

2/1/2005 11:28:00 AM

Filter

Gross Alpha

Gross Beta

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0+/-0.618 dpm/lOOcm 0.811

2
0.298 +/- 3.39 dpm/lOOcm 3.63

2

2/312005 RE

21312005 RE

Lab ID:

Client ID:
Date Sampled:
Matrix:

Gross Alpha

Gross Beta

20050108-02

K-SS-079

2/1/2005 2:33:00 PM
Filter

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.361 +/-0.887 dpm/lOOcm 0.811

2
1.47 +/- 3.52 dpm/lOOcm 3.63

2

2/3/2005 RE

2/3/2005 RE

QC Report

Parameter Blank LCS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RPD

Gross Alpha 0.4+/0.9 111.0 NC 2/3/2005

Gross Beta 13+/-3.5 89.0 NC 2132005

Lab Approval:

BDL =Bclow Dctection Limit



"Y . 'K7

CHAIN %. CUSTODY
C

OUTREACH
LABORATORY

: II
-. 7 

!I II
R-esultTo
,~oct&L

Compaq V AvAir -Al - 2 r Lt. --r-Y
_ _. . gr . - .

. I
N;;mr# 17�IAJIT') t7 W006VA'A

31i North Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fsnqx {1011 9r1. 1111`1171

CIOt31~X State _Y~ zip_2 qI %•.!
Phnna')'24 AN~ -2 'S0a A -C'11- I71

Bill To:
Compan y V ,g, C. h* - , A

Name MibNt -V~A4lpxu~

Addres 7SJ311 3Z .L14Z - '
City '~USA -tf~LZ0 74 1' I

__ _ l;_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

P0 # # C CONTAINER PRESERVATIVE _ _( rJ -4.
C SIZE O

PROJECT # 0 1. N3 P
H 2. fce <fC

PROJECTNAME 'A/7frt - 1a T PLASTIC 2. HCI _ 1<\

REQUESTE TURNAROUND TIME GLASA oR . NSOHp>11
(ADDITION RGES MAY APPLY) N

SlgrS tSL (IL FILTERED, UNFILETERED,

.LIENT SAM 112 - L| GRAD, OM$

___II= = =_ ___ __ ____ *EP,A %.,~k___ ___ ___~r_ 
4r bre/1X6r,

r _,I J-
rc I I_- I 1<HWl

* .. ..

- .. /

RELINIR ECEIVRECEIVED BY:,. DATE, 2 ATfME.5YŽ

RELINOUISHED BY: DATE TIME RECEIVED BY: DATE TIME_ _
My signature on this chain of custody form indicates that I am authorized by the above compary to release amples for anistyal. The company ages to pay the entire balance upon receipt
of sample data and It Is understood and agreed that any balance carried over thirty (30) days Is subiet to a 1.5% per month (18% per annum) late charge. In th event of default, the company
becomes legally liable for any reasonable attomey,andlor collection fees and all related costs necersary to remit the entire balance to Outreach Technologies, Inc. (Outreach Laboratory).



...0- C

SAMPLE LOGIN

Date Received: 271/2

Sample
Number

20050108-01 A
Gross Alpha/Beta

nn05 T0:4d2:45

Client
Sample ED

K-SS-078

Matrix

Filter

La' LO Aui'ier:

Date
Sampled

02/01/05

"Ju0u0os

Container
Type

Plastic

Container
Size

Encore
-

Due: 2/7/2005

Custody Seal
Seal Intact

Yes Yes

Preservation

None

1 20050108-02 A K-SS-079
Gross Alpha/Beta

I:

Filter 02/01/05 Plastic Encore None Yes Yes

CONTAINER INSPECTION

# Coolers-~D' Custody Seals Broken - Y/N Temperature . Blue Ice / Wet Ice Radiation Survey fixed removable

SAMPLE INSPECTION

Custody Seals Broken - YWC Chain of Custody Recor@IN Labels in T Radiation Survey Complel/N
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Attachment 0, Figure D-1
Embedded Structure Map

Survey Unit Kaiser-FSSFOA-004
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

11
North

- 2m2 of exposed Cinderblock Wall
K-SS-070 swipe

Removed Cinder Block Wall K§S 79

GAS CYLINDER
STORAGE SHED
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Alpha Scan MDC Calculation

Instrument Serial Number: 193686 Cal. Due: 5/4/2005
Detector Serial Number: PR190485 Cal. Due: 5/4/2005

Radiation Detected: Alpha For < 3 count background

Probability of observing 2 or more counts: Probability of observing a single count:

D G d E v B P
Date Activity Detector Instrument Scan Background Probability

Width Efficiency Speed Countrate
(dpm)/(CM) (c501078s) (cpM)/0.

2/1/27/2005 520 11.7 0.1778 5.85 N/A 0.95
! 2/l/2005 520 11.7 0.1778 5.85 N/A 0.95

Comments:

Prepared By: David B. Weyant Date: 2/1/05

Reviewed By: Andrew J Lombardo Date: 2/1/05

__ . Notes:
1.) Instrument Efficiency is the 4ir instrument efficiency.

Q:\P4000\PA4072\FSS Reports\Volume IRSurvey Unit FSSFOA-004\Attachment D\Alpha Structures Scan MDC



Total Alpha Contamination
Survey Unit Kaiser-FSSFOA-004
Survey Data Conversion Form

Form ESC/HPMIM-3-2-2

Date of Survey. 2/212005 Type of Radiation: . Alpha

Instrument Serial #: 193686 Calibration Due Date: 514/2005

Detector Serial l/: PR190485 Calibration Due Date: 5/4/2005

Es (Surface Efficiency): 0.25 El (Insturment Efficiency): 0.1778

BKG Counts: 2/2/2005 3 BKG Count Time (min): 2

Active Area of Detector Probe (cm2): 126 MDC (dpm/100cm2): 98.7

Survey Gross Count Net Count Total 95% CL
Survey Point Count Gross Counts Rate Rate Contamination Uncertainty

FSS Swipe Number Location Time (min) (cts) (cPm) (cpm) (dpm/1OOcm 2) (dpm/IOOcm 2)

Wall A 2 14 7.00 5.50 98.2 72.1

Wall C 2 4 2.00 0.50 8.93 46.3

II I I I I I
Comments

Prepared By: Date:

David B. Weyant 2/2/2005

Reviewed By: Date:

Andrew J. Lombardo 2/2/2005



Total Alpha Contamination
Survey Unit Kaiser-FSSFOA-004
Survey Data Conversion Form

Form ESCIHPM/M-3-2-2

Date of Survey 2/1/2005 Type of Radiation: Alpha

Instrument Serial #: 193686 Calibration Due Date: 5/4/2005

Detector Serial fi: PRI90485 Calibration Due Date: 5/4/2005

Es (Surface Efficiency): 0.25 El (Insturment Efficiency): 0.1778

BKG Counts: 0 BKG Count Time (min): 2

Active Area nf Detectnr Prohb (rem2i 119r KM'C finm/innd-m2i. p7AA

Survey Gross Count Net Count Total 95% CL
Survey Point Count Gross Counts Rate Rate Contamination Uncertainty

FSS Swipe Number Location Time (min) (cts) (cPm) (cpm) (dpm/1Oacrn2) (dpmnlOOcm2)

K-SS-079 Concrete Footer 2 9 4.50 4.50 80.3 52.5

Comment.,

Prepared By: IDate:
David B. Weyant 2/1/2005

. 4.

By:
_jvIed Anj

Date:

drew J. Lombardo 2/1/2005aviewed By: irew J. Lombardo 2/1/2005



Total Alpha Contamination
Survey Unit Kaiser-FSSFOA-004
Survey Data Conversion Form

Form ESC/HPMIM-3-2-2

Date of Survey: 1/27/2005 Type of Radiation: Alpha

Instrument Serial #: 193686 Calibration Due Date: 5/412005

Detector Serial #: PRI90485 Calibration Due Date: 5/4/2005

Es (Surface Efficiency): 0.25 El (Insturment Efficiency): 0.1778

BKG Counts: 1/27/2005 3 BKG Count Time (min): 2

Active Area of Detector Probe (cm2): 126 MDC (dWm/ OOcm 2): 98.7

Survey Gross Count Net Count Total 95% CL
Survey Point Count Gross Counts Rate Rate; Contamination Uncertainty

Smear Sample Number Location Time (min) (cts) (cpm) (cpm) (dpmI100cm2) (dpml OOcrn2)

K-SS-070 (OWal TB") Wall B 2 47 23.5 22.0 393 124

4 4 4 S 1. 1.

I . I. I- - - T

Comment,

Prepared By: Date:

David B. Weyant 1/27/2005

Reviewed By: Date:

Andrew J. Lombardo 1/27/2005
1IjjS
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Attachment D, Table D-1
Embedded Structure Gross Alpha Scan Summary

Survey Unit Kaiser-FSSFOA-004
Cinderblock Wall and Associated Concrete Footer

Thorium Remediation Project
TKs usa, OkCahoma FaCopatn

Kaiser Aluminum 8 Chemical Corporation

Survey Number: KAISER-FSSFOA-004 Instrument Serial Number. 193686 Cal. Due: 5/4/2005

Tech:DBW Alpha Eff: 17.78% Detector Serial Number. PR190485 I Cal. Due: 5/412005

Structure/Location Area Date Scan | weighted Bgrd Average

cpm cpm cpm cpm (dpm/100cm 2 )

min max ave (2 min) net
<-W; .7;;.-;R\;

Cinderblock Wall -m2  J 1/27/2005 0 40 5 | 1.5 62

Concrete Footer -5 M2 2/1/2005 0 10 1 0.0

Notes:

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

the surveyor determines the "weighted average.

2. The acceptance criteria for Total Contamination is 944 dpm/1 00cm2. 10 cpm is approximately 150 dpm/1 00cm2.

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

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

Q:\P4000\PA4072\FSS Reports\Volume Ii\Survey Unft FSSFOA.004%Attachment D\Table D-1
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Final Status Survey Report
Volume II - Former Operational Area

Sub-Report No. EB-035
Survey Unit Kaiser-FSSFOA-005

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of Former Operational Area (FOA) excavation 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-FSSFOA-005, an open land area (FOA excavation surface) resulting from the
removal of radiologically-affected soil from beneath the former Warehouse Building, a "built-
up" dock area located immediately west of the former Crusher Building, and a paved concrete
surface situated immediately north of the former Warehouse Building (Figure 3). Survey Unit
Kaiser-FSSFOA-005 is considered a Class 1 survey unit with an approximate surface area of
1,320 m2 .

Survey Unit Kaiser-FSSFOA-005 consists of an excavation bottom surface soil with side walls.
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, several embedded
"structures" were encountered throughout the survey unit in the form of small diameter pipes
including the following:

* Pipe 1 - 6-inch diameter metal,
* Pipe 2 - 12-inch diameter ceramic,
* Pipe 3 - 8-inch diameter ceramic,
. Pipe 4 - 6-inch diameter metal,
* Pipe 5 - 12-inch diameter ceramic,
* Pipe 6 - 8-inch diameter PVC,
* Pipe 7 - 6-inch diameter PVC,
* Pipe 8 - 10-inch diameter PVC,
* Pipe 9 - 4-inch diameter metal, and
* Pipe 10 - 3-inch diameter metal.

Q:AP4(MO\PA4072MSS Reports\Volume IrSurvey Unft FSSFOA-OO5\SS-FOA-05.doc 1 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 following physical
features or elements of Survey Unit Kaiser-FSSFOA-005:

" Excavation bottom surface soil, including side walls, and
o Embedded structures (10 small diameter pipes).

2.1 Excavation Bottom/Side Wall Surface Soil

The final status survey of the excavation bottom/side wall surface soil consisted of a gross
gamma scan of the exposed surface soil and systematic soil sampling.

2.1.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom and side walls) were
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 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 12,126 counts per minute
(cpm) to 14,239 cpm.

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 7,486 measurements of gross count rate were made at one second intervals across the survey
unit's 1,320 rn2 surface area. The results ranged from 7,774 cpm to 18,035 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: 1,320 m2

Number of Scan
Measurements (1-Second 7,486
Intervals).
Scan Rate: 0.18 m/s

(Swinging the detector a width (MARSSIM recommends
of 1 meter side to side) 0.5m/s)

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 12,126 7,774
Maximum 14,239 18,035
Average 13,217 13,805

Standard Deviation 861 1,305
Median 13,335 13,786

Q:.\140004PA4072\FSS Reports\Volumc fl\Survey Unit FSSFOA-OO5\FS-FOA-005.doc 2 Revision 0
3/22/06



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
DCGLw for the site). As part of the gross gamma survey, 7 biased soil samples were collected at
locations exhibiting the highest scan rates on the excavation bottom (Figure A-2, Attachment
A). The biased soil samples were screened on-site in a lead cave. Results of the sample
screening are presented below in Table 2. The sample screening levels were below the DCGLw
for the site.

Table 2 - Biased Soil Sample Screening 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-658 -0.986 1.22 1.56
K-659 -0.754 1.21 1.56
K-6150 0.907 1.08 1.56
K-651 0.750 1.05 1.56
K-710 2.89 1.04 1.57
K-711 1.93 1.03 1.56
K-712 1.73 1.13 1.56

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). Once N was determined, the Survey Unit Area (A) of 1,320 m2 along with the
N of 9 were used to calculate the Triangular Grid Node Length (L) of 13.0 meters and the Height
of the Equilateral Triangle (h) of 11.3 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-3 contained in Attachment A.
The soil sample locations were demarcated in the field using a GPS unit. A total of 9 soil
samples (identified as K-648 through K-656) 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.

Q\N4COOTPA4072TFSS ReportsWolurne I\Survey Unk FSSFOA-005\FSS-FOA-OO5.doc 3 Revision 0
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Tab-le 3 - Systematic Soil Sample Results
Net

Soil Gross Th-232 Std. Error MDC Net Th-232 DCGL
Sample ID (pCi/g) (pCi/g) tPci/g) (pCig9) (pCi/g)

K-648 0.680 0.111 0.393 0 3.0
K-649 1.12 0.109 0.358 0.02 3.0
K-650 0.601 0.062 0.393 0 3.0
K-651 0.894 0.119 0.338 0 3.0
K-652 0.806 0.106 0.397 0 3.0
K-653 0.706 0.078 0.325 0 3.0
K-654 0.737 0.074 0.309 0 3.0
K-655 0.961 0.130 0.374 0 3.0
K-656 0.776 0.127 0.456 0 3.0

Average 0.809
Standard Dev. 0.160 _

Minimum 0.601
lMaximum 1.12 .

Median 0.776

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 0.809 pCi/g. The
standard deviation of the 9 equal-distant samples was 0.160, 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.

2.1.3 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 (0.48 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 (0.64 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.

QAP4X"A4072\FSS ReportsuVoufne IrlSurvey Unt FSSFOA-005FSS-FOA-005.doc 4 Revision 0
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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)
RI 376 0.96 Si K-648 0.680
R2 273 0.84 S2 K-649 1.12
R3 330 1.22 S3 K-650 0.601
R4 177 0.64 S4 K-651 0.894
R5 158 1.22 S5 K-652 0.806
R6 95 0.89 S6 K-653 0.706
R7 352 1.09 S7 K-654 0.737
R8 348 0.87 S8 K-655 0.961
R9 90 1.37 S9 K-656 0.776

Average 1.01 Average 0.809
Standard Standard

Dev. 0.23 Dev. 0.160
Minimum 0.64 Minimum 0.601
Maximum 1.37 Maximum 1.12

Median 0.96 Median 0.776

2.2 Embedded Structures

As previously noted, several embedded "structures" were encountered within the excavation.
These structures included the following 10 small diameter pipes:

4,

4,

4,

4,

4'

4,

4.

4.

4,

I,

Pipe 1 - 6-inch diameter metal,
Pipe 2 - 12-inch diameter ceramic,
Pipe 3 - 8-inch diameter ceramic,
Pipe 4 - 6-inch diameter metal,
Pipe 5 - 12-inch diameter ceramic,
Pipe 6 - 8-inch diameter PVC,
Pipe 7 - 6-inch diameter PVC,
Pipe 8 - 10-inch diameter PVC,
Pipe 9 - 4-inch diameter metal, and
Pipe 10 - 3-inch diameter metal.

The approximate locations of the 10 embedded pipes soil sampling locations are provided on
Figure D-1 contained in Attachment D. These structures were surveyed and sampled in-place.
A description of the survey and sample activities used to evaluate any potential exposure from
the structures is presented in this section.

The embedded structures were surveyed for gross gamma activity since none of the pipes had
enough flat structural surface to allow the appropriate gas proportional detector counting
geometry to determine total alpha contamination. The results of the gross gamma survey are
presented below in Table 5.

Q:AP4001PA4072\FSS Reporu\Volume lI\Survey Unit FSSFOA-05\FSS-FOA-05.doc 5 Revision 0
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Table 5 - Embedded Pipe Gross Gamma Survey Results
Background

Pipe Inside (cpm) Outside (cpm) @ 1 meter (cpm)
Pipe 1 - 6-inch
diameter metal End crimped 11,584 13,058
Pipe 2- 12-inch
diameter ceramic 14,942 13,268 11,541
Pipe 3 - 8-inch
diameter ceramic 13,018 13,849 14,089
Pipe 4 - 6-inch
diameter metal End crimped Not Surveyed Not Surveyed
Pipe 5 - 12-inch
diameter ceramic 16,859 14,884 13,285
Pipe 6 - 8-inch
diameter PVC 10,206 10,491 11,177
Pipe 7 - 6-inch
diameter PVC 10,647 11,229 11,444
Pipe 8- 10-inch
diameter PVC 9,247 9,906 12,105
Pipe 9 - 4-inch
diameter metal End crimped 10,069 11,687
Pipe 10-3-inch
diameter metal Not Surveyed 10,043 10,946

Smear samples (K-SS-1 16 through K-SS-125 for Pipes 1 through 10 respectively) of removable
contamination were taken inside each assessable pipe and on the outside of closed (crimped)
pipes. The results of the removable contamination measurements are presented below in Table 6.

Table 6 - Embedded Pipe Removable Alpha Contamination Results
DCGL-GA Alpha Std. Error MDC

sample ID (dpm/IOOCM2) (dpnV/100CM2) (dpn/I OOCM2) (dpm/100=2)
KI-SS-1 16 94.4 0 0.481 0.543
K-SS-117 94.4 7.02 1.72 1.16
K-SS-1 18 94.4 1.97 0.824 0.444
]T-SS-1 19 94.4 2.54 0.939 0.513
K]-SS-120 94.4 5.71 1.28 0.424
]K-SS-121 94.4 0.607 0.687 0.607
K:-SS-122 94.4 0.189 0.548 0.543
]K-SS-123 94.4 3.04 1.39 1.16
K-SS-124 94.4 0.351 0.509 0.444
K-SS-125 94.4 2.27 0.901 0.513

Q:\P4000\PA4072\FSS Repos\Volum MIaurvey Unt FSSFOA-005\FSS.FOA-005.doc 6 Revision 0
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from beneath the former Warehouse Building, a
"built-up" dock area located immediately west of the former Crusher Building, and a paved
concrete surface situated immediately north of the former Warehouse Building resulted in an
open land area consisting of an excavation approximately 1,320 m2 in area (Figure 3). This open
land area, identified as Survey Unit Kaiser-FSSFOA-005 is considered a Class 1 survey unit.
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 the identified embedded structures
(pripes).

3.1 Excavation Bottom/Side Wall Surface Soil

The acceptance criterion for open land areas (FOA excavation 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-FSSFOA-005 consisted of a gross gamma scan of the exposed surface soil of
the survey unit (excavation bottom and side walls) and systematic soil sampling. The results of
the final status survey activities were as follows:

* 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).

* 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 analytical results meet 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 comparisons
were required for this unit.

3.2 Sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSSFOA-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 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 7. As previously mentioned, no elevated
areas were left in-place for the survey unit.

Q:N14)00\PA4072\FSS Reports\Volunm urvey Unk FSSFOA-405\FSS-FOA-005.doc 7 Revision 0
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Table 7 - Fraction of Applicable Acceptan ce Criteria per Survey Unit Element
Average

Units Net Acceptance
Survey Unit Element Activity Criteria Fraction
-FSSFOA-005 Excavation Surface Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left-In Place) 0Ci/g 0.00
-Embedded Pipes (Removable dpm/l00cm2 2.37 94.4 0.03
Contamination.)
TOTAL SUM OFFRACTIONS 0.03

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-FSSFOA-005
meets the DP acceptance criteria.

Q:AP400\PA4072\MSS RexNs\Volurm IISuriey Unit FSSFOA-OOSWSS-FOA-005.doc 8 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-FSSFOA-005

2. Description: Former Operational Area. Forner Warehouse Building Area

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

4. Dimensions (m): Excavation Bottom - Irregular; Area, A (m2): 1.320

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 m2 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 n2, recalculate the corresponding Triangular Grid Node

Length (LI) for the Survey Unit Area (A), using the following formula: LI = (A/(0.866 x 9))t": 13 m

B. If N is greater than 9 and the A is other than 2,000 Tr2, recalculate the corresponding Triangular Grid Node

Length (LI) using the following formula LI = (A/(0.866 x N))"2: N/A

9. If A is greater than 2,000 n2 and N is equal to 9, recalculate the minimum number of samples (No)

corresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N1 = A / (0.866 x

162), N1: N/A

10. Calculate the height (h) of the equilateral triangle with side length equal to L (or (LI) using the following

formula: h = ((L2 - (U2)2)12: 11.3 m.

Q:\P4000\PA4072\FSS Reports\Volunc I\Survey Unh FSSFOA-005%Attachnmnt B -Soil Survey Unit WorksheetsASoil Survey Unit Workshed No. I.doc



I 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-FSSFOA-005

RANDOM START POINT
x axs. ( Meters) y axis ( Meters)

9 16 lower bound
upper bound

x

(0,0)
North

x axis

Q:AP4000\PAt072TFSS ReportsWofurne 1l\Survey Unit FSSFOA005\Atachfnent B -Soil Survey Unit Wodsheets\Soil Survey Unit Worksheet No. 2



ATTACIMENT C

LABORATORY ANALYTICAL RESULTS



Outreadi
' aboratory

. North Aspen
~4,r roken Arrow. OK 7.I012

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

7> , 6 /`2av bia
June 7, 2005

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

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050370

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
May 18, 2005. Nine soil samples were received in good condition and analyzed for
Thorium-232 by Gamma Spectroscopy without drying and grinding and Percent
Moisture. Preliminary results were faxed May 27, 2005.

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

'Your samples will be returned as requested.

Thank you for choosing Outreach Laboratory and if you have any questions, please call
us at 918-251-2515.

ODEQ ID #9517
DEQ LIC. #27522-01

CERT. ID #OK001



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
ThoTium Remediation

20050370
6/6/05

5/18/05

I of 3

Outreadi
Laboratoly

I North Aspen
\1L i -token Arrow. OK 74012

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

* Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Samplod:
Matrix:

Th-232

Percent Moisture

20050370-01
K-648
5/17/05 2:35:00 PM
Soil

Radiochemical Analyses
HASL 300 0.680 +/- 0.111 pCi/g

Inorganics Analyses
ASTM D2216-92 11.7 %

0.393 5/19/05 SD

5/18/05 5/19/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Mois-ure

20050370-02
K-649
5117/05 2:45:00 PM
Soil

Radiochemical Analyses
1.12 +/- 0.109 pCVgHASL 300

ASTM D2216-!

0.358 5/19/05 SD

92
Inorganics Analyses

12.6 % 5/18/05 5119105 RT

LabID:
Client ID:
Date Sample]:
Matrix:

20050370-03
K-650
5/17/05 2:50:00 PM
Soil

Radiochemical Analyses
0.601 +1- 0.062 pCVgTh-232 HASL 300 0.393 5/19105 SD

Inorganics Analyses
ASTM D2216-92 11.0 .%Percent Moisture 5/18/05 5119/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050370-04
K-651
5/17/05 3:05:00 PM
Soil

RI
HASL 300

ASTM D2216-92

idiochemical Analyses
0.894 +/- 0.119 pCi/g

Inorganics Analyses
14.1 %

0.338 5119105 SD

5/18/05 5/19/05 RT

BDL = Below Detection Limit



Outreach
Laboratory

I North Aspen
I Arrow, OK 74012

(918) 251-2515
FAX (918) 251-0003

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050370
616/05

5/18/05
2 of 3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050370-05
K-652
5/17/05 3:00:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.806 +1- 0.106 pCi/g
Inorganics Analyses

92 9.7 %

0.397 5/19/05 SD

Percent Moisture ASTM D2216-! 5/18/05 5/19/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050370-06
K-653
5/17/05 2:55:00 PM
Soil

Th-232

Percent Moisture

Radiochemical Analyses
HASL 300 0.706 +/- 0.078 pCi/g

Inorganics Analyses
ASTM D2216-92 10.1 %

0.325 5/19/05 SD

5/18/05 5/19/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

* 20050370-07
K-654
5/17105 3:10:00 PM
Soil

Radiochenical Analyses
0.737 +/- 0.074 pCi/gTh-232

Percent Moistare

HASL 300

ASTM D2216-'

0.309 5/19/05 SD

92
Inorganics Analyses

14.2 % 5/18/05 5/19/05 RT

Lab ID:
Client ID:
Date Samplei:
Matrix:

Th-232

-20050370-08
K-655'
5117/05 3:15:00 PM
Soil

Radiochemical Analyses
0.961 +1- 0.130 pCi/gHASL 300 0.374 5/19/05 SD

Inorganics Analyses
ASTMD2216-92 15.3 %Percent Moisture 5/18/05 5119/05 RT

BDL - Below Detection Limit



4-X -

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050370
6/6/O5

5/18/05
3 of 3

Outreadi
' aboratory

J North Aspen
k, .roken Arrow, OK 74012

(918) Z51-2515
FAX (918) 25140006

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050370-09
K-656
5/17/05 3:20:00 PM
Soil

Radiochemical Analyses
HASL 300 0.776 +/- 0.127 pCi/g

Inorganics Analyses
ASTM D2216-92 16.3 %

0.456 5/19/05 SD

5/18/05 5/19/05 RT

QC Report

Parameter Blank LCS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RPD

At-722R NC 5116/05
< > Am-241

Co60

Cs-137

Percent Moisturi

93.0 93.0 0.0

94.0 94.0 0.0

95.0 95.0 0.7

5/16105

5116105

5116/05

5119/057.9

I'l-
Lab Approval:

BDL = Below Detection Limit



C OUTREACH
LABORATORY

CCr T

CHAIN 6, - 9USTOOY '
l.r '_

,I

P.

i..

3ii North Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008

Results To:

LO¶ 6l

LtL: 71 4 -

-7 9 o ,, \

Nn-nna-vA A\ - P % t I rl _t - . c
W,,p...sFy . ,- * 'a -IAVJ .f - _. *

NamefL&14n (Z . *,i
Addreeo7 -11 C M.V i?.s

City ktS)A State f1 apIZP Lf W

Phonm-,2L -q 3 ;*i Fax# 9IC6 Zt9 4t!71

Bill To:

C pyiny \y;S rt Fb4A 6 bC

Name(.W\ VN X(VZn?) I rkL 0 A .O

Address i 1 -. t

caty lSA statQ\4 zip 7 21 114 S

-1

PO# Y&i8\*\( '-7 '?_

PROJECT# # ? - 4' - L)w12

PROJECT NAME Wvw - AW on¼;-. ( '

REQUESTED TURNAROUND TIME

SAMPLER S \TN Ph -1. F

PRESERVATIVE
#

1. HN03 pH<2
2. kc d-C
3. HCI pH<2
4. H2S04 pH-d
5. NeOH pH>1t

T PLASTIC
OR

GLASS I

REMARKS
.E. FITERED, UNFITERED,

GRAB, COMPOSITE)



C SAMPLEi ;IN

Date Received: 5/18/05O10:18:15 Lab Number: 20050370 Due: M120105

Sample
Number

Client
Sample ID

Date Container Container
Matrix Sampled Type Size * Preservation

Custody Seal
Seal Tntaet

20050370-01 A K-648
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil

20050370-02 A K-649
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

05/17/05 Plastic

05/17/05 Plastic

05/17/05 Plastic

05/17/05 Plastic

20050370-03 A K-650
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

16oz

16 oz

16oz

16oz

16oz

16oz

None

None

Yes

Yes

None Yes

Yes

Yes

Yes

Yes

Yes

Yes

20050370-04 A K-651
Percent Moisture (LOD)

Th-232 by Garmma Spec

Soil None Yes

20050370-05 A K-652
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 05/17/05 Plastic None Yes

20050370-06 A K-653
Percent Moisture (LOD)

Th-232. by Gamma Spec

Soil 05/17/05 Plastic None Yes

20050370-07 A K-654
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 05/17/05 Plastic

05/17/05 Plastic20050370-08 A K-655
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

16 oz

16 oz

16oz

None Yes

None Yes

Yes

Yes

Yes20050370-09 A K-656
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil 05/17/05 Plastic None Yes



CON'Aw .SSFECTIONok 
a;

X Coolers Custody Seals Broken -Y/t TemperatuL _ Blue Ice / Wet Ice Radiation Survey fixed removable
SAMPLE INSPECTION

Custody Seals Broken - Chain of Custody Record9/N Labels in Tact4qN Radiation Survey Completvi;g
Anomalles:

C

Inspected By: G DATE i/,1ffi A T E
QA or Designee Review: DAT E7 5I/
Sample Custodian Review:- TE 5' / 8-,5'

Project Notes:



Outieadi x , t
t LboratoryAd It

.i North Aspen

(918) 251-2515 June 7, 2005 | G/°
FAX (918) 251.0008 l7l

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

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050386

Dear Mr. Weyant,

Please find enclosed the analytical report for your samples received in our laboratory on
May 23, 2005 for the above captioned project. Ten filters were received in good
condition and analyzed for Gross Alpha/Beta with an expedited 5 work-day turn time.
Preliminary results were faxed on 5/24/05.

* All Quality Control for the requested analyses is reported on the analytical report. The
method blank, laboratory control standard and matrix spikes and spike duplicates for all
analyses were within method control limits.

Your samples will be returned as requested.

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

Labory Dirrector

'A AC C 40

ODEQ ID #9517
NRC ODEQLIC. #27522-01

C
CERT. ID# OK001



* Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050386
6/6/05

5123/05
1 of 4

Outreach
' aboratory

lA North Aspen
'&4~,t Broken Arrow. OK 7401 2

(918) 251-2515
FAX (9181 251-0008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

Gross Beta

20050386-01
K-SS-116
5/20/05 8:30:00 AM
Swipe

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0 +/-0.481 dpm/l00cm 0.543

2
0.514+1-4IA3 dpm/lOOcm 1.51

2

5/23/05 RE

5/23/05 RE

Lab ID:..
Client ID.
Date Sampled:
Matrix:

Gross Alpha

Gross Beta

20050386-02
K-SS-i 17
5/20/05 8:32:00 AM
Swipe

Radiochemical Analyses
EPA 900/9310 7.02 +/- 1.72 dpm/lOOcm 1.16

2
EPA 900/9310 15.9+/-2.70 dpm/lOOcm 2.20

2

5/23/05 RE

5/23/05 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

20050386-03
K-SS-118
5/20/05 8:34:00 AM
Swipe

EPA 900/9310
Radiochemical Analyses

1.97 +/- 0.824 dpm/lOOcm 0.444
2

8.97 +/- 1.89 dpm/lOOcm 1.44
2

5/23105 RE

Gross Beta EPA 900/9310 5/23/05 OL

Lab ID:
Client ID:
Date Sampld:
Matrix:

Gross Alpha

20050386-04
K-SS-1 19
5/20/05 8:36:00 AM
Swipe

EPA 900/9310
Radiochemical Analyses

2.54 +/- 0.939 dpm/lOOcm 0.513
2

5/23/05 RE

BDL = Belov Detection Limit



/
Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050386
6/6/05

5/23/05
2of4

Outreadc
aboratoiy

[. A. North Aspen
a.Broken Afrow. OK 74012

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

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis
Date

Analyst

Gross Beta EPA 900/9310 957+/-13.8 dpm/lOOcm 1.28
. 2

5/23/05 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050386-05
K-SS-120
5/20105 8:38:00 AM
Swipe

Gross Alpha

Gross Beta

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
5.71 +/- 1.28 dpm/lOOcm 0.424

2
7.27+/-1.81 dpnmll00cm 1.47

2

5123/05 RE

5/23/05 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050386-06
K-SS-121
5/20/05 8:40:00 AM
Swipe

Gross Alpha

Gross Beta

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.607 +/- 0.687 dpm'l 00cm 0.607

2
1.12+/- 1.38 dpm/lOOcm IAO

2

5/23/05 RE

5/23/05 RE

Lab ID:
Client ID:
Date Samplkd:
Matrix:

Gross Alpha

20050386-07
K-SS-122
5/20/05 8:42:00 AM

Swipe

EPA 900/9310
Radiochemical Analyses

0.189 +1- 0.548 dpm/lOOcm 0.543
2

0.720+1- 1.45 dpm/lOOcm 1.51
2

5/23/05 RE

Gross Beta EPA 900/9310 5/23/05 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050386-08
K-SS-123
5/20/05 8:44:00 AM
Swipe

.Radiochemical Analyses
BDL = Below Detection Limit



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050386
6/6/05

5/23/05
3 of 4

Outreach
iboratory
I North Aspen

Broken Arrow. OK 71012
(918) 251-2515
FAX (918) 251-0008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Gross Alpha

Gross Beta

EPA 900/9310

EPA 900/9310

3.04+/-1.39 dpmllOOcm 1.16
. 2

8.44 +/- 2.41 dpm/lO0cm 2.20
2

5/23/05

5/23/05

RE

RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050386-09
K-SS-124
5/20/05 8:46:00 AM
Swipe

Gross Alpha

Gross Beta

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.351 +/-0.509 dpm/lOOcm 0.444

2
0.895 +1- 1.40 dpm/100cm 1.44

2

5/23/05 RE

5/23/05 RE

Lab ID:

Client ID:
Date Sampled:
Matrix:

20050386-10
K-SS-125
Sno/05 8:48:00 AM

Swipe

Gross Alpha

Gross Beta

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
2.27 +1- 0.901 dpm/lOOcm 0.513

2
29.9 +1-2.71 dpmll00cm 1.28

2

5/23/05 RE

5/23105 RE

BDL- Below Detection Limit



Client:.
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050386
6/6/05

5/23/05
4of4

Ou'ztreach
q .joratoiy
4Y4, North Aspen

Broken Arrow, OK 74012
(918) 251-2515
FAX (918) 251.0008

QC Report

Parameter Blank LCS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RPD

Gross Alpha

Gross Beta

0+1-03 90.0

3.7+/-2.1 76.0

90.0 1.2

87.0 12.8

NC

NC

5123/os

5123/05

Lab Approval:

BDL = Below Detection Limit



OUT REACH
LABORATORY

CHAIN 6U CUSTODY
Results To:

311 North Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008

c'MV. -714 -
)1`i4 - ni I

CorrpanyX ;~j A14., --A

Nam4,L'A.,1iN f7. k\Lf A 4k

Adress,** -71l11 1. 'I-U-V ~ j~-

Bill To:

Company k k\\wo ) r

NametiAXNA,.\AAI kAJ I-AA 4rIA

AddressTM gw g1-4
City &Xl A . StateNVA-Zip11ttI1IZ.

CIty--AA4&-State_0k--7Jp -7 4 1 9 y-

Phon774-914-1ya'a Fax# ?1%-ZS4R1jj

L!j ZM I =
-_ _ _

PO# t W'?- 4q g 2

PROJECT# Fv L' •!!.

PROJECT NAME . ; F*in
REQUESTED TURNAROUND TIME S rN b
(ADDIONAL CHARGES MAY APPLY)

C
0
N
T
A

N
E

S

CONTANER
SIZE

PRESERVATIVE
t

1. HNO3 pH4
2. loe -c4'C
3. MCI pH<2
4. H2SO4 pH-d
5. NsOH pH>t1

PLASTIC
OR

GLASS

I

-t
:9
'r-
0.

r.

I.

4-

C,

I'

-dI

7 3.

SAMPLER_
tbaK- "r

I - 4.,:s
XA pitolfS- (" _,W

--- -!W.A *- �:fe-- - 0170- /
REMARKS

.E. nILTERED, UNmITERED,
GRAB, COMPOSITE)Qa NI WA5WU

'U
I.

WM

- 4X

__ >c$~N'44h

.~A~ra ,

- \ fX _ _ ___ - ________

4~"*0*

__ __ _ __ __ _ __I__ __ _I_ _ I. -- -,-I'l.- --- .

r

h\uN Q D ATEME ql'/ RECEIEDBY: DAETE____ /
AELIND TDATE9

$ELINQUISHED BY: DATE TIME RECEIVED BY: DATETIME
My signature on this chain of custody fo indicates that I am authorized by the above company to release sampas for anlis. The company agree*s to pay the enthre balance thon ecpt
of sample data and It Is understood and agreed that any balance carried over thirty (30) days I subject to a 1.% per month (18% per annum) late charge. In thae eveanto ddthut the company
becomes legally ltable for any reasonable ittomey and/or collection fees and aln related costs necessary to remit the entire balance to Outreach Technologis. Inc. (Outreach Laboratory).



Date Received: 5/23/05 10:36:40

Sample Client
Number Sample ID

20050386-01 A K-SS-116
Gross Alpha/Beta

200S0386-02 A K-SS-117
Gross Alpha/Beta

20050386-03 A K-SS-1 18
Gross Alpha/Beta

20050386-04 A K-SS-1 19
Gross Alpha/Beta

20050386-05 A K-SS-120
Gross Alpha/Beta

20050386-06 A K-SS-121
Gross Alpha/Beta

20050386-07 A K-SS-122
Gross Alpha/Beta

20050386-08 A K-SS-123
Gross Alpha/Beta

20050386-09 A K-SS-124
Gross Alpha/Beta

Matrix

Swipe

Swipe

Swipe

Swipe

Swipe

Swipe

SAMPLS

Lab Number:

Date
Sampled

05/20/05

05/20/05

05/20/05

05/20/05

05/20/05

05/20/05

GIN

20050386

Container
Type

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

Container
Size

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag

C,

Due: 5/27/05

Custody Seal
Seal Intact

No No

No No

Preservation

None

None

None No No

None

None

None

None

None

None

No

No

Swipe

Swipe

Swipe

05/20/05 Plastic

05/20/05 Plastic

05/20/05 Plastic

No

No

No

No

No

No

No

No

No

No

20050386-10 A
Gross Alpha/Beta

K-SS-125 Swipe 05/20/05 Plastic Sm Zip Bag None No No



CONTAL INSPECTION

#Coolers Custody Seals Broken - Temperature Blue Ice / Wet Ice Radiation Survey fixed removable

SAMPLE INSPECTION l

Custody Seals Broken - Chain of Custody Record6/N Labels in TaWJIN Radiation Survey Compi\

Anomalies:

C

Inspected By: _ _ _ _ _ _ _ _DATE__ _ _ _ _

QA or Designee Review: DATE

Sample Custodian Review: /I. DATE 6 -3 -6
f - U

Project Notes:

0
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Final Status Survey Report
Volume II - Former Operational Area

Sub-Report No. FSS-036
Survey Unit Kaiser-FSSFOA-006

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of Former Operational Area (FOA) excavation 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-FSSFOA-006, an open land area (FOA excavation surface) resulting from the
removal of radiologically-affected soil from beneath the former Crusher Building and a paved
concrete surface situated north of 41 't Street and the former Crusher Building, south of the Union
Pacific Railroad right-of-way, and west of the areas remediated during the Adjacent Land
Remediation Project (Figure 3). Survey Unit Kaiser-FSSFOA-006 is considered a Class 1
survey unit with an approximate surface area of 2,550 m2 .

Survey Unit Kaiser-FSSFOA-006 consists of an excavation bottom surface soil with side walls.
During the removal of the radiologically-affected soil, the following embedded "structures" were
encountered and left in-place along the north and south walls of the excavation. These structures
included the following:

* A concrete wall with both vertical and horizontal surfaces (south wall of the excavation)
* 4 PVC pipes (south wall of the excavation)
* 2 steel pipes (north wall of the excavation)

In addition, an elevated area was identified by surface scans within the north wall of the
excavation adjacent to the Union Pacific Railroad. The elevated area was left in-place and was
evaluated using the elevated measurement comparison (EMC).
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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 elements of Survey Unit Kaiser-FSSFOA-006:

4.

II

El

Excavation bottom surface soil, including side wall surface soil.
Elevated soil area located along the north wall of the survey unit.
Embedded structures remaining in the north and south walls of the survey unit.

2.1 Excavation Bottom/Side Wall Surface Soil

The final status survey of the excavation bottom/side wall surface soil consisted of a gross
ganmma scan of the exposed surface soil and systematic soil sampling.

2.1.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom and side walls) 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 pattern. Background
measurements were obtained at 1-meter above the. ground surface at 18 approximately equal-
distant locations within the survey unit. The statistics for the 18 background measurements are
provided below in Table 1. Background measurements ranged from 12,236 counts per minute
(cpm) to 16,903 cpm.

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 10,151 measurements of gross count rate were made at one second intervals across the survey
unit's 2,550 rr2 surface area. The results ranged from 10,373 cpm to 41,637 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
Survely Area: 2,550 mZ
Number of Scan
Measurements (1-Second 10,151
Intervals)
Scarn Rate: 0.25 mn/s

(Swinging the detector a width (MARSSIM recommends
of 1-meter side to side) 0.5m/s)

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 12,236 10,373
Maximum 16,903 41,637
Average 14,601 15,495

Standard Deviation 1,255 2,121
Median 14,495 15,188
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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
DCGLW for the site) with the exception of one area of elevated activity identified along the
excavation's north wall (addressed in Section 2.2 of this sub-report).

As part of the gross gamma survey, 6 biased soil samples were collected at locations exhibiting
relatively high scan rates around 2 metal pipes embedded in the north wall of the excavation
(Figure A-2, Attachment A). The biased soil samples were forwarded to Outreach for analysis
of T]h-232 activity concentration. The analytical results are presented below in Table 2.

Tab le 2 - Biased Soil Sample Results
Soil Gross Th-232 Std. Error MDC
Sample ID (pCi/g) (pCi/g)
DCGL w 3.0
Site Background 1.1 0.3 .
K-1426 2.52 0.119 0.156
K-1427 2.68 0.261 0.175
K-1428 1.13 0.246 0.319
K-1429 0.664 0.181 0.443
K-1430 0.744 0.100 0.189
K-1431 0.977 0.188 0.391

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 ;m equal-distant triangular grid. The Minimum Number of Samples Required (N) in a
standard 2,000 m2 Class 1 survey unit, 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 2,550 m2 and the standard Triangular Grid Node Length (L) of 16 meters (corresponding to a
2,000 m2 survey unit) were used to recalculate N (13). The corresponding Height of the
Equilateral Triangle (h) is 11.3 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-3 contained in Attachment A.
The soil sample locations were demarcated in the field using a GPS unit. A total of 13 soil
samples (identified as K-809 through K-821) 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
S'ample ID (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)

K-809 0.706 0.052 0.223 0 3.0
K-810 0.528 0.042 0.271 0 3.0
K-811 0.786 0.072 0.247 0 3.0
K-812 0.576 0.086 0.388 0 3.0
K-813 0.662 0.026 0.248 0 3.0
K-814 0.563 0.082 0.382 0 3.0
K-815 0.719 0.068 0.391 0 3.0
K-816 0.657 0.099 0.426 0 3.0
K-817 0.822 0.047 0.251 0 3.0
K-818 0.703 0.087 0.415 0 3.0
K-819 0.945 0.028 0.236 0 3.0
K-820 0.925 0.110 0.402 0 3.0
K-821 1.14 0.085 0.413 0.04 3.0

Average 0.749
Standard Dev. 0.174

Minimum 0.528
Maximum 1.14 _

Median 0.706

All 13 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 1.14 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 0.749 pCi/g. The
standard deviation of the 13 equal-distant samples was 0.174, 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.

2.1.3 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 (0.51 pCi/g) between the maximum survey unit soil sample activity
concentration (1.14 pCi/g) and the minimum reference background area soil sample activity
concentration (0.63 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 Sample ID Th-232 Survey Unit Sample ID Th-232

Group (pCi/g) Group (pCi/g)
RI 243 0.77 Si K-809 0.706
R2 126 1.29 S2 K-810 0.528
R3 298 1.38 S3 K-811 0.786
R4 98 1.39 S4 K-812 0.576
R5 208 0.79 S5 K-813 0.662
R6 285 0.64 S6 K-814 0.563
R7 47 0.63 S7 K-815 0.719
R8 360 1.08 S8 K-816 0.657
R9 196 0.91 S9 K-817 0.822

R10 242 1.01 S10 K-818 0.703
Ru 55 1.31 Sl l K-819 0.945
R12 223 1.02 S12 K-820 0.925
R13 378 0.77 S13 K-821 1.14

Average 1.00 Average 0.749
Standard Standard

Dev. 0.28 Dev. 0.174
Minimum 0.63 Minimum 0.528
Maximum 1.39 _ Maximum 1.14

Median 1.01 Median 0.706

2.2 Elevated Area

An elevated area was identified by surface scans on the north wall of the excavation adjacent to
the Union Pacific Railroad (Attachment D, Figure D-1). The area of elevated activity was
remediated to the fullest extent possible without undermining the railroad. The total area of the
elevated area was conservatively estimated as 3.5 m2 (3.5 meters x 1 meter). The area of
elevated activity was defined using 12 soil samples. Eight of the samples were forwarded to
Outreach for analysis of Th-232 activity concentration with 4 soil samples only being counted
on-site in a lead cave. Figure D-1 shows the soil sampling locations for this elevated area
(Attachment D). The soil sample analytical results are presented below in Table 5.
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Table 5 - EMC Soil Sample Analytical Results
EMC-1 EMC-2

Net Net
Soil Gross Th-232 Std. Error MDC Net Th-232 DCGL DCGL

Sample ID (pCi/g) (pCi/g) (pCi/g) (pCi/) (pCi/g) (pCi/g)
K-755* -0.908 0.880 1.54 0 3.0 3.0
K-756 13.5 0.412 0.574 12.4 17.7 37.7
K-757 10.1 0.276 0.417 9.00 17.7 37.7
K-758 1.91 0.121 0.488 0.81 17.7 3.0

K-759* 2.04 0.916 1.54 0.94 3.0 3.0
K-760 0.546 0.096 0.300 0 17.7 3.0
K-768 6.74 0.231 0.361 5.64 17.7 37.7
K-769 0.737 0.064 0.250 0 17.7 3.0
K-770 3.18 0.154 0.250 2.08 17.7 3.0
K-771 3.88 0.206 0.542 2.78 17.7 3.0

K-772* 0.920 1.11 1.54 0 3.0 3.0
K-773* 2.00 1.13 1.56 0.90 3.0 3.0

*Analyzed only in the on-site cave counter.

An elevated measurement comparison (EMC-1) was performed for the entire 3.5 m2 area
(Samples K-770, K-760, K-756, K-769, K-768, K-757, K-771 and K-758) and for a smaller 1 m2

area (EMC-2) within the entire 3.5 m2 area encompassing the 3 samples exceeding the gross
activity DCGL value of 4.1 pCi/g Th-232 (K-756, K-757 and K-768). Samples K-755, K-759,
and K-773 were used define the extent of the elevated area for EMC-1. The elevated
measurement comparisons are presented in Section 3.2 of this sub-report and the Elevated
Measurement Worksheet is contained in Attachment D.

2.3 Embedded Structures

As previously noted, several embedded "structures" were encountered within the excavation.
These structures included the following:

* A concrete wall with both vertical and horizontal surfaces (south wall of the excavation)
* 4 small diameter PVC pipes (south wall of the excavation)
* 2 small diameter steel pipes (north wall of the excavation)

These structures were surveyed and sampled in-place. A description of the survey and sample
activities used to evaluate any potential exposure from the structures is presented in this section.

The supporting documentation for surveys of the Survey Unit-Kaiser-FSSFOA-006 embedded
structures are contained in Attachment E and include the following:

S

0

Figure E-1, Embedded Structures Location Map
Figure E-2, Concrete Wall Survey Map
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Alpha Scan MDC Calculation Form
Total Alpha Contamination Survey Data Conversion Forms
Table E-1, Gross Alpha Scan Summary, Concrete Wall
Table E-2, Gross Alpha Scan Summary, Metal Pipes

A concrete wall was encountered along the south wall of the excavation. The wall was
approximately 3 meters in length and 0.5 meter in height with a top horizontal surface of
approximately 0.5 meter across and an additional upper vertical surface on the east side of the
wall, also 0.5 meter in height (Figure E-2, Attachment E). The wall surface was scanned for
gross alpha contamination. No elevated areas were identified. Scan results are provided in
Table E-1, Attachment E. Nine static counts to determine total alpha contamination were taken
at locations exhibiting the highest scan results. Six smear samples of removable contamination
were also taken on the exposed wall surfaces (K-SS-170 through K-SS-175). The results of the
total and removable alpha contamination measurements are presented below in Table 6.

Table 6 - Concrete Wall Total and Removable Alpha Contamination Results
DCGLw Alpha Std. Error MDC

Sample ID (dpm/lOOcm 2) (dpm/lOOcm2) (dpm/lOOcm2) (dpm/lOOcm2)
Total

Contamination
A 944 163 91.7 110
B 944 64.7 68.7 110
C 944 94.2 76.3 110
D 944 -3.92 46.1 110
E 944 290 115 110
F 944 310 118 110
G 944 526 149 110
H 944 64.7 68.7 110
I 944 -13.7 42.0 110

Removable
Contamination

K.-SS-170 94.4 5.31 1.47 0.631
K-SS-171 94.4 2.36 1.07 0.631
K -SS-172 94.4 0.129 0.620 0.631
IK-SS-173 94.4 0.308 0.688 0.631
K -SS-174 94.4 0.129 0.620 0.631
IK-SS-175 94.4 0.219 0.644 0.631

Also in'the south wall of the excavation, 4 small PVC pipes were uncovered in the southwest
corner of the survey unit. The pipes were small diameter (2 to 6 inches) and could not be scanned
with a gas proportional detector for gross alpha activity. The surface was scanned for gross
gamma during the walkover survey for the entire survey unit. No activity above background was
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detected in or around the pipes. Smear samples of removable alpha contamination were taken
inside of each of the pipes. The results are presented in below in Table 7.

Table 7 - PVC Pipe Removable Alpha Contamination Results
DCGLW Alpha Std. Error MDC

_ Pipe ID (dpm/lOOcm 2) (dpm/1 Ocm2) (dpmi/100cm 2) (dpm/lOOcm 2)
1 - 6" Green
(K-SS-166) 94.4 0.933 0.813 0.631

2 - 2" White
rI-SS-167) 94.4 1.11 0.849 0.63

3 - 6" White
(K-SS-168) 94.4 0.129 0.620 0.631
4 -2" White
j :-SS-169) 94.4 0.129 0.620 0.631

In addition, 2 steel pipes (4-inch and 6-inch diameter) were encountered within the north wall of
the excavation, east of the elevated area. The two pipes continue northward (approximately 40
feet) beneath the railroad tracks and terminate in Pond Parcel Survey Unit Kaiser-FSS-030
(Figure E-2, Attachment E). These two pipes were located approximately 5 feet below the
existing ground-surface. A visual inspection and preliminary gross gamma survey of the pipes
indicated the presence of a small amount of dross materials. As a result, the pipes were cleaned
in-place to remove the gross dross material. Pre- and post-remedial gross gamma survey results
are presented below in Table 8.

Table 8 - Steel Pipes Pre- and Post-Remedial Gross Gamma Survey Results

Location I Inside Pipe (cpmr j At Pipe Opening (cpm)
Survey Unit Kaiser-FSSFOA-006
(Local Gross Gamma Bckground 18,747 cpm)

Pre-Remediation
Inside 6-inch Not Surveyed Not Surveyed
Inside 4-inch Not Surveyed Not Surveyed

Post-Remediation
Inside 6-inch 13,419 17,444
Inside 4-inch 12,324 16,308

Survey Unit Kaiser-FSS-030
(Local Gross Gamma Background 17,285 cpm)

Pre-Remediation
Inside 6-inch 72,098 36,980
Inside 4-inch 23,247 19,180

Post-Remediation
Inside 6-inch 11,704 15,150
Inside 4-inch 9,889 14,655
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Gross gamma results indicate that the decontamination efforts were successful. The results for
total and removable alpha contamination provided below demonstrate compliance with the
DCGL-GA for structural surfaces.

A post-remedial survey for total and removable alpha contamination was conducted at both
accessible ends of each pipe. Static counts to determine total alpha contamination were taken
outside of each pipe since the gas proportional detector could not fit inside either pipe. Smear
samples of removable alpha contamination were taken on the inside and outside structural
surfaces of both ends of the pipes. The results of the total and removable alpha contamination
measurements are presented below in Table 9.

Table 9 - Steel Pipes Total and Removable Alpha Contamination Results
I DCGL-GA Alpha Std. Error MDC

Sample ID (dpm/lOOcm 2) (dpm/lOOcm2) | (dpm/lOOcm2) (dpm/lOOcm2)
Survey Unit Kaiser-FSSFOA -006 End ofPipes

Total
Contamination
Outside 6-inch 944 98.1 51.6 69.5
Outside 4-inch 944 39.2 42.1 69.5

Removable
Contamination

K%-SS-221 94.4 0.308 0.668 0.631
I-SS-222 94.4 0.884 0.793 0.631
K1-SS-223 94.4 10.0 1.95 0.631
K-SS-224 94.4 9.86 1.93 0.631

Survey Unit Kaiser-FSS-030 Ed of Pi es
Total

Contamination
Outside 6-inch 944 15.7 37.7 69.5
Outside 4-inch 944 51.0 44.2 69.5

Removable
Contamination

K-SS-227 94.4 1.02 0.831 0.631
K-SS-228 94.4 0.844 0.793 0.631
K-SS-225 94.4 0.487 0.712 0.631
K-SS-226 94.4 0.040 0.595 0.631

Upon completion of the survey activities, both pipes were grouted with cement.
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from beneath the former Crusher Building and a
paved concrete surface situated north of 41st Street and the former Crusher Building, south of the
Union Pacific Railroad right-of-way, and west of the areas remediated during the ALRP resulted
in an open land area consisting of an excavation approximately 2,550 m2 in area (Figure 3). This
open land area, identified as Survey Unit Kaiser-FSSFOA-006, is considered a Class 1 survey
unit. 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
including the identified embedded structures.

3.1 Excavation Bottom/Side Wall Surface Soil

The acceptance criterion for open land areas (FOA excavation 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-FSSFOA-006 consisted of a gross gamma scan of the exposed surface soil of
the survey unit (excavation bottom and side walls) and systematic soil sampling. The results of
the final status survey activities were as follows:

* The 100 percent coverage gamma scan of the excavation bottom (final as-left condition)
did not indicate the presence of small areas of elevated activity (above the DCGLw for
the site). One area of elevated activity was identified along the excavation's north wall
(discussed in Section 3.2)

* All 13 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 analytical results meet the DP statistical criterion based on the first statistical
evaluation of the data (WRS Test procedure).

3.2 Elevated Measurement Comparison

Consistent with the MARSSIM and the DP, elevated areas and the total dose from soil are
evaluated as follows. Analytical results of soil samples 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:

a E (&McS ) < I
LT---+ <1-

DCGL x+1 DCGLatc

where:
5 = is the average concentration of Th-232 over the entire survey unit,
8 EMC = the average concentration of Th-232 over the elevated area (x) within the survey
unit,
DCGL = the DCGLW for Th-232,
DCGLEM,{c = (area factor for elevated area x) X (DCGLw),
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x = refers to one of the elevated areas within the survey unit, and
n = the total number of elevated areas within the survey unit.

The calculation for Survey Unit Kaiser-FSSFOA-006 including the elevated area is summarized
below in Table 10.

Table 10 - Elevated Measurement Comparison and Fraction Summary
Unit Gross Net Net

Sample Unit / Area Th-232 Th-232 DCGL Fraction Sample
Date EMC unit (M (pCi/g) (pCi/g) (pCi/g) (-) Number

K-809
FSSFOA- through

7/20/05 006 2,550 0.749 0.000 3.00 0.00 K-821
K-756,
K-757,
andK-

6/28/05 EMC 1 10.1 9.35 37.5 0.25 768

3.3 Sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSSFOA-006 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 11.

Table 11 - Fraction of Applicable Accepta ce Criteria per Survey Unit Element
Average Acceptance Fraction

Survey Unit Element Units Activity Criteria
-FSSFOA-006 Excavation Surface Soil pCi/g 0 3.0 0.00
-Elevated Area EMC (Soil) pCi/g 9.35 37.5 0.25
Concrete Wall (Total Contamination) dpm/100cm' 166 944 0.18
Concrete Wall (Removable Contamination) dpm/l10cm' 1.41 94.4 0.02
PVC Pipes (Removable Contamination) dpm/100cm2  0.575 94.4 0.01
Steel Pipes (Total Contamination) dpm/100cm' 68.7 944 0.07
Steel Pipes (Removable Cont.) dpm/lOOcm' 5.26 94.4 0.06
TOTAL SUM OF FRACTIONS

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-FSSFOA-006
meets the DP acceptance criteria.
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ATTACHMENT A
TABLE OF CONTENTS

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

* FIGURE A-2 Biased Soil Sampling Locations

* FIGURE A-3 Systematic Soil Sampling Locations
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Attachment A, Figure A-2
Biased Soil Sampling Locations

Survey Unit Kaiser-FSSFOA-006
Final Status Survey

Thorium Remediaiton Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

North Wall Metal Pipes and Biased Sample Locations
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FINAL STATUS SURVEY
THORIUM REMEDIATION PROJECT

TULSA, OKLAHOMA FACILITY
PREPARED FOR

KAISER ALUMINUM & CHEMICAL CORPORATION
- TULSA, OKLAHOMA

APPROVEDS . ) -t
CHECK >*-i,"E 3~
DRAWN DEB 12/27/05

DRAWING NUMBER

PA4072066
A Penn E&R

Environmental & Remediation, Inc.

r 11
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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-FSSFOA-006

2. Description: Former Operational Area. Fortner Crusher Building Area

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

Z.. Dimensions (m): Excavation Bottom- 80 meters x 32 meters; Area, A (m2): 2.550

' . 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 tn2 Class I 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 in2, recalculate the corresponding Triangular Grid Node

Length (LI) for the Survey Unit Area (A), using the following fonnula: LI = (A/(0.866 x 9))12: N/A

8. If N is greater than 9 and the A is other than 2,000 Mn
2, recalculate the corresponding Triangular Grid Node

Length (LI) using the following formula LI = (A/(0.866 x N))' 2 : N/A

9. If A is greater than 2,000 in2 and N is equal to 9, recalculate the minimum number of samples (N1)

corresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N, = A / (0.866 x

13

10. Calculate the height (h) of the equilateral triangle with side length equal to L (or (LI) using the following

formula: h = ((L2 - (L/2)2)1'2: 13.9 m.

Q: P40O0\J'A4072\F5S Repolts\Volume ISurvey Unh FSSFOA-006\Attachmnent D . Soil Survey Unit WorksheWts\Soil Survey Unit Worksheet No. I doc



I 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-FSSFOA-006

i
RANDOM START POINT

x axis (Meters) I y axis ( Meters) I

63 | 21 lower bound
_-

upper bound

x

(0,0)
North

x axis

Q:\P4000\PA4072\FSS Reports\Volume ll\Survey Unit FSSFOA-006\Attachment B - Soil Survey Unit Worksheets\Soil Survey Unit
Worksheet No. 2
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LABORATORY ANALYTICAL RESULTS



9>ICOutreadi
zaboratory

j North Aspen
\;,;.oken Arrow, OK 74^01Z

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

- vs-x

August 22, 2005

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

r 11 J S g
.1/, "m!

Project: Kaiser Thorium Remediation PA40004072
OUTREACH LAB ID: 20050569

Dear Mr. Weyant:

Please find enclosed an amended report for the above captioned project. At your
request, sample #2 was reanalyzed to provide a number instead of ND. The new result
for #2 is included in the attached amended report. No other changes were made.

Thank you for choosing Outreach Laboratory and if you have any questions, please call
us at 918-251-2515.

Laborator Oi+?'tor

ODEQ ID #9517
DEQ LIC. #27522-01

CERT. ID #OK001



Outreadi
' abomatory

.rNorth Aspen
oken Arrow. OK 740 12

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

ulient:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

&aiser Aluminum
Thorium Remediation

20050569
8/22/OS
7/21105

I of 4

Analytical Report
Result UnitsMethod DL Prep Analysis Analyst

Date Date

. Lab ID:
Client ID:
Date Sampled:

I Matrix:

20050569-01
K-809
7/20/05 2:15:00 PM
Soil

Radiochemical Analyses
0.706 +/- 0.052 pCi/gTh-232 HASL 300 0.223 7/22/05 SD

Inorganics Analyses
ASTM D2216-92 19.9 %Percent Moisture 7/21/05 7/22/05 MD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050569-02
K-810
7/20/05 2:20:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.528 +/- 0.042. pCi/g
Inorganics Analyses

92 20.6 %

0.271 8/19/05 SD

Percent Moistire ASTM D2216-! 7/21/05 7/22/05 MD

Lab ID:
Client ID:
Date Sampldl:
Matrix:

Th-232

Percent Moisture

20050569-03
K-811

7/20/05 2:25:00 PM

Soil

Radiochemical Analyses
HASL 300 0.786 +/- 0.072 pCi/g

Inorganics Analyses
ASTM D2216-92 20.5 %

0.247 7/22/05 SD

7/21/05 7/22/05 MD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050569-04
K-812
7/20/05 2:30:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.576 +/- 0.086 pCi/g

Inorganics Analyses
92 12.7 %

0.388 7/22/05 SD

Percent Moisture ASTM D2216-' 7/21/05 7/22/05 MD

BDL = Below Elctection Limit



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Outreach
aboratoty

l i NorthAspen
KjVI3roken Arrow. OK 74101 2

(918) Z25-2515
FAX (918) Z51-0008

P4001011

Kaiser Aluminum
Thorium Remediation

20050569
8/22/05
7/21/05

2 of 4

Analysis Analyst
Date

Analytical Report
Result UnitsMethod DL Prep

Date

Lab ID:
Client ID:
Date Sampled:
'Matrix:

20050569-05
K-813
7/20/05 2:35:00 PM

Soil

Th-232 HASL 300
Radiochemical Analyses

0.662 +/- 0.026 pCi/g
Inorganics Analyses

92 8.7 %

0.248 7/22/05 SD

Percent Moisture ASTM D2216-' 7/21/05 7/22105 MD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050569-06
K-814
7120105 2:40:00 PM
Soil

Th-232 HASL 300
Radiochenical Analyses

0.563 +/- 0.082 pCi/g
Inorganics Analyses

92 8.5 %

0.382 7/22/05 SD

Percent Moisture ASTM D2216-! 7/21/05 7/22/05 MD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050569-07
K-81 5
7120/05 2:45:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.719 +/- 0.068 pCi/g
Inorganics Analyses

92 10.4 %

0.391 7/22105 SD

Percent Moisture ASTM D2216-' 7/21/05 7/22/05 MD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050569-08
K-816
7120/05 2:50:00 PM
Soil

Radiochemical Analyses
HASL 300 0.657 +/- 0.099 pCi/g

Inorganics Analyses
ASTM D2216-92 4.1 %

0.426 7/24/05 SD

7/21/05 7/22/05 MD

BDL = Below Detecticn Limit



P'"ENDE'P

Client:
Client Project:
Lab Number:
Date Reported:

-Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050569
8/22/05

7/21/05
3 of 4

Outreadc
W aboratoiy

d .d North Aspen
jbroken Arrow, OK 71012

(918) 251-2515
FAX (91 8) 251-0008 Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050569-09
K-817
7/20/05 2:55:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.822 +1- 0.047 pCilg
Inorganics Analyses

92 3.8 %

0.251 7/25/05 SD

Percent Moislure ASTM D2216-5 7/21/05 7/22/05 MD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050569-10
K-818
7/20/05 3:00:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.703 +/- 0.087 pCi/g
Inorganics Analyses

92 6.4 %

0.415 7/25/05 SD

'Percent Moisture ASTM D2216-S 7/21/05 7/22/05 MD

Lab ID:
* Client ID:

Date Sampled:
Matrix:

20050569-11
K-819
720/05 3:05:00 PM
Soil

Radiochemical Analyses
HASL 300 0.945 +/- 0.028 pCilg

Inorganics Analyses
ASTM D2216-92 5.2 %

Th-232

Percent Moisture

0.236 7/25/05 SD

7/21/05 7/22/05 MD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050569-12
IC-820
7/20/05,3:10:00 PM
Soil

Radiochemical Analyses
0.925 +/- 0.110 pCi/gHASL 300

ASTM D2216-,

0.402 7/25/05 SD

92
Inorganics Analyses

15.5 % 7/21/05 7/22/05 MD

BDL - Below Detection Limit



Outreach
w aboratoly

k , North Aspen
,l broken Arrow, OK 7401 2

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

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050569
8/22/05

7/21(05
4 of 4

Analytical Report

Result UnitsMethod * DL Prep
Date

Analysis
Date

Analyst

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050569-13
K-821
7/20/05 3:15:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

1.14+/-0.085 pCi/g
Inorganics Analyses

92 9.7 %

0.413 7/25/05 SD

Percent Moisture ASTM D2216-! 7/21/05 7/22/05 MD

QC Report

Parameter Blank LCS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RPD

Ac228 4.0 7/22/05

Am-241

Co-60

Cs.137

Percent Moisture

93.0

94.0

95.0

94.0 . 0.9

96.0 1.9

96.0 1.0

71/05

7/22/05

7/22/05

7122/052.7

Lab Approval:

BDL Below Vetection Limit



JUTREACH
LABORATORY

1,;

CHAINI'V 0STODY
Results To:
L'6C.A

Crmnnnv tL( M . % a' ti - ,
--- --r--- -.r r - - - - - . - - -

kta-.. NAA1, (L O�VAA

Bil To:

Company 'Ama h.)2 r? eR&

311 North Aspen
Droken Arrow, OK 740i2
Phone: (918) 251-2515
Fax: (918) 251-0008

Address I . 'fi "- a -'7,
Gity t & ~State_!K 6zip 'lq Iqi

I en/_s. I _ A i'jJ 9r.A
, I a-- I t _,

761 1

Name.pmlt a %AY&4

AddresM11 L- ! al,

Cit -TV"& -StateZh zipj11r__y,T
OFax # C_____ -_1_

PO #

PROJECT# PA- , % -b

PROJECT NAME m >w ift,.

REQUESTED TURNAROND TIME 5 rvA -
(ADDITIONAL CHARGES M APPLN

SAMPL

C
0
IN
T
A

N
E
R
S

CONTAINER
SIZE

PLASTIC
OR

GLASS

PRESERVATIVE
#

1. HN03 pH4
2. Ice <4C
3. HCI pH<2
4. H2504 pH<2
5. NWvH pHA1t

REMARKS
0.E FILTERED, UNFILTERED,

GRAB, COMPOSITE)

R'IATE_ (I'4 ME..'LJ/ LAECEIVED B "AU

RELINOUISHED BY: DATE TIMF RECEIVED BY _DA__ME

My signature on this chain of custody form Indicates that I am authorIzed by the above company to release samples lor analysIs. Tbe company agrees to pay the entire balance upon receIpt
of sample data and It Is understood and agreed that any balance canded over thirty (30) days is subJect to a 1.5% per month (18% p r annum) I te charge. In the Vent o default the company
becomes legaty table for any reasonable attorney andlor collection fees and all related costs necessary to remit the entire balance to Outreach Technologlies Inc. (Outreach Laboratory).

A .- ~_bS~_............. .| . __I___. .................... __ i . l_- nn .. ....................... - -- --- - A - MlfA- ..-.-.............-............... .__- - - - _. _- _-



Ck-r SAMPLER JIN
rC

. Date Received: 7/21/051:37:27P

Sample
Number

Client
Sample ID

Lab Number:

Date
Matrix Sampled

Soil 07/20/05

20050569

Container
Type

Plastic

Container
Size

16 oz

Due: 7/28/05

Custody Seal
Seal IntactPreservation

20050569-01 A K-809.
Percent Moisture (LOD)

Th-232 by Gamma Spec

-

None No No

20050569-02 A K-810 Soil
Percent Moisture (LOD)

Th-232 by Gamma Spec

07/20/05 Plastic 16 oz None No No

20050569-03 A K-.811

Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 07/20/05 Plastic 16 oz None No No

20050569-04 A K-812
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil 07120/05 Plastic

07/20/05 Plastic20050569-05 A K-813
Percent Moisture (LOD)

.Th-232 by Gamma Spec

20050569-06 A K-814
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

16oz

16oz

16 oz

16oz

None

None

None

None

No No

No No

No No

No No

Soil 07/20/05

07/20/05

Plastic

Plastic20050569-07 A" K-815
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050569-08 A K-816
Percent Moisture (LOD)

Th-232 by Gamma Spec*

Soil 07/20/05

07/20/05

Plastic

Plastic

16 oz

16 oz

None

None

No No

No No20050569-09 A K-817
Percent Moisture (LOD)

Th-232 by Gamma Spec

* Soil

20050569-10 A K-81 8 Soil 07/20/05 Plastic 16 oz None No No



Fercenc - ire (LUV)

Th-232 L* mnma Spec

20050569-11 A K-819
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050569-12 A K-820
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

07/20/05 Plastic

07/20/05 Plastic

07/20/05 Plastic

*16oz

16 oz

16oz

None

None

None

No No

No No

No No20050569-13 A K-821
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

CONTAINER INSPECTION

U Coolers Jo Custody Seals Broken - Temperature Blue Ice / Wet Ice Radiation Surve4O__z)fixed removable

SAMPLE INSPECTION

Custody Seals Broken -V* Chain of Custody Recorai/N Labels In Tact FN Radiation Survey Complete(/N

Anomalies:

Inspected By: A4, P b hi . DAT T|

QA or Designee Review: DATE

Sample Custodian Review: MA QSATE•2 E2 /gIA5

Project Notes:



-Outreadc
'aboratory

A North Aspen
Z/roken Arrow, OK 74012 July 7, 2005
(918) 251-2515
FAX (918) Z51O00E

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

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050506

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
June 29, 2005. Eight soil samples were received in good condition and analyzed for
Thorium-232 by Gamma Spectroscopy without drying and grinding and percent
moisture with an expedited 5 work-day turn. Results were faxed on time.

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

'Your samples will be returned as requested.

Thank you for choosing Outreach Laboratory and if you have any questions, please call
tLs at 918-251-2515.

!ID #9517
IC. #27522-01

CERT. ID IOKOOI



Outreach.
"aboratory

I North AspenK.> abroken Arrow OK 74012
(928) 251-2515
FAX (918) 251-0008

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050506
7/7/05

6/29/05
1 of 3

Analytical Report
Result UnitsMethod DL Prep'

Date
Analysis
Date

Analyst

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050506-01
K-756
6/28/05 9:35:00 AM
Soil

Th-232 HASL 300
Radiochemical Analyses

13.5 +/- 0.412 pCi/g
Inorganics Analyses

92 24.9 %

0.574 7/S/OS SD

Percent Moisture ASTM D2216-( 7/5/05 7/6/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisiure

20050506-02
K-757
6/28/05 9:45:00 AM
Soil

Radiochemical Analyses
HASL 300 10.1 +/- 0.276 pCilg

Inorganics Analyses
ASTM D2216-92 23.8 %

0.417 7/5/05 SD

7/5/05 7/6/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050506-03
K-758

6/28/05 9:55:00 AM
Soil

Th-232 HASL 300
Radiochemical Analyses

1.91 +/-0.121 pCi/g
Inorganics Analyses

92 19.4 %

0.488 7/5/05 SD

Percent Moisture ASTM D2216-' 7/5/05 7/6105 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moistcre

20050506-04
K-760
6/28/05 10:15:00 AM

Soil

Radiochemical Analyses
HASL 300 0.546 +/- 0.096 pCi/g

Inorganics Analyses
ASTMD2216-92 4.9 %

0.300 7/5/05 SD

7/5/05 7/6/05 RT

BDL = Below D:tcction Limit



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050506
7/7/05

6/29/05
2of3

Outreach
Laboiatory

I North Aspen
'ij IJroken Arrow. OK 74012
4.L (918) 251-2515

FAX (918) 251.0003

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050506-05
K-768
6128/05 10:25:00 AM
Soil

Radiochemical Analyses
6.74 +/- 0.231 pCi/gTh-232 HASL 300 0.361 7/5/S05 SD

Inorganics Analyses
ASTM D2216-92 25.2 % 7/5/05Percent Moi:sture 7/6/05 RT

* Lab ID:
Client ID:
Date Sampled:
Matrix:

* Th-232

. Percent Moisture

20050506-06
K-769
6/28/05 10:35:00 AM
Soil

Radiochemical Analyses
HASL 300 0.737 +/- 0.064 pCi/g

Inorganics Analyses
ASTMD2216-92 5.7 %

0.250 7/5/05 SD

7/6/05 RT7/5/05

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050506-07
K-770
6/28/05 10:45:00 AM
Soil

Radiochemical Analyses
HASL300 3.18+/-0.154 pCi/g

Inorganics Analyses
ASTM D2216-92 27.3 %

0250 7/5/05 SD

7/5/05 7/6/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050506-08
K-771
6128/05 10:55:00 AM
Soil

Radiochemical Analyses
3.88 +/- 0.206 pCi/gTh-232

Percent Moisture

HASL 300

ASTM D2216-'

0.542

92
Inorganics Analyses

9.0 %

7/5/05 SD

7/6/05 RT7/5/05

BDL - Below Detection Limit



_F Client:
Client Project:
Lab Number:
Date Reported:

Outreach Date Received:

Laboratory Page Number:
1 Nor AspenY a l.roken fArow, OK /4012

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

Kaiser Aluminum
Thorium Remediation

20050506
7/7/05

6/29105
3 of 3

QC Report

Parameter Blank LCS LCSD DUP MS MSD Datt
%REC %REC RPD RPD %REC %REC RPD

Ac228 9.3 715105

AM-241

Co-60

Cs-137

Percent Moistuie

94.0

95.0

94.0

87.0

93.0

95.0

8.2

1.9

0.3

7/5/05

7/5/05

7/5/05
7/S/058.3

Lab Approval:

BDL = Below Det-ction Limit



. CHAIN (h CUSTODY
v !

JUTREACH
K LABORATORY

Results To:

'oS- L '
05(%

IM . ,-I -

311 North Aspen
.Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008

CompanyWM. La~ tw c
Namej~&AN &

Address ~ * 4 ~

Phone 2914i1114 Fax# 9N- 1% -M-i

Company walim uhki.J ERtA

Namrne t I% / . , ,-. - .A

|Address-7,'21 F. \4111 S~.

Bill To:

C1 ty\.I~s\A- _tateQl&zip :7 'I I '/ r

Rj -IP-1
PO# s~A z ;cL
PROJECT# 4,.. 4- L

PROJECT NAME A'MIh Ctt'e.
REQUESTE¶ RNAROUND TIME 4,(

(ADDIIONAL ES MAY APPLY)

SAM PLER~)GJJiA'> j

C
0
N
T
A

N
E

S

CONTAINER
SIZE

Pi.ASTIC
OR

GLASS

PRESERVATIVE
I

1. HNO3 pHd
2. lc <4C
3. HCI p#4
4. H2SO4 pHI2
5. N*OH pH>11

4.'

C:-A

'a .

A-%v_

4~' A

6

0)j
aC

*_0 -I

- P4

T (.

REMARKS
(.E. FILTERED, UNFILTERED,

GRAD, COMPOSITE)
o /rID 17ME

SAMnm

V -1 045

__ - ---

SINEW
I

.
____________________ I I________ .1 .

ME /~~EZ J ):RECEtVED BY :A

RELINQUISHED BY: DATEF TIME RECEIVED BY: DATE__ TIM__
My signature on this chain of custody form Indiates that I am authorized by the Sbove company to relase sample for analysis. The company agrees to pay the entire balance tpon receipt
of sample data and It Is understood and agreed that any balance carred over thirty (30) dayi Is subject to a 1.5% per month (18% per annum) fate charge. In the event of desuit. the company
becomes legally liable for any reasonable attorney andlor collection fees and an related costs necessary to remit the *etire balance to iOutreach Technologies, Inc. (Outreach Laboratory).

e~zm oer, ,ownlenfe. * A,, .,i, tea **., sarnlas cihat be disoosed of30davs after issus o final roort Alt others mwtil be rurdatrtla.'tl arw'*



SAMPLE\- ,'IN' C
Date Received: 6/29/05 2:24:19 P

Sample
Number

Client
Sample ID

Lab Number:

Date
Sampled

20050506

Container
Type

Container
Size

Due: 718105

Custody Seal
IRSeal TvifaefMatrix Preservation

Tv�e SIze Pre�ervntfnn is,

2U050506-01 A K-756
Percent Moisture (LCD)

Th-232 by Gamma Spec

Soil 06/28/05 Plastic 16oz None No No

20050506-02 A K-757
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil 06/28105 Plastic .16oz None No No

20050506-03 A K-758
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050506-04 A K-760
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050506-05 A K-768
Percent Moisture (LOD)

Th-232 by Gamma Spec

20050506-06 A K-769
Percent Moisture (LOD)

Th-232 by Gamma Spec

20050506-07 A K-770
Percent Moisture (LOD)
Th-232 by Gamma Spec

20050506-08 A K-771
Percent Moisture (LOD)

Th-232 by Gamma Spec

* Soil

Soil

Soil

Soil

06/28/05 Plastic

06128/05 Plastic

06/28/05 Plastic

06/28/05 Plastic

06/28/05 Plastic

06/28105 Plastic

16 oz

16 oz

16oz

16 oz

16oz

16oz

None

None

None

None

None

None

No No

No No

No No

No No

No No

No No



CONTAMkW NSPECTION

# Coolers < Custody Seals Broken - Temperature X Blue Ice I Wet Ice Radiation Survey

SAMPLE INSPECTION

Custody Seals Broken - iWhChain of Custody Record;' Labels in T IctJN Radiation Survey ComplettfNSAPL ISPCTON f yLbl i at aitinSre

y fixed removable

Anomalies:

Inspected By: DATE_ C_____._d_5

QA or Designee Review: it g/2 9/3J

Sample Custodian Review vATE 4 2 -05

Project Notes:



Outreach
'oratory
gLJ Reorth Aspen

Broken Arow. 2OK7401Z January 25, 2006
(918) 2.1 -2515
FAX (918) 251-0008

'SA
17o'f z /S i//,35/

David Weyant
Kaiser Aluminum & Chemical
731 i E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium Remediation PAA4000-4072
.OUTREACH LAB ID: 20060045

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
January 17, 2006 for the above captioned project. Seven 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 turn.

All Quality Control for the requested analyses is reported on the analytical report. The
-laboratory control standard and duplicates for all analyses were within method control
limits.

Your samples will be returned as requested.

Thank you for choosing Outreach Laboratory and if you have any questions, please call
us at 918-251-2515.

ODEQ ID #9517
DEQ LIC. #27522-01

CERT. ID #OKOO1



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Outreach
boratory

i_|J North Aspen
Broken Arrow, OK 74012
(918) 251-2515
FAX (918) 251-0008

Kaiser Aluminum
Thorium Remediation

20060045
1/25/06
1/17/06

lof2

Analysis Analyst
Date

Analytical Report
Result UnitsMethod DL Prep.

Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

-Thorium 232

Percent Moisture

20060045-01
K-1407
1/16106 10:40:00 AM
Swipe

Radiochemical Analyses
HASL 300 0.662 +/- 0.147 pCi/g

Inorganics Analyses
ASTMD2216-92 15.4 %

0.383 1/18/06 SD- .

1/17/06 1/18/06 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Thorium 232

kLL'Percent Moisture

20D60045-02
K-1426
1/1.4/06 10:25:00 AM
Swipe

Radiochernical Analyses
HASL 300 2.52 +/- O.i19 pCi/g

Inorganics Analyses
ASTM D2216-92 28.1 %

0.155 1/18/06 SD

1/17/06 1/18/06 RT

-Lab ID:
Client ID:
Date Sampled:
Matrix:

20060045-03
K-1427
1/14/06 10:30:00 AM
Soil -

Radiochemical Analyses
HASL 300 2.68 +/- 0.261 pCilg

Inorganics Analyses
ASTM D2216-92 23.6 %

Thorium 232

Percent Moisture

0.175 1/18/06. SD

1/17/06 1/18/06 RT

Lab ID:
-Client ID:
Date Sampled:
Matrix:

20060045-04
K-1428
1114/06 10:35:00 AM
Soil

Radiochemical Analyses
HASL 300 1.13 +/- 0.246 pCi/g

Inorganics. Analyses
ASTM D2216-92 17.2 %

Thorium 232

Percent Moisture

0.319 1/18/06 SD

1/17/06 1/18/06 RT

alab ID:

1v,_ -ient ID:
Date Sampled:
Matrix:

20060045-05
K-1429
1/14/06 10:40:00 AM
Soil

Radiochemical Analyses
BDL = Below Detection Limit



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number.

Kaiser Aluminum
Thorium Remediation

20060045
1/25/06

1/17/06
2of2

elutreach
.)oratory

v41 llorth Aspen
Broken ATOw, OK 74012
(918) 251-2515
FAX (918) 251-0008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Thorium 232

Percent Moisture

HASL 300 0.664 +/- 0.181 pCi/g
Inorganics Analyses

ASTMD2216-92 17.7 %

0.443 1/18/06 SD

1/17/06 1/18/06 RT

*Lab ID:
Client ID:
Date Sampled:
Matrix:

Thorium 232

Percent Moisture

20060045-06
K-1430
1/14/06 10:45:00 AM
Soil

Radiochemical Analyses
HASL 300 0.744 +/- 0.100 pCi/g

Inorganics Analyses
ASTM D2216-92 . 21.8 %

0.189 1/18/06 SD

1/17/06 1/18/06 RT

Lab ID:
Uient ID:
ate Sampled:

Matrix:

Thorium 232

Percent Moisture

20060045-07
K-1431
1/14/06 10:50:00 AM
Soil

Radiochemical Analyses
HASL 300 0.977+/-0.188 *pCi/g

Inorganics Analyses
ASTMD2216-92 17.0 %

1/18/06 SD. 0.391

1/17/06 1/18/06 RT

QC Report

?*ramieter Blank LCS LCSD
%REC %REC RPD

DUP
RPD

.7.0

MS MSD
%REC %REC RPD

Date

.. . .

. . .
-

Ac-228

Amn-241

:Co-60

Cs-137

Percent Moisture

87.0

94.0

95.0

88.0

91.0

93.0

0.9

2.9

2.3

1117106

1/17/06

1/17/06

1/17106

I18/066.9

Lab Approval:

BDL - Below Dct:ction Limit



C U 7 CHAIN USTOD
~~L~sf Results To: Company-,- 2~A~~ r

AB WORt NametI

Addres 1X s, d4 7-NortncT-
.... .,!''-C~ty 2XQ~jA,-.State 5;r .j)

;:Phone: (918)5-2515 ... , r..-.__-__"'-

Fax: (918) 251-0008. . - -

*3 o .| ,t T

Company 1 fi

Name Na PpR,/ £jM' .

. Madress 7  ri1 L P I

C!.' i4 Stalt z p

PO# .4$X 'L CONTAINER PRESERVATIVE

POEtz q''0 1. HN03 pHd2PROJECT# pA _ [t a C seZE 1.HOpI2 a_
N 2. lced:4C '. j.. t

PROJECT NAME N, 7k) rt Rtfh Me* QT PLASTIC 3. 1L P- _

REQUES IDTURNAROUNDTIME GLASS A OR 4 t2SO4p ) _

(ADDITI AL ROES MAY APPLY) N t.^ss * n sOJ tv.

E 1 4e
SAMPLER 'a R c 9t j W9S REMARKS

gatur S
4. (I. FILTERED, UNFILTERED,

: D D *.n__ GRAB, COMPOSIT

- -; linrT T IXXx8=

WAW

h~~ i,~ I -'vT\T 1 ~
man'4lr__\_

.al?_ -c

=R ATE MEM _ ECEIVED BY- DATE...LL0mEPIME

RELUNQUISHED B:DT________M RCE1_____ E~

My signature on this chain of custodyfortn Indlatss that I an Authorized by the above coMpanyto rtease samptefor nanlysts. The companyartee to pay the entire balance upon receipt _
of simple data and It Is understood and agreed that ait tancencefedOve thirty(30)dayssubjecttoa15%per month(18% perannum) late charge. In the event of default, the company
becomes legally liable for Any reasonable attorey and/or collection t ees and a related cots n ceeary to ntIre balance to Outreach Technologies. Inc. (Outreach Laboratory).

SAMPLE RETURNIDISPOSAL Ail non-haiardous samples shaldbe disposed oi 30 days efter isaue of final report. Al others will be returned at cient's expense.



c-
*1

4-

SAMPLE AN

I 7

Date Received: 1/17/0610:14:12

Sample
Number

Client
Sample ID

Lab Number:

Date
Sampled

20060045

Container
TypeMatrix

Container
Size

Due: 1/24/06

Custody Seal
Se~al InfartPreservation

20060045-01 A K-1407
Percent Moisture (LOD)

Th-232 by Gamma Spec

Swipe

20060045-02 A K-1426
Percent Moisture (LOD)

Th-232 by Gamma Spec

20060045-03 A K-1427

Percent Moisture (LOD)

Th-232 by Gamma Spec

Swipe

Soil

Soil

01/16106 Plastic

01/14/06 Plastic

01114106 Plastic

01/14106 Plastic

16 oz

16 oz

16oz

16oz

16 oz

16 oz

None Yes

None Yes

None Yes

Yes

Yes

Yes

Yes

Yes

Yes

20060045-04 A K-1428
Gamma Spec - Thorium 232

Percent Moisture (LOD)

None Yes

20060045-05 A K-1429
Gamma Spec. Thorium 232

Percent Moisture (LOD)

Soil 01/14/06 Plastic None

None

Yes

Yes20060045-06 A K-1430
Gamma Spec - Thorium 232

Percent Moisture (LOD)

Soil 01/14/06 Plastic

20060045-07 A K-1431
Gamma Spec - Thorium 232
Percent Moisture (LOD)

Soil 01/14/06 Plastic 16 oz None Yes Yes



CONTAINER -ASPECTION

# Coolers 0 Custody Seals Broken

SAMPLE INSPECTION
Sample Seal Broken NA Chail

Anomalies

--e-ft
N7-;-

J 'I

q Temperature: 3 .C Ice Radiation Survey: <300 cpm

Radiation Survey Complete Oi of Custody Record R Labels in Tact -

Inspected By:
Id

QA or Designee Review: i

Sample Custodian Review:

Project Notes:



-O utreadCi 2,
- aboratomy

IWM Nrt Aspen
U s3BrokenArrowOK740t2 August0l,2005 3/ o

(918) 251-2515
FAX (918) Z51-0008

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

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050581

Dear Mr. Weyant,

Please find enclosed the analytical report for your samples received in our laboratory on
July 26, 2005 for the above captioned project. Four swipes were received in good
condition and analyzed for Gross Alpha/Beta with an expedited 5 work-day turn time.
Results were faxed on 8/1/05.

All Quality. Control for the requested analyses is reported on the analytical report. The
method blank, laboratory control standard and matrix spikes and spike duplicates for all
analyses were within method control limits.

Your samples will be returned as requested.

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

LaboraolDirector

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

C
CERT. ID# OKOOI



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050581
8/1105

7/26/05

I of2

Outreadi
aboratory

i, J.. North AspenK lj.# Broken Arrow. OK 74012
(918) 251-2515
FAX (918) 251-0008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050581-01
K-SS-166
7/21/05 3:08:00 PM
Swipe

Gross Alpha

Gross Beta

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.933 +/-0.813 dpm/lOOcm 0.631

2
1.66 +1-2.50 dpnm/1O0cm 2.57

2

7/28/05 SD

7/28/05 SD

Lab ID:
Client ID:
Date Sampledl:
Matrix:

Gross Alpha

Gross Beta

20050581-02
K-SS-167
7/21/05 3:10:00 PM
Swipe

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
1.11,+/- 0.849 -dpm/lOOcm 0.631

2
2.64 +/-2.57 dpm/lOOcm 2.57

2

7/28/05 SD

7/28/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

Gross Beta

20050581-03
K-SS-168
7/21/05 3:20:00 PM
Swipe

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.129 +/-0.620 dpm/lOOcm 0.631

2
1.66 +/-2.50 dprn/lOOcm 2.57

2

7/29/05 SD

7/29/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

20050581-04
IC-SS-169
7/21/05 3:25:00 PM
swipe

EPA 900/9310
Radiochemical Analyses

0.129+/-0.620 dpmllO0cm 0.631
2

2.74 +/- 2.58 dpm/lOOcm 2.57
2

7/29/05 SD

Gross Beta EPA 900/9310 7/29/05 SD

BDL = Below D:tection Limit



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050581
811/05

7/26/05
2of2

Outreadi
* aboratoryKj . I North Aspen

14B-roken Anow, OK. 14012
(918) 251-2515
FAX (918) 251 -oooe

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

QC Report

Parameter Blank LCS IJCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RPD

Gross Alpha 02+1-0.6 111.0 121.0 8.4 . NC 7129/05
Gross Beta 8+/-3 89.0 87.0 2.6 NC 7/29105

Lab Approval:

K> BDL = Below D:tection Limit



tboratory
IIrWM Aspen

(918roken)owOK71012 August01, 200591)251-2515 1 ii<
FAX (9M8) Z5I-0008

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

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050582

Dear Mr. Weyant,

Please find enclosed the analytical report for your samples received in our laboratory on
July 26, 2005 for the above captioned project. Six swipes were received in good
condition and analyzed for Gross Alpha/Beta with an expedited 5 work-day turn time.
Results were faxed on 8/1/05.

All Quality Control for the requested analyses is reported on the analytical report. The
method blank, laboratory control standard and matrix spikes and spike duplicates for all

K> analyses were within method control limits.

Your samples will be returned as requested.

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

Labokitory Director

%t ACCO%

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

C
CERT. IDY OK001



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050582
8/1/05

7/26/05
I of 2

Outreadhi
-Aboratory

i |J. I North Aspen
IBroken Arrow, OK 741012
(918) 251-2515
FAX (918) 251.0008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

Gross Beta

20050582-01
I(-SS-1 70
7122/05 7:30:00 AM
Swipe

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
5.31 +/- 1.47 dpm/100cm 0.631

2
7.32 +/- 2.89 dpm/lOOcm 2.57

2

7/29/05 SD

7/29/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050582-02
IC-SS-1 71
'71/22/05 7:32:00 AM
Swipe

Gross Alpha

Gross Beta

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
2.36+/- 1.07 dpm/lOOcm 0.631

2
4.10 +/-2.68 dpm/lOOcm 2.57

2

7/29/05 SD

7/29/05 SD

I-.- Lab ID:
Client ID:
Date Sampled:
Matrix:

20050582-03
K-SS-172
7/22/05 7:34:00 AM
Swipe

Gross Alpha

Gross Beta

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.129 +/- 0.620 dpm/lOOcm 0.631

2
2.44 +/- 2.56 dpm/lOOcm 2.57

2

7/29/05 SD

7/29/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

20050582-04
K-SS-173
7/22/05 7:36:00 AM
Swipe

Radiochemlcal Analyses
EPA 900/9310 0.308+1-0.688 dpm/lOOcm 0.631

2
7/29/05 SD

Gross Beta EPA 900/9310 1.27 +/-2.47 dpm/lOOcm 2.57
2

7/29/05 SD

BDL= Bclow Detection Limit



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

(

Kaiser Aluminum
Thorium Remediation

20050582
8/1/05

7/26/05
2of2

Outreadi
iboratory

i 1 North Aspen
Broken Arrow, OK 7401 2
(918) 251-Z515
FAX (918) Z51-0008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

20050582-05
K-SS-174
7/22105 7:38:00 AM

Swipe

EPA 900/9310
Radiochemical Analyses

0.129 +/- 0.620 dpm/100cm 0.631
2

1.86 +/-2.52 dpmlloocm 2.57
2

7/29/05 SD

Gross Beta EPA 900/9310 7/29/05 SD

Lab ID:
Client ID:
Date Sampled:

Matrix:

Gross Alpha

Gross Beta

20050582-06
K-SS-175
7/22/05 7:40:00 AM
Swipe

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.219+1-0.644 dpm/lOOcm 0.631

2
1.76+/-2.51 dpm/lOOcm 2.57

2

7/29/05 SD

7/29105 SD

QC Report

Parameter Blank L(CS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RID

Gross Alpha

Gross Beta

0.2+/-0.6 111.0 121.0 8.4
8+/-3 89.0 87.0 2.6

NC

NC

V29/05

7/29105

Lab Approval:

tpV BDL= Below Dtection Limit



OUTREACH
LABORATORY

. C.
CHAIN t. CUSTODY

4'
Q3

C1-

311 North Aspen
Broken Arrow,.OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008

Results To:

AIV'7zj- --
C-1 t :7t4 -

'7C . t4a t

Company AAil5~ im I & C

Name 5-t 4nr !a. \N'AI4
AddressT1 =II F 111

Phone:Z%-.22 4 ,2Z XZ Fax # 7 % -

AddrwqT) it g %4 q W'&%

Bill To:

Comparny W~s&? mij. -1 $ e '

I I C!tY--h44A.--State-Cl�ZlpIWX-:r-

PO# k;IF -%a '
PROJECT# PA - -t ___o-_2

PROJECT NAME kV;4t A a
REQUESTEQrURNAROUND TIME C
(ADDITIONA H GES MAY AkPLY)

SAMPLER.,, - \ ?

C
0
N
T
A

N
E
R
S

CONTAINER
SIZE

PLASTIC
OR

GLASS

PRESERVATIVE
I

t. HiN03 pMd
2. Ice <4c
3. iCI pH<2
4. H2SO4 pH-d
5. NeON pHb11

V_

_t
IW
%11)

0-C
%P:� a11

Cj
,0 JL
- ICQ.

-t

r
4
11:�" 0

q

0-
C 0.

I I C
It-Z.

I 1%

*1.

-z
.-.5 -3

-1

.4

1:

A
43

P7

REMARKS
(l.E FILTERED, UNFILTERED,

GRAB, COMPOSITE)- I i - I I I I ii

ME=
=Uft SMYU

ID SAWR MA=

~ I _ _ _ __III

\ - . _

AW _ _ _

V IsI - '- W I~- ',-,f----.1= -

RELINQUISHE ME L'-" FECEIVED BY' ADAT E_7/;/'i;TIME__!!'rO '

RELINQUISHED BY:__ A _ TIME RECEIVED 9Y': _DATFIME

My signature on this chain of custody form Indcates that I am a ried by the above company to reolae samplea for ana"ys. The company agrees to pay the entire balance Upon receipt
of sample data and It Is understood and agreed that any balance carned over thIrty (30) days is subject to a 1.5% per monfl (1S% per annurn) ltae charge. In the event of defnult, the company
becomes legally liable for any reasonable attorney and1or collection fees and all related coats necesswy to remit the entire balance to Outreach Technologieas Inc. (Outreach Laboratory).

r0"m Dcn 0 lr 0^CnleoeAI . A*t -h. .-mt.4 §Mfl be disooed of 30 de aft*r issue of nael reoort At others will be returned at clien e



C

Date Received: 7/26/059O.13:12 A

Sample Client
Number Sample ID

20050582-01 A K-SS-170
Gross Alpha/Beta

20050582-02 A K-SS-171
Gross Alpha/Beta

20050582-03 A K-SS-172
Gross Alpha/Beta

20050582-04 A K-SS-173
Gross Alpha/Beta

20050582-05 A K-SS-174
Gross Alpha/Beta

20050582-06 A K-SS-175
Gross Alpha/Beta

Matrix

Swipe

Swipe

Swipe

SAMPLE-

Lab Number:

Date
Sampled

07/22/05

07/22/05

07/22/05

,IN

20050582

Container
Type

Plastic

Plastic

Plastic

Container
Size

Sm Zip Bag

Due: 8/1/05

Custody Si
Seal It

No N

C

Preservation

None

eal
itact

I0

Sm Zip Bag None No No

No No

. Swipe

Swipe

.07/22/05 Plastic

07/22/15 Plastic

07/22/05 Plastic

Sip Zip Bag

S Zip Bag

Sm Zip Bag

None No No'

No

None

None No

Swipe Sm Zip Bag None No No

ultra I



CONTAMN NSPECTION. I __

Coolers Custody Seals Broken - Temperature Blue Ice Wet Ice Ralliation _urve4_ _0 fixed removable

SAMPLE INSPECTION

Custody Seals Broken - YI/i) SChain of Custody Recor&N Labels in Tact &N Radiation Survey Completi$/N

i_

Anomalles:

Inspected By:

.QA or Designee Review:

Sample Custodian Revie,

Project Notes:
II
I '

I

i



-

lr'
i,, .utreach

Laboratory
31I Nort Aspen
Broken Arrow. OK 7401Z
(918) Z51-2515
FAX (918) 25140008

II 254

XI 3f 5/January 26, 2006 )Ž�-(
David Weyant
Kaiser Aluminum & Chemical
7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium Remediation PA-40004072
OUTREACH LAB ID: 20060046

Dear Mr. Weyant,

Please find enclosed the analytical report for your samples received in our laboratory on
January 17, 2006 for the above captioned project. Nine swipes were received in good
condition and analyzed for Gross Alpha/Beta with an expedited 5 work-day turn time.

All Quality Control for the requested analyses is reported on the analytical report. The
method blank, laboratory control standard and matrix spikes and spike duplicates for all
analyses were within method control limits.

Your samples will be returned as requested.

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

wratrry Director

(

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

-C

%tk ACCO4 I

ERT. ID# OK001

I4



<,autrech
Goratory

311 North Aspen
Broken Arrow. OK 74012
(918) 2S1-2515
FAX (918) 251-0008

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Renediation

20060046
1/26/06
1/17/06

I of 3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:

Client ID:
Date Sampled;

Matrix;

Gross Alpha

Gross Beta

20060046-01
K-SS-221
1/14/06 9:10:00 AM
Swipe

EPA .900/93 10

EPA 900/9310

Radlochemical Analyses

0.308 4-1 0.668 dpnz/lOOcm 0.631
2

1.37+1-2.48 dpm/l1OOcm 2.57
2

1t23106 SD

1/23106 SD

Lab ID:

Client ID;

Date Sampled:

Matrix:

20060046"02
K-SS-222
1/14/06 9:11:00 AM
Swipe

k.ross Alpha

Gross Beta

EPA 900/93 10

EPA 900/9310

Radiochemical Analyses
0.884 +/- 0.793 dpm/1OOcm 0.631

2
1.76+/-2.51 dpm/lOOcmn 2.57

2

1/23/06 SD

1123/06 SD

Lab ID:

Client ID:
Date Sampled:
Matrix:

Gross Alpha

Gross Beta

20060046-03
K-SS-223
1/14/06 9:12:00 AM
Swipe

EPA 900/93 10

EPA 900/93 10

Radiochemical Analyses
10.0 +/- 1.95 dpm/100cm 0,631

2
10.1 +/-3.07 dpni/OOcm 2.57

2

1t23/06 SD

1/23/06 SD

Lab ID:

Client ID:
Date Sampled:

Matrix:

20060046-04
K-SS-224
1/14/06 9:13:00 AM
Swipe

Gross Alpha

Iross Beta

EPA 900/93 10

EPA 900/93 1 0

Radiochemical Analyses
9.86 +1- 1.93 dpim/lOOcrn 0.631

2
11.3 +1- 3,14 dpni/lOOcm 2.57

2

1/23/06 SD

1123106 SD

BDL- Below Detection limit



y ,,itreach
Laboratory
311 North Aspen
Broken Arrow. OK 740 t:
(918) 251.2515
FAX (918) 251-0006

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20060046
1/26/06
1/17/06

2 of 3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date
Date

LAb ID:
Client 1D:
Date Sampled;
Matrix:

Gross Alpha

Gross Beta

20060046-05
K-SS-225
1/14/06 1:22:00 PM
Swipe

EPA 900/93 10

EPA 900/93 10

Radiochemical Analyses
0.487+/-0.712 dpm/lOOcm 0.631

2
1.47+/-2.49 dpm/l00cm 2.57

2

t23/06 SD

123106 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

(.~k`ross Alpha

Gross Beta

20060046-06
K-4S-226
1/14/06 1:23:00 PM
Swipe

EPA 900/9310

EPA 900/93 10

Radlochemical Analyses
0.040 +/-0.59S dpm/IOOcmn 0.631

2
1.37 +/- 2.48 dpm/lOOcm 2.57

2

1/23/06 SD

1/23106 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

Gross Beta

20060046-07
K-SS-227
1/14/06 1:24:00 PM
Swipe

EPA 90019310

EPA 900/9310

Radiochemical Analyses

1.02+/-0.831 dpm/100cm 0.631
2

3.62 /-2.64 .dpmn/lOOcm 2.57
2

1/23/06 SD

1/23/06 SD

Lab ID:
Client ID:
Date Sampled;
Matrix:

20060046-08
K-SS-228
1/14/06 1:25:00 PM
Swipe

Gross Alpha

.ross Beta

EPA 900/93 10

EPA 900/93 10

Radiochemical Analyses
0.844 +/- 0,793 dpm/lOOcm 0.631

2
3.23 +/-2.62 dpm/lOOcm 2.57

2

1/23/06 SD

1/23/06 SD

BDL -Bclow Dtection Limit



hLSUtral
Eaorittory
31 2 North Aspen
Broken Arrow. OK 7401:!
(918) Z51-Z515
FAX (918) 251-O0

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20060046
1/26106
1/17/06

3 of 3

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

Gross Beta

20060046-09
K-SS-229
1il6/06 12:53:00 PM
Swipe

EPA 900/9310

EPA 900/93 10

Radiochemical Analyses
0 +/- 0.569 dpmn/lOcm 0.631

2
1.08 +1- 2.46 dpm/l0Ocm 2.57

2

1/24/06 SD

1/24/06 SD

QC Report

'arameter

Gross Alpha

Gross Beta

Blank LCS LCSD
%REC %REC RPP

0.3+/-0.7 109.0 97.0 12.6

3.4+1-2.7 80.0 86.0 6.2

DUP
RPD

MS MSD
%R:EC %ItEC RPD

Date

NC
NC

1n23/06

1123/06

Lab Approval:

BDL = Below Detc:tion Llmit
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LE,-

SAMPLE3 59;ilN

Date Received: 111710610:20:08 Lab Number: 20060046

Sample Client
Number Sample ID

20060046-01 A K-SS-221
Gross Alpha/Beta

20060046102 A K-SS-222
Gross Alpha/Beta

20060046-03 A K-SS-223
Gross Alpba/Beta

20060046-04 A K-SS-224
Gross Alpha/Beta

20060046-OS A K-SS-225
Gross Alpha/Beta

20060046-06 A K-SS-226
Gross Alpha/Beta

20060046-07 A K-SS-227
Gross AlphaBfeta

20060046-08 A K-SS-228
Gross Alpha/Beta

Matrix

Swipe

Swipe

Swipe

Swipe

Swipe

Swipe

Swipe

Date
Sampled

Container
Type

Container
Size

Due: 124/06

Custody Seal
tv.. -N intact

No-1 No

e ..

,Nyor.01/14J06 Plastic Sir j7n TiA4P-'r -- ,

01114106 Plastic

01/14106 Plastic

01/14/06 Plastic

01114106 Plastic

01114/66 Plastic,

01114106 Plastic

01114106 Plastic

Sm Zip Bag None

SmZip Bag None

Sm Zip Bag None

No No

No No

No No

No NoSmZip Bag None

Sm Zip Bag None

Sm Zip Bag None

SmZip Bag Note

No No

No No

No NoSwipe

20D60046-09 A
Gross Alpha/Beta

K-SS-229 Swipe 01116106 Plastic Sm Zip Bag None No No



CONT.ii_ 4 INSPECTION

# Coolers NA Custody Seals Broken

SAMPLE INSPECTION
SampleSeal Broken NA Chain
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r- T__ Temperature: C Ye. Radiation Sor": <300 cpm
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Attachment D, Figure D-1
Elevated Measurement Comparison Map

Survey Unit Kaiser-FSSFOA-006
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

FSSFOA-006 Elevated Measurement Comparison I North

3.5 meters '

K-755 K-770[

15,231 19,093

l o 3.18

:K772 - Con

Key.

FSSFOA-006 Eleva

K-755 K-770

15,231 19,093

0.85 3.18

:K77 -Con

K-760 K-769 Area: 3.5 m2

14,658 14,062 Average: 5.07 pCVg

0.546 0.737 DCGLEMc 17.7 pCig

1 meter

K-756 K-768 K-757 K-771 K-758 K-759 K-773

87,808 22,079 44,094 21,664 17,691 21,812 23,019

13.5 6.74 I 10.1 3.88 1.91 4, 204 2.00

n2ositesampI e p16.000 0Oto 10cm --- 0--- cp _rn 2 _-_- i

# Sample number

contact count rate In cpm

Y-YY jTh-232 pCVg value from sample analysis

ited Measurement Comparison 2 North t

2 meters

K-760 K-769 Area: I m2

14,658 14,062 Average: 10.11 pCVg
0.546 [0.737 DCGLEMC 37.7 pCl/g

0.5 meter

K-756 K-768 K-757 K-771 K-758 K-759 K-773

87,808 22,079 44,094 21,664 1 17,691 21,8129

13.5 |6.74 10.1 3.88 1.91 | , |0.99 |

212osite Saple, 16'.000 to17-000- .... 0..2pg

Q:\P4000\PA4072\FSS Reports\Volume irNsurvey Unk FSSFOA-06AWtachmeryt DFSS-FOA-008 Figure D-1 EMC map



Attachment D
Elevated Measurement Comparison Worksheet

Survey Unit Kaiser-FSSFOA-006
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

DCGLEMC = Area Factor * DCGLw

Area Factors
Radio- ni2 3 f2 10m2 30 nm2 100m2 300 n2 1,000 m2 3,000 n2 10,000 m2

nuclide (11 112) (32 fl2) (108 fl2) (323 fl2) (1,076 fl2) (3,229 fl2) (10,764 f12) (32,292 fl2) (107,639 fl2)
Th-232 ' 12.5 6.2 3.2 2.3 1.8 1.5 1.1 II

DCGLE~ric (pCi/g)

Rdio Ii2 3 m2 lOn2 30n2 100M2 300ni2 1,000mn 3,000 m2 1 0,000mn

nuchie (11 fl2) (32 12) (108 f12) (323 12) (1,076 N2) (3,229 fl2) (10,764 f2) (32,292 f2) (107,639 112)
2 37.5 18.6 9.6 6.9 5A 4.5 3.3 3 3 3

.6 n (&C - )

DCGLT + DCGL Ec

where:
6 = is the average concentration of Th-232 over the entire survey unit,

SEMC = the average concentration of Th-232 over the elevated area x within the survey unit,
DCGL = the DCGL,, or DCCL for Th-232,

DCGLIMc = (area factor for elevated area x) X (DCGL or DCCL),
x = refeTs to one of the elevated areas within the survey unit, and
n = the total number of elevated areas within the survey unit.

Elevated Measurement Comparison EMC-1
Unit Gross Net

Sample Unit / Area Th-232 Th-232 DCGL Fraction
Date EMC unit (m2) (pCi/g) (pCi/g) (pCi/g) (-)

FOA-006 2550 0.749 0 3 0.00
EMC-1 3.5 5.07 4.32 17.7 0.24

Sum of Fractions: 0.24

Elevated Measurement Comparison EMC-2
Unit Gross Net

Sample Unit/ Area Th-232 Th-232 DCGL Fraction
Date EMC unit (min) (pCg) (pCi/g) (pCi/g) (-)

FOA-006 2550 0.749 0 3 0.00
EMC-2 1 10.1 9.35 37.5 0.25

Sum of Fractions: 0.25

Q:\P4000\PA1072\FSS Reports\Volume I\tSurvey Unit FSSFOA406\Attachment D\FSS-FOA-006 EMC worksheet



ATTACHMENT E
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* FIGURE E-1 Embedded Structures Location Map

* FIGURE E-2 Concrete Wall Survey Map

* Alpha Scan MDC Calculation Form

* Total Alpha Contamination Survey Data Conversion Forms

* TABLE E-1 Gross Alpha Scan Summary, Concrete Wall

* TABLE E-2 Gross Alpha Scan Summary, Metal Pipes
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0
Attachment E, Figure E-2

Concrete Wall Survey Map
Survey Unit Kaiser-FSSFOA-006

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

4

South

Horizontal

Vertical
.5m

I 1A

.5ml ,t

Ground level

A '0A: E:0 :0
D

Vertical 0 B 0 C

-1 -1
-I I3m

Static Count Locations (Total Alpha Contamination)
1 m

A
B
C
D
E
G
F
H

Lower Vertical Surface
Lower Vertical Surface
Lower Vertical Surface
Lower Vertical Surface
Horizontal Surface
Horizontal Surface
Horizontal Surface
Upper Vertical Surface
Upper Vertical Surface

Removable Alpha Contamination

() Smear Sample #
1
2
3
4
5
6

K-SS-1 70
K-SS-1 71
K-SS-1 72
K-SS-1 73
K-SS-1 74
K-SS-1 75

C (9.9Q:\P4000\PA4072\FSS Reports\Volume IftSurvey Unit FSSFOA-06\Attachdnent E\KAISER-FSSFOA.006 Figure E-2 South Wall Concrete Survey



Alpha Scan MDC Calculation

Instrument Serial Number:
Detector Serial Number:

193686
PR190485

Cal. Due:
Cal. Due:

5/5/2006
5/5/2006 II Radiation Detected: Alpha I For < 3 count background

Probability of observing 2 or more counts: Probability of observing a single count:

D G d E v B P
Date Activity Detector Instrument Scan Background Probability

Width Efficiency Speed Countrate
(dpm) (cPm) (cpm(m/s) (cPm)(

7/23/2005 380 11.7 0.1618 3.90 N/A 0.95

1/14/2006 1080 11.7 0.1618 11.7 N/A 0.95

7/23/2005 380 11.7 0.1618 3.90 N/A 0.95

1/14/2006 1080 11.7 0.1618 11.7 N/A 0.95

Comments: Survey Unit Kaiser-FSSFOA-006

Prepared By: David B. Weyant Date: 1/16/06

Reviewed By: Andrew J. Lombardo Date: 1/16/06

Notes:
1.) Instrument Efficiency is the 4nt instrument efficiency.

Q:AP4000\PA4072\FSS Reports\Volume 1I\Survey Unit FSSFOA-006\Attachment EMalpha scan MDC Pipes.xls



Total Alpha Contamination
Survey Unit Kaiser-FSSFOA-006
Survey Data Conversion Form

Form ESC/HPM/M-3-2-2

Date of Survey: 7/23/2005 Type of Radiation: Alpha

Instrument Serial #: 193686 Calibration Due Date: 515/2006

Detector serial #: PRI90485 Calibration Due Date: 5/5/2006

Es (Surface Efficiency): 0.25 E1 (Instrument Efficiency): 0.1618

BKG Counts: 11 BKG Count Time (min): 5

Active ArEa of Detector Probe (cm2 1: I 6 MDC (dnml100cm2 1 110

= Wall Gross Count Net Count Total 95% CL
Survey Point Count Gross Counts Rate Rate Contamination Uncertainty

Map Location Time (min) (cts) (cpm) (cpm) (dpmrO10cm) (dpm/IOOcm2)

B Lower Vertical 2 11 5.50 3.30 64.7 68.7

C Lower Vertical 2 14 7.00 4.80 94.2 76.3

D Lower Vertical 2 4 2.00 -0.20 -3.92 46.1

H Upper Vertical 2 11 5.50 3.30 64.7 68.7

__Upper Vertical 2 3 1.50 -0.70 -13.7 42.0

E Horizontal 2 34 17.0 14.8 290 115

F Horizontal 2 36 18.0 15.8 310 118

G Horizontal 2 58 29.0 26.8 526 149

A Lower Vertical 2 21 10.50 8.30 163 91.7

Comment,

Concrete Wall

Prepared l3y: David B. Weyant Date:

7/23/2005
Reviewed By: Date:

Andrew J. Lombardo 1/11/2006

Q:AP4000\PA4O72W\SS Reports\Volume il\Survey Unit FSSFOA-006\Attachment E\FSSFOA.006 Total Contamination Results.xts



Total Alpha Contamination
Survey Unit Kaiser-FSSFOA-006
Survey Data Conversion Form

Form ESC/HPM/M-3-2-2

Date of Survey: 1/14/2006 Type of Radiation: Alpha

Instrument Serial #: 193686 Calibration Due Date: 5/5/2006

Detector Serial #: PRI90485 Calibration Due Date: 5/5/2006

Es (Surface Elficiency): 0.25 El (Instrument Efficiency): 0.1618

BKG Counts: _ 10 BKG Count Time (min): 5

Active Area of Detector Probe (cm2): 126 MDC (dom/100cm2): 69.5

_ Survey Gross Count Total 95% CL
Survey Point Count Gross Counts Rate Net Count Rate Contarnination Uncertainty

FSS Swipe Number Location Time (mrn) (ds) (cpM) (cpm) (dpnrlO00m 2) (dprnrl00crm2)

FSSFOA-006 End of Pipes

K-SS-223 6' pipe IIS* 5 35 7.00 5.00 98.1 51.6

K-SS-224 6' pipe O/S 5 25 5.00 3.00 58.9 45.5

K-SS-221 4' pipe US N/A N/A N/A N/A N/A N/A

K-SS-222 4' pipe O/S 5 20 4.00 2.00 39.2 42.1

FSS-030 End of Pipes

K-SS-227 6' pipe I/S 5 37 7.40 5.40 106 52.7

K-SS-228 6' pipe o/S 5 14 2.80 0.80 15.7 37.7

K-SS-225 4' pipe I/S N/A N/A N/A N/A N/A N/A

K-SS).226 4' pipe O/S 5 23 4.60 2.60 51.0 44.2

Comments

Counting geometry for the measurement of total alpha Inside of pipe was not optimal l.e., the detector was

not fl ish to the inside of the pipe surface.
Prepared By: Date:

David B. Weyant 1/18/2006

Reviewed By: Date:

Andnw J. Lombardo 1/18/2006

0:\P4000\PA4O72\FSS Reports\Volume lASurvey Unit FSSFOA-006\Attachment E\FSSFOA-006 Total Contarnination metal pipes



Attachment E, Table E-1
Gross Alpha Scan Summary

Survey Unit Kaiser-FSSFOA-006
Concrete Wall

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

Survey Number KAISER-FSSFOA-006 43-68 # 4 sin: 1936861PR190485
S. Concrete Wall Alpha Eff: 16.18% X
Tech:DBW 7/23/2005 l

I Scan weighted eighted Bgrd

Lower cStructure 2 dpm/l cm2  dpmOOCM 2  CPM dpm/lOOcm2 cpm2
Location j mm max max ave ave (5 mm) Date

LowerWest Vertical S. Concrete Wal -43 10 153 1 -24 11 7/23/2005

Upper Vertical S. Concrete Way 0 -43 10 153 1 -24 11 7/23/2005

Horizontal S. Concrete Wall 0 43 40 742 1 -24 11 7/23/2005

Lower East Vertical S. Concrete Wall 0 -43 10 153 1 -24 1 1 /23/2005

Notes: L ==-====

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

the surveyor determines the "weighted average".1 I I _ _ I ________

2. The acceptance criteria for Total Contamination is 944 dpm/I00cm2. 10 cpm is approximately 150 dpml 00cm2.
3. Scans are used to identify elevated area above the acceptance criteria. l l

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

Q:\P4000\PA4072\FSS Reports\Volume IIXSurvey Unit FSSFOA-006\Attachment E\Table E-1



Attachment E, Table E-2
Gross Alpha Scan Summary

Survey Unit Kaiser-FSSFOA-006
Metal Pipes

Thorium Remediation Project
Tuisa, Oklahoma Facility-

Kaiser Aluminum & Chemical Corporation

fr-

Survey Number KAISER-FSSFOA-006 43-68 # 4 s/n: 1 93686/PRI90485
Metal Pipes Under RR _ Alpha Eff: 16.18%
Tech:DBW 1114/2006

__ __INOScan __. weighted weighted Bgrd ____.__

Smear _cpm dpm/100cm 2  p d7i1OcM2 cpm dpm/100cm 2  counts
Number Structure min min max max ave ave (5 min) Date

FSSFOA-006 End of Pipes
K-SS-223 6" Metal Pipe I/S N/A N/A N/A N/A N/A N/A N/A N/A

K-SS-224 6 Metal Pipe 0/S 0 -39 10 157 2 0.0 10 1/1412006

K-SS-221 4" Metal Pipe I/S N/A N/A N/A NiA N/A N/A N/A N/A

K-SS-222 4" Metal Pipe 0/S 0 -39 10 157 1 -20 10 1/14/2006

FSS-030 End of Pipe _

K-SS-227 6"Metal Pipe I/S N/A N/A N/A N/A N/A N/A N/A N/A

K-SS-228 6" Metal Pipe 0/S 0 -31 10 165 2 7.8 8 1/14/2006

K-SS-225 4"Metal Pipe I/S N/A N/A N/A N/A N/A N/A N/A N/A

K-SS-226 4"Metal Pipe 0/S 0 -31 10 165 1 -12 8 1/14/2006

Notes: .

I. 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 "weighted average". II __I _ _

2. The acceptance criteria for Total Contamination is 944 dpm/1 00cm2. 10 cpm Is approxim ately 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) results.|

Q:AP4000PA4072NFSS Reports\Volume I\Survey Unit FSSFOA-006Attachment ESTable E-2



SUB-REPORT

SURVEY UNIT KAISER-FSSFOA-007
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Final Status Survey Report
Volume II - Former Operational Area

Sub-Report No. EB-037
Survey Unit Kaiser-FSSFOA-007

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of Former Operational Area (FOA) excavation 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-FSSFOA-007, a structure (concrete wall) encountered during the removal of
radiologically-affected soil from the Survey Unit Kaiser-FSSFOA-005 (Figure 3). Survey Unit
Kaiser-FSSFOA-007 consists of the concrete wall's structural surface. It is considered a Class 1
survey unit with an approximate surface area of 81.5 n2. No elevated areas were left in-place,
therefore, no elevated measurement comparisons were required for this unit.

Q:\P40WPA4072\FSS Reports\Volunm lI\Sunrey Unit FSSFOA-007\FSSFOA-007 Txt.d 1 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 structural surface of the
concrete wall defined as Survey Unit Kaiser-FSSFOA-007. The final status survey consisted of
a gross alpha scan of the concrete surface and systematic measurements of total and removable
alpha contamination. The supporting documentation for the final status survey of the concrete
wall's structural surface is contained in Attachment A and includes the following:

. Figure A-1, Gross Alpha Scan Grid Layout

. Figure A-2, Systematic Sampling Locations

. Alpha Scan MDC Calculation
* Total Alpha Contamination Survey Data Conversion Form
4' Table A-1, Gross Alpha Scan Results Summary

2.1 Gross Alpha Scan of Structural Surface

The structural surface of the Class 1 survey unit was surveyed through a 100 percent coverage
gross alpha scan, to confirm acceptable radiological conditions and identify any elevated areas.
The concrete surface was divided into 1-meter by 1-meter grids for recording the results of the
100 percent coverage gross alpha scan (Figure A-1, Attachment A). Minimum, maximum, and
average scan rates for alpha activity in gross counts per minute (cpm) were recorded for each
grid. The results of the scanning activities are summarized in Table A-1 contained in
Attachment A. The 100 percent coverage gross alpha scan of the concrete surface did not
indicate the presence of small areas of elevated activity (above the DCGL-GA for the site).

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. 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 the measurement of total
and :removable alpha contamination has been recalculated. Since scanning measures total alpha
contamination, the minimum number of sample points required (N) is re-determined if the alpha
scan minimum detectable concentration (MDC) is greater than the total contamination DCGL.

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/a). 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
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the IFlux Building (Survey Unit FB-001 Floor Surface: 45.9). Since the gross alpha activity of
944 dpm/lOOcm 2 is the revised DGCL-GA, A is equal to 944 - 472, or 472. Delta divided by the
signma 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.

2.2.2; Adjusting N based on Scan Minimum Detectable Contamination (MDC)

The scan of structural surfaces is used to detect elevated areas. The total contamination DCGL
value applicable to final status surveys of structures for the Tulsa site is the DCGL-GA (DCGL
gross alpha) and the value is 944 dpm/lOOcm2 of total alpha contamination. Since the
background count rate for gross alpha is usually very low, e.g., 1 cpm, MARSSIM provides
guidance for determining the scanning MDC for gross alpha based on the probability of detecting
very small increments in gross alpha count rate, i.e., one of two counts. 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

P(n2l)=1-e 60v

where:

P(n 2 1) = probability of observing a single count,
G = activity (dpm),
E = 4it detector efficiency (cpd),
d = width of detector in direction of scan (cm), and
v = scan speed (cm/s).

Increase the value of G until the corresponding probability equals the desired confidence level,
e.g., 95 percent, and the resulting dpm is the MDC. (The dpm value may be divided by the
active area of the detector, e.g., 100 cm2 to yield an MDC result in dpm/lOOcm2.) This method
of determining the alpha scan MDC is not background dependent (assuming the background
alpha count rate is low). However, the calculated MDC is dependent on the scan speed. Using
this formula and typical alpha efficiencies for gas proportional detectors, the calculated scan
MDC range from 330 to 1,000 dpm/lOOcm2 based on scan speeds of a third of a detector width
to one detector width per second. This range of MDC values is the same magnitude as the
DCGL-GA and does not result in an increase in the minimum number of samples required.

The Minimum Number of Samples Required (N) was determined to be 9 as documented on
Survey Unit Worksheet No. l (Attachment B). However, the number of sample points used for
the survey unit was 18. The Survey Unit Area (A) of 81.5 m2 along with the N of 18 were used
to calculate the Triangular Grid Node Length (L) of 2.3 meters and the Height of the Equilateral
Triangle (h) of 2.0 meters. A random start point was generated using the random number feature
of Excel and documented on Survey Unit Workshect No. 2 (Attachment B).
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2.2.3 Total and Removable Alpha Contamination Measurement Results

A layout of the total and removable alpha contamination measurement locations is provided on
Figure A-2 contained in Attachment A. At each of the 18 locations, a measurement (static
count with a gas proportional detector) of total alpha contamination (identified as MARSSIM-
001 through MARSSIM-018) and a smear sample for determination of removable alpha
contamination (identified as K-SS-126 through K-SS-143) were collected on the concrete
surface. The smear samples were forwarded to Outreach for analysis of alpha activity (per the
100 cm2 surface area sampled). Total alpha contamination measurement results are provided
below in Table 1.

Tab]le 1 - Systematic Total Alpha Contamination Measurement Results
Total Alpha

DCGL-GA Contamination Std. Error MDC
Sample ID (dpm/ OOcm2) (dpmi/1OOcm 2) (dpm/1OOcm 2 )(dpm/1 OOcm2)

MASSIM-001 944 51.8 66.3 112
MARSSIiM-002 944 61.6 69.0 112
MARSSIM-003 944 297 117 112
MARSSIM-004 944 150 90.0 112
MARSSIM-005 944 81.2 74.2 112
MARSSIM-006 944 32.2 60.5 112
MARSSJM-007 944 51.8 66.3 112
MARSSJM-008 944 12.6 54.0 112
MAILSSIM-009. 944 81.2 74.2 112
MARSSIM-010 944 42.0 63.4 112
MAILSSIM-011 944 51.8 66.3 112
MARSSIM-012 944 81.2 74.2 112
MIARSSIM-013 944 120 83.6 112
MARSSIM-014 944 22.4 57.3 112
MARSSlM-015 944 12.6 54.0 112
MARtSSIM-016 944 -16.9 42.5 112
MARSSIM-017 944 32.2 60.5 112
MAT',SSIM-018 944 -26.7 37.9 112

Average 63.2
Stan,!dard Dev. 72.9

Minimum -26.7
Maxinum 297

Median 51.8

All 18 systematic total alpha contamination measurements were below the DCGL-GA of 944
dpm/100cm2. The maximum total alpha contamination result was 297 dpm/100cm2. The
average total alpha contamination result was 63.2 dpm/lOOcm 2.

The standard deviation of the 18 equal-distant samples was 72.9, 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 72.9 and the same methodology to determine N as presented in Section
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2.2.1 above, a relative shift of 6.5 results. The N from Table 5.3 (MARSSIM) corresponding to
a relative shift of 6.5 is 9 for a 100 m2 survey unit.

Analytical results of the smear samples are provided below in Table 2. The analytical data
reports are contained in Attachment C.

Table 2 - Systematic Removable Alpha Contamination Smear Sample Results
Removable Alpha

DCGL-GA Contamination Std. Error MDC
Sample ED (dpm/100cm2) (dpm/l 00cm2) (dpim/lOOcm 2) (dpm/100cm2)

MARS SIM-001
(K-SS-126) 94.4 0.308 0.668 0.631

MARSSIM-002
(K-SS-127) 94.4 0.487 0.712 0.631

MARSSIM-003
S-128) 94.4 0.129 0.620 0.631

MARSSIM-004
(K-SS-129) 94.4 1.20 0.87 0.631

MARSSIM-005
(K-SS-130) 94.4 0.397 0.690 0.631

MWRSSIM-006
K-SS-131) 94.4 0.576 0.733 0.631

MWRSSIM-007
(1C-SS-132) 94.4 0.219 0.644 0.631

MARSSIM-008
(1C-SS-133) 94.4 0.397 0.690: 0.631

MARSSIM-009
OC-SS-134) 94.4 0.576 0.733 0.631

MARSSIM-010
.C-SS-135) 94.4 0 0.569 0.631

MARSSIM-011
(1C-SS-136) 94.4 0.308 0.668 0.631

MARSSIM-012
(1-SS-137) 94.4 0.397 0.690 0.631

MARSSIM-013
(Q-SS-138) 94.4 0.040 0.595 0.631

MARSSIM-014
X-SS-139) 94.4 0 0.541 0.631

MARSSIM-015
(1f-SS-140) 94.4 0.755 0.774 0.631

MARSSIM-016
(-SS-141) 94.4 0 0.569 0.631

MARSSIM-017
X-SS-142) 94.4 0.308 0.668 0.631

MARSSIM-018
(K-SS-143) 94.4 0.219 0.644 0.631

.4_verage 0.351
Standard Dev. 0.304

Minimum 0
Alaximumn 1.20

Median 0.308 _ .
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All 18 smear sample results were below the removable alpha contamination DCGL-GA of 94.4
dpirl10ocm 2 (10% of the total contamination DCGL-GA value). The maximum removable
alpha contamination result was 1.20 dpm/lOOcm2. The average removable alpha contamination
result was 0.351 dpm/lOOcm2, less than 1% of the average total alpha contamination result.

2.3 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 meet the DP statistical criterion
based on the first statistical test described below.

If the difference (283.2 dpm/100cm2) between the maximum survey unit total alpha
contamination result (297 dpm/lOOcm2) and the minimum reference background area total alpha
contamination result (13.8 dpm/lOOcm2) is less than DCGL-GA (944 dpm/lOOcm2), 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 Area and Survey Unit Total Alpha Contamination Results
Total Alpha Total Alpha

Reference Contamination Survey Unit Contamination
Group Sample ID (dpm/100 cn) Group Sample ID (dpm/100cmL)

RI 69 102 Si MARSSIM-O01 51.8
R2 35 43.2 S2 MARSSIM-002 61.6
R3 57 66.4 S3 MARSSIM-003 297
R4 25 , 72.7 S4 MARSSIM-004 150
R5 71 72.7 S5 MARSSIM-005 81.2
R6 46 151 S6 MARSSIM-006 32.2
R7 41 80.5 S7 MARSSIM-007 51.8
R8 43 72.7 S8 MARSSIM-008 12.6
R9 29 269 S9 MARSSIM-009 81.2

R10 23 72.7 S10 MARSSIM-010 42.0
R11l 46 151 SiI MARSSIM-011 51.8
R12 12 50.3 S12 MARSSIM-012 81.2
R13 75 62.9 S13 MARSSIM-013 120
R14 28 161 S 14 MARSSIM-014 22.4
R15 74 13.8 S15 MARSSIM-015 12.6
R16 17 102 S16 MARSSIM-016 -16.9
R17 53 66.4 S17 MARSSIM-017 32.2
'R18 19 72.7 S18 MARSSIM-018 -26.7

= Average: 93.5 Average: 63.2
Standard Dev. 58.2 Standard Dev. 72.9
Minimum: 13.8 Minimum: -26.7
Maximum: 269 Maximum: 297
Median: 72.7 Median: 51.8
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3.0 SUMMARY OF FINDINGS

A structure (concrete wall) was encountered during the removal of radiologically-affected soil
from FOA Survey Unit Kaiser-FSSFOA-005 (Figure 3). This structure, identified as Survey
Unit Kaiser-FSSFOA-007, is considered a Class 1 survey unit with an approximate surface area
of 81.5 m2. 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 Structural Surface - Total and Removable Alpha Contamination

The acceptance criterion for structures remaining at the Tulsa facility is the DCGL-GA of 944
dpmnlO0cm2 for total alpha contamination and 94.4 dpm/lOOcm 2 for removable alpha
contamination. Final status survey activities for Survey Unit Kaiser-FSSFOA-007 consisted of a
gross alpha 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:

The 100 percent coverage gross alpha scan of the concrete surface did not indicate the
presence of small areas of elevated activity (above the DCGL-GA for the site).
All 18 systematic measurements of total alpha contamination were below the DCGL-GA
of 944 dpm/lOOcm 2.

* All 18 smear sample results were below the DCGL-GA of 94.4 dpni/lOOcm 2 for
removable alpha contamination.

* The total alpha contamination results meet 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 comparisons
were required for this unit.

3.2 Sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSSFOA-007 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 Taible 4. As previously mentioned, no elevated areas were left in-place for the survey unit.

Table 4 - Fraction of Applicable Acceptance Criteria per Survey Unit Element
Average Acceptance.

Survey Unit Element Units Activity Criteria Fraction
FSSFOA-007 Total Alpha Contamination dpm/lO0cm4 63.2 944 0.07
FSSFOA-007 Removable Alpha dpmll00cm' 0.351 94.4 0.00
Contamination

Elevated Areas (None Left In-Place) dpmi/lOOcm _ 0.00
TOT4L SUM OF FRA CTIONS . 0.07
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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-FSSFOA-007
meets the DP acceptance criteria.

Q:\P4000PA4072\FSS Reports\Volume IrSurvey Unit FSSFOA-007\FSSFOA-O7 Text.d 8 Revision 0
3/22/06



ATTACHMENT A
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* FIGURE A-1 Gross Alpha Scan Grid Layout

* FIGURE A-2 Systematic Sampling Locations
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* Table A-1 Gross Alpha Scan Results Summary
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Attachment A, Figure A-1
Gross Alpha Scan Grid Layout

Survey Unit Kaiser-FSSFOA-007
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility
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Form HPMIM-2-2-3
Alpha Scan MDC Calculation

Instrument Serial Number: 193686 Cal. Due: 5/612006
Detector Serial Number: PRI90485 Cal. Due: 5/6/2006 l

Radiation Detected: Alpha I For < 3 count background

Probability of observing 2 or more counts: Probability of observing a single count:

D G d E v B P
Date Activity Detector Instrument Scan Background Probability

Width Efficiency Speed Countrate
(dpm) (cm (cm/s) (CPT)

1 6/29/2005 538 11.7 0.1618 5.85 N/A 0.95

2 7/7/2005 538 11.7 0.1618 5.85 N/A 0.95

3 7/9/2005 538 11.7 0.1618 5.85 N/A 0.95

6

7 X<

10

12=

178=

209 == _ _

Comments:

Prepared By: David B. Weyant Date: 6/29/05

Reviewed By: Andrew J. Lombardo Date: 7/9/05

Notes:
CitIi!; 1.) Instrument Efficiency is thie 4x instrument efficiency..
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Total Alpha Contamination
Survey Unit Kaiser-FSSFOA-007
Survey Data Conversion Form

Form ESCIHPMIM-3-2-2

Date of Sirvey: 6129/2005 Type of Radiation: Alpha

Instrument Serial #: 193686 Calibration Due Date: 5/5/2006

Detector Serial #: PRI90485 Calibration Due Date: 5/5/2006
Es (Surface Efficiency): 0.25 El (Insturment Efficiency): 0.1618

BKG Counts: 11.8 BKG Count Time (min): 5
Active Area of DAtector Prohb (rm2 )2 129 Mnlf (rinnmn/norm 2 ) 119

v _ W _ f ..... ... ._. .-__ -- '-.................. I.V .-sl J . .REV|_ TV-w--____________A

Survey Point Gross Count Net Count Total 95% CL
Count Time Gross Counts Rate Rate Contamination Uncertainty

FSS Numbor (min) (cts) (cpm) (cpm) (dpm/lOOcm2) (dpm/1OOcm2)

MARSSIM-001 2 10 5.00 2.64 51.8 66.3

MARSSIM-002 2 11 5.50 3.14 61.6 69.0

MARSSIM-003 2 35 17.5 15.1 297 117

MARSSIM-004 2 20 10.0 7.64 150 90.0

MARSSIM-005 2 13 6.50 4.14 81.2 74.2

MARSSIM-006 2 8 4.00 1.64 32.2 60.5

MARSSIM-007 2 10 5.00 2.64 51.8 66.3

MARSSIM-008 2 6 3.00 0.64 12.6 54.0

MARSSIM-009 2 13 6.50 4.14 81.2 74.2

MARSSIM-010 2 9 4.50 2.14 42.0 63.4

MARSSIM-011 2 10 5.00 2.64 51.8 66.3

MARSSIM-012 2 13 6.50 4.14 81.2 74.2

MARSSIM-013 2 17 8.50 6.14 120 83.6

MARSSIM-014 2 7 3.50 1.14 22.4 57.3

MARSSIM-015 2 6 3.00 0.64 12.6 54.0

MARSSIM-016 2 3 1.50 -0.86 -16.9 42.5

MARSSIM-017 2 8 4.00 1.64 32.2 60.5

MARSSIM-018 2 2 1.00 -1.36 -26.7 37.9
Comments:

Prepared By: Date:

David B. Weyant 6/29/2005

Reviewed By: Date:

Andrew J. Lombardo 7/11/2005
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Attachment A, Table A-1
Gross Alpha Scan Results Summary

Survey Unit Kaiser-FSSFOA-007
Concrete Wall

Thorium Remediation Project
K .a!se , Aluminum Ce a.lo rt

Kaiser Aluminum & Chemical Corporation

Survey Number KAISER-FSSFOA-007 Instrument Serial Number 193686 Cal. Due: 5/5/2006

Tech:DBW Alpha Eff: 16.18% Detector Serial Number PR190485 Cal. Due: 5/5/2006

T: C t 1.. i f<-X e 1' "f

Scan weighted Average

Survey cpm cpm cpm cpm (dpmI100cm 2 )

Grid Number Material Type Date Mlnimum Maxlmum Average Background net

Al Concrete 6/29/05 0 10 0 1.1 -22

A2 Concrete 6/29/05 0 10 0 1.1 -22

B1 Concrete 6129/05 0 10 0 1.1 -22

B2 Concrete 6/29/05 0 10 0 1.1 -22

C1 Concrete 6/29/05 0 10 0 1.1 -22

C2 Concrete 6/29/05 0 10 0 1.1 -22

DI Concrete 6/29/05 0 10 0 1.1 -22

D2 Concrete 6/29/05 0 10 0 1.1 -22

El Concrete 6/29/05 0 10 0 1.1 -22

E2 Concrete 6/29/05 0 10 0 1.1 -22
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Attachment A, Table A-I
Gross Alpha Scan Results Summary

Survey Unit Kaiser-FSSFOA-007
Concrete Wall

Thorium Remediation Project
T uisa, Okiahoma Faciiiiy

Kaiser Aluminum & Chemical Corporation
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Attachment A, Table A-1

Gross Alpha Scan Results Summary
Survey Unit Kaiser-FSSFOA-007

Concrete Wall
Thorium Remediation Project

Tt !!fn, fCl *a *'a..I. &J
Kaiser Aluminum & Chemical Corporation

Survey Number KAISER-FSSFOA-007 |Instrument Serial Number 193686 Cal. Due: 5/5/2006

Tech:DBW Alpha Eff: 16.18% Detector Serial Number PRI90485 Cal. Due: 5/512006

Scan weighted Average

Survey cpm cpm cpm cpm (dpm/100cm 2)

Grid Number Material Type Date Minimum Maximum Average Background net

i<2 Concrete 6/29/05 0 10 0 1.4 -27

Li Concrete 6/29/05 0 10 0 1.4 -27

L2 Concrete 6/29105 0 10 0 1.4 -27

Ml Concrete 7/7/05 0 10 0 1.4 -27

M2 Concrete 6/29105 0 10 0 1.4 -27

N1 Concrete 6/29/05 0 10 0 1.4 -27

N2 Concrete 6/29/05 0 10 0 1.4 -27

01 Concrete 6/29/05 0 10 0 1.4 -27

02 Concrete 6/29/05 0 10 0 1.4 -27

P1 Concrete 6/29/05 0 20 5 1.4 71

P2 Concrete 6/29/05 0 10 0 2 -39
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Attachment A, Table A-1
Gross Alpha Scan Results Summary

Survey Unit Kaiser-FSSFOA-007
Concrete Wall

Thorium Remediation Project
T. ft!m2 OkLaIhomn Fer!!';..

Kaiser Aluminum & Chemical Corporation

Survey Number KAISER-FSSFOA.007 Instrument Serial Number 193686 J Cal. Due: 5/5/2006

Tech:DBW Alpha Eff: 16.18% Detector Serial Number PR190485 Cal. Due: 5/5/2006

Scan weighted Average

Survey cpm cpm cpm cpm (dpmIlOOcm 2)

Grid Number Material Type Date Minimum Maxlmum Average Background net

Q1 Concrete 6/29/05 0 10 0 2 -39

02 Concrete 6/29/05 0 10 0 2 -39

RI Concrete 6/29/05 0 10 0 2 -39

R2 Concrete 6/29/05 0 10 0 2 -39

Si Concrete 6/29/05 0 10 0 2 -39

S2 Concrete 6/29/05 0 30 10 2 157

TI Concrete 6/29/05 0 20 5 2 59

T2 Concrete 6/29/05 0 10 0 2 -39

UI Concrete 6/29/05 0 10 0 2.7 -53

U2 Concrete 6/29/05 0 10 0 2.7 -53

V1 Concrete 6/29/05 0 10 0 2.7 -53
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Attachment A, Table A-1
Gross Alpha Scan Results Summary

Survey Unit Kaiser-FSSFOA-007
Concrete Wall

Thorium Remediation Project
TIu;sa, OkiahoIfla iWariii1y

Kaiser Aluminum & Chemical Corporation

Survey Number KAISER-FSSFOA-007 |Instrument Serial Number 193686 Cal. Due: 5/5/2006

Tech:DBW Alpha Eff: 16.18% Detector Serial Number PR190485 Cal. Due: 5/5/2006

Scan weighted Average

Survey cpm cpm cpm cpm (dpmIIOOcm 2 )

Grid Number Material Type Date Minimum Maximum Average Background net

Ho ,,X,, , ,; If . . ."S

V2 Concrete 6/29/05 0 10 0 2.7 -53

WI Concrete 6/29/05 0 10 0 2.7 -53

W2 Concrete 6/29/05 0 10 0 2.7 -53

Xi Concrete 6/29/05 0 10 0 2.7 -53

X2 Concrete 6/29/05 0 10 0 2.7 -53

Y' Concrete 6/29/05 0 20 5 2.7 45

Y2 Concrete 6/29/05 0 10 0 2.7 -53

Zi Concrete 6/29/05 0 20 5 2.7 45

Z2 Concrete 6/29/05 0 10 0 3 -59

Ml Concrete 6/29/05 0 10 0 3 59

Concrete 6/29/05 0 20 0 3 -59
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Attachment A, Table A-1

Gross Alpha Scan Results Summary
Survey Unit Kaiser-FSSFOA-007

Concrete Wall
Thorium Remediation Project

To io n I
Kaiser Aluminum & Chemical Corporation

_

Survey Number KAISER-FSSFOA-007 Instrument Serial Number 193686 | Cal. Due: 5/5/2006

Tech:DBW Alpha Eff: 16.18% Detector Serial Number PR190485 | Cal. Due: 5/5/2006

s =

Scan weighted Average

Survey cpm cpm cpm cpm (dpm/lOOcm 2)

Grid Number Material Type Date Minimum Maximum Average Background net

BB1 Concrete 6/29/05 0 30 5 3 39

1B2 Concrete 6/29/05 0 10 0 3 -59

CC1 Concrete 7/9/05 0 10 0 3 -59

CC2 Concrete 6/29/05 0 10 0 3 -59

DDI Concrete 6/29/05 0 30 5 3 39

EEI Concrete 6/29/05 0 30 5 2.2 55

FF1 Concrete 6/29/05 0 20 5 2.2 55

GGI Concrete 6/29/05 0 20 5 2.2 55

HH2 Concrete 6/29/05 0 20 0 2.2 -43

HH3 Concrete 6/29/05 0 20 0 2.2 -43

HH4 Concrete 6/29/05 0 10 0 1.4 -27

6 of 70:7P4000 PA4072\FSS Repors\Vofume IftSurvey Unit FSSFOA-00 OAChment ATFS5FOMA-7 Sm Scans To A-1



Ir
Attachment A, Table A-I

Gross Alpha Scan Results Summary
Survey Unit Kaiser-FSSFOA-007

Concrete Wall
Thorium Remediation Project

T. *!sz, 0h%!nhcr^ '^-!-cM;1.'
Kaiser Aluminum & Chemical Corporation

Survey Number KAISER-FSSFOA 007 Instrument Serial Number 193686 Cal. Due: 5/5/2006

Tech:DBW Alpha Eff: 16.18% Detector Serial Number PRI90485 Cal. Due: 5/5/2006

Scan weighted Average

Survey cpm cpm cpm cpm (dpmO10cm 2
)

Grid Number Material Type Date Minimum Maximum Average Background net

HH5 Concrete 6/29/05 0 30 5 1.4 71

HH6 Concrete 6/29/05 0 30 5 1.4 71

HH7 Concrete 6/29/05 0 10 0 1.4 -27

HH8 Concrete 6/29/05 0 10 0 1.4 -27

Notes:

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

the surveyor determines the 'weighted average".

2. The acceptance criteria for Total Contamination is 944 dpm/I00cm2 . 10 cpm is approximately 150 dpm/l00cm2.

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

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

7 of 70:lP4OOQ'PA4072FSS RePolstVolume iSurvey Unit FSSFOA-007'At wnnt A\FSSFOA4? Stikres Scam TaAe A-1
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Survey Unit Work Sheet No. I
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

:1. Structure Survey Unit: KAISER-FSSFOA-007

2. Description: Former Operational Area. Concrete Wall. North of Survey Unit Kaiser-FSSFOA-005

3. Dimensions (m): Approximately. 43 meters x 2 meters; Area, A (m2): 81.5

l. Alpha Background: 1.91 cpm MDC (dpmn/lOOcm 2): 538

S. Minimum Number of Samples (N): 9 and Corrcsponding Triangular Grid Node Length (L) in

meters: 3.6

6. If the area of the survey unit floor is less than 100 in2, recalculate the number of samples (NI) corresponding

to L that provides the same coverage in the smaller survey unit as N samples does in 100 rn2 using the following

formula: N, = A / (0.866 x L),

N1: N/A

7. If N1 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 in2 , using the following formula: LI = (AI(0.866 x 18))1/2

2.3 m

I3. Calculate the height (h) of the equilateral triangle with side length equal to L (or LI) using the following

f'ormula: h = ( 2L2-(12)2)1/2: 2.0 m

Q:\P401)0\PA4O72\FSS Repofts\Volune 1\Survey Unit 1SSMA7\At.tachment B - Survey Unit WorksheecstSurvey Unit Worksheet No. I.doc



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-FSSFOA-007

RANDOM START POINT
x axls ( Moters) y axis ( Meters)

24 1 lower bound
upper bound

x axis y axis

34.5 |11.5|

0

(0, 0)

North
x axis

Q:\P4000XFWA4072\FSS Reports\Volume Il\Survey Unit FSSFOA-007\Attachment B - Survey Unit Worksheets\Survey Unit Worksheet No. 2
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LABORATORY ANALYTICAL RESULTS



Outreach
-boratory'

iL} A4ffiwOK 74012 July 1, 2005
(918) 251-25IS
FA (9 18) ZS I-0008

David Weyant
Kaiser Aluminum & Chemical
731 i E. 41st Street
Tulsa, OK 74145

l-w
Ii1;t -,-~-

5, S7 0n %

Project: Kaiser Thorium. Rernediation PA4000-4072
-OUTREACH LAB ID: 20050494

Dear Mr. Weyant,

niNV2 9 2005 i|1
......

Please find enclosed the analytical report for your samples received in our laboratory on
* June 20, 2005 for the above captioned project. Eighteen filters were received in good.

condition and analyzed for Gross Alpha/Beta with an expedited 5 work-day turn time. :

All Quality Control for the requested analyses is reported on the analytical report. The
method blank, laboratory control standard and matrix spikes and spike duplicates for all
analyses were within method control limits.

Your samples will be returned as requested.

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

ry Director

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

C
ERT. ID# OKOOI



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050494
7/1/05

. 6/28/05
.1 of 5

Outreach
boratory
.4orth AspenKJiroken Arrow. OK 74012

(918) 251-2515
FAX (918) ZS 1 -0008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
*. Client ID:

* Date Sampled:
: Matrix:

-Gross Alpha
Gross Beta

Lab ID:
* Client ID:

* Date Sampled.:
Matrix:

Gross Alpha
Gross Beta

20050494-01
IC-SS-126
6/27/05 12:30:00 PM
Swipe

EPA 900/9310
EPA 900/9310

20050494-02
EK-SS-127
6/27/05 12:31:00 PM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.308 +/-0.668 DPM/F

3.13 +/- 2.61 DPM/F

Radiochemical Analyses
0.487 +/- 0.712 DPM/F

2.35 +/- 2.55 DPM/F

0.631
2.57

6/29/05 SD
6/29/05 SD

0.631
2.57

6/29/05 SD
6/29105 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050494-03
X-SS-128
6/27/05 12:38:00 PM
Swipe

Gross Alpha
. Gross Beta

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.129 +/- 0.620 DPM/F

1.76 +/- 2.51 DPM/F
0.631
2.57

6/29/05
6/29/05

SD
SD

Lab ID:
Client ID:
Date Sampled:

* Matrix:

Gross Alpha
Gross Beta

20050494-04
X-SS-129
6a7/05 12:33:00 PM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
1.20 +/- 0.87 DPM/F

0.688 +/- 2.43 DPM/F
0.631
2.57

6/29/05 SD
6/29/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050494-05
K-SS-130
6./27/05 12:34:00 PM
Swipe

Radiochemical Analyses

BDL= Bdow Ddtectior Limit



Outreach
b ,boratori
oJ. .4rth Aspen

Q.'roken Arrow, OK 74)12
(918) 251-2515
FTAX (918) 251-0008

Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050494
7/1/05

6/28/05
2 of 5

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis
Date

Analyst

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

0.397 +1- 0.690 DPM/F
2.05 +/- 2.53 DPMIF

0.631
2.57

6/29/05 SD
6/29/05 SD

* Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20050494-06
K-SS-131
6/27/05 12:35:00 PM

Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.576 +/- 0.733 DPM/F

2.54 +/- 2.57 DPM/F
0.631
2.57

6/29/05 SD
.6129/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix: .

ILJp Gross Alpha
Gross Beta-

20050494-07
K-SS132
6/27/05 12:36:00 PM
Swipe

, EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0219 +/- 0.644 DPM/F

2.05 +1- 2.53 DPMIF
0.631
2.57

6129105

6/29/05
SD
SD

.Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20050494-08
K-SS-133
6/27/05 12:37:00 PM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.397 +/- 0.690 DPM/F

3.13 +/-2.61 DPM/F
0.631
2.57

6/29105 SD
6/29105 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20050494-09
K-SS-134
6/27/05 12:38:00 PM
Swipe

Radiochemical Analyses
EPA 900/9310 0.576 +/- 0.733 DPMIF
EPA 900/9310 1.47 +/- 2.49 DPM/F

0.631
2.57

6/29/05
6/29/05

SD
SD

k44 J~ 3. DDL-BelowDetectionLimit



Client:
Client Project:
Lab Number:

* Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050494
7/1/05

6/28/05
3of5

Outreach
oboratory

L, orth Aspen
\L|I oken Arrow. OK 740X2

(918) 251-2515
FAX (918) 2510008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

* Lab ID:
Client ID:
Date Sampled
Matrix:

Gross Alpha
Gross Beta

20050494-10
K-SS-135
6/27/05 12:39:00 PM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0 +/- 0.569 DPM/F

0.981 +/- 2.45 DPMIF
0.631
2.57

6/29/05
6/29/05

SD
SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050494-11
K-SS-136
6/27/05 12:40:00 PM

Swipe

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.308 +/- 0.668 DPM/F

2.05 +/- 2.53 DPM/F
0.631
2.57

6/29/05

6/29/05
SD
SD

id*'l Lab ID:
Client ID:
Date Sampled:
Matrix:.

* Gross Alpha
Gross Beta

20050494-12
Ka-SS-137
6/27/05 12:41:00 PM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.397 +/- 0.690 DPM/F

2.54 +/- 2.57 DPM!F
0.631
2.57

6/29/05 SD
6/29/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20050494-13
K-SS-138
6/27/05 12:42:00 PM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.040 +/- 0.595 DPM/F

1.86 +/- 2.52 DPMIF
0.631
2.57

6/29/05
6/29/05

SD
SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050494-14
K-SS-139
6/27105 12:43:00 PM
Swipe

Radioclhemical Analyses

BDL= Blow Delection Limit



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050494
7/1/05

6/28/05

4of5

Outreach
X -boratory

4ft BAn
'J4 uKen Arrow, OK 7401Z

(918) 251-2515
FAX (918) Z51-0008

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis
Date

Analyst

Gross Alpha
* Gross Beta

EPA 900/9310
EPA 900/9310

0 +/- 0.541 DPM/F

0.786 +/- 2.43 DPM/F
0.631
2.57

6/29/05 SD
6/29/05 SD

* Lab ID:
* Client ID:

Date Sampled:
* Matrix:

Gross Alpha
: Gross Beta

20050494-15
rc-SS-140
6/27/05 12:44:00 PM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.755 +/- 0.774 DPM/F

2.54 +/- 2.57 DPM/F
0.631
2.57

6/29/OS
6/29/05

SD
SD

* Lab ID:
Client ID:
Date Sampled:
Matrix:

) Gross Alpha
Gross Beta

20050494-16
C.SS-141

6/27/05 12:45:00 PM
Swipe.

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0 +/- 0.569 DPM/F

1.76 +/- 2.51 DPM/F
0.631
2.57

6129105 SD
6/29105 SD

Lab ID:
Client ID:
'Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20050494-17
IC-SS-142
6/27/05 12:46:00 PM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses

0.308 +/- 0.668 DPM/F
0.786 +/- 2.43 DPM/F

0.631
2.57

6/29/OS
6/29/05

SD
SD

Lab ID:
*Client ID:
.Date Sampled::
Matrix:

20050494-18
IC-SS-143
6/27/05 12:47:00 PM
Swipe

Radiochemical Analyses
EPA 900/9310 0.219 +/- 0.644 DPM/F
EPA 900/9310- 2.54 +/- 2.57 DPM/F

Gross Alpha
Gross Beta

0.631
2.57

6/29/05 SD
6/29/05 SD

I3BDL Below Detection Limit



Client:
4.v* X Client Project:

Lab Number:

Date Reported:
Outreach Date Received:

boiratoqf .Page Number:

IAoken Arrow, OK 7401Z
(918) 251-2515
FAX (918) 251-0008

Kaiser Aluminum
Thorium Remediation

20050494
7/1/05

6128105
5of5

QC Report

.Parameter Blank LCS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RPD

Gross Alpha

Gross Beta

0.2+1-0.6 109.0 116.0 7.2

4.9+/-2.7 87.0 93.0 6.7

NC

NC

6/29/05

6n/9105

Lab Approval:

'<|1 BDL = Below D"ccioi Limit



C
(4 ' OUTREACH

LABORATORY
CHAIN Of CUSTODY

,311 North Aspen
.Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008

Results To:

. .

I V.1,-'aI 4-

-74's: , 0-1

Company &Wl 612m 9 ~,z T,$..

Namel - ,y~YW
AddreSS-7,111- 1Z P n IeI

Bill To:

Company 4a;lv4t P,4 ,0 $ h 4
.. . s., n ... 1 . . . IName 1 P-st IJAQT rXA,)iNr %

CI %~A.-A 'state zip

Phn -1-yL Fax#qg1-3A'AW1)J C[ -ty~.h kState-&LZ6pjl 'L,-Y

PO #

.:PROJECT #

PROJECT NAME

V�, AI �j 12'- LA d-7 'I
PIN - %A -i4- �-- 14 ji 2, -

I�i A %, � I rit - 4 � 0 '? ,, 4 f., IC k-1 sft Peo0j,

REQUEST RNAROUND TIME S n"Al
(ACDDnN9AE AYA\L)

SAMPLE F

C
0
N
T
A
I
N
E
R
S

CONTAINER
SIZE

PLASTIC
OR

GLASS

PRESERVATIVE
#

1. HNO3 pHd
2. let d4C
3. HCI pHd
4. H2S04 pHl4
5. NaOH jH>11

I
ta-

i
-1
tt.
�0

f.

k

C,
r--j 4
.4 04.0

1 09

-6-�

Nf t

-A9

'-e

6*r'1

-"S

?
73

5; REMARKS
(I.E. FILTERED, UNF

GRA8, COMPO'
-� A-3fifum,_t % , N i;., �.Ajr\ I ILTERED,

Sml
J- - ''-? a- ^ --. : $ r - S _

CIWENT SAMPLE
ID

TIME
SAMPED I MA

C-e

17 --3_ __ _

I k Z1 RI I
__________________________________ ______I__ -- . - - -w# - .v . - - - .- - - - - -

DAAT EO-..TME-,tjRECEIVED BY:E _D //21MiF ;C.

RELINQUISHED BY: DATE TME .. ECEVEDBY: D.OATETIME
My signature on this chain of custody for Ir that I am authorized by the above Company to relesie samples for analysal. The company agrees topy the entire balance upon receipt
of sample data and It Is understood and agreed that any blatare carld over thirty (30) day. Is subject to a 1.5% per month (18% per annum) late charg. In the event of default, the company

- A _ _… . _I, ,...4. .*a.v '. te ,,t- I, at, 9. fl.,*dn,,,t-a.4- 1 Imt.4rae4 I *I,,atow~A



Vt'- OUTREACH
LABORATORY

.4.... . .
CHAIN Or CUSTODY

Reaults7o: Company

lAt .A ' NameA -

muuressm- 1' ii ' I

r-. ljk� � .,:, .

Bill To:

Company iA ? I..^4 q/t

Name.U'1I r'&} I f- JDL I4A, ;A

AddreCs7 AtW I. 't-,

City lA .Sttate.t4.ZiP:; 4Y

3i1 North .spen.... . .
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008 .

. . .1 o s.
. (A11II 111 , :

.

Ci-hQ6A L k Stata Fa 3p -71 -'g

Phe2-1 < i a#ttzt1^n1e0 Q1
1i10111El

PO# #-_ 7

PROJECT# pA - U.1, L

PROJECT NAME 'A I't- 4 'ni'm > }. M'b

REQUESTETURNAROUND TIME
(ADDITID LCIARGESMAYAPPLY)

SAM PL .Y.) 4 1 k A x 2 \

C
0
14
T
A

E
R
S

CONTAINER
sIzE

PLASTIC
OR

GLASS

PRESERVATIVE

1. HNO3 pH<2
2. lee<41C
3. HCI pHd2
4. "2S04 pH14
S. NaOH pli>11

i

I

tq2

-j

Qbg

L

a X
E E

-- Jf

'M 4

-' C

-4

- .j

t.,
_ FL-

FS
.V

tI
El

I.I
/6ht \X re!y^,

REMARKS
(.E. FILTERED, UNFILTERED,

GRAB, COMPOSITE)
.

...--... . : ,, ._.__,,,, , .

C¶NT SANP1
D

DA1E \IN

SAMlP1.0 \S=Ml

14 k7 ,4 % xKXA z = Z = 6- -r , t t A (-t( , 'I7,I

k - -11 IA--

U. . =- z===.==_

MEN.f-f/_ .r,
r / A l l | =t -( 04

/1 MM / . I

/u / _ T

. zAI r* I1 I l j I I _ ___ .__ _ _ _ _

M DE 77A RECEIVED y DATE6) ' ME

RELINQUISHED 8Y \ DTTIMF RECEIVED BY' DATE __ _TME
My signature on this chaln of cvsiody torm Indicats that I am authorie by the above comparn to relies samples for analysIs. The company agrees to pay the entire balence upon receipt
ot sample data and it Is undarTtood and agreed that any balance canred over thrty (30) days Is Subjct to'o 1.5% per ronth (1 8% per annum) lata charge. In the event of defaulI the company|

'I4. .nnoA eon-4m0hndhw n on teas and alt related costs necasaarv to remRt the entire balance to Outreach Technolooles. Inc. (Outreach Lab6ratoy.) I



I- SAMPLEA 31N

Date Received: 6/28/05 8:25:31A

Sample Client
Number Sample ID

20050494-01 A K-SS-126
Gross Alpha/Beta

20050494-02 A K-SS-127
Gross Alpha/Beta

20050494-03 A K-SS-128
Gross Alpha/Beta

20050494-04 A K-SS-129
Gross Alpha/Beta

20050494-05 A K-SS-130
Gross Alpha/Beta

20050494-06 A K-SS-13 1
Gross Alpha/Beta

20050494-07 A K-SS-132
Gross Alpha/Beta

20050494-08 A K-SS-133
Gross Alpha/Beta

20050494-09 A K-SS-134
Gross Alpha/Beta

20050494-10 A K-SS-135
Gross Alpha/Beta

20050494-11 A K-SS-136
Gross Alpha/Beta

Matrix

Swipe

Swipe

Swipe

Swipe

Swipe

Lab Number:

Date
Sampled

06/27/05

06/27/05

06/27105

06/27/05

06/27105

06/27/05

06/27/05

06/27105

06/27/05

06/27/05

06/27/05

Container Container

20050494

-

Type

Plastic

Plastic

Swipe

Swipe

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

Due: 7/5105

Custody Seal
Size

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag.

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag

Sm Zip Bag

Preservtqfnn

None

None

None

None

None

None

Coal

No

No

No

No

T_ #. .4%

No

No

No

No

No No

No No

None No No

Swipe

Swipe

Swipe

Swipe

None

None

None

None

No No

No No

No

-No

No

No

20050494-12 A K-SS-1I3 7 Swipe 06127105 -. Plastic Sm Zip Bag None No No



Gross K eta

20050494-13 A K-SS-138 Swipe 06/27/05 Plastic Sm Zip Bag None No No
Gross Alpha/Beta

nVVJnt} -; A - awzpe V/4iaV. riati; onx Lp Aag 1Nuii No 'ANoa

Gross Alpha/Beta

20050494-15 A K-SS-140 Swipe 06/27/05 Plastic Sm Zip Bag None No No
Gross Alpha/Beta

20050494-16 A K-SS-141 Swipe 06/27/05 Plastic Sm Zip Bag None No No
Gross Alpha/Beta

20050494-17 A K-SS-142 Swipe 06/27/05 Plastic Sm Zip Bag None No. No
Gross Alpha/Beta

20050494-18 A K-SS-143 Swipe 06/27/05 Plastic Sm Zip Bag None No No
Gross Alpha/Beta

CONTAINER INSPECTION

#Coolers CustodyTSealsBrkn ej-Temperature Blue Ice/ Wet Ice Radiation Survey fixed removable

SAMPLE INSPECTION.

Custody Seals Broken - AJVChaln of Custody Recoro/N Labels in TacJ51N Radiation Survey Complete Y/N

AnomalIes:

Inspected By: DATE_

QA or Designee Review: DATE

Sample Custodian Review:. T I0,(7<S e t X ) AE LQ 1-9t/9- Ua ( 0

Project Notes:
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Final Status Survey Report
Volume II - Former Operational Area

Sub-Report No. EB-038
Survey Unit Kaiser-FSSFOA-008

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of Former Operational Area (FOA) excavation 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
Uniti Kaiser-FSSFOA-008, a structure (concrete wall) encountered during the removal of
radiologically-affected soil from the Survey Unit Kaiser-FSSFOA-006 (Figure 3). Survey Unit
Kaiser-FSSFOA-008 consists of the concrete wall's structural surface. It is considered a Class 1
survey unit with an approximate surface area of 9.3 m2. No elevated areas were left in-place,
therefore, no elevated measurement comparisons were required for this unit.
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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
concrete wall defined as Survey Unit Kaiser-FSSFOA-008. The final status survey consisted of
a gross alpha scan of the concrete surface and systematic measurements of total and removable
alpha contamination. The supporting documentation for the final status survey of the concrete
wall's structural surface is contained in Attachment A and includes the following:

Ah Figure A-1, Gross Alpha Scan Grid Layout
*. Figure A-2, Systematic Sampling Locations
" Alpha Scan MDC Calculation
Ad Total Alpha Contamination Survey Data Conversion Form
4' Table A-1, Gross Alpha Scan Results Summary

2.1 Gross Alpha Scan of Structural Surface

The structural surface of the Class 1 survey unit was surveyed through a 100 percent coverage
gros:s alpha scan, to confirm acceptable radiological conditions and identify any elevated areas.
The concrete surface was divided into 1-meter by 1-meter grids for recording the results of the
100 -percent coverage gross alpha scan (Figure A-1, Attachment A). Minimum, maximum, and
average scan rates for alpha activity in gross counts per minute (cpm) were recorded for each
grid. The results of the scanning activities are summarized in Table A-1 contained in
Attachment A. The 100 percent coverage gross alpha scan of the concrete surface did not
indicate the presence of small areas of elevated activity (above the DCGL-GA for the site).

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. 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 the measurement of total
and removable alpha contamination has been recalculated. Since scanning measures total alpha
contamination, the minimum number of sample points required (N) is re-determined if the alpha
scan minimum detectable concentration (MDC) is greater than the total contamination DCGL.

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/a). 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
DCGCL 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
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the Flux Building (Survey Unit FB-001 Floor Surface: 45.9). Since the gross alpha activity of
944 dpnmlOOcm2 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 is9.

2.2.2 Adjusting N based on Scan Minimum Detectable Contamination (MDC)

The scan of structural surfaces is used to detect elevated areas. The total contamination DCGL
value applicable to final status surveys of structures for the Tulsa site is the DCGL-GA (DCGL
gross alpha) and the value is 944 dpm/lOOcm 2 of total alpha contamination. Since the
background count rate for gross alpha is usually very low, e.g., 1 count per minute (cpm),
MARSSIM provides guidance for determining the scanning MDC for gross alpha based on the
probability of detecting very small increments in gross alpha count rate, i.e., one of two counts.
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

P(n21)=1-e 60v

where:

P(n 2 1) = probability of observing a single count,
G = activity (dpm),
E = 47r detector efficiency (cpd),
d = width of detector in direction of scan (cm), and
v = scan speed (cm/s).

Increase the value of G until the corresponding probability equals the desired confidence level,
e.g., 95 percent, and the resulting dpm is the MDC. (The dpm value may be divided by the
active area of the detector, e.g., 100 cm2 to yield an MDC result in dpm/lOOcm2.) This method
of determining the alpha scan MDC is not background dependent (assuming the background
alpha count rate is low). However, the calculated MDC is dependent on the scan speed. Using
this formula and typical alpha efficiencies for gas proportional detectors, the calculated scan
MDC range from 330 to 1,000 dpm/lOOcm 2 based on scan speeds of a third of a detector width
to one detector width per second. This range of MDC values is the same magnitude as the
DCGL-GA and does not result in an increase in the minimum number of samples required.

The Minimum Number of Samples Required (N) based on the scan MDC was determined to be 9
as documented on Survey Unit Worksheet No. 1 (Attachment B). However, the number of
sample points used for the survey unit was 14. The Survey Unit Area (A) of 9.3 m2 along with
the N of 14 were used to calculate the Triangular Grid Node Length (L) of 0.9 meter and the
Height of the Equilateral Triangle (h) of 0.8 meter. A random start point was generated using the
random number feature of Excel and documented on Survey Unit Worksheet No. 2 (Attachment
B).
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2.2.3 Total and Removable Alpha Contamination Measurement Results

A layout of the total and removable alpha contamination measurement locations is provided on
Figure A-2 contained in Attachment A. At each of the 14 locations, a measurement (static
count with a gas proportional detector) of total alpha contamination (identified as MARSSIM-
001 through MARSSIM-014) and a smear sample for determination of removable alpha
contamination (identified as K-SS-179 through K-SS-192) were collected on the concrete
surface. The smear samples were forwarded to Outreach for analysis of alpha activity (per the
100 cm2 surface area sampled). Total alpha contamination measurement results are provided
below in Table 1.

Table 1 - Syste atic Total Alpha Contamination Measurement Results
Total Alpha

DCGL-GA Contamination Std. Error MDC
Sample ID (dpm/lOOcm2) (dpr/lOOcm2) (dpmi/lOOcm) (dpm/lOOcm2)

MARSSIM-001 944 92.2 68.0 86.4
MARSSIM-002 944 62.8 59.3 86.4
MARSSIM-003 944 62.8 59.3 86.4
MARSSIM-004 944 72.6 62.4 86.4
MARSSIM-005 944 82.4 65.3 86.4
MARSSIM-006 944 62.8 59.3 86.4
MARSSIM-007 944, 33.4 49.1 86.4
MARSSIM-008 944 13.7 40.9 86.4
MARSSIM-009 944 53.0 56.1 86.4
MARSSIM-010 944 33.4 49.1 86.4
MARSSIM-011 944 161 85.0 86.4
MARSSLM-012 944 72.6 62.4 86.4
MARSSIM-013 944 131 78.2 86.4
MARSSIM-014 944 230 99.0 86.4

Average 83.1
Standard Dev. 56.9

Afinitnum 13.7
Maximum 230

Median 67.7

All 14 systematic total alpha contamination measurements were below the DCGL-GA of 944
dpm/lOOcm 2. The maximum total alpha contamination result was 230 dpm/lOOcm2. The
average total alpha contamination result was 83.1 dpm/lOOcm2.

The standard deviation of the 14 equal-distant samples was 56.9, 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 56.9 and the same methodology to determine N as presented in Section
2.2.1 above, a relative shift of 8.3 results. The N from Table 5.3 (MARSSIM) corresponding to
a relative shift of 8.3 is 9 for a 100 m2 survey unit.
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Analytical results of the smear samples are provided below in Table 2. The analytical data
reports are contained in Attachment C.

Table 2 - Systematic Removable Alpha Contamination Smear Sam le Results
Removable

Alpha
DCGL-GA Contamination Std. Error MDC

Sample ID (dpm/lOOcm2 ) (dpm/lOOcm2 ) (dpm/100cm2) (dpm/lOOcm 2)
MARSSIM-001

K -S.S -179) 94.4 0.308 0.668 0.631
MARSSIM-002

K-SS-180) 94.4 0 0.569 0.631
MARSSIM-003

(g-SS-181) 94.4 0.219 0.644 0.631
MARSSIM-004

(-SS-182) 94.4 0.308 0.668 0.631
MARSSIM-005

94.4 0.308 0.668 0.631
MARSSIM-006

(1C-SS-184) 94.4 1.65 0.951 0.631
MARSSIM-007

C-SS-185) 94.4 0.755 0.774 0.631
MARSSIM-008

O(-SS-186) 94.4 0.397 0.690 0.631
MARSSIM-009

O(C-SS-187) 94.4 0.755 0.774 0.631
MARSSIM-010

(1L-SS-188) 94.4 0 0.541 0.631
MARSSIM-011

,1a-SS-189) 94.4 0.308 0.67 0.631
MARSSIM-012

(lQKSS-l90) 94.4 1.20 0.87 0.631
MARSSIM-013

(}-1994.4 0.219 0.644 0.631
MARSSIM-014

IQ-SS-192) 94.4 0.040 0.595 0.631
0verage .462

Standard Dev. 0.476
Minimum 0
Maximum 1.65
Median 0.308

All 1.4 smear sample results were below the removable alpha contamination DCGL-GA of 94.4
dpm/lOOcm2 (10% of the total contamination DCGL-GA value). The maximum removable
alpha contamination result was 1.65 dpm/lOOcm2 . The average removable alpha contamination
result was 0.462 dpm/lOOcm2 , less than 1% of the average total alpha contamination result.
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I

2.3 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 meet the DP statistical criterion
based on the first statistical test described below.

If the difference (213.9 dpm,/lOOcm 2) between the maximum survey unit total alpha
contamination result (230 dpm/lOOcm2) and the minimum reference background area total alpha
contamination result (16.1 dpm/100cm2) is less than DCGL-GA (944 dpm/lOOcm 2), 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 Area and Survey Unit Total Alpha Contamination Results
Total Alpha Total Alpha

Reference Contamination Survey Unit Contamination
- Group Sample ID (dpm/10cry2 ) Group Sample ID (dprn/0cm2

RI 62 80.5 S1 MARSSIM-001 92.2
R2 48 102.0 S2 MARSSIM-002 62.8
R3 26 111.0 S3 MARSSIM-003 62.8
R4 68 60.4 S4 MARSSIM-004 72.6
= R5 69 102.0 S5 MARSSIM4-005 82.4
=R6 36 101 S6 MARSSIM-006 62.8
R7 60 30.2 S7 MARSSIM-007 33.4
R8 69 102 S8 MARSSIM-008 13.7
=R9 24 82.5 S9 MARSSIM-009 53.0

RIO 55 16.1 Sb MARSSIM-010 33.4
Ru1 70 43.2 Sli MARSSIM-011 161
R12 40 72.7 S12 MARSSIM-012 72.6
R13 10 60.4 S13 MARSSIM-013 131
R14 25 72.7 S14 MARSSIM-014 230

Average: 74.1 Average: 83.1
= Standard Dev. 29.3 Standard Dev. 56.9

Minimum: 16.1 Minimum: 13.7
Maximum: 111 Maximum: 230

= Median: 76.6 Median: 67.7
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3.0 SUMMARY OF FINDINGS

A structure (concrete wall) was encountered during the removal of radiologically-affected soil
from FOA Survey Unit Kaiser-FSSFOA-006 (Figure 3). This structure, identified as Survey
Unit Kaiser-FSSFOA-008, is considered a Class 1 survey unit with an approximate surface area
of 9.3 in2 . 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 Structural Surface - Total and Removable Alpha Contamination

The acceptance criterion for structures remaining at the Tulsa facility is the DCGL-GA of 944
dpm/100cm2 for total alpha contamination and 94.4 dpm/IOOcm2 for removable alpha
contamination. Final status survey activities for Survey Unit Kaiser-FSSFOA-008 consisted of a
gross alpha 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 fcollows:

ii The 100 percent coverage gross alpha scan of the concrete surface did not indicate the
presence of small areas of elevated activity (above the DCGL-GA for the site).
A Sll 14 systematic measurements of total alpha contamination were below the DCGL-GA
of 944 dpm/100cm2.

* All 14 smear sample results were below the DCGL-GA of 94.4 dpm/lOOcm2 for
removable alpha contamination.

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

u 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 (valuate the status of Survey Unit Kaiser-FSSFOA-008 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 elevated areas is presented below in
TabIle 4. As previously mentioned, no elevated areas were left in-place for the survey unit.

Table 4 - Fraction of Applicable Acceptance Criteria per Survey Un it Element
Average Acceptance

Survey Unit Element Units Activity Criteria Fraction
FSSFOA-007 Total Alpha Contamination dpm/lOOcm' 83.1 944 0.09
FSSFOA-007 Removable Alpha dpm/lOOcm 0.462 94.4 0.00
Contamination
Elevated Areas (None Left In-Place) dpm/lOOcmz 0.00
TOTAL SUM OFFRACTIONS 0.09
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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-FSSFOA-008
meets the DP acceptance criteria.
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Attachment A, Figure A-1
Gross Alpha Scan Grid Layout

Survey Unit Kaiser-FSSFOA-008
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

Concrete Wall
Adjacent to Survey Unit Kaiser-FSSFOA-006

Area: 9.3 m2

SOUTH

14 m
Ground Level
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FIGURE A-2
SYSTEMATIC SAMPLING LOCATIONS

SURVEY UNIT KAISER - FSSFOA-008
FINAL STATUS SURVEY

THORIUM REMEDIATION PROJECT
TULSA, OKLAHOMA FACILITY

PREPARED FOR

KAISER ALUMINUM & CHEMICAL CORPORATION
TULSA, OKLAHOMA

L

h

* RANDOM START POINT

N = 14
L = O.9m
h = 0.8m
AREA = 9.3m2

APPROVED -D 3 - C>6
CHECKE6 U 5 --*

DRAWN DEB 1/13/06
DRAWING NUMBER

PA4072064
A Penn E&R.
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Form HPMIM-2-2-3
Alpha Scan MDC Calculation

Instrument Serial Number: 193686 Cal. Due: 5/6/2006
Detector Serial Number: PR190485 Cal. Due: 5/6/2006 |

Radiation Detected: Alpha I For < 3 count background

Probability of observing 2 or more counts: Probability of observing a single count:

D G d E v B P
Date Activity Detector Instrument Scan Background Probability

Width Efficiency Speed Countrate
(dpm) (cpm) (cm/s) (cpm)

7/21/2005 538 11.7 0.1618 5.85 N/A 0.95

7/27/2005 538 11.7 0.1618 5.85 N/A 0.95

Comments:

Prepared By: David B. Weyant Date: 7/21/05

Reviewed By: Andrew J. Lombardo Date: 7/27/05

Notes:
KV/; 1.) Instrument Efficiency is the 4n instrument cfficiency.
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Kaiser Project
PA-4000-4072
Tulsa, 01:.

Total Alpha Contamination
Survey Unit Kaiser-FSSFOA-008
Survey Data Conversion Form

Form ESC/HPM/M-3-2-2

Date of Survey: 7/27/2005 Type of Radiation: Alpha

Instrument Serial #: 193686 Calibration Due Date: 5/5/2006

Detector Serial : FIR190485 Calibration Due Date: 5/5/2006

Es (Surface Efficiency): 0.25 El (Insturment Efficiency): 0.1618

BKG Counts: 13 BKG Count Time (min): 10

Active Area of Datector Probe (cm2 ): 126 |MDC (dpm/1OOcm 2): 86.4

Tech: DWD

Survey Gross Count Net Count Total 95% CL
Survey Point Count Gross Counts Rate Rate Contamination Uncertainty

Sampling L cation ID Time (min) (cts) (cpm) (cpm) (dpm/100cm2) (dpmnlOOcm2)

K-SS-179 MARSSIM-001 2 12 6.00 4.70 92.2 68.0

K-SS-180 MARSSIM-002 2 9 4.50 3.20 62.8 59.3

K-SS-181 MARSSIM-003 2 9 4.50 3.20 62.8 59.3

K-SS-182 MARSSIM-004 2 10 5.00 3.70 72.6 62.4

K-SS-183 MARSSIM-005 2 11 5.50 4.20 82.4 65.3

K-SS-184 MARSSIM-006 2 9 4.50 3.20 62.8 59.3

K-SS-185 MARSSIM-007 2 6 3.00 1.70 33.4 49.1

K-SS-186 MARSSIM-008 2 4 2.00 0.70 13.7 40.9

K-SS-187 MARSSIM-009 2 8 4.00 2.70 53.0 56.1

K-SS-188 MARSSIM-010 2 6 3.00 1.70 33.4 49.1

K-SS-189 MARSSIM-011 2 19 9.50 8.20 161 85.0

K-SS-190 MARSSIM-012 2 10 5.00 3.70 72.6 62.4

K-SS-191 MARSSIM-013 2 16 8.00 6.70 131 78.2

K-SS-192 MARSSIM-014 2 26 13.0 11.7 230 99.0
Comment, Concrete Wall

Prepared By: Date:

David B. Weyant 7/28/2005

Reviewed By: Date:

Andrew J. Lombardo 7/28/2005
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Attachmev . able A-1
Gross Alpha Scan Results Summary

Survey Unit Kaiser-FSSFOA-008
Concrete Wall

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

Survey Number KAISER-FSSFOA-008 Instrument Serial Number 193686 Cal. Due: 5/5/2006

Tech:DBW Alpha Eff: 16.18% Detector Serial Number PR190485 Cal. Due: 5/5/2006

Scan weighted Average

M Survey cpm cpm cpm cpm (dpmllOOcm 2

Grid Number Mj ateral Type Minimum Maximum Average Background net
*-Al Cor 7 0 0 0 I 1.3 -2t6B ; al;en

Al Concrete 7/21/05 0 10 0 1.3 -26

1l Concrete 7/21/05 0 10 0 1.3 -26

C1 Concrete 7/21/05 0 10 0 1.3 -26

DE Concrete 7/21/05 0 10 0 1.3 -26

El Concrete 7/21/05 0 10 0 1.3 -26

F1 Concrete 7/27/05 0 30 10 2.6 145

GI Concrete 7/27/05 0 50 20 2.6 341

H1 Concrete 7/27/05 0 10 0 2.6 -51

11 Concrete 7/27/05 0 10 0 2.6 -51

J1 Concrete 7/21/05 0 10 0 1.3 -26

Notes:

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

the surveyor determines the 'weighted average".

2. The acceptance criteria for Total Contamination Is 944 dpm/100rTc2. 10 cpm Is approxdmately 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) results.



ATTACHMENT B
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* Survey Unit Worksheet No. 1

* Survey Unit Worksheet No. 2

0:\P4000\PA4072\FSS Reports\Volume I\Survey Unit FSSFOA-00\Attachnrient B - Survey Unit Worksheets\Attachmrnt B toc.doc



Survey Unit Work Sheet No. 1
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

1. Structure Survey Unit: KAISER-FSSFOA-008

,. Description: Former Operational Area. Concrete Wall Adiacent to Survey Unit Kaiser-FSS-FOA-006

3. Dimensions (m): Approximately. 14 meters x 0.7 meters; Area, A (m2): 9.3

4. Alpha Background: 2.6 cpm MDC (dpmn/lOOcm 2): 538

5. Minimum Number of Samples (N): 9 and Corresponding Triangular Grid Node Length (L) in

rieters: 3.6

6. If the area of the survey unit floor is less than 100 m2, recalculate the number of samples (N1) corresponding

to L that provides the same coverage in the smaller survey unit as N samples does in 100 m2 using the following

formula: N, = A / (0.866 x L2),

N1 : N/A

7. If N1 is less than 14, use the default N (14) and recalculate the corresponding Triangular Grid Node Length

(ILI) for the survey unit floor Area (A) less than 100 in2 , using the following formula: LI = (A/(0.866 x 14))1n:

0.9 m

8. Calculate the height (h) of the equilateral triangle with side length equal to L (or LI) using the following

formula: h = ((L2 - (U 2 )2)ln: 0.8 m
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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-FSSFOA-008

RANDOM START POINT
xaxis(Meters) y axis ( Meters)

_ 0.1 lower bound
upper bound

0c
xo

NorthI
(0,0) x axis
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ATTACHMENT C

LABORATORY ANALYTICAL RESULTS



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050590
8/1105

7/28/05

l of5

Outreach

billJ, Nordfi Aspen
Broken Arrow, OK 7401Z
(918) 251-2515
FAX (918) 251-0008

?1,477

s1511('*I
Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

.Gross Alpha

Gross Beta

20050590-01
K-SS-179
7/27/05 1:00:00 PM

Swipe

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.308 +/- 0.668 dpm/lOOcm 0.631

2
OAO +/-2.40 dpm/1OOcm 2.57

2

7/28/05 SD

7/28/05 SD

* Lab ID:
Client ID:
Date Sampled:
Matrix:

ross Alpha

Gross Beta

2(1050590-02
K-SS-180
7/27/05 1:01:00 PM
Swipe

EPA 900/9310
Radiochemical Analyses.

0+/-0.569 dpm/lOOcm 0.631
2

2.83 +/-2.59 dpm/IOOcm 2.57
2

7/29/05 SD

EPA 900/9310 7/29/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

Gross Beta

20050590-03
K-SS-181
7/27/05 1:02:00 PM
Swipe

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.219 +/- 0.644 dpm/lOOcm 0.631

2
4.40 +/- 2.70 dpm/lOOcm 2.57

2

7/29/05 SD

7/29/05 SD

Lab ID:
Client ID:
.Date Sampled:
Matrix:

20050590-04

K-SS-182

7/27/05 1:03:00 PM
Swipe

Gross Alpha

Gross Beta

3BDL = Below Dcection ULmit

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.308 +/- 0.668 dpm/lOOcm 0.631

2
I-O +/- 2.46 dpm/lOOcm 2.57

*2

7/29/0

7/29/05

SD

SD



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050590
811/05

7/28/05
2 of 5

Outreach
boratory

EF, North Aspen
Broken Arrow. OK 74e 12
(918) 251-2515

* FAX (918) 251-0008
Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

Gross Beta

20050590-05
]K-SS-183
7/27105 1:04:00 PM
Swipe

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.308+1-0.668 dpm/lOOcm 0.631

2
1.27 +1- 2.47 dprL/100Ocmn 2.57

2

7/29105 SD

7/29/05 SD

* Lab ID:
Client ID:
Date Sampled::
Matrix:

CGross Alpha

Gross Beta

20050590-06
K-SS-184

7127/05 1:05:00 PM
Swipe

EPA 900/9310

EPA 900/93 10

Radiochemical Analyses
1.65 +/- 0.951 dpm/lOOcm 0.631

2
2.05 +/- 2.53 dpm/lOOcm 2.57

2

7/30/05 SD

7/30/05 SD

Lab ID:
-Client ID,
Date Sampled:

Matrix:

* Gross Alpha

- Gross Beta

20050590-07
IC-SS-185
'/127/05 1:06:00 PM
.,Swipe

Radiochemical Analyses
EPA900/9310. 0.755 +/- 0.774 dpm/lOOcm 0.631

2
EPA 900/9310 1.47 +/- 2.49 dpm/lOOcm 2.57

2

7/30/05 SD

7/30/05 SD

* Lab ID:

Client ID:
Date Sampled:
Matrix:

* Gross Alpha

* 20050590-08

K-SS-186
7/27/05 1:07:00 PM
Swipe

EPA 900/9310
Radiochemical Analyses

0.397 +/- 0.690 dpm/IOOcm 0.631
2

7/30/05 * SD

BDL - Bclow ketcction Limit



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number

Kaiser Aluminum
Thorium Remediation

20050590
8/1/05

7/28/05
3of5

Outreach
boratory

is -orth Aspen
Broken Arrow. OK 74012
(918) 251-2515
FAX (918) 251-0008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Gross Beta EPA 900/9310 3.03 +1-2.60 dpm/100cm 2.57
2

7/30/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha

Gross Beta

20050590-09
K-SS-187
7/27/05 1:08:00 PM
Swipe

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.755 +/- 0.774 dpm/lO0cm 0.631

2
7/30/05

7/30/05

SD

SD1.27+/-2.47 dpm/lOOcm 2.57
2

Lb ID:
Client ID:
')ate Sampled:

\,LjJ~ mlatrix:

Gross Alpha

Gross Beta

2(050590-10
K-SS-188
7/27/05 1:09:00 PM
Swipe

Radiochemical Analyses
EPA 900/9310 0 +/-0.541 dpml/00cm 0.631

2
EPA 900/9310 1.27 +/-2A7 dpm/lOOcm 2.57

2

7/30/05 SD

7/30/05 SD

* Lab ID:
Client ID:
Date Sampled:
Matrix:,

Gross Alpha

Gross Beta

20050590-11
K-SS-189
7/27/05 1:10:00 PM
Swipe

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.308 +/- 0.67 dpm/lOOcm 0.631

2
1.86 +1-2.52 dpm/lOOcm 2.57

2

7/30/05 SD

7/30/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

*20J050590-12

K-SS-190
7/27/05 1:11:00 PM
Swipe

Radiochemical Analyses

tjL BDL= Below Detection Limit



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation
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8/1/05

7/28/05
4of5

Outreach
boratort

t ). . North Aspen
Broken Arrow, OK 74)12
(918) Z51-2515
FAX (918) 2.510008

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis
Date

Analyst

Gross Alpha

Gross Beta

EPA 900/9310

EPA 900/9310

1.20 +/- 0.87 dpm/lOOcm 0.631
2

1.86 +/- 2.52 dpm/IOOcm 2.57
2

7/30/05 SD

7/30/05 SD

Lab ID:
* Client ID:
Date Sampled::

* Matrix:

Gross Alpha

Gross Beta

20050590-13

RK-SS-I 91

7127105 1:12:00 PM
Swipe

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.219 +/- 0.644 dpm/lOOcm 0.631

2
2.74 +/- 2.58 dpm/lOOcm 2.57

2

7/30/05 SD

7/30/05 SD

Lab ID:
l r lient ID:

**! Date Sampled:
Matrix:

Gross Alpha

Gross Beta

20050590-14
K-SS-192
7/27/05 1:13:00 PM
Swipe

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.040 +/- 0.595 dpm/lOOcm 0.631*

2
2.74 +/- 2.58 dpmn/00cm 2.57

2

7/30/05 SD

7/30/05 SD

I-

w 3 BDL Below De ection Limit
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Client Project:
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Not Aspten Page Number:

Broken Arrow, OK 74C12
(918) 251-Z515
FAX (918) 251-0008

Kaiser Aluminum
Thorium Remediation

20050590
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QC Report

Parameter Blank LWS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RPD

Gross Alpha

Gross Bct

0+10o5 107.0

2+/-2 82.0

NC

NC

7/28/05

7/28/05

- Z, I /0�. � _.L1b Approval:

i~) BDL= Below DEtection Limit
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Final Status Survey Report
Volume II - Former Operational Area

Sub-Report No. EB-039
Survey Unit Kaiser-FSSFOA-009

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22,2006

1.0 BACKGROUND

This sub-report documents the results of Former Operational Area (FOA) excavation 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-FSSFOA-009, an open land area (excavation surface soil) resulting from the
removal of radiologically-affected soil located adjacent to the former Warehouse Building's
southern wall (Figure 3). The non-impacted Warehouse Building was deconstructed as a pre-
decommissioning activity to facilitate the excavation of radiologically-affected soil located
beneath the buildings' concrete floor slab.

Survey Unit Kaiser-FSSFOA-009 is considered a Class 1 survey unit with an approximate
surface area of 19.5 m2. Survey Unit Kaiser-FSSFOA-009 consists of an excavation side wall
only (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\P4000PA4072\FSS Repors\Volunie Isurvey Unit FSSFOA09\FOA-A9TCxt.dOC 1 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 side wall
defined as Survey Unit Kaiser-FSSFOA-009. 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 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 exposed
surface (1 to 2 inches) and moved in a serpentine pattern. Background measurements were
obtained at 1-meter above the exposed soil surface at 10 approximately equal-distant locations in
the survey unit. The statistics for the 10 background measurements are provided below in Table
1. Background measurements ranged from 10,301 counts per minute (cpm) to 12,003 cpm.

A total of 13 area-averaged measurements of gross count rate were made across the survey unit's
19.5 m2 surface area. The results ranged from 10,800 cpm to 14,500 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: 19.5 mn_
Number of Scan
Measurements (Recorded 13
Average per 1 m2 grid area)
Scan Rate: 0.5 m/s
(Swiinging the detector a width (MARSSINM recommends
of l.-meter side to side) 0.5m/s)

I S~ I ,'- I, XAt aB- S1vi

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 10,301 10,800
Maximum 12,003 14,500
Average 10,755 12,600

Standard Deviation 599 1,180
Median 10,530 12,200

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
DCGLw for the site).

2.2 Systematic Soil Sampling - Excavation 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

Q:\P400 PA4072\FSS Reports\Volume IISurvqy Unt FSSFOA-009WOA-009Tcxt.doc 2 Revision 0
3/22/06



the scan MDC was determined to be 9 as documented on Soil Survey Unit Worksheet No. I
(Attachment B). Once N was determined, the Survey Unit Area (A) of 19.5 m2 along with the
N of 9 were used to calculate the Triangular Grid Node Length (L) of 1.6 meters and the Height
of thie Equilateral Triangle (h) of 1.4 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.
A total of 10 soil samples (identified as K-887 through K-896) were collected at the excavation
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/9) (pCi/g) (pCi/g) (pCi/g) (pCi/g)

K-887 1.47 0.071 0.263 0.37 3.0
K-888 0.986 0.129 0.416 0 3.0
K-889 0.855 0.061 0.334 0 3.0
K-890 1.22. 0.136 0.387 0.12 3.0
K-891 0.913 0.115 0.601 0 3.0
K-892 1.26 0.080 0.250 0.16 3.0
K-893 0.736 0.067 0.199 0 3.0
K-894 1.03 0.101 0.472 0 3.0
K-895 1.23 0.083 0.331 0.13 3.0
K-896 1.13 0.249 0.453 0.03 3.01verage.08

Standard Dev. 0.220
AMiimum 0.736 .
Maximum 1.47 _ _

Median 1.08

All 10 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 1.47 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 1.08 pCi/g. The
standard deviation of the 10 equal-distant samples was 0.220, 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.

QWP400\PA4072FSS ReportsVolurne l\Survey Unit FSSF OA-009FOA-009Tcxt.doc 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 (0.51 pCi/g) between the maximum survey unit soil sample activity
concentration (1.47 pCi/g) and the minimum reference background area soil sample activity
concentration (0.96 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 an Survey Unit Sample Results
Reference Th-232 Survey Unit Th-232

Group Sample ID (pCi/g) Group Sample ID (pCi/g)
RI 169 1.19 Si K-887 1.47
R2 290 1.31 S2 K-888 0.986
R3 201 1.03 S3 K-889 0.855
R4 164 1.88 S4 K-890 1.22
R5 - 242 1.01 S5 K-891 0.913
R6 94 1.17 S6 K-892 1.26
R7 12 0.96 S7 K-893 0.736
R8 204 1.35 S8 K-894 1.03
R9 251 1.32 S9 K-895 1.23

R10 103 1.12 SlO K-896 1.13
Average 1.23 Average 1.08
Standard Standard
Dev. 0.26 Dev. 0.220
Minimum 0.96 Minimum 0.736
Maximum 1.88 Maximum 1.47
Median 1.18 Median 1.08

Q:MP400APA4072\FSS Repons\Volume lltSuey Unit FSSFOA-O09\OA-009Tcxt.doc 4 Revision 0
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil that was located adjacent to the former Warehouse
Building's southern wall resulted in an open land area consisting of an excavation side wall
approximately 19.5 m2 in area. This open land area, identified as Survey Unit Kaiser-FSSFOA-
009, is considered a Class 1 survey unit (Figure 3). The non-impacted Warehouse Building was
deconstructed as a pre-decommissioning activity to facilitate the excavation of radiologically-
affected soil located beneath the building's floor slab. 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 1Excavation Side Wall Surface Soil

The acceptance criterion for open land areas (FOA excavation surface soil) at the Tulsa facility is
the IDCGLW of 3.0 pCi/g net Th-232 activity concentration. Final status survey activities for
Survey UJnit Kaiser-FSSFOA-009 consisted of a gross gamma scan of the exposed surface soil of
the survey unit (excavation side wall) and systematic soil sampling. The results of the final
status survey activities were as follows:

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).
Al11 10 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 analytical results meet 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 comparisons
were required for this unit.

3.2 'sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSSFOA-009 as a whole (excavation 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
area~;, 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 Acceptan ce Criteria per Survey Unit Element
Average

Net Acceptance
Survey Unit Element Units Activity Criteria Fraction

-FSS.FOA-009 Excavation Surface Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 0.00
-Embedded Structures (None Encountered) dpmi/lOOcmz 0 0.00
TOTAL SUM OFFRACTIONS 0.00

Q:P4004A)PA4072\FSS Repots\Volumc ISurwvey Unit FSSFOA-009\FOA-OO9Tcx1.doc 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-FSSFOA-009
meets the DP acceptance criteria.

Q:AP40(O\PA40 7
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Attachment A, Figure A-1
Gross Gamma Background and Scanning SuNey Results
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Soil Survey Unit Work Sheet No. 1
Final Status Survey

Thoriumn Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KATSER-FSSFOA.009

2. Descrption: Former operational Area, Adjacent to Former Warehouse Building's South Wall

3. Net Th-232 Acceptance Criteria (pCilg): 3.0

4. Dimensions (in): Excavation Side Wall -Approx. 13 meters x 1.5 meters; Area, A (in2): 19.5

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

Average: 15.000 Minimum: 10.000 Maximum: 30.000

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

Girid Node Length) for a standard 2,000 m2 Class 1 survey unit are:

* Gross Gamma Scan MDC (pCi/g): 3.1

* 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 in2 , recalculate the corresponding Triangular Grid Node

IAength (LI) for the Survey Unit Area (A), using the following formula: LI (AI(0.866 x 9))l2: 1.6 mn

8. If N is greater than 9 and the A is other than 2,000 in2, recalculate the corresponding Triangular Grid Node

Length (L,) using the following formula L = (AI(0.866 xN))I : N/A

9. If A is greater than 2,000 m2~ and N is equal to 9, recalculate the minimum number of samiples (N 1)

ccirresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N1 A / (0.866 x

1 (1), N 1: N/A

10. Calculate the height (h) of the equilateral triangle with side length equal to L (or (LI) using the following

formnula: h = ((I! - (UJ2) 2)1/2: 1.4 m.
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I 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-FSSFOA-009

RANDOM START POINT
x axl (Meters) y axis ( Meters)

I O lower bound
upper bound

(0,0)
North

x axis

Q:\P4000\PA4072\FSS Reports\Volume II\Survey Unit FSSFOA-009\Attachment B - Soil Survey Unit Worksheets\Soil Survey Unit
Worksheet No. 2
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Outreach
')oratory

<LA4 ooh Aspen
Broken Arrow, OK 7401.2
(918) 251-2515

-fAX (918) Z51-0008

August 10, 2005

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

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050620

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our. laboratory on
August 04, 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 turn. Results were faxed early on
8110/05.

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

Your samples will be returned as requested.

Thank you for.choosing Outreach Laboratory and if you have any questions, please call
us at 918-251-2515.

Labora tor

ODEQ ID #9517 ,
DEQ LIC. #27522-01

CERT. ID #OK001



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050620
8/10/05..

8/4/05
l of 3

Outreach
bomtory
L rt Aspen
n Arrow OK 74012

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

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050620-01
K-887
8/3/05 8:00:00 AM
Soil

Radiochemical Analyses
HASL 300 1.47 +/- 0.071 pCi/g

Inorganics Analyses
ASTM D2216-92 3.2 %

0.263 8/5/05 SD

8/8/05 8/9/05 RT

Lab ID:
-. Client ID:

Date Sampled:
Matrix:

20050620-02
K-888
813/05 8:05:00 AM

Soil

Th-232 HASL 300
Radiochemical Analyses

0.986 +/- 0.129 pCi/g
Inorganics Analyses

92 5.4 %

0.416 8/5/05 SD

Percent Moisture ASTM D2216-! 8/8/05 8/9/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050620-03
K-889
813/05 8:10:00 AM
Soil

Radiochemical Analyses
HASL 300 0.855 +/- 0.061 pCi/g

Inorganics Analyses
ASTM D2216-92 5.1 %

0.334 8/5105 SD

8/8/05 8/9/05 RT.

Lab ID:-
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050620-04
K-890
813/05 8:15:00 AM
Soil

Radiochemical Analyses
HASL 300 1.22 +/- 0.136 pCilg

Inorganics Analyses
0.387 8/5/05 SD

ASTM D2216-92 4.3 % 8/8/05 8/9/05 . RT

BDL =Below Detection Limit



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum

Thorium Remediation
20050620

8/10/05
8/4/05
2of3

Outreach
- ')oratory

40enAo K 74012
(918) 251-2515
FAX (918) 251-0008 Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:

_. Date Sampled:
Matrix:

20050620-05
K-891
8/3105 8:20:00 AM
Soil

Th-232 HASL 300
* Radiochemical Analyses

* 0.913+/-0.115 pCi/g
Inorganics Analyses

5-92 2.1 %

0.601 8/6/05 SD

Percent Moistuwe ASTM D22 1 8/8105 8/9/05 RT . .

Lab ID:
.Client ID:
Date Sampled:
Matrix:

20050620-06
K-892
8.3/05 8:25:00 AM
Soil

Th-232 HASL 300
Radiochemical Analyses

1.26 +/- 0.080 pCi/g
Inorganics Analyses

92 5.6 %

0.250 8/6/05 SD . . .

Percent Moisture ASTM D2216-' 8/8/05 8/9/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050620-07
K-893
813/05 8:30:00 AM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.73 6 +/- 0.067 pCi/g

Inorganics Analyses
92 7.9 %

0.199 816105

8/9/05

SD

RTPercent Moistu e ASTM D2216-i 8/8/05

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050620-08
}i-894
8/3/05 8:35:00 AM
Soil

Radiochemical Analyses
1.03+/-0.101 pCi/g* Th-232 HASL 300 0.472

Inorganics Analyses
ASTM D2216-92 9.4 %

8/8/05 SD

819105 RTPercent Moisture 8/8/05

IIDL= Below D:tection Limit



Client:

Client Project:

* Lab Number:

Date Reported:

Date Received:

Page Number:

riaiser itiuminum

Thorium Remediation

20050620

8/10/05.

8/4/05

3 of 3
Outreach

boatory
froken :tAr. OK 7401 Z

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

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:

Client ID:

Date Sampled:

Matrix:

20050620-09

K-895

8.13/05 8:40:00 AM

Soil

Radiochemical Analyses
HASL 300 1.23 +/- 0.083 pCi/g

Inorganics Analyses
ASTM D2216-92 9.0 %

Th-232

Percent Moistwe

0.331 8/6/05 SD

8/8/05. 8/9/05 RT

QC Report

Parameter Blank LCS .LCSD DUP MS MSD Date
%REC %REC RPD RPD *%*REC %REC RPD

Ac-228 51.8 815105

i,,L19, Am-241
Bi-212

Bi-214

Co-60

Cs-137

K40

Pb-212

Pb-214

Percent Moisture

Th-234

TI-208

. U-235

97.0 90.0 7.1

NC

NC

100.0 . 94.0 6.2

98.0 96.0 1.6

16.4

34.4

1.4

6.6

NC

NC

NC

8/505

8/5/05

8/5/05
815105

815105

81510S

U5/05

815/OS

8/9/05

8/5/05

815105

815/05

Lab Approval:

BDL = Below Cetection Limit



'-.- OUTREACH CHAIN. CUSTODY
... . .

-

LABORATOR'
311 North Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008

Results To:

LoCe4Lt.

Ct tt'. -i*q_

q,% I i

Company A;etV - _____, ___

Namei Ql,. e. \~A~-YA

Address...La E-'SW-l 1'LS7 411
Bill To:

.

city `Vk Ar -State-.Ik-zp I -fIN
Phofljjj-_%~-l 51-~Za Fax# St IM&ZAI -..

' . I
Company~v h ,5A. )f'A £, ..

Name~k2 R ,'A ~ k !:'' S

Address -7 C\ ' L . - --'A I
ci y-\>J State-& i 25t5

__-_gsi u = n i--111__

PO\# VA _A.1 t # CoifrAtNER PRESERVATIVE

PROJECT# - * _.. 7 S C S 1. HNO3pHIZ J
1. 2. Hlce P4C-

PROJECT NAME \A b ' 2. ke 4C! p2 d <

REQUES URNAROUND TIME rA OR NaOHOpH11 _

(ADDJUg. I LZ= I GLASB NOI1 0£i , LEIRQSL(ADDTNL H GS GSMAY APPLY) , , I
N
E

SAMPL R 1 Z~j-R
gnat .SA s .. REMARKS

CLINT SAM M E E.Tim(I.E. FILTERED, UNFILTERED,
____ = = = GRAB, COMPOSITE)

I 0

V, 4

aS1 O'qb_1 h- I _ z <- r _

) zV~~/I /1zhYAL Ct_ _ .
. < ' ~~~. ) ^_

RELINOUISHED BY:E 2 DFX Yj ME-____RECEIVEDBYDATFTiMF___
My signature on thIs chain of custodyom indicatesythat I am authortzed by the above ompany to rlstea semplbs for anlyst. The company agrees to pay the entire bsalnce upon recespt
of sample data and t Is understood and agreed that any balance carded over thtrty (30) dayt Is subject to a 1.5% per month (18% per annum) late charge. In the event oi default the company
becomes legally lable for any reasonable attorney and/or collectIOn fees and ae related costs necessary to remit the ntire balance to Outreach Technologist, Inc (Outreach Laboratory).



F--

SAMLE Ji IN

Ce

Date Received: 8/4/05 10:02:53 A

Sample
Number

Client
Sample ID

Lab Number:

Date
Matrix Sampled

Soil 08/03/05

20050620

Container
Type

Plastic

Container
Size Preservation

Due: 8/11105 .

Custody Seal
Seal Intact

20050620-01 A K-887
Percent Moisture (LOD)

Th-232 by Gamma Spec

-

16oz None Yes Yes

20050620-02 A K-888
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050620-03 A K-889
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil

20050620-04 A K-890
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050620-05 A K-891
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil

08/03/05 Plastic

08/03/05 Plastic

08/03/05 Plastic

08/03/05 Plastic

08/03/05 Plastic

08/03/05 Plastic.

08/03/05 Plastic

08/03/05 Plastic

16 oz

16oz

16 oz

16 oz

16oz

16 oz

16 oz

16 oz

None

None

None Yes

Yes

None Yes

Yes Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

20050620-06 A K-892
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil None Yes

20050620-07 A K-893
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil None. Yes

20050620-08 A K-894
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil None Yes

20050620-09 A K-895
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil None Yes



v CC

CONTAff NSPECTION

X Coolers Custody Seats Broken - Temperature --Blue Ice / Wet Ie Radiaton Survey fixed removable

SAMPLE INSPECTIONJH1

Custody Seals Broken -- Chain of Custody Record&)N Labels in Tact(/N Radiation Survey Complete Y/N

I

Anomalies:

Inspected By: / 7 DATE O C7

QA or Designee Review: DAT S5

Sample Custodian R iew: % DATE qTE-619
1 &- vJ M 0

Project Notes:



outreach 1 a
boratory 5j4-cA
Northi Aspen 'J

Broken Arrow. OK 7401 ZJanuary 19, 2006 )-
(918) 251-2515
FAX (918) 251 -0008

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

Project: Kaiser Thorium Remediation PAA000-4072
OUTREACH LAB ID: 20060018

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in ourlaboratory on
January 10, 2005 for the above captioned project. Four soil samples were received in

' good condition and analyzed by Garnma Spectroscopy without drying and grinding and
- Percent.Moisture with an expedited 5-work day turn.

* , All Quality Control for the requested analyses is reported on the analytical report. The
laboratory control standard and duplicates for all analyses were within method control
lirnits.

Your samples will be.returned as requested.

: Thank you for choosing Outreach Laboratory and if you have any questions,.please call
-us at 918-251-2515.

Laboratory De

ODEQ ID #9517 '.
*, DEQ LIC. #27522-01.

CERT. ID



Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20060018
1/19/06
1/10/06

I of2
Outreach

Q,,ltboratory
X NothAspen

Broken Arrow. OK 74012
(918) 251-2515
FAX (918) 251. 0008 Analytical Report

Result UnitsMethod * DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:

Date Sampled:
Matrix:

*20060018-01
K-184
1/19/05 2:25:00 PM
Soil

Radiochemical Analyses
HASL 300 . 2.01 +/-0.355 pCi/g

* Inorganics Analyses
ASTMD2216-92 . 182 %

*Thorium 232

Percent Moisture

0.757 . 1/10106 SD.

RT.1/11/06 1/12/06

LaW ID:
Client ID:
Date Sampled:
Matrix:-

20060018-02
K-499
1/25/05 2:15:00 PM
Soil

Radiochemical Analyses
*HASL 300 1.13 +/-0.235 pCi/g

Inorganics Analyses
ASTM D2216-92 7,4 %

Thorium 232.

j Percent Moisture

0.506 . 1/10/06 SD

1/1.1/06 1/12/06 kT

-'Lab ID:
* :Client ID:
* 'Date Sampled:
. Matrix:

Tliorium 232

Percent Moisture

200C60018-03
K-810
7/2D/05 2:20:00 PM
Soil

Radiochemical Analyses
HASL 300 0.8 19 +/- 0.184 pCilg

Inorganics Analyses
ASTM D2216-92 21.8 %

0.258 1/10/06 SD

1/11/06 1/12/06 RT

* Lab ID:
Client ID:

* Date Sampled:
Matrix:

* Thorium 232

* Percent Moisture

20060018-04
K-896
8/3105 8:45:00 AM
Soil

Radiochemical Analyses
HASL 300 1.13 +/- 0.249 pCi/g

Inorganics Analyses
ASTM D2216-92 6.6 %

0.453 1/10/06 SD

1/11/06 1/12/06 * RT

DDL e Below Dctention Limit



Client:
Client Project:
Lab Number:
Date Reported:

Outreach Date Received:

aboratory Page Number:
1I North Aspen

Broken Arrow, OK 74(12
(928) 251-2515
FAX (918) 251 -0008

Kaiser Aluminum
Thoriurn Remediation

20060018
1/19/06
1/10/06
2of2

QC Report

Parameter Blank LCS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %REC RPD

Ac228 NC 1/10/06

Am-241

*CD-60

* Cs-137

* Percent Moisture

82.0

95.0
94.0

81.0

94.0

94.0

1'.0

13

0.7

1/10/06

1/10/06

1/10/06

1/12/067.0

Lab Approval:

.,e

DDL= Below Detection Limit



-A C
C HAIIv- .- CUSTUDY

C
UUIMhAUI
LABORATORY

Results To:
b1AR I-
? i',-t i

Companyv Vhl&"et IPA4r'- Kif

Pill To:.

. . , ,

Name 1sA4 tji 5J . 5 ~z
.T - . _ .I

311 North Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008

1! u1 . Ph r A -1A t -F AI . - AAA __ -- I I, C!. ;t
ut-IHN5M It II I %* 1 '4. .\ I .

C!ty-Ii..t J\. State -- I Zip 7 fib.l-

CONTAINER
SIZEPAD- 4 T7 E

YA71aft TIME 45 k -^ *

PRESERVATIVE

1. HNO 3 pHd2
L ke W4C
3. HCI pH4
4. H2SO pH`d
S. NOON pwlt1

J C

I

T
A

PLASTIC
OR

GLASS

REMARKS
(I.X FILTERED, UNFILTERED,

GRAB, COMPOSITE)

D48 P,'i'. Go \AkHp
RELINQUISHED BY: DATETM.ME R ECEIVED BY: DATE_ _ TIME

My signature on this chain of custody form Indlsl that I am authorIzed by the above company to release samples for ansais. The company agrees to pay the entIre balance upon receipt
of sample data and It s understood and agreed tt any balance canted over thirty (30) days Is'sublect to a 1.5% per month (1 8% per annum) lt* charge. In the event of default, the company
becomes legally liable for any reasonable attorney and/or collection fees and all reiated costs necessary to remit the entire balance to Outreach Technologies, Inc. (Outreach Laboratory).

SAMPLE RETURN/DISPOSAL Ail non-hazardous samples shall be disposed of 30 days after Issue of final report. All others will be returned at client's expense.



Date Received: 1/10/0612:52:08

Sample Client
Number Sample ID

I-

Lab Number:

Date
Sampled

U1/19/05

20060018

Container
Type

Plastic

VI

Due: 1/17/06

Custody Seal
Seal Intact

Yes Yes

Matrix
Container
Size

16 z

Preservation

None

'�flfl�flfl1O fl4 A - _S

.. UV~,UAUUA'VP AO

Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20060018-02 A K-499
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil

20060018-03 A K-810
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

01125/05 Plastic

07/20/05 Plastic

08/03/05 Plastic

16oz

16 oz

16oz

None Yes

None Yes

Yes

Yes

Yes20060018-04 A K-896
Gamma Spec - Thorium 232

Percent Moisture (LOD)

Soil None Yes

CONTAINER INSPECTION

# Coolers 0 Custody Seals Broken

SAMPLE INSPECTION
Sample Seal Broken NA Chain

Anomalies

Temperature Ice

Labels In Tact 2

Radiation Survey: <300 cpm

Radiation Survey Complete ;i of Custody Record E

Inspected By: DATE a t k

QA or Designee Revirw: /1-:E, Xlt

Sample Custodian Review: AL DATE (T E t7

Project Notes:



APPENDIX A

SURVEY INSTRUMENTATION QA/QC



APPENDIX A-1

SURVEY UNIT KAISER-FSSFOA-001



Ce C

Appendix A-1, Table A-1-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSSFOA-001
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey of Unit Kaiser-
Detector ModellType Number Number Calibration Period FSSFOA-001 Usage
Ludlum 2221 Scaler/
Rate Meter with 44-10 Field analysis, high-energy gamma detection -

2" X 2" Nal Scintillation Instrument was used to evaluate remediation progress
Gamma Detector 206873 PR211675 05/17104 to 05/17/05 01(10/05 & 01/17/05 and scan land areas for the Final Status Survey.

Page 1



APPENDIX A-1-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 206873 (meter) and PR211675 (detector)



K')

I . CERTIFICATE OF CALIBRATION

WI

Customer: Enercon Services Inc. .

Mfg.: Ludlutn Model 2221
Cal Date: D5/17/04 _ Cal Due Date: 05/17/05_Cal. Interval

ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

:I.! ,,
-. 571

Order NoN/A A
Serial No.:206873 68

12 mo.'s Meterface 202-159_

Check marki [ applies to applicable instruments and/or detector IAW Mfg. Spec. T 76.1_°F RH 44 % Alt. 1120 Ft.

0 New Instrument Instrument Received []Within Toler +1-10% 0 0-20/6 []Out of Tol. ORequiring Repair [Other-See Comment
MMechanical Ck. [iMeter Zeroed E1Background Subtract [Input Sens. Linearity

NF/S Resp. OK OReset Ck. MWindow Operation [ZGeotropism
RAudio. Ck. QAlarm Setting Ck. RBatt Ck. (Min. Volt) 6.2 VDC

3Calibrated in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set 900 V Input Sens. 10 MV

DeL Oper. N/A Vat N/A mV Threshold Dial Ratio 10 100
QHV Rezdout (2 points) RefAnst. 669 (670 V Refilnst. 995, / 1000_

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Gannma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RA NGEI REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MUL'rIPLER CAL POINT "AS FOUND READING" READING*

XIK 400 Kcpm 395000 cpm 395000cpm
):IK 100 kcpm 100000 cpm I 00000 cpm
X100 40 Kcpm 39500 cpm 39500 cpm
X100 10 Kcpm 10000 cpm 10000 cpm
XIO 4 Kcpm 3950 cpm 3950 cpm
XIO I Kcpm 1000 cpm I000 cpm
Xi 400 cpm 400cpm 400cpm
xiI100 cpm 100 cpm 100 cpm

*Uncertainty within 20%/.
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CA), POINT RECEIVED METER READING* CAL POINT RECEIVED METER READING

Digital Log
Readout 4Q0 cpm 8pm 3 cpm Scale 50 cpm 60cpm 60cpm

400 Kcpm 39116 cpm 39116 cpm 500 Kcpm 500000 cpm 500000 cpm
40 Kcpm 3917 cpm 3917 cpm 50 Kcpm 50000 cpm 50W0 cpm
4 Kcpm 392cpm 392cpm 5 Kcpm 5000 cpm 5000 cpm

H 4 cpm 4 cpm 4 cpm 500 cpm 475 cpm 475 cpm
ENERCON ;servicc;, inc. certified that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology or to the
calibration facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by dte
ratio type ot Calibration technology. The calibration system conforms to the requirements of ANSI INCSL Z540-1-1994 and ANSI N323-1978.

Referen ,e Instruments and/or Sources:
Cs-1370GmmaS/N 06205GF
O Alpha S/Nl O Beta S/N Q0ther C/f17 ' ;L4 g5

"0 M 500 SIN 187460 [Oscilloscope S/N '_ [MultimeterS/N 020513278-

*Calibratl By.

Reviewed By:

R. Shank

6did -t nature
U

Date: 05171040

Date: 1/172/ Z

AC Inst. El Passed Dielectric (hi-Pot) and Continuity

Only 0 Failed



PLATEAU

Instrument: Ludlum
Model No, 2221

Qll Serial No. 206783
Probe: 44-10

Serial No. PR 211675

DATE:
Source:

Serial no.
Strength:

5/17/2004
Ws137
2485
I uci

_ 4

1
2
3
4
5
6
7
8
9

10
it
12

Background
Count (cpm)

4777
5385
5517
5600
5675
5832
5680
5849
6073
5782
N/A
N/A

Source
Count (cpm)

95849
98961
104186
108132
108795
109020
111082
111402
112078
115675

N/A
N/A

H.V.

700
750
800
850
900
950
1000
1050
1100
1150
1200
1250



(
Form HPM/M-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 3

"I.

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
Acceptable Range:

(Refer to Penn E&RIHPM/M-2.1 -1)
232,512 + 2a 11238,680 + 3a 11

Calibration Due: 5/17/05 CONTACT 207,841 - 2a 11 201,672 - 3a11
_ . -,, _ __. ,, . . , . U

|Background |Source I NotSource| Batt checkl
Time Date I CountRate Count Rate' Technician WIIN +1- 2a (volts) W/IN +1- 3l

13:00 1/10/2005 9,653 | 228,250 218,597 DSB YES 5.6 YES

|7:38 |1/17/2005 | 9,025 1 229,063 220,038 1 DBWYES 5.7 YES
I

2

IComments: Background 5 minute count. Source count 1 minute.

Recalibrated by Enercon to Cs-I137.

Page 1



'II C

Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma

Acceptable Range:
(Refer to Penn E&R/HPMM-2-1-1)

8,206 + 2a 11 8,347 + 3a |
Calibration Due: 5/17/05 6 INCHES 7,637 - 2a 11 7,495 - 3a I

- ____ -. L_____.._____ ... . J... ...... ..

r Background Source Net Sourcel Batt check
Time Date I Count Rate I Count Rate Count Rate| Technician W/IN +/- 2a | (volts) W/IN +/- 3a

13:00 1/10/2005 9,653 1 17,764 1 8,111 DSB YES 5.6 YES

7:38 1/17/2005 J 9,025 | 16,609 | 7,584 DBW | NO 5.7 YES

1

2

Comments: Background 5 minute count Source count 1 minute.

Recalibrated to Cs-137 by Enercon.



APPENDIX A-2

SURVEY UNIT KAISER-FSSFOA-002



Appendix A-2, Table A-2-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSSFOA-002
Thorium Remediation Project

Tulsa. Oklahoma Facilitv
Kaiser Aluminum & Chemical Corporation

_

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey of Unit Kaiser-
Detector ModellType Number Number Calibration Period FSSFOA.002 Usage
Ludlum 2221 Scaler/

Rate Meter with 44-10 Field analysis, high-energy gamma detection -
2" X 2" Nal Scintillation Instrument was used to evaluate remediation progress

Gamma Detector 206873 PR211675 05/17/04 to 05/17/05 12/14/04 to 12115/04 and scan land areas for the Final Status Survey.

Page 1



APPENDIX A-2-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 206873 (meter) and PR211675 (detector)



'1a
. CERTIFICATE OF CALIBRATION

ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

Customer. Enercon Services Inc. . Order No.N/A_ _
Mfg.: _Ludlum Model 2221 Serial No.:2068730

Cal Date: 05/1 7/04 _____Cal Due Date: 05/17/05 Cal. Interval 12 mo.'s Meterface 202-1 59_

Check mork [B applies to applicable instruments and/or detector IAW Mfg. Spec. T 76.1_°F RH 44 _%O Alt. 1120 Ft.

O New Initrument InstrumnentReceived OWithinTolar+/-10h/* 00-20/ OOutofTol. ERequiringRepair O3ther-SeeComment
MMechanical Ck wMeter Zeroed OBackground Subtract [NInput Sens. Linearity
@IF/S Resp. OK WReset Ck. MWindow Operation [ZGeotropism
5JAudio. Ck. OAlarm Setting Ck ]gBatt. Ck. (Min. Volt) 6.2 VDC
4Calibraled in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set 900 V Input Sens. 10 MV
Det. Opa:. N/A Vat N/A mV ThresholdDial Ratio 10 100 -

DHV Readout (2 points) Rcfl~nst. 669 /670 V Reflnst. 995_____/ 1000_

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGE/ REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CAL POINT "AS FOUND READING t  READING*

XlK 400 Kcrpm 395000 cpm 395000 cpm
XIK 100 kcpm 100000 cpm 100000 cpm
X100 40 Kcpm. 39500 cpm 39500 Cpm
X100 10 Kcpm 10000 cpm 10000 crpm
X10 4 Kcpm 3950 cpm 3950 cpm
X10 I Kcpm 1000cpm 1000cpm
Xi 400 rpm 400cpm 400 cpm
Xl 100 cpm 100 cpm I 00 crpm

*Uncartainty within ± 20 /

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
_ CAL POINT RECEIVED METER READING' CAL POINT _ RECEIVED METER READING

Digital Log _

Readout 400 cpm 38cpm 38r pm Scale 50 cpm 60cpm 60cpm
400 Kcpm 39116 cpm 39116 cpm 500 Kcpm 500000 cpm 500000 cpm
40 Kcpm 3917 cpm 3917 cpm 50 Kcpm 50000 cpm 50000 cpm
4 Kcpm 392cpm 392 epm 5 Kcpm 5000 cpm 5000 cpm

_ 40 cpm 4 cpm 4 cpm 500 cpm 475 cpm 475 cpm
ENERCON Servkes. im certified that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology or lo the
calibration acility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type orcaribration technology. Tke calibration system conforms to the requiranents ofANSI INCSL Z540-1-1994 and ANSI N323-197S.

*.1

* Reference Instruments and/or Sources:
Cs-137(3ammrnSmN 06205GF
[ Alpha SIN O0 Beta SIN Q[ther Ce'T/ff- ;X4 15

. M 500 S/N 187460 QOscilloscope S/N _OMultimeter SIN 020513278

Calibrated By.

Review':d By
r

te e A. i
Date: 05/17/04_

Date: ::5/1 7/7 C
AC Inst. E Passed Dielectric (hi-Pot) and Continuity

Only a Failed



PLATEAU

. .. Instrument:
Model F'o,

,v1' Serial No.
Probe:

Serial Elo.

Ludlum
2221

206 Z 13 1
44-10

PR 211675

DATE:
Source:

Serial no.
Strength:

5117/2004
Cs1 37
2485
I uci

Z�-
,;�- --�j

111s��-

1
2
3
4
5
6

. 7

9
10
*11

. 12

Background
Count (cpm)

. 4777
5385
5517
5600
5675
5832
5680
5849
6073
5782
N/A
N/A

Source
Count (cpm)

95849
98961
104186
108132
108795
109020
111082
111402
112078
115675

N/A
N/A

H.V.

700
750
800
850
900
950
1000
1050
1100
1150
1200
1250



;ri

Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

r

Instrument Model: 2221

Instrument SIN: 206873

Detector Model: 44-10

Detector SIN: PR211675

Source SIN: Cs-1 37 sn: 547

Source DPM: N/A

Radiation Detected: gamma
,. ..

Acceptable Range:
(Refer to Penn E&RIHPM/M-2-1 -1)

232,512 + 2a
or ,,

238.680 + 3a
*11� II

Calibration Due: 5/17/05 CONTACT 207,841 - 2a 201,672 - 3a
U . ,. U.

1 Background | Source INetSourcel Battcheck
ITime De I Count Rate | Count Rate Count RateL Technician MWIN +1- 2a (volts) WIN +-e3a

8:00 12/14/2004 8,880 230,308 221,428 DSB YES 6.0 YES

8:00 12/15/2004 9,119 | 233,062 223,943 DSB YES 5.8 YES

I

2

Comments: Background 5 minute count. Source count 1 minute.

Recalibrated by Enercon to Cs-137.

Page 1



Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: | Cs-137 sn: 547

Source DPM: N/A
Radiation Detected: gamma

Acceptable Range:
(Refer to Penn E&RIHPMIM-2-t-1)

8,206 + 2a 8,347 + 3a
Ii� II -

Calibration Due: 5/17/05 6 INCHES 7,637 - 2a 7,495 - 3a
I__ __ _ _._ _ -U - __ _____.__ Ii. __ U * I

| Background I Source Net Sourcel Batt check
Time Date I Count Rate Count Rate ICount Rate Technician WIIN +1- 2a l (volts) WIIN +1- 3a

0 12/14/2004 8,880 | 16,861 | 7,981 | DSB YES 6.0 YES

8:00 j 12/15/2004 1 9,119 16,853 | 7,734 | DSB YES 5.8 YES
2

2

Comments: Background 5 minute count. Source count 1 minute.

Recalibrated to Cs-137 by Enercon.

Page 1



APPENDIX A-3

SURVEY UNIT KAISER-FSSFOA-003
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Appendix A-3, Table A-3-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSSFOA-003
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Detector Instrument Serial Detector Serial Survey of Unit Kaiser-

Modelfype Number Number Calibration Period FSSFOA-003 Usage

Ludlum 2360 Alpha-Beta Scaler
Rate Meter with a 43-68 100 cm2

Gas Proportional Alpha-Beta Simultaneous alpha-beta counting and discrimination -
Detector 193686 PR190485 05/04/04 to 05/04/05 01/20/05 to 02/01/05 Instrumentwas used to survey embedded structures.

Page 1



APPENDIX A-3-1

Ludlum Model 2360 Alpha-Beta Scaler/Rate Meter
with Model 43-68 100 cm2 Gas Proportional Alpha-Beta Detector

Serial Nos. 193686 (meter) and PR190485 (detector)



Designer and Manufacturer
of

Sclentihic and industrial
Iristnjments

C' ISTOMER KAISER ALUMINUM

CERTIFICATE OF CALIBRA77ON

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER TEXAS 79556. U.SA

ORDER NO. 215373/281348

SerIol No. I i l g/ 4•1Ludium MeMasurements. Inc. Model 2360

. Ludlumn Mooaurements. Inc. Model 43-o8 Seral No. PP- clOgP(
Cal. Date __44__ ay 0 _ Cal Due Date 4-May-05 Cal. Interval 1 Year Meterface 202-855

heck mark Rrappries to cpplicable Instr. and/or detector IAW mfg. spec. T. 75 OF RH 28 % Alt 705.8 mm Hg

D New Instrument InsiTument Received 2"Wlthln Tder. +10% D 10-2D% 0 Out of Tol. [ Requiring Repair D Other-See comments

[r Mechanical ck. 7 Meter Zeroed D Background Subtract D Input Sens. Lnearity
[] F/S Resp.ck j Resetck. [&' WindowOperation & GeotropIsn
jg Audo ck. [ Alarm Setting ck. [ Batt. ck. (Min. Volt) 2 .2VDC
['Cclibfrated In accordonce wlth LMI SOP 14.8 rev 12105/89. 0]Calbrated In accordance wth LMI SOP 14.9 rev 02/07/97.

struiment Volt Set L.5 7 -v
IN WReadout C2 points) Ref.hInst. Soo / I3 l V Ref./lnst. 1500 L4.3 v

.Firmware Version: I(i A(tEPROM Settings)
Alpha Threshold: Userimrne: l -

:Beta Threshold: 3 Alpha Alarn: 6 62
Beta Window. Beta arm: C)
Overload fika 2LfT A + o.1 F -Se+ A/B Alarm: - -
Instrument calibrated with a _'J?_f coble. Model 2360 Die:
Hih voltage set Aith detector C,,., Callbratidh Date Due: L i J . L ;

O0MMENTS:
fe. r i s ;230 .s 3 5% 9oi 2 r Rcok rown el coant o oi s )5Op4 >ea co wEt + I03 4 pr m So ce- 54-e- P 9lOqim

C. cor h '3% L % 2A 5 ks ro-ect cou.ift IqM 3 Sottrcecoht,+ qceM )S5o'r.te 3a;v JlScir
r '\for"~i *q: .° 2r; Bck9rit3roLk r a counT "c'n..'Pi' rcecwt{ 4&5crpm)sourcew se_1qy00apM

l x =5= GM deIecs dsld pedoar lo smw oqftor M 44-9 In whth e fmiot probe Les soue.

RANGE/MULTIPUER I
x1000 40
x1OOO 10(

x100 4_

xlO 1(.~n.. (

x1lO 11

xl .X 4t
-X *x . *0(~

CAL POINT
)kcpm
)kcDm)kcpm

)kcpm
4kcpm
1 kcom
)kcpm
B)kcpm

INSTRUMtNT HtU'U
'AS FOUND READING

gto

Irc

10c

INb I KLUMtN I
. METER READING*

_ 16- 4f6

- gt

All Ranoa(sl Cambroled Eecfronlcauy

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING' CAL POINT RECEIVED METER READING'

,adout 400kcpn- 3?g<44? s~ 6° l
40kcp-n. ____

4kcp:-n8C 4z
40t0cpL -ng 0
4t)cpi l _4

kn Meonsments hic. cort ties hot the c-ove hotuent has been coftnoted bytsardords toceI to Ihe Nftlcnd hItfute o Standcrds cnd Tedcholoy. or to he cdbrto factles of
or hIternatond Standords O ganiscrion rnerrbeos or have boen deotved from occepted vokes of txuci rtcd costaints or have been dctved by the rtlo typfe Of c dixrtlon t dchvlc-e
colbrioln system cornonm to te req.emnw* ofANWNCSL Z540-1-1994 and A,/§1 N23-1978 State of Texas Caibration LUcense No. LO-1963

ofo rence Instruments and/or Sources:
$137GarrnaS/N 01162 [OG112 [OM565 05105 OT100B OT879 OE552 OESS1 0720 0734 01616 ONeuitron

' Xoha S/NIa 3 TaS/N T, _?l?_) &f lir-ElV o Other

.50 S/N .5Q800 1 ,p lIloscope5/ f MultimeterS/N 83<

:alibrated By: X) i t l Date

Prn-241 Be SIN T4304

990,502

?eviewed By. CJ<)zIL
,

oP~oI
Date

Ns certincate tc not bo reofodJucod except In ftA v4thout the wiltton o~provo of Ludcxfn Moasromonts, Ihc.
ORMC22S 111263

I AC Inst. ] Passed Dielectric (if-Pot) and ContinuAty Test I



VI
Deslgnm and Manufacturer

of
Sciertific and fi-simriot

Instmrurents

~lf, '0 -
POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER TEXAS 79556, U.S A.

Bench Test Data For Detector

Detector - 43-68 Serial No.R -- 2 l 7 I L 5
Customer KAISER AWMINUM

. Counter - 2 Seriol No. | )g 646G
Count Time 1 Minute

Order #. 215373/281348

Alpha Input Sensitivity /:20 mV

Beta Input Sensitivity 3, 5 mV
Beta Window - (7 mV

Other -_ Distance Source to Detector - �L r- r,�, -c-

* High
* Voltage

Isotope I 1;23
Size

Isotope _T=2 .
Size -Background

A oha Bet

Isotope
Size JLY1122cpm

Alpho Betaa AlJha Beta Aloha Beta

a%; 2q 573 q11 a-5 1St 6 431
0 U5 L o J2 U d±W YL2 A7 127 CD Z5I4

-[2 . S Q 4 2 c i 1 7 q ! a A S . Z a il ± I k z 2RS Zfs -i 11 0. 6GO2 1 4b.m 5 .2.8 5 7

Gas Propolonci detector count rate decreased S 10% after 5 hour static test using 390 cable.
* *Q Ga~s propoltonal detector count rate decreased • I10% after 5 hour static test using 39' cable and cdpha/beta counter.

-",41 -,.�S Signature -

FORM C4B 0409/2003

Date /-/

* ServIng The Nuclear Industry Since 1962 .



Form HPM/M-2-8-1
Daily Check Log for Ludlum Model 2360 with 43-68 Detector

Instnrment 2 Alpha

InstrumentJSN: Ludlum Model 2360 193686 Check Source(s) Used: Th-230, SIN 5053-03
Detector/SN: Model43-68/PR190485 - i
EFF %: a= 17.78 % 4x source check acceptance criteria a_
CALIB. SOURCE USED: Th-230 Average (NCP 2,564
DATE OF CALIB.: 51412004 +2 sigma: 2,655
CALIB. DUE DATE: 51412005 -2 sigma: 2,474 _

PERFORMED BY: Ludlum Measurements Inc. +3 sigma: 2,700
-3 sigma: 2,429

TECHNICIAN'S ALPHA/ RESPONSE 60 min I min I min
NAME BETA CHECK DATE TIME Bkgrd (cpm) gross (cpm) net (cpm)withIn +-2 sigma within +/-3 sigma <10% drop

DB 1 Alpha SAT 1/20/2005 10:00 1.57 2,494 2.492 YES YES NA
DBW 2 Alpha SAT 1/20/2005 17:54 1.55 2,657 2.655 NO YES YES
DBW 3 Alpha SAT 1/26/2005 13:51 0.85 2,500 2.499 YES YES NA
DBW 4 Alpha SAT 1/26/2005 17:50 1.47 2,431 2,430 NO YES YES
DBW 5 Alpha SAT 1/26/2005. 18:05 1.47 2,492 2,491 YES YES YES
DBW 6 Alpha SAT 1/27/2005 9:50 1.50 2,502 2,501 YES YES NA
DBW 7 Alpha SAT 1/27/2005 16:14 0.58 2,482 2,481 YES YES YES
DBW 8 Alpha SAT 1/31/2005 13:43 1.40 2,532 2,531 YES YES NA
DBW 9 Alpha SAT 1/31/2005 17:38 1.62 2,493 2,491 YES YES YES
DBW 10 Alpha SAT 2/1/2005 9:58 1.08 2,504 2,503. YES YES NA
DBW 11 Alpha SAT 2/1/2005 8:22 0.83 2,494 2,493 YES YES YES

Page 1



APPENDIX A-4

SURVEY UNIT KAISER-FSSFOA-004
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Appendix A-4, Tabte A-4-i
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSSFOA-004
Thorium Remedlation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Detector Instrument Serial Detector Serial Survey of Unit Kaiser-

Model/Type Number Number Calibration Period FSSFOA-004 Usage

Ludlum 2221 Scaler/ Rate Field analysis, high-energy gamma detection -
Meter with 44-10 2" X 2" Nal Instrument was used to evaluate remediation progress
Scintillation Gamma Detector 172053 PR206815 11/15/04 to 11/15/05 01/25/05 and scan land areas for the Final Status Survey.

Ludlum 2360 Alpha-Beta
Scaler /Rate Meter with 43-68

100cm2 Gas Proportional Simultaneous alpha-beta counting and discrimination -
Alpha-Beta Detector 193686 PR190485 05/04/04 to 05/04/05 01/27/05 to 02/01/05 Instrument was used to survey embedded structures.

Page 1



APPENDIX A-4-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 172053 (meter) and PR206815 (detector)



I
CERTIFICATE OF CALIBRATION %

ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

Customer: Enercon Services Inc. . Order No.N/A /
Mfg.: Ludlum Model 2221 Serial No.:172053
CalDate:11/15/04 CalDueDate: 11/15/05_Cal.Interval 12mo.'s Meterface 202-159

Checkmark (appliestoapplicableinstrumentsand/ordetector. IAW Mfg. Spec. T L -F RH- ?LA % Alt 1120 Ft.

*QVlewn:itrument InstrumentReceived QWithinTokcr4/-l00%. 3/-20"/. QOutofTol. ORequiringRepair Q]Other-SeeComment
* aMechanical Ck. [EMeter Zeroed [:Background Subtract 01 put Sens. Linearity

[2/S Re ;p. OK: [fReset Ck. Eayindow Operation 0WGeotropism
f~udio. Ck. []Alarm Setting C k. fBatt. Ck. (Min. Volt)-.E. t27WVDC

0Calibrated in accordance with ECL 205-1 Rev. 0 1/23/03
InstrumentVoltSetl000 V Input Sens. 10 MV
DeL Oper. N/A V at N/A mV Threshold Dial Ratio 10 = 100
* HVReidout(2points) RefJinst. o6 03 V Reflnst.L } .... j /5It5

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Gamma C6ibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANSGE/ REFERENCE INSTRUMENT REC'D INSTRUMENT METER
* MULllPLER CA_ POINT "AS FOUND READING" READING*

Xl K 400K cpm 360K cpm 400K cpm
XIK 200K cpn 200K cpm 200K cpm
XIK IOOK Cpm IOOK cpm I00KcpM

X100 40K cpm 40K cpm 40K cpm
X100 20K epm 20K cpm 20K cpm
XI100 1OK cpm 10K cpm 1OKcpm

X:Y1 4K cpm 4K cpm 4K epm
X10 2K cpm 2K cpm 2K cpm
X10 IK epm lKcpm IKcpm
Xl 400 epm 400 cpm 400 cpm
xi 200 cpmt 200 cpmt 200 epm
Xi 100 cpm 100 cpm 100 epm

Uncertaiany within ±20'/.

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING* CAL POINT RECEIVED METER READING

Digital Log
Readout 400 cpm 39 epm 39epm Scale 50 cpm 50 cpm -50cpm

400 Kcpm 39522 epm 396 epm 500 Kcpm 500K epm 500K cpm
40 Kepm 3952 cpm 3952 rpm 50 Kepm 50K rpm 50K rpm
4 Kcpm 395 epm 395 rpm 5 Kepm n5Kcpm 5K rpm
40 epm 4 epm 4epm 500 epm 500cpm 500 epm

ENERCON Stvices, ine. certifled that the above instrument hWs been calibrated by standards trable to the National Institute of Standards and Technology or to the
calibration facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type ofaclibration technology. The calibration system conforms to the requirements o ANSI /NCSL Z540-1-1994 and ANSI N323-1978.

* Reference Instruments and/or Sources:
Cs-137 Gamma S 'N'j6205GF e
E Alpha SIN El Beta S/N O0ther

FM500W/N 187460 OOscilloscopeS/N __MultimeterS/N 02051f77T -

- Calibrated 13yr R. Shank _, J

';.Iv Reviewed lly: / ' I
Date: 1115/04

Date:
.

I e
AC Inst. 0 Passed Dielectric (hi-Pot) and Continuity

Only El Failed



PLATEAU

Instrument: Ludlum
Model No, j2221

I Serial No. j2053j
Probe: 44-10 (9

* Serial No. PR206815
Background
Count (cpm)

DATE:
Source:

Serial No.

1111512004
Cs137

1680-03

Temp:- 71.5
R.H. 27%

2
3

:.4
5
6
7
8
9

10
11
12
13
.14
*15
16

8286
8252
8350
8515
8672
8380
8041
8692
8951

* Source
Count (cpm)

628904
638527

* 646838
651203
652901
654723
656254
655617
656943

H.V.

800
825
850
875
900
925
950
975
1000
1025
1050
1075
1100
1150
1200
1250

.. I

i



.!01�-t-
,�-- I

Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 4

v ',

Instrument Model: 2221

Instrument S/N: 172053

Detector Model: 44-10

Detector S/N: PR206815

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma

Acceptable Range:
(Refer to Penn E&R/)PMM-2-1-1)

282,153 + 2a 11 286,274 + 301I
Calibration Due: 11/15/05 CONTACT 265,669 - 2a 11 261,548 - 3a II

_ _ _ _ _ _ _ _ _ _ _ _ . A. ..

Background Source ]Net Source Batt check
I Date I Count Rate I Count Rate ICount Ratel Technician WIIN +/- 2a (volts) WIIN +1-3a

1 10:3 1/25/2005 | 9,540 | 282,595 | 273,055 | DBW YES 5.3 YES
lComments: Background 5 minute check. Source check 1 minute. I

Page 1
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Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 vith 44-10 Detector

Instrument 4

�11-

Instrument Model: | 2221

Instrument S/N: 172053

Detector Model: 44-10

Detector S/N: PR206815

Source SIN: Cs-137 sn: 547

Source DPM: NIA

Radiation Detected: gamma
4 *41. - -

Acceptable Range:
(Refer to Penn E&R/HPM/M-2-1-1)

9.545 + 2a
l4'

| 9,674 +3a
It 8.906-3o ICalibration Due: 11/15/05 6 INCHES 9.035 - 2a

,.11 I . . .I

l Background | Source TNet Sourcel Batt check
I Date I Count Rate | Count Rate I Count Rate Technician WIN +1- 2a (volts) WIIN +/-3a 1

li|1:8[ 1/25/2005 | 9,540 | 18,963 9,423 | DBW YES 5.3 YES

|Comments: Background 5 minute count. Source check 1 minute.

Page 1



APPENDIX A-4-2

Ludlum Model 2360 Alpha-Beta Scaler/Rate Meter
with Model 43-68 100 cm2 Gas Proportional Alpha-Beta Detector

Serial Nos. 193686 (meter) and PR190485 (detector)



[J Deslgner and Manufoclurer
of

Sclentif c and Industrial
Instrurmcnts

C' ISTOMER KAISER ALUMINUM

CERTIFICATE OF CALIBRATION

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER, TEXAS 79556. U.SA

ORDER NO. 215373/281348
iEf-d -I / g)

i LudlumJgessjrements. Inc. Model 2360 Serial No. I| ( 5 ti / (p

vitg. LudlumAlveoasrements. Inc. Model 43-68 Serial No. fJ I9OY 5
Cal. Date _ ___4-MtoAy-4 Cal Due Date 4-May-05 Cal. Interval 1 Year Meterface 202-855

heck mark ERapplies to applicable Instr. and/or detector lAW mfg. spec. T. 75 OF RH 28 % Alt 705.8 mm Hg

[ New Instrument Instrument Received WithIn Toler. +-10% 0 10-20% [] Out of Tol. [] Requiring Repair E] Other-See comments

Pr Mechanical ck. [a Meter Zeroed [ Background Subtract [] Input Sens. Unearity
[] F/S Resp. ck 6 Reset ck. [g Window Operation [j Geotropism
[j Audio ck. EJ Alarm Setting ck. 6 Batt. ck. (Min. Volt) 2.2 VDC
2'alibrated In accordance with LMI SOP 14.8 rev 12/05/89. 0 Calibrated In accordance with LMI SOP 14.9 rev 02/07/97.

strument Volt Set J5ZG V
gf HV Readout (2 points) Ref./Inst. 500 I iL L. V Ref./lnst. 1500 I |J9. 2 V

. Firmwore Version: Q57olow5t' (EEPROM Settings)

Alpha Threshold: JQ. < User Tlime:
Beta Threshold: Alpha Alarm: 0
Beta Window: Beta Alarm:
Overload L .ke',4 ft nif •tL A/B Alarm: .
Instrument calibrated with a 352ficable. Model 2360 Date:
High voltage set with detector C. P .2 Calibration Date Due:

'OMMENTS:
o 4 r fl 230 3 5.5% 2 t c k Backjroweid count I ep m 5owece Cort + lo36.y _5eOrc. 5'ze ;29Q0Oc-

-, (o0 T 039,4.6% 2f: I bkk 3 roand cowutf Icplq SoEftrcecoc.+ 4q'cpi m" I 5Od.4te_ 3aZ'.e 1535 q-

-\^oCTc/? ? j.o %' 2r; i Bcck3roandt cownu ( p3crprw1 urceccoun4  49o5ca )4ourceS 're. 1qfcocppr

__ da rtio lo wrce excetfor M 44-9 in wtMcht front ofpbebs sur.
I

RANGE/MULTIPUER '
x1t0W 40t
x10 00 10t

X10 __
x10_

. xI 40t
-xI 10(

*1 l..nva~ ,n~ wi~ . 1 r W F' E~ i , .Mfd

REFERENCE
-AL POINT
Wkcp~m
)kcpm
1kcpm
I kcpm
ikcom

INSTRUMENT REC'D
"AS FOUND READING

In,)
I WU100

1')

INSTRUMENT
. METER READING*

_ ion
- 4:60

I Cairia

All Ranno(sl Calibrated FIectronical1v

lkcpm
)kcpm
)kcpm

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING* CAL POINT RECEIVED METER READING*

,adout 400kcn 3T 4) 815(O> Scale
40kcpl~n _'?2?'c / Qss
4kcprn 'goo qM 4ft

_40t0cplmQ 4

lurn Measurements. hsc certiesi hat1he to bove rtwnen has been calbratedby stasdcrds traceoble to the Nobond hsttute of Standcrds rnd Techndlogy. or tohe a coltlroktfocles of
er Interrattond Standords Orntzalton remrrbers, or hove been derived frorm accepted vCiues of natura physical constants or have bee derived by the ratio type of coabrrlatitn ledriq
calibrati systerm cnforrrt to the reqijements of ANSI/NCS Z5401l-1994 and ANSI N323-1978 State of Texas Calibration Lcense No. LO-1963

aference Instruments and/or Sources:
s-137GamrnaS/N 1 52 ElG112 ElOM565 El5105 OTI0 ElOT87° ElE552 OlE551 El720 O734 O1616 ElNeutronA

4 oha SINf2 I3/• 2 etaS/N T0 ? tJ I El Other

5W .1500S/N 5080 0 ,... EOscilloscope S/N . , Multimeter S/lN 83

BolibrytedBY: __ `_ 2G -A4 • Date 4' A t. t (/~Z . Dat

M-241 Be S/N T-304

;90502

- -- A-~ ~ -

'eviewed By: ______ Date -p-)Pl104

| AC Inst. Fn P I n~lc ( Pnti rrvl Cetn, itvg Tha I
I

Ns certitcote hll not be reproduced except hi ful without the writton approvd of Ludlrn Measurenents. Inc.
r)D&Ar-: 11P)PYt



Designe and Manufocturer
cf

Sclentdfic and Industral
InsmtuTents

907 POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER TEXAS 79556, U.S.A.

Bench Test Data For Detector

Detector _ 4AOb Serial No..PR9 -k l7OLL35
Customer KAISER ALUMINUM

Order #. 215373/281348

Alpha Input Sensitivity /LQ20 mV

Beta Input Sensitivity 3. - mV

Beta Window 5L2(7 mV

Counter 2360

Count lime 1 Minute

Serial No.- I q3 /G36

Other _ Distance Source to Detector r-s~ E

Isotope Ik;23C
Size

Isotope if 2fa
Size /5* Hidh

* Voltage
Background

Alpha Beta

Isotope
Size .. LL2cp3

A0ph BetaAlpha Beta Alpha Beta

2 LL? iq 3 qj J 51 ± S I 0 1 Z 73
1 a o 2L J±11&k 42I dl 227 0 7,5 L
1S7• .1 Ir "', 92';I I

.. .2 Lc2 , _,. . I .L .

1 ) 2 20 2 1(75 / L2- - 5 f% , I q 7q7L
- 0 26 42 g LIS3 5-5 :8 q

_ _ =

V(Gas Proporlional detector count rate decreased S
F Gas propor11onal detector count rate decreased S

10% after 15 hour static test using 39" cable.

10% ofter 5 hour static test using 39' cable and alpha/beta counter.

Signature Date 4 A tan

FOQM C4AB 04/0I2B03
* Serving The Nuclear Industry Since 1962 .
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Form HPM/M-2-8-1
Daily Check Log for Ludlum Model 2360 with 43-68 Detector

Instrument 2 Alpha

1zu

Instrument/SN: Ludlum Model 2360 193686 Check Source(s) Used: Th-230, S/N 5053-03
Detector/SN: Model 43-68 /PR190485 I I I
EFF %: a- 17.78 % 4t: source check acceptance crteda a
CALIB. SOURCE USED: Th-230 Average (NCPMI 2,564
DATE OF CALIB.: 514/2004 +2 sigma: 2.655
CALlB. DUE DATE: 5/4/2005 *2 sigma: 2,474
PERFORMED BY: Ludlum Measurements Inc. +3 sigma: 2,700

-3 sigma: 2,429

TECHNICIAN'S ALPHA/ RESPONSE 60 min 1 min1 min
NAME BETA CHECK DATE TIME Bkgrd (cpm) gross (cpm) net (cpm) within +/- 2 sigma within +1-3 sigma <10% drop
DBW 1 Alpha SAT 1/27/2005 9:50 1.50 2,502 2,501 YES YES NA
DBW 2 Alpha SAT 1/27/2005 16:14 0.58 2,482 2,481 YES YES YES
DBW 3 Alpha SAT 1/31/2005 13:43 1.40 2,532 2.531 YES YES NA
DBW 4 Alpha SAT 1/31/2005 17:38 1.62 2,493 2.491 YES YES YES
DBW 5 Alpha SAT 2/1/2005 9:58 1.08 2,504 2.503 YES YES NA
DBW 6 Alpha SAT 2/1/2005 8:22 0.83 2,494 2,493 YES YES YES

Page 1



APPENDIX A-5

SURVEY UNIT KAISER-FSSFOA-005



Appendix A-S, Table A-5-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSSFOA-005
Thorium Remediation Project

Tulsa. Oklahoma Facilitv
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey of Unit Kaiser-
Detector Model/Type Number Number Calibration Period FSSFOA-005 Usage
Ludlum 2221 Scaler/

Rate Meter with 44-10 Field analysis, high-energy gamma detection -
2 X 2" Nal Scintillation Instrument was used to evaluate remediation progress

Gamma Detector 86314 PRI57366 01/20/05 to 01/20/06 05/16/05 and scan land areas for the Final Status Survey.
Ludlum 2221 Scaler/

Rate Meter with 44-10 Field analysis, high-energy gamma detection -
2" X 2" Nal Scintillation Instrument was used to evaluate remediation progress

Gamma Detector 216521 PR226935 05/17/05 to 05/17/06 06/03/05 and scan land areas for the Final Status Survey.

Page 1



APPENDIX A-5-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 86314 (meter) and PRI 57366 (detector)



* Certificate of Calibration
Ratemeter / Scaler Certificate of Calibration

ERG
EnvFuinmenW Rtswi
3109 Wu)..wston SLt
Albuqucrque.NM t71
(505) 291t-224

/0) 18

Oh Goup. Ih

rE, Suito ISO
' 3

S....(. . .* Manufacturecr Ludlum Model: 2221 Serial No.:

All Ranges Calibrated Electronically, Ludlumn Pulser Generator S.N.

.t63 11
97743

Reset 1• Audio ETOMechanical GY Battery [?Window Operation

}High Voltage S00E 131000 v lS00Y ON '

- Instrument found within tolernce (+/- 10%/6) Yol No O

Instrument
Refernec Setting Ratemeter 'As found reading'

'400 Kcpm . /OO IO /
1O Kepm tOOi.( K p4*

40 Kcpm_

10 Kcpm fo /co"-

4.Kepm- -C KC/4

I Kcpm - k CR'f_
40 0 cpm tf " c4~

* 100 cpm c c it_

Integrated Counts. Log Scalc ; Instrum nt
Refcrcnco Setting (I -a^ oeta) Count Rate 'As found asding"

4001Kcpm 3?9oyo ____t/__

40 Kcpm r a0 Y . le-

4Kcpm

400 cpm (ba . C

; -

;. .;. Calibrated By:______________

Reviewed _By:- __

Calibration Date: I/?.o/o 5

CalJ,btation Due:J 112 1/C06

Date: - /2 j ° -

/,

2PG Form U.2D



Certificate of Calibration
Voltagc Pbltau Form qsn

I.6-

eRG,
EndtoirunenW Pestor
8809 WaSnsigton St.
Albuquerque. NM 87
(50S) 209-4224

ion Group, Inc.
E. Suite IS0
13

DelectorMfg.: Ludluum Model: / - Sri.-/O 3SerialNo.: Oa rA3 6 j *

Countcr Mfg.: Ludlum model: 211 l Serial No.: &,a 3TV (Z 5V$S )

Counter Threshold Setting:.... 1 mV Geometry I Distance to source: 6-inches

SOLIce: | Tn230 13.50 dpm sn 4091-03 0 Tc9 3 1 S100 dpm = 4099-03

VCs1 37 6.5 pCi an: 4097-03 OO __3_ _

CountTime: 1 minute(s) C C4G C./ S C - C-l0 C6

High Gross Source Background
Voltage Counts Counts

-60 30so6
to6 6 6 I

. oo _ _ _ _ _ _ _._-_ _

. .-

/ooo ts63'Z ________I
.wf6 -4

. ., °- f o3P . t/tt

. .0

... .

itL!_ '

'.Recommended Operating Voltage: * ° -volts

Calibrated By:__ _ _ _ _ _._ _ __ _

Reviewed By:__ __ __

Calibration Date i °/°^

Calibration Due: /t7/O

Date /

1, "-

y)

ERG IForm 1.03A
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Form HPMIM-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 6

Instrument Model: 2221

Instrument S/N: 86314

Detector Model: 44-10

Detector S/N: PR1 57366

Source S/N: . Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
Acceptable Range:

(Refer to Penn E&R/HPM/M-2-1 -1)
282,107 + 2a I1 284,447 + 3a ||

Calibration Due: 1/20/06 CONTACT 272,748 - 2a || 270,407 - 3a ||
.= . . ..

Background I Source ]Net Source I Batt check
I Date I Count Rate I Count Rate I Count Rate Technician WIN +/- 2a (volts) WIN +/- 3a

1 1 5/16/2005 | 9,719 | 287,970 | 278,211 | DD YES 7.0 YES
I - A _ I
lComments: Background 5 minute count. Source count 1 minute.

Page 1
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Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 43-68 Detector

Instrument 6

Instrument Model: 2221

Instrument S/N: 86314

Detector Model: 44-10

Detector S/N: PR1 57366

Source SIN: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
Acceptable Range:

(Refer to Penn E&RIHPMIM-2-1-1)

I - II - -

9,741 + 2a 11 9,849 + 3a ||
Calibration Due: 1/20106 6 INCHES 9,310 - 2a || 9,201 - 3a ||

I Dt J Background J Source [NetSourceN Batt check

I Il Date I CountRate !CountRate!CountRatel Technician I WIN +I- 2a (volts) IWIN +/- 3I

III 6:15 5/16/2005 1 9.719 19.143 1 9.424 1 DD YES 7.0 I YES II
. .. .-- I- . __ , .__ I _ ,.

[Comments: Background 5 minute count. Source count 1 minute.

Page 1



APPENDIX A-5-2

Ludlum Model 2221 .Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 216521 (meter) and PR226935 (detector)



.7e5�_'.
elDesWnerDndMoruacturer . j . WDLUM MEASUREMENTS, INC.

Scienlrtificrnd nditri POST OFFICE BOX 810 P-i. 325,-235-5494
ScIrsetrands CERf7FICA TE.OF CALIBRATION 501 OAK STREET FAX NO. 325-235-4672

SWEE1WATER TEXAS- 79556, U.S.A.
CUSTOMER WAYPOINT TECHNOLOGY-GROUP ORDER NO.; 235778

Ludlum Mesurements. Inc. Model 2221 Serial No._ __ ___ __
Lvadu. *m Meosurements Inc. Model 44-10 Serial No. A2Z2 75

.Cal. Date _ 17-Mov-05 CtdDueDote 17-Maov46 Cot. Interval lYeor Meterface 202-159
neck mark I3'oppfles to applicable knstr. and/or detector lAW mfg. spec. T. 71 -¶F RH 42 ¶ Alt 701.8 mm Hg

New Instrument InstrumentRecelved [J WithnToter.+s10% 5]10-20% flOut of Tol. (Requiring Repair E Other-See comments

7 Mechanlcadck; - Meter Zeroed 53 BackgroundSubttact - tputSens. LlUneaity
' F/S Resp. ck 7 Reset ck. 3 Window Operation [ Geotropism

7 Aucliock. Alarm Setting ck. fz Batt. ck. (Min. Volt) ._4 VDC X

Calibrated In accordance with LMI SOP 14.8 rev 12/05/89. 0 Calibrated In accordance with WMI SOP 14.9 rbv 02/07/97.
Threshold . mV

strument Volt Set rinxnts V Input Sens. Cornennt mV Det. Oper. Comments V at _b2&AAfinV [id Ratio__

OHVReadout(2points) Ref./lnst. 500 LIed V Ref./Inst. 200I _ V

,OMMENTS:
Peak settings. Gross Counts Model 2221 currently set 'for peaking.

High Voltage: 625v 950
Threshold dial: 642 100(l0mv) High voltage set with detector connected.

Window dial: 40 n/a
Window Position: "IN" "OUT"

tesolution for Csl37: 9.1 % n/a Firmware:261072

ted pe pto bi4-h dprbe fces se . ... .. i. :
-GDdt=tC^dpei~tdeaC ';aeeap46i I IETAI kAtTflfrj~ .In I(CTDI ItCAFtf

I I I

_1 RANGE/MUDiPLUER

* .X1Q_
*~X1lQ0
-XI-

CAL POINT
400kcpm
100kcpm
40kcpm
10kcpm
* 4kcpm

400cpm
AO10com

11A1 FOUIVIIND RElADNGv

11AQFOUND REZbING"

I

is . .E v .

MET,'IR READING*
! 5ve
. lgoo

. i/ 4S

'0za

i
!

*Uncerttntyw1ttJi 10%9 C.F.wt*%*20% ALL Range(s) Calibrated Electronically
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING' CAL POINT RECEIVED METER READING'

Igisal __ _ _ J4§f4 4) scle kcpm . .goot 400kc )m- / ScG ( 60<cpm.j:o-4Qkclxnm Xtw oo
*4kcpm- w .( _c .

40cp~m Jf rM 0pm
duxm Mea mot bIc. celtdS t the dobove kuhaent has been cdtbrted by startcxds kroeo to tie Notloc hodute d Stondords ord'Tecdtiog. or to the cdlbrtion foctesod
her iniemottard Stclvrds orgoi&o:oin mebrer or hae been doltved from occepted vduos of notld Orlcod constaits or hove been dortved by the joa tWOe Of colbrbatn tetIe
e ccobrotionl em conforns to th recFioerments of ANYNCL5 -141994 and ANSI N323-1978 State of Texas colibrotiofn Lcea No. LO-1 963

. eference instrumenfs and/or Sourcos:
1s-137GarmtaSIN 01162 OG112 [OM565 05105 OT100B OT879 OE552 OE551 O720 O734 51616

; . ". . S1.SN 5 BetaStN . Other

, .i s500S/N 38120 '5 Osclloscope S/N , Multimeter

5 Neutron Am-241 Be SMN T-304

Am241-1.66oCl-

S/N 78401030

Colibroted By:.

Reviewed By:.

-- A&-AC Date / '7-A

Date I Il XBM e)5
I oj&��__

. _ _ v. .

L)
INS CeiiifIC0to tKol not be roprodiriOd except in fuit, witout the written opprovci of Lts~ur Moosurerrents. 1rc. I AC nst. ] Passed Dielectric (Hi-Pot) and ContinuityTest



II�I Des~jner and Manufacturer
of

Sc entific and Industrial
Instrurents

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER, TEXAS 79556. U.S.A.

Bench Test Data For Detector

Detector 410 Serial No. AQ tZ7j3S

Customer WWAYPOINT TECHNOLOGY GROUP

Counter 2221 Serial No. 21/6 SZ

Count Tlme

Other

High .. Isotope .W/ Isotope
Voltage Background Size Size'.

Order #. 235778

Counter Input SensltMty ' C 3 mV

Distance Source to Detector - 2em
. i

Isotope .'
Size

Isotope -I
Size

fo .sz9 1163 7..
,f 1 1 9 ff' _ _ _ _ _ _ _ _ __:_

; %zO S3°/i's 1  ..

. o } S 1f7?4 ._ _._ _,_ _,

' t/19 _ _ _ _ _ _ _ _ _._.

_ _._ ._ _ _ _ . ._ __i

_ _ _ _ _~~ .,_ _ _ _ _ _ _ i, _ _ _

.. . -.

! . .. ' A. . *. .

*.

44LlyJ
iI

Signature Date-
-*!--' ' v-7-'

DOM C4A 04/09/2003
* Servfng The Nuclear Industry Since 1962 .
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Form HPMWM-2-6-1
Daily Check Log for Ludlum Model 2221 with 43-10 Detector

Instrument 7

Instrument Model: 2221

Instrument SIN: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
4 '41

Acceptable Range:
(Refer to Penn E&R/NPMIM-2-1-1)

287.854 + 2a 11293.373 + 3a 11
1 *1I

Calibration Due: 5/17/06 CONTACT 265,777 - 2a || 260,259 - 3a ||
. ._______S. .. .. ______ ..

E 1 Background I Source INetSourcel Batt check i
Time Date I Count Rate Count Rate I Count Ratel Technician WIIN +I- 2a (volts) WIIN +I- 3a

J1 i2 6/3/2005 1 9,367 280,795 1 271,428 DD 2a Calculation 6.0 YES

Comments: Background 5 minute count. Source check 1 minute count. I

Page 1
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Form HPMIM-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: NIA

Radiation Detected: Camma
4 II -

Acceptable Range:
(Refer to Penn E&RlHPM/M-2.1.1)

9.617+2a
II~

It 9,747 + 3a
1 8,967- 3aCalibration Due: 5/17/06 6 INCHES 9,096 - 2a

D |_Background I Source TNet Source | Batt check
Time! Date I Count Rate ! ount Rate I Count Iae Technician WIIN +/- 2ar--- (volts) /N+-3

11| 7:25 6/3/2005 1 9.367 18.543 | 9.176 | DD 2a Calc I 60 I YESR l1
T. . .I .

lComments: Background 5 minute count. Source check 1 minute count.

Page 1



APPENDIX A-6

SURVEY UNIT KAISER-FSSFOA-006
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Appendix A-6, T(able A-3-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSSFOA.006
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Detector Instrument Serial Detector Serial Survey of Unit Kaiser-

Model/Type Number Number Calibration Period FSSFOA-006 Usage

Ludlum 2221 Scaler/ Rate Field analysis, high-energy gamma detection -
Meter with 44-10 2" X 2" Nal Instrument was used to evaluate remediation progress
Scintillation Gamma Detector 86314 PR157366 01/20/05 to 01/20/06 07/20/05 and scan land areas for the Final Status Survey.

Ludlum 2221 Scaler/ Rate Field analysis, high-energy gamma detection -
Meter with 44-10 2" X 2" Nal instrument was used to evaluate remediation progress
Scintillation Gamma Detector 216521 PR226935 05/17/05 to 05/17/06 06/28/05 to 07/20/05 and scan land areas for the Final Status Survey.

Ludlum 2360 Alpha-Beta
Scaler/Rate Meter with 43-68

100cm2 Gas Proportional Simultaneous alpha-beta counting and discrimination -
Alpha-Beta Detector 193686 PR190485 05/05/05 to 05/05/06 07/23/05 to 01/14/06 Instrument was used to survey embedded structures.

Page 1



APPENDIX A-6-1

I -Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 86314 (meter) and PR157366 (detector)



: Certificate of Calibration
RILtesmeter I Scaler Certificate of Calibration

.- ' /02 r

Manufacturcr: Ludlum Model: 2221 Serial No.:

All Ran2es Calibrated Elc rtfically: Ludlumn Pulser Generator SN.

ERlG
Enlvi~llCntlal Raskx

8109 W Msr$OM SL
AlbuqucNuc. NM 8

'(SOS) 2994224

863 .c (6 f

on hGroupo. Ic
ESuik teO
13

....Z ~

* 4 (

97743

KiJ2 ..

Rcset Audio BlMcchanical W Battery E2Window Operation

High Voltage S00 " ( lOOv Eir 15OOY V
I nrstrument found within tolerance I(+1- 10) Yee No 0

Instrument
Reference Seting Ratmetor XAs found reading'

400 Icpm 400 C 0 to

I00 Kcpm to0 1< 4.p4A

40 Kcpm 40 XCCp

* 0 Kcpm 0f to CO".

4-kcpm 4 K C.A1

I Kcpm I J' C..P .__

400 cpm tf*' cfm

100 cpm /CO ce_ _

Integrated Counts. LogScalc . Instrum nt
Reference Setting (I-4ira co6W) Count Rate 'As found ading'

400 Kopm 3 !ZOL/0 Vw t 4fl
40 Kcpm J 2:o 7 O /e4 , _

4 Kcpm

400 opm 9o '0

. . .

.* . .. *Calibrated By: e -°z I A Z -

* Reviewed By::7<-

Calibation Date: 1/O

Caltbration Duo: 1/ °/° 6

Date: 1/2st/Ol -
, 

, .

/ I
I
I
I
II
I

i

.1

i
EXG Fm 1.02l.2



Certificate of Calibration
Voltage Plateau Formi ni f

/6/6

Enviroumnental Rest.,
* 3309 Wuhinston St. ,

AIbuqerqu-e.NM 871
(505) 298-4224

ion Group, Inc.
E.Suite 150
' 3

Detector Mfg.: Ludlurn Model: / Y {0 Serial No.:

Counter Mfg.:_ Ludlum Model: Ztz I Serial No.:-

'a. i,73 66 K&* f2)
zzS O S'?$)& 3Jct' (E;

-

Counter Threshold Setting:. 0J mV

Source: Q Tb230 @ 13.500 dpm a: 4098.03

* .Cs137@6.5ap .n: 4097-03

_ , .

* . Geometel I Distance to source: 6-inches

0 Tc99I8, Id00dpna n:409943

EO crr

Count Time: 1 mkinutec(s) .. 4- < / C

High Gross Source Background
Y2 Ltge' Counts§ Counts

600 33So6 .

j-oo 63}66 _ .

_ g 9 Z 6 it1

90tC UOS6
9 0 0 4__ _ _ _I__ _I

_ _ _ _ _. _ _ _ . ~c R . . .?

.___________________________ ._______ ____________________.______________ ____________.____________

- Recommended Operating Volage: JS° volts

Cilibrated By: -i.V. e' 7/.....
Reviewed By. ___

Calibration Date:_ i/ lo'

Calibration Due: l /Z4

Dat: 4~- / a.'

,N

ERG FonC 1.03A
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Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 6

Instrument Model: 2221

Instrument SIN: 86314

Detector Model: 44-10

Detector SIN: PR1 57366

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
I. II IT F!

Acceptable Range:
(Refer to Penn E&RIHPMUM2-1-1 )

282,107 + 2o 11284,447 + 3C11
-I

Calibration Due: 1/20106 CONTACT 272,748 - 2a 11 270,407 - 3a 1

| Background | Source I Net Sourcel 1 Baft check ..
I Date I Count Rate j Count Rate I Count RateI Technician WIN +/- 2a (volts) W/IN +/- 3a

-1 7/20/2005 9,683 | 289,133 | 279,450 | DD YES 7.0 YES

IComments: Background 5 minute count. Source count 1 minute.

Page 1
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Form HPMIM-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 6

Instrument Model: 2221

Instrument S/N: 86314

Detector Model: 44-10

Detector S/N: PR1 57366

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
-4 II.

Acceptable Range:
(Refer to Penn E&R/HPMUM2-1 -1)

9,741 + 2a II 9,849 + 3a 1l
..

All Al

Calibration Due: 1/20/06 6 INCHES 9,310 - 2a 11 9,201 - 3a ||
U _ _ _ _ _ _ _ -'1 U 1.

| Background I Source INet Source1 Batt check
ITime Date I Count Rate Count Rate ICount Rate Technician WN+/- 2a (volts) WIIN +/- 3a

X 7/20/2005 | 9,683 | 19,386 | 9,703 | DD YES 7.0 | YESI

IComments: Background 5 minute count. Source count 1 minute.

Page 1



APPENDIX A-6-2

Ludlum Model 2221 ScalerlRate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 216521 (meter) and PR226935 (detector)



I�I
Designer cnd Manufacturer

of
Scientfitcm and Industrlal

Irrturrernts CERTIFICATE OF CALIBRATION

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-6494
501 OAK STREET FAX NO. 325-2354672
SWEETWATER, TEXAS, 79556. U.S.A.

ORDER NO. 235778
. ., / _A

CUSTOMER WAYFOINT TECHNOLOGY GROUP

Ludlum lieosurerents. Inc. Model 2221 Serial No. XI&3 S -
Ludium JAeairements. Inc. Model 44-10 Serial No. 4 2Z29 S

Col. Date _ _ 17-M__ ayf0Col Due Date 17-May-06 Col. Interval I Yeor Meterfoce 202-159

neck mark appies to olapplicoble ktstr. and/or detector lAW mfg. spec. T. 71L. *F RH. 42 pAit 701.8 mm Hg
New histrument InstrunentRecetved 5 WIthInToter. +-10% 5 I0-207 0Out of To(. 5Requiring Repair (] Other-See comments

' Mechoril ck * Meter Zeroed [] Ba kground Subtjact Inpi t Sens. Linearity
F/S Resp. ck ' Reset ck. 3 Window Operation g Geptroplsrn

7 Audio ck. []Alarm Setting ck. g' Batt. ck. (Min. Volt) 4.4 VDC

2 Calibrated in accordance with LMI SOP 14.8 rev 12/05/89. []Calibroted In accordance with LMI SOP 14.9 rev 02107/97.
Thieshold nmVsturnent Volt Set Csmments V Input Sens. Comment mV Det. Oper. Cqnfnmts V at _aWLmfinV Dial Ratio .

(Z HV Readout (2 points) Ref./Inst. 500 / . . V Ref./Inst. 2000- v
'OMMENTS:

I High Voltage:
Threshold dial:

Window dial:
Window Position:

tesolution for Cs137:

Peak settings
625v
642

40
"IN"
-9.1 %

Gross Counts
950
100 (lOmv)
n/a
"OUT"
n/a

Model 2221-currently set ior peaking.

High voltage set with detector connected.

Firmware:261072

. . . .I

__________GMe_ pseept bPoMW 4in wtichI fivt of pbe aes .r. ____._._.___._:*

REFERENCE :INRRUMENT REC'D. INTRUMENT
i4J RANGE/MULTIPUER CAL POINT "AS FOUND READING' METER READING*

... kcnm . _ __ _ _ _ _

X1 K
X 100

X10
X 10-
X1I
X1I

lfl0kcpm
-40kcom

lokcpm
-4kcprn
.Ikeom

400cpm
1Oine-nm

. ZOO
I �/,gp
AW-1
ft
4910
, Me 0
'�aIII

'Uncertdntywlthin *10% *C.F.wttfin 2096 ALL Range(s) Calibrated Electronically
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT I INSTRUMENT
CAL POINT RECEIVED METER READING* CAL POINT RECEIVED METER READING

Ig1t al _ _ _ _ _I I • L L o g
_adout __400kcm _//O Scale 600kcpm , ;Tfk

40kc* * 50kcpm
4kcp~m . kcpm ,.S

* 400cpm - .00cm I r
40__ __ _ 50cmra

dorn Measi~oeots. krc. corffds tot the cbovo kista*~t has boon calbrated byslondcxrds trococto to tie Noticrof hsttfito o(Standards ond Techrolg. or oV 1O1Oc0IIxatiSon ~OOfher istemotliw Slcrxdords (Oroaroflonmerwrems or Nhae boon dotived from accepted vaiues 0f ncatric phs1cd condonrts or have bown dwttved by the rcd5a type ol coltation tectwrO"S.
e cananationmcoentcodmis to the rec5'keonts oAI~NS~tC%2540-1-l994 and ANSI N323-1978 State or Texas Calibration License No. 10-1 963

-

Zeference Instruments and/or Sources:
Zs-l57GtrnmoSIN 01162 OG112 OM565 05105 OT10o0 OT879 OESS2 OE55I 0720 5734 51616

'IphaS/N- 3 Beta S/N * Other

eii 500 S/N 38120 '5 OsciloscopeS/lN [~ MultimeterS/t'

p Neutron An-241 Be S/N T-304

Am241.-1.66uCl

78401030 -

LUU 1I&J U JUI L Y . -______ AL 1k L ~ I a _ _ _ _ _ _ _ _ _
. _ < V -- h O Y 7/22- -

Date 6 q r-

Date 11 r&"- aReviewed By:
.

* S.)TI~s certificaie OXAt not be f3,prodCknd exce~pt In fLit VWIhOuAtShe vwttetopi p5Nova of Lud~uT Moasterreots. h-ic.
|) A

IAc~ 1Inst. I Passed Cillecitrlc(Hi-Pot)oand Contini~ity lestI



II�I Designer onI Manufactuer
* of

Sckinflfic and Indmtrial
Instrments

. .:I . ..

UDLUM MEASUIREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX.NO. 325-235-4672
SWEETWATER, TEXAS 79556, U.S.A.

Bench Test Data For Detector

Detector - 44- 10 Serial No. ? 2ZAh935

* Customer WAYPO:NT TECHNOLOGY GROUP

Counter 2221 Serial No. z2/6 £-Z/

Order'#. 235778

Counter Input Sensitiity ' 3'. mV

*Distance Source to Detector . ' ZhiCount Time /ff-ml

* Other

High
* Voltage Background

Isotope _ 0/4 Al/ S Isotopez
Size , !.,r Size.

Isotope
Size __

Isotope
, Size

.

Ir e

i,[P

_~ __, 1.637 .

. - ,E - - - 5 / 3o " 9 ,- z .__ _ _ _ ._ _ _ _ _

grffo isMEr

* 1 1 / L .~2 L .__ _ _ _i.. . . i

AL P, -. *. .

fil .6' ,

.. %

Date aA (' - If-Signature -

)PM C4A M4091M=3

-V-- __ �-7-

* ServingTheNuclearlndustrySince 1962 .



Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector SIN: PR226935

Source S/N: Cs-1 37 sn: 547

Source DPM: N/A

Radiation Detected: gamma
Acceptable Range:

(Refer to Penn E&RIHPMA&2-1 -1)
287,854 + 2a 11 293,373 + 301I

Calibration Due: I 5/17/06 CONTACT 265,777 - 2a 11 260,259 - 3a 11

I
2

3
4

I _ . _ _ _ _ _ _ - _ _ _ _ . U....................A

f Background 1 Source TNet Sourcel | Batt check
Time Date Count Rate Count Rate |Count Rate| Technician WIN +/- 2a (volts) W/IN +/- 3a

6:55 || 6/28/2005 9,462 290,461 | 280,999 | DD YES 5.8 YES

_ 7/13/2005 9,917 292,505_ 282,648 | DD [ YES 5.4 YES

7/15/2005 9,221 290,583 281,362 DD YES J 5.6 [ YES l

6:25 7/20/2005 9,551 | 294,969 285,418 1 DD YES J 5.5 | YES ]
I .- _ . . Iluomments: Background 5 minute count. Source check 1 minute count.

Page 1
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Form HPMIM-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector SIN: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma

Acceptable Range:
(Refer to Penn E&RFHPWM-2-1 -1)

9,943 + 2a A| 10,202 + 3a ||

Calibration Due: 5/17/06 6 INCHES 8,908 - 2a 11 8,648 - 3a ||

2

A

l _._ _ _ l ______ l .IL . .. _.._..

Background Source INet Source I Batt check
Time Date Count Rate Count Rate ICount Ratel Technician WIN +/- 2a (volts) WIiN +/- 3a

6:55 6/28/2005 j 9,462 18,690 9,228 DD YES 5.8 YES

6:50 7/13/2005 ! 9,917 ! 19,537 ! 9,620 ! DD YES ! 5.4 YES

6:35 7/15/2005 | 9,221 1 18,926 | 9,750 | DD I YES | 5.6 | YES

6:25 7/20/2005 | 9,551 | 18,767 | 9,216 | DD O YES ! 5.5 | YES

IComments: Background 5 minute count. Source check 1 minute count.

Page 1



APPENDIX A-6-3

Ludlum Model 2360 Alpha-Beta Scaler/Rate Meter
with Model 43-68 100 cm2 Gas Proportional Alpha-Beta Detector

Serial Nos. 193686 (meter) and PR190485 (detector)



/aSC

Certificate of Calibration

Ratemeter Certificate of Calibration

CRG
Enyirnmental Rcsttion (
8809 Washinglion SLNE, Si

, Albquewrqe. NM 17113
(505) 298-4224

~I3 .

*ite 150
lite 1SO

Manufacturer Ludlum Model: 2360 Serial No.:.

All Ranges Calibrated Electronicallyv. Ludlum Pulser Generator SN. * 97743

Reset I/Audio 0(Me hanical V/Battery e'|

High Voltage 500v l1000v It 150 0 v ¢i/ I

Instrumrent found within tolerance (+t- 10%) YesE[/NoO

AlphaThreshold Setting: JLO mVi

BetaThresholdSetting: 3.5 mV BetaWVindow: S° mV

Instrument
Reference Setting Ratemeter 'As found reading"

400 Kcpm qDO WC4 ' D,

IOOKcpm Io k'ce C

40 Kcpm D,.

IO Kcpm /DkJtp*i

4YKcpm 4 lct,.

I Kcpm IkIep' .
400 cpm 4COC,_

100 cpm LQag_
Integrated Counts Instrument

Reference Setting (laij" cma) "As found reading"

400Kcpm LI 0 c/ /.

40 Kcpm 3'_____

4 Kcpm "v&r -P 4
400 cpm e7 CnfN

Calibrated By:4

ReviewedBy. C tI /^

* Calibration Date:

Calibration Due:

s-/Os-tI O S
._

_ __, _ _ _

OSlos-l CO
Daie / D.dO$

*ERG Form1.020



ERG
Environma Bfstoionl L
8SO9WsshintonSLE, Site 150
AlbuqerqueNM 37113t
(505) 29S-4224 I

Certificate of Calibration
Voltage Plateau Form

Detector Mfg.: Ludlum Model: 43-68 Serial No.: P V. Ik 0 LI 4S-

Counter Mfg.: Ludlum Model: 2360 Serial No.: IC ? (.4,

Alpha Threshold Setting:JmV

Beta Threshold Setting:3S mV Beta Window: S) mV
Alpha Source ae I Other._ _

Beta Source: ft O Other._j

Geometry / Distance to source: r p )T Pt G,

Count Time: ' minute(s)

High Alpha Source Counts | Beta Source Counts |Background CountsI|
Voltage | Alp . Bd4 . A S" Beta | Alph | BCXU

4ZS JZ6 37J )e4 O 2
l (( • ?I7W cot 3 ZZ77 2 T. I
'f 7S z203j S _ _ .7 . 7L t

lWoo 27 9" 'i6 I ____ ___ J/4 I
5o 47G 0-1° ¢ 5es (-

(/gS 26G3 1& s7 '-h73 37

1 7k P csJ '2 'lay- 7
=_ _ __ _ _ .__ __ _ _ .__ __ _ _ .

.__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .1 -
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ !

Recommended Operating Voltage: ISb ) volts

Calibrated BYv A < 9 --II

Reviewed By: C 1 , P -'

Calibration Date: _______

Calibration Due: 0iSO -

Date: rS/ S

ERG Form 1.031)
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Form HPM/M-2-8-1
Daily Check Log for Ludlum Model 2360 wXth 43-68 Detector

Instrument 4 Alpha

InstrumentUSN: Ludlum Model 2360 193686 Check Source(s) Used: Th-230, S/V 5053-03
Detector/SN: Model 43-68/PR 190485 1 I
EFF%: a=16.8% 4n source check acceptance criteria a
CALIB. SOURCE USED: Th-230 Average (NCPM): 1,919
DATE OF CALIB.: 5/512005 +2 sigma: 2,019
CALIB. DUE DATE: 5/5/2006 .2 sigma: 1,819
PERFORMED BY: ERG +3 sigma: 2,069

-3 sigma: 1,769

TECHNICIAN'S ALPHAI RESPONSE 60 min 1 min I min
NAME _ BETA CHECK DATE TIME Bkgrd (cpm) gross (cpm) net (cpm) within +/- 2 sigma within +/- 3 sigma
DBW I Alpha SAT 7/23/2005 11:50 0.93 NA NA NA NA
DBW 2 Alpha SAT 7/23/2005 12:05 0.93 1,861 1,860 YES YES
DBW 3 Alpha SAT 7/23/2005 14:30 1.53 1,871 1,870 YES YES
DBW 4 Alpha SAT 1/14/2006 15:04 1.30 1,920 1,919 YES YES

Page 1



APPENDIX A-7

SURVEY UNIT KAISER-FSSFOA-007



Appendix A-7, Table A-7-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSSFOA-007
Thorium Remediation project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey of Unit Kaiser-
Detector Model/Type Number Number Calibration Period FSSFOA-007 Usage

Ludlum 2360 Alpha-Beta
Scaler /Rate Meter with 43-68

100cm2 Gas Proportional Simultaneous alpha-beta counting and discrimination -
Alpha-Beta Detector 193686 PRI90485 05/05/05 to 05/05/06 06/29/05 to 07/09/05 Instrument was used to survey embedded structures.

Page 1



APPENDIX A-7-1

Ludlum Model 2360 Alpha-Beta Scaler/Rate Meter
with Model 43-68 100 cm2 Gas Proportional Alpha-Beta Detector

Serial Nos. 193686 (meter) and PR190485 (detector)



,- .I

ERG
EniaMM=Wet6Ma
3809WgdcnOtxSLw. , 51it I
.Aieu=,,NW 37113
(505)M-4224

Certificate of Calibration
Ra.enteter Certificate of Calibration o,

Manufacture. Ludlum Model 2360 SerialNo.:

All IRanoe ('l Mrstt.A P ll v Trndlhm PnlIkr Gwenedor .W

I c13 8'6
97743

Reset &'Audio b(M hanical cI/Battexy ER'

H1igh Voltage SO0v ,7. lOv I0O~v01/

Insmtunentfound within tolexanco (+1-10) Yc s'K No- O

AlphA Threshold Setting: M c£ mV

Beta Threshold Setting: 3±. jmV Beta Windowvr S mV L
Instrument I

'Reference Sctting Ratumeter "As found reading .

400 Kcpm

100 Kcpm

*4 Kcpm

* . I~p

4 Kcpm

I Kcpm

400 cpma

100 cpm

Refcrence Setting

400 Kcpes

4 Kcpm

* 4 Kcpm
400 cpm

tivo WcvA
t00 *CIps-

/ ok

Io 0* 4e c, 4,

Integratd Counts

3 1742z t
xlkr t'pe
.7 I I r-J

Instrument
*As found reto~g

t/---, -,

r ;I

Calibrated By

Reviewed By c 1 1 )

* Calibration Date:c

Calibration Due:

0 os/Vl CoS-
I

* S .

o A.os-1 0 .
. _ _ _

Daitc < [S /ax" I .;. we _ I S-

*ERG Fcrikmmim
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Certificate of Calibration
Voltage Plateau Form

f G
Entviro=wvt31CstxWia
t809 Weshngom St. IME S
Albjcq=MW :7113
(505) 2984224

I150

*Dtectorfj g.: Ludlam Model: 43-68 SerialNo.: P 1. Iq O '
CounterMfi.: Ludlum Model: 2360 ScuialNo.: C '? 634

Alpha Threshold Setting Z _mVnI

Beta Threshold Setting: 3 -mV Beta Window- 5;0 mV

Alpha Source :_______ _ Ohr__*

BetaSourcc:t' x p Other. I
Geometry / Dtance to source: C -t A G.

Count Time: P minute(s)

| igh | AlphaSourceCounts BetaSourceCounts ; BackgroundCouns Fl
I Volage r _ | I

A nI da .1 I 3dt I AMp I Bdt I

Li'

i(o t 7qs . o( 3 Z3s7 2 3 !
if7S .FZo3} . Z>h .?1t 71- t

Io tA o1I( 4 S__ f ___I
Ir°o 2 [Los, 7r i(3 z7ZJ
.LrSZ 27' 4P 'v- 7 ; X

. _ _ _ _ .__ _ _ .__ _ _ .__ _ _ .__ _ _ ___ _ _ _i

. _ _ _ _ _ _ _ ._ _ _ _ _ _ _ . ,__ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ I
. . 1 .

Recommended Operating Voltage: ISb0 0 volts

Calibrated By ., 9 _._

Reviewed Br x -LIP-,L

Calibration Date: 6fsloza/c
Calibration Due: O-°q/- -

Date: :SL/O

ERGFom 1.03D



V
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Form HPM/M-2-8-1
Daily Check Log for Ludlum Model 2360 with 43-68 Detector

Instrument 4 Alpha

Instrument/SN: Ludlum Model 2360 193686 Check Source(s) Used: Th-230, S/N 5053-03
Detector/SN: Model 43-68/PR 190485 l l

EFF%: a =16.8% 4x source check acceptance crterla a
CALIB. SOURCE USED: Th-230 Average (NCPM : J 1,919
DATE OF CALIB.: 515/2005 +2 sigma: I _ _ 2.019
CALIB. DUE DATE: 515/2006 *2 sigma: | j 1.819
PERFORMED BY: ERG +3 sigma: I _ _ 2.069

1-3 sigma: 1,769

a, ByMINIMU emr_ __r__?
TECHNICIAN'S ALPHA/ RESPONSE 60 min 1 min1 min

NAME BETA CHECK DATE TIME Bkgrd (cpm) gross (cpm) net (cpm) within +/- 2 sigma within +/- 3 sigma <10% drop

DD 1 Alpha SAT 6/29/2005 6:40 0.80 1,779 1,778 NO YES NA

OD 2 Alpha SAT 6/29/2005 13:10 1.80 1.897 1,895 YES YES YES

DD 3 Alpha SAT 7/9/2005 7:55 0.95 1.957 1,956 YES YES NA

DD 4 Alpha SAT 7/9/2005 9:25 1.20 1,852 1,851 YES YES YES

Page 1



APPENDIX A-8

SURVEY UNIT KAISER-FSSFOA-008
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Appendix A-8. Table A-8-1
Final Status Survey instrument summary

Survey Unit Kaiser-FSSFOA-008
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

in-Service Period
instrument Model and Detector Instrument Serial Detector Serial Survey of Unit Kaiser-

Model/Type Number Number Calibration Period FSSFOA-008 Usage

Ludlum 2360 Alpha-Beta
Scaler /Rate Meter with 43-68 Field analysis, high-energy gamma detection -

100cm2 Gas Proportional Instrument was used to evaluate remediation progress
Alpha-Beta Detector 193686 PR190485 05/05/05 to 05/05/06 07/21/05 to 07/27/05 and scan land areas for the Final Status Survey.

Page 1



APPENDIX A-8-1

Ludlum Model 2360 Alpha-Beta Scaler/Rate Meter
with Model 43-68 100 cm2 Gas Proportional Alpha-Beta Detector

Serial Nos. 193686 (meter) and PR190485 (detector) .
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/Oy 2 C

Certificate of Calibration
Raterueter Certificate of Calibration

CRG
Eniromtalta Restotioon (
3309 Waagtin St. E, MS
Albuqurque,NMA 3113
(505) 2ss4224

Xtc 150

Manufacwtuer- Ludlum Model: 2360 SerialNo.: v9 3 ( 606

All Rannoe- Cnlibrted Flrnomnicallv. TLuluim Pul-cr Gcnerator S . * 97743

Reset EfAudio M(Mechanical (VBattery '

High Voltage SOOv le""IOOOv 1500v /

Instnrment found within tolerance (+1- 10%) Yes IS/No 0

AlphaThreshold Setting: (2O mV

Beta Threshold Sctfng:L.5 mV Beta Window: 5 mV *|
Instrument

Reference Setting Ratemeter "As found reading*

400 Kcpm _____ID.

lOOKcpm Ioolcpn . C

4OKcpm . D (Cf31

1O Kcpm /OkL4n
4Kcpm4 e

I Kcpm Ikcto .
-400cpm .

100 cpm . O ____

Integratod Counts Instrument
Reference Setting (1in-I% cmt) OAs found reading!

400Kcpm t14 o20cg0n1  t/-Io .
40Kcpm 3 17LfZcdd-

4 Kcpm 3 965 <tE

400cpm ctn|

I=

Calibrated B Y 4

Reviewed By: C Ln-!/. })

Calibration Date: I 0 os| OI

CalibrationDue: Os/lal Co6

Date: 5 f5 / o S ,
, 

,

ERG Fbnr-l.02(



j

Certificate of Calibration
Voltage Plateau Form

OG
Envirwmmala Reion
f809Waitoi SL NK
AlbtuqqNM r7113
(505) 29-424

ite 150

Detector Mfg.: Ludlum Model: 43-68 Serial No.: P . ii 0 o4 i

Counter Mfg.: Ludlum Model: 2360 ScrialNo.: 19 7 (34,

Alpha Threshold Setting: /2. mV

Beta Threshold Setting: 3S mV Beta Window- SO mV

Alpha Source : Other_

Beta Sourcce:_A_________ __ __ _ Other I
Geometry / Distance to sourc: t # A Ce = j

Count Time: % minutc(s)

|High Alpha Source Counts Beta Source Counts| Background Counts f
Voltage Al Beta .| A.| Bd, | A I Bdt J
ILi Z 1214 2Lzf 37) . _ _ C, Zj

I q O 17q0 COt 3 Z2Z7 2.
PI 7.fZ z 03 i4 _ 2 Z___ ? 7A _

Wooo 2 tvc 36 ~ 1 3__ .? 3 i/(t _

(s2z.. 2'7(. 10>t 4 ___ ___

lg z G6;. 1 *-4573 3 z7
: _____ ___ (j-

A',:

Recommended Operating Voltage: /Sb 0 volts

Calibrated By:, . 2. Calibration

ReviewedBy zL /2!

Calibration Due: E

Date: S/Sd
# . I_..

I

ERG Form 1.03D
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Form HPMIM-2-8-1
Daily Check Log for Ludlum Model 2360 with 43-68 Detector

Instrument 4 Alpha

Instrument/SN: Ludlum Model 2360 193686 Check Source(s) Used: Th-230, SAV 5053-03
Detector/SN: Model 43-68/PR 190485 L _

EFF %: a-16.8% 4r source check acceptance criteria a
CALIB. SOURCE USED: Th-230 Average (NCPM): 1,919
DATE OF CALIB.: 515/2005 +2 sigma: 2,019
CALIB. DUE DATE: 5/5/2006 *2 sigma: 1,819
PERFORMED BY: ERG +3 sigma: 2,069

-3 slima: 1.769

TECHNICIAN'S ALPHA/ RESPONSE 60 min 1 min1min
NAME BETA CHECK DATE TIME Bkgrd (cpm) gross (cpm) net (cpm) within +/- 2 sigma within +/- 3 sigma <10% drop

DD 1 Alpha SAT 7/21/2005 13:35 1.40 1.874 1,873 YES YES NA
DD 2 Alpha SAT 7/21/2005 15:45 1.10 1,880 1,879 YES YES YES

DBW 3 Alpha SAT 7/23/2005 11:50 0.93 NA NA NA NA NA
DBW 4 Alpha SAT 7/23/2005 12:05 0.93 1,861 1,860 YES YES NA
DBW 5 Alpha SAT 7/23/2005 14:30 1.53 1,871 1,870 YES YES YES
DD 6 Alpha SAT 7/27/2005 11:25 0.90 1,908 1,907 YES YES NA
DD 7 Alpha SAT 7/27/2005 15:15 1.00 1,910 1,909 YES YES YES

Page 1



APPENDIX A-9

SURVEY UNIT KAISER-FSSFOA-009
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Appendix A-9. Table A-9-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSSFOA-009
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Checmical Corporation

C

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey of Unit Kaiser-
Detector ModellType Number Number Calibration Period FSSFOA.009 Usage
Ludlum 2221 Scaler/
Rate Meter with 44-10 Field analysis, high-energy gamma detection -
2" X 2" Nal Scintillation Instrument was used to evaluate remediation progress

Gamma Detector 157032 PR206809 02114105 to 02/14/06 08/03/05 and scan land areas for the Final Status Survey.

Page 1



APPENDIX A-9-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 157032 (meter) and PR206809 (detector)



PI. OR0 CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

Customer: Enercon Services Inc. . Order No.P.6.# PA-400A072 -

Mfg.: Ludlum Model 2221 Senal No.: 157032
Cal Date: 02/14/05 Cal Due Date: 02114/06 Cal. Interval 12 mo.'s Meterface 202-159-

--Check mark Ea applies to applicable instruments and/or detector. IAW Mfg. Spec. T 72.5 _°F RH 26 % Alt. 1120 Ft
ffNae rmera/ InstrumentReceived e1WithinToler+/-l0% 0 0-20h/ EOutofTol. ORequiringRepair QOther-SeeComment
foMechanical Ck. COMeter Zeroed OBackground Subtract Input Sens. Linearity
VIF/S Resp. OK 'OReset Ck., Window Operation tGeotropism
[:Audio. [] QAlarm Setting CL O[Batt. Ck. (Min. Volt) 6.1 VDC
uaCalibrated in accordance with ECL 205-1 Rev. 0 1/23/03
*InstrumenlVoltSetl1000 V InputSens. 10 MV
DeL. Oper. NIA Vat N/A mV Threshold DialRatio 10 = 100
*fHV Reaidout (2 points) Ref/lnst. 504 1 500 V RefJlnst 2000 / 1999

-COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.
RANGE/ REFERENCE INSTRUMENT RECID INSTRUMENT METER

. MVLTIIPLER CALo POINT "AS FOUND READING" READING*
XIK 400 Kcpm 400 Kcpm 400 Kcpm
XIK . 200 Kcpm 200 Kcpm 200 Kcpm
XIK 100 Kcpm 90 Kcpm 90 Kcpm

)X100 40 Kcpm .40 Kcpm 40 Kcpm
tl100 20 Kcpm 20 Kcpm 20 Kcpm

X100 1OKcpm 10 Kcpm 10 Kcpm
X10 4 Kcpm 4 Kcpm 4 Kcpm
X10 2 Kcpm 2 Kcpm 2 Kcpm
K1O I Kcpm I Kcpm I Kcpm
xi 400 cpm 400 cpm 400 cpmn
x. 200 cpm 200 cpm 200 cpm
Xl 100 cpm 100 cpn 100 cpm

*Uncertair ty widtin :___/.

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED MEIER READING' CAL POINT RECEIVED METER READING

Dightal Log
Readout 400 cpm 40 cpm Scale 50 cpm S0 cpm 50cpm

: 400 Kcpm 39557 cpm 500 Kcpm 500 Kcpm 500 Kcpmn

.0 .( Kcpm 3956 cpm . S0 Kcpm 50 Kcpm 50 Kcpm

4 Kcpm 395 cpm _ S5 Kcpm S Kcpm 5 Kcpm

40 cpm 4 cpm ISI 500 cpm 500 cpm S00 cpm
*ENEROON :c, kmceried that the above inWlCh beasben calibrated by standards traceabL to the National Institute of Standards and Technology or to the
calibration fa:ility olher International standards cnination mmb or h n i fom physical constraints or have been derived by the
natio type oftalibration technology. The ctalbration system conforms to the requirements ofANSI INCSL Z540-1 1994 and ANSI N323-1 978.

Referenc e Instruments and/or Sources:
Cs-137 Ginma S/N C16205GF
0 Alpha SIN_ Q Beta S/N DOther

M500 S/N 187460 [Oscilloscope SIN O fMultimeter SIN 020513278

Calibrated By: R. Sha 0 Date: 02/14/OS-
-IReviewed By: Date:

AC Inst. E Passed Dielectric (hi-Pot) and Continuity

Only 0 Failed



PLATEAU

Instrument:
Model No,
Serial No.

Probe:
Serial No.

Ludlum
2221
157032

44-10
PR206809

DATE:
Source:

Serial No.
Strength:

Source
Count (cpm)

2114/2005
Cs137

03-95 2485
0.79uCi

Background
Count (cpm)

H.V.

1
2

.3
4
5
6
7

. 8
9
10
'II
112
.13
14
15
16
17
18
19
20

2110
2023
2145.
2193
2275
2514
2456
2488
*2562
2512
2529
2416
2514

83144
85332
86609
88120
91113
94549

.94875
95566
96575
96942
96763
97113
97531

700
725
750
775
800
825
850
875
900
925
950
975
1000
1025
1050
1075
1100
1150
1200
1250



f r

Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 5

Cl-

Instrument Model: 2221

Instrument S/N: 157032

Detector Model: 44-10

Detector S/N: PR206809

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
Acceptable Range:

(Refer to Penn E&RtHPM(M-2-1-1)
269,265 + 2a 11 271,076 + 3 |11

Calibration Due: 2/14/06 CONTACT 262,026 - 2a 11 260,216 - 3a ||

Dt | Background Source JNetSource* BattcheckW
| ie| Date ICount Rate ICount Rate Ion RateI Technician WIIN +/- 2a 1(volts) M/IN +I- 3a

11| 6:35 8/3/2005 1 9.343 279.914 270.076 1 DD NO 5.4 | YES l1
I ,, ., ,, . .

lComments: Background 5 minute count. Source count 1 minute.

Page 1
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Forn HPMIM-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 5

Instrument Model: 2221

Instrument SIN: 157032

Detector Model: 44-10

Detector SIN: PR206809

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma

Acceptable Range:
(Refer to Penn E&RIHPMIM-2-1-1)

10,768 + 2a 1 11,378 + 3a 11

Calibration Due: 2/14106 6 INCHES 8,334 - 2a 11 7,724 - 3a l|

D | Background Source JNet Source1  Batt check
Datie I Count Rate ICount Rate ICount Ratel Technician MIIN +I- 2a (volts) M/IN +/- 3a

1i1 6:35 8/3/2005 1 9.343 18.748 9,405 1 DD YES 5.4 I YES |1I , , ,,,-

IoComments: Background 5 minute count. Source count 1 minute

Page 1
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14.0 Facility Radiation Surveys

This chapter presents the general framework for facility radiation surveys relative to the decommissioning

of the Tulsa facility. The chapter focuses on the 14-acre Pond Parcel area. Supplemental information

relative to facility radiation surveys for the "former operational area" of the facility is provided in Chapter

14.0 of the May 2002 DPA (Revised May 2003).

14.1 Release Criteria

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. Specifi-

cally, 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.

Dose modeling is used to estimate the TEDE to the average member of the critical group (that group rea-

sonably expected to receive the greatest exposure to residual radioactivity for any applicable circum-

stances). 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 aver-

age member of the critical group is the single-radionuclide DCGLW. Preliminary DCGLW values for the

radionuclides of concern at the Kaiser site have been calculated using the guidance provided in NUREG-

1549, Decision Methods for Dose Assessment to Comply With Radiological Criteria for License Termi-

nation. In order to account for the presence of multiple radionuclides, the Unity Rule was applied, and

DCG:Lw values adjusted as shown in Table 14-1.

Table 14-1
DCGLw Values

Average
Concentration Adjusted

Single Ratio to Th-232 with Th-232 at DCGLW to Meet
Radionuclide Assuming Single Rad Unity Rule

Radionuclide DCGLW (pCi/g) Equilibration DCGLW (pCi/g) (pCi/g)
Pb-210 1.751 0.043 0.15 0.12
_ Ra-226 5.9 0.082 0.28 0.24
Ra-228 4.3 1 3.4 3
Th-228 3.4 1 3.4 3
Th-230 102 3.5 12 10
Th-232 3.4 1 3.4 3
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In developing the remedial action plan, a derived cutoff concentration level (DCCL) of 31.1 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 on site under an unrestricted

release scenario. Based upon kriging analyses (Appendix A), on average, material above the DCCL is

exerrpt. Moreover, the kriging volume estimates together with the dose assessment presented in Chap-

ter 5.0 demonstrate that unrestricted release dose levels can be achieved when material below the DCCL

is returnod to the excavation as described in Chapter 8.0. The average concentration of below-criteria

material remaining on site is termed herein as the Average Derived Concentration Level (ADCL). Based

upon dose evaluations, the ADCL, rounded to 7 pCi/g Th-232, results in a postremediation TEDE well

below 1 mrem/yr.

The three important threshold concentration criteria and their significance are summarized below in

Table 14-2.

Table 14-2
Threshold Concentration Criteria

Value
Parameter (pCi/g Th-232) Application

DCGLw 3.0 Release criterion for soil
stockpile/processing area

DCCL 31.1 Dividing line for off-site disposal
of material

ADCL 7.0 Estimated average concentration
I _I_ Iof material left on site as backfill

Table 14-3 presents area factors (based upon MARSSIM guidance) to be used for elevated measurement

comparisons (EMC) and to determine sampling requirements in situations where the scan instrument's

minimum detectable concentration is greater than the DCGLW or DCCL depending on the survey area.

The ])CGLEmc values applicable to the stockpile/processing area are calculated by multiplying the

DCGLW by the area factors presented in Table 14-3. DCGLEmc values are presented in Table 14-4.

DCGLEMc = Area Factor * DCGLw

For the segregated material below 31.1 pCi/g of Th-232 left onsite as backfill, the ADCL value was

multiplied by the area factors presented in Table 14-3 and the results are presented in Table 14-5.
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ADCLEmc = Area Factor * ADCL

However, since the material used as backfill is material below 31.1 pCi/g of Th-232, the elevated

measuremmnt comparison is only applicable to concentrations exceeding 31.1 pCi/g of Th-232. The

ADC], value of 7 pCi/g of Th-232 was conservatively used to establish elevated measurement criteria for

the backfill material greater than 31.1 pCi/g of Th-232, to maintain the average concentration of the

backfill material ALARA.

Table 14-3
Area Factors

Area Factors

Radio- I m2  3m 2  1O0m2  30m2  100lm2  300 m2  1,000 m2  3,000 m2  10,000m
nuclide (11 R2) (32 ef2) I (108 R2) (323 R2) (1,076 f2) (3,229 f2) (10,764 R2) (32,292 R2) (107,639 fl2)

Th-232 12.5 6.2 3.2 2.3 1.8 1.5 1.1 1.0 1.0

Table 144
DCGLEMC Values for Processing Area

DCGLE C (pCi/g)

Radio- I m2  3 m2r 10 m2 30 m2 100 m2 300 2 1,000 m2 3,000 m2 10,000 m2
nuclide (11 R2) (32 R2) (108 R2) (323 R) (1,076 R) (3,229f 2) (10,764f R) (32,292f 2) (107,639 R)

Th-232 37.5 18.6 9.6 6.9 5.4 4.5 3.3 3.0 3.0

Table 14-5
ADCLEMC Values for Excavation Areas

ADCLEMC (pCi/g)

Radio- I m2 3 m2 IO m2 30 loom2 300 m2 1,000 m2 3,000 m2 10,000 m2

nuclile (11 R2) (32 R2) (108 fl2) (323 2 )  (3,229) (10,764if) (32,292 ) (107,639 f2 )
LLh-25 2 87.5 43.4 22.4 16.1 12;6 10.5 7.7 7.0 7.0

14.2 Characterization Surveys

A series of radiological characterization surveys of the site have been performed from 1994 to 2001. A

sumnmary of each survey is provided.
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14.2.1 ADA 1994

In February of 1994, the site was divided into eight sections and a gamma walk-over survey was per-

formed. Measurements were taken at 1 m above the ground every 15 feet. A Ludlum Model 3-97 Survey

Meter (internal 1-inch-by-i-inch Nal [Ti] scintillator detector) calibrated to read micro-Roentgen per hour

(Ihr) was used. Background was established as 10 ,uR/hr, and readings of greater than twice back-

ground were observed in all eight sections of the site including a maximum of 400 ItR/hr. Five 18-inch

core boring samples, one background core boring, and four additional soil samples from test digs were

taken. The samples were oven dried at approximately 50TC for 12 hours and then counted for a minimum

of 100 minutes using an ORTEC Multichannel Analyzer connected to a Canberra High Purity Intrinsic

Germanium Detector. Analytical results confirmed the presence of Th-228 in secular equilibrium with

Th-232. Th-230 (from the natural uranium decay chain) also was identified. The Th-230 was 2.4 to 3.4

times the Th-232 activity.

14.2.2 ARS 1995

In October of 1994, a more extensive characterization of the site was performed. Two hundred and fifty

samples were systematically collected from 90 borehole locations. Samples were collected in 500-ml

Marinelli containers, weighed to the nearest 0.1 g, and counted for 10 minutes with a shielded 2-inch-by-

2-inch Nal (T1) scintillator detector. The instrument was a Bicron LabTech Dual Channel Analyzer.

Sixty 200-ml subsamples were taken from the 250 field samples. Subsamples were analyzed using a den-

sity compensating gamma spectroscopy system (Nuclear Fuel Systems, Inc.) for U-234, U-235, U-238,

and Th-232. Referred to as the At Line Solution Assay System (ALSAS), it provided density corrected

pCi/g values. A correlation coefficient (r) of 0.990 relating the total counts of the field 2-inch-by-2-inch

Nal (Tl) detector field count to the analytical results (pCi/g) of the same sample was completed. Linear

regression was used to determine an equation to calculate pCi/g values from counts. The results of the

survey were total thorium (Th-232 + Th-228) pCi/g values ranging from below the MDA of 1 pCi/g to

425.6 pCi/g.

Alpha spectroscopy was performed on 11 of the samples and confirmed the previously established ratio of

Th-232 to Th-230 in dross of between 1:2.4 and 1:3.4. The 11 samples were selected from 60 sample

results that fell in the 1 to 50 pCi/g total thorium range. The 11 samples represented 3 of the 4 main areas

surveyed including the Retention Pond, the Reserve Pond, and the land area between the railroad and the

Retention Pond. The ratios calculated from these data ranged from 1:0.62 to 1:3.15. Data were consistent
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with previous characterization survey results and were used to estimate volumes of contaminated material

and to map contamination at depth.

Surface water from the Retention Pond (two samples) and from Fulton Creek (one sample) were collected

and analyzed by gamma spectroscopy. Results were below the MDA value of approximately 1.0 pCi/l

Th-232.

14.2.2 Adiacent Land Remediation Plan Appendix A

In 1999, 24 samples were selected (on site) to confirm the Th-232 to Th-230 ratio in the dross. The sam-

ples were selected based on geographical distribution and included both the Retention and Reserve ponds

and a range of depths. The data approximate the ratio to be 1:3.5. This ratio was used to calculate the

Th-230 activity based on the measured Th-232 activity during Phase I remediation of adjacent (to Kaiser

property) land.

14.2.4- Summary

NURE-G-1575 (MARSSIM) defines areas that have no reasonable potential for residual contamination as

"nonimpacted." These areas have no radiological impact from site operations. Areas with some potential

for re:;idual contamination are defined as "impacted." Impacted areas are fuither divided into Class 1, 2,

or 3 areas based on the potential for contamination.

The former Freshwater Pond area is nonimpacted. Results of characterization surveys indicate that the

remainder of the pond parcel east of the former Freshwater Pond area is impacted. The land areas have

been classified in accordance with MARSSIM based on the existing characterization survey data. The

classification is provided in the Final Status Survey Design section below. In addition, part of the

adjacent land was impacted and was remediated in 2000-2001. The adjacent land area was surveyed

under NUREG/CR-5849 and the unrestricted release approved by the NRC in 2002. Therefore, the entire

area adjacent to the site as delineated by grids in Figure 2-4, is not addressed in this phase of

deconunissioning.

In addition to the characterization events detailed in Sections 14.2.1, 14.2.2, and 14.2.3, composite

samples of characterization core samples and final status samples were taken during adjacent land

remediation surveys. The composite samples were analyzed by alpha spectroscopy to further evaluate the

Th-2322 to Th-230 activity ratio. The results yielded Th-232 to Th-230 ratios from 1:0.32 to 1:2.95. A

summ ary of soil sample analyses performed to calculate the ratio of Th-232 to Th-230 activity is

presented in the table below. A compilation of the analytical data used to calculate the ratio of Th-232 to
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Th-2$0 is presented in Appendix E. The established ratio of Th-232 to Th-230 of 1:3.5 will continue to

be used during Phase II of the decommissioning of the site because this is the most conservative

(protective) approach. A summary of sample result Th-232 to Th-230 activity ratios for the Kaiser site is

provided in Table 14-6 below.

Table 14-6

Measured Th-232 to Th-230 Ratios

Number of Minimum Ratio of Maximum Ratio of Average Ratio of
Reference Th-232:Th-230 Th-232:Th-230 Th-232:Th-230
ADA 1994 3 1:2.4 1:3.4 NA
ARS 1995 11 1:0.6 1:3.1 1:1.7
Kaiser 1999 24 1:1.5 1:6.4 1:3.4
ES 2Q02 14 1:0.32 1:3.0 1:2.1

Characterization activities concerning water sample analysis have also shown that the contaminated

material is not soluble.

The characterization of the site is complete. Extensive characterization surveys and sample analysis have

been reviewed to provide the initial classification of the site open land areas and structural surfaces. The

majority of the land area is impacted and classified as Class 1. The only nonimpacted area is the

Freshwater Pond parcel based on site history and the adjacent land based on final status survey results.

The only identified subsurface structural surface is the spillway. The spillway is classified as impacted

Class 1. All additional subsurface structures discovered during excavation in Class 1 open land areas will

be classified as Class 1. Reclassification of any areas would be based on final status survey

measurements secured as detailed in the following parts of Section 14.0.

14.3 Remedial Action Support Surveys

Segregation of impacted soil during remediation may be aided by an automated system equipped with Nal

(or equivalent) gamma detectors. Alternatively, BWTs may segregate impacted soil using portable survey

instruments equipped with Nal detectors. Both detection methods have the sensitivity to detect Th-232

(surrogate radionuclide) below the most restrictive threshold value of 3 pCi/g above background. Th-232

is an alpha emitter but is in secular equilibrium with several progeny that emit high-energy photons.

Detection of Th-232 is based on the detection of these high-energy photons. Table 14-7 provides MDC

values; calculated using the guidance provided in NUREG-1575, MARSSIM, for increasing background

value:;. The calculation of MDC is based on the detection of high-energy emitting Th-232 progeny.
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Table 14-7
MARSSIM Calculated Minimum Detectable Concentration Values

For Increasing Background (2-inch-by-2-inch NaI Detectors)

Scan Minimum
Scan Minimum Detectable

Minimum Detectable Detectable Concentration (pCi/g
Background (cpm) Count Rate (ncpm) Concentration (gR/hr) Th-232)

3,000 585 1.00 1.0
5,000 756 1.29 1.3
7,000 894 1.52 1.5
9,000 1,014 1.73 1.7
11,000 1,121 1.91 1.9
13,000 1,219 2.08 2.1
15,000 1,309 2.23 2.2
16,000 1,352 2.30 2.3
17,000 1,394 2.37 2.3
18,000 1,434 2.44 2.4
19,000 1,473 2.51 2.5
20,000 1,512 2.58 2.5
21,000 1,549 2.64 2.6

Remedial action support surveys will be performed while remediation is being conducted and will guide

the remedial action in a real-time mode. These surveys will be used to determine when a survey unit is

ready for the final status survey. The remedial action surveys will rely principally on direct radiation

measurement using gamma-sensitive instrumentation. Scan MDC will be determined for remediation

survey instrumentation using the same protocol as final status surveys. The determination of a survey

unit's readiness for a final status survey will rely on the on-site knowledge of the area (i.e., kriging

information and area classification) and the results from the survey instrumentation.

During remediation, excavated material will be characterized into one of the following four categories

based on physical description and/or radiological survey:

* Contaminated Soil (or soil-like material) - Soil above the DCGLw or DCCL value for the
processing and Retention Pond areas respectively.

* Acceptable Backfill Soil (or soil-like material) - Soil containing radioactivity above the
DCGLW but below the DCCL value.

* Suspect Contaminated Soil (or soil like material) - Soil which requires additional
characterization for the determination of whether it is below the DCGLW or DCCL value.
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* Debris (Structural Surface Survey Material) - Nonsoil material that is oversized (e.g.,
concrete fragments, bricks, and construction debris). Surveys of debris consist of surveys
of structural surfaces for total (fixed) and removable contamination in units of
disintegrations per minute per one hundred centimeters squared (dpm/1 00 cm?).

Debris is subdivided into two categories: 1) removable debris that can be easily removed from an

excavation and 2) permanent structures such as the concrete spillway contained beneath Characterization

Grids 14 (ALRP). Removable debris will be segregated from soil to the extent practical by visual

inspection. Debris buried within the dross and soil mixture will be evaluated in accordance with NRC

Fuel Cycle Policy and Guidance Directive FC 83-23 to determine whether they are potential candidates

for clearance surveys considering such factors as volumetric contamination and accessibility of surfaces

for survey. Clearance surveys may be performed if large, nonporous, solid debris with only surface

contamination are uncovered during residue excavation. In this case, clearance surveys for total and loose

alpha will be performed on the debris to ensure that released items are released in accordance with NRC

Fuel Cycle Policy and Guidance Directive FC 83-23. Otherwise, debris material will be packaged to meet

the applicable disposal facility waste acceptance criteria. Permanent structures will be surveyed for

unrestricted release in accordance with the guidance provided in the May 2002 DPA and the May 2005

Technical Addendum for structural surface surveys.

The area containing the Characterization Grids 1-4 (ALRP) is known to contain a concrete spillway. As

shown in Figure 4-1, the spillway starts slightly west of Characterization Grid 1 and runs from west to

east. The spillway turns north at Characterization Grid 4 and proceeds toward the Retention Pond. The

spillway is considered a permanent structure and will be surveyed as a Class 1 structure.

Additional subsurface structures may be encountered during excavation. The structures will first be

categorized as permanent or removable. If the structures are permanent, a final status survey of structural

surfaces will be performed. Since thorium is highly insoluble, it is not anticipated that structures will be

volumetrically contaminated. However, subsurface culverts and/or piping may be encountered.

Structures with internal surfaces will receive final status surveys of both external and internal surfaces.

Consideration will be given to nonaccessible surfaces. Residues, sediments, and/or liquids encountered

will be collected and held for sampling. Based on the results of the sample analysis, the material will be

dispositioned accordingly. Gas proportional detectors will be used to survey structural surfaces when

possible. The final and clearance survey protocols for structures are detailed in subsequent parts of

Chap:er 14.0. Soil and/or soil like material surrounding structures will be segregated in accordance with

this plan.
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Based on survey instrument DCCL, DCGLW, and ADCL values, survey instrumentation threshold values

will be determined. The lower bound threshold is the value below which surveyed soil is acceptable

backfill soil. The upper bound threshold is the value above which surveyed soil is contaminated soil.

The two threshold values will be conservatively set based on empirical data (e.g., the lower bound thresh-

old value will be set at the average net counts per minute [ncpm] value corresponding to the DCGLw less

one standard deviation and the upper bound threshold will be set at the average plus one standard devia-

tion) co ensure that soil is acceptable backfill or that soil is contaminated. The average ncpm value will be

derived from empirical data and will be continually checked as survey and analytical data are collected.

Soil surveyed with results between the two threshold values will be stockpiled as suspect contaminated

soil and will be sampled for laboratory analysis to determine if the soil is acceptable backfill or

contaminated.

14.4 Final Status Survey Design

14.4.1 Survey Obiective

The objective of this survey is to demonstrate that residual radioactivity levels meet the site release

criteria.

14.4.,! Basic Desian

14.4.2.1 MAARSSIM's Wilcoxon Rank Sum Test

The final status survey will use systematic grid sampling to determine the average radionuclide concen-

tration in a survey unit and gross gamma scans to screen for elevated areas. At least the minimum

number of samples (N/2) will be taken in each survey unit. Since the radionuclides of interest occur

naturally in background, the minimum number of samples (N/2) from the reference background area will

also be used to complete the Wilcoxon Rank Sum (WRS) Test.

Minimum Number of Samples (N/2)

When using the WRS test, the minimum number of samples (N/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. Paramount to determining the minimum number of samples is the

determination of the relative shift, delta over sigma (A/d). 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
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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 is based on the standard deviations in Th-232 activity measured in

survey units during the final status sampling of the adjacent land remediation final survey (0.42). Sigma

may be increased if the spatial variability of contaminants within a given survey unit is expected to be

greater than 0.42. Since the Th-232 activity concentration of 3.0 pCi/g will be used as the surrogate

DCG Lw, 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 number

of samples can be calculated using the following formula or looked up in Table 5.3 of MARSSIM:

N (ZIa +ZI18 )2

3(P, _0.5)2

where:
ZI, = percentile represented by selected value of a, Table 5.2 of MARSSIM
Z. p = percentile represented by selected value of A, Table 5.2 of MARSSIM
Pr = value obtained from Table 5.1 of MARSSIM

Based on a relative shift of 3.5, the following number of samples are required to meet the DQOs:

Number of Sampling
Size of Survey Unit Class DQOs for a and P Locations

_ 210 m2 <2,000 m2  1 0.05, 0.05 9
> 2,000 rn2 and <10,000 m2  2 0.05,0.05 9

_ 10,000 m2 3 0.05,0.05 9

Likewise for surveys of the backfill material the number of samples is 9 corresponding to a relative shift

of 3.5, based on the DCCL value of 31.1, the LBGR of 15.6 and a sigma estimate of 4.4 pCi/g.

The number of samples in the above table includes a factor to increase the number of required samples by

20 percent, as recommended by MARSSIM, to allow for lost or unusable data. The number of required

samples may be further increased to increase the power level of the statistical tests. Additional sampling

locations may also be necessary if characterization data and remedial action surveys and sampling

indicaLte that there is greater than expected spatial variability (r)of sample results within specific survey

units.

14.4.2.2 Discrete Soil Sampling

The results of discrete soil sampling will be used to verify that the average soil concentration is less than

the appropriate DCGLW or DCCL values. Regardless of the survey unit classification (Class 1, Class 2,
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or Class 3), a predetermined minimum number of samples will be collected in each survey unit. A

random-start triangular grid pattern will be used in Class I and Class 2 survey units. This sampling

pattern is generally the most efficient means of identifying small areas of elevated activity. The distance

between the grid nodes (L) will be determined by

L = [A/(0.866 x n)] I/2

where A is the survey unit area to be covered by the grid pattern and n is the number of samples.

The random start point will be selected by use of readily available random point generators such as

provided by the spreadsheet Excel. Sample points will be located by use of a global positioning system

(GPS) or equivalent survey equipment.

14.4.2.3 Scanning

Scanning surveys will be used to identify small areas of elevated activity. The percentage of the survey

unit to be covered by scans will be based upon the survey unit classification in accordance with the

following table.

Table 14-8

Survey Unit
Classification Scanning Coverage

Class 1 100 percent coverage
Class 2 10 to 100 percent

Systematic and
Judgmental

Class 3 Judgmental

One hundred percent coverage means that the entire surface area of the survey unit has been covered by

the field of view of the detector. The scanning coverage for Class 1 areas will be 100 percent. The

scanning coverage for Class 2 areas will be adjusted based on the level of confidence supplied by existing

data. Whenever less than 100 percent of the survey unit is scanned, the Data Manager will determine the

degree of scan coverage and which areas are to be scanned based on the information available at the time

of survey. For example, if the potential for contamination in a section of the survey unit is higher than the

rest, :i.e., the section that borders a Class I survey unit, this section may receive 100 percent coverage,

while: the remaining section may receive 50 percent systematic coverage. If the survey unit has an equally

unlikely potential for contamination, e.g., isolated with no previous history of contamination, a systematic

coverage at 25 percent coverage may be appropriate.
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14.4.2.4 ]full Hypothesis

The null hypothesis (IH) to be tested is that the residual contamination exceeds the remedial objective

(release criteria are not met) and the alternative hypothesis (HA) is that the residual contamination meets

the remedial objective (release criteria is met).

14.4.2.5 Decision Error Rates

There are two types of decision errors as shown below:

DECISION/OUTCOME OF STATISTICAL TEST
Reject Ho | Accept Ho

TRUE CONDITION Meets remedial Incorrectly fail to
OF SURVEY UNIT objective (below No decision error release survey unit

DCGLw) (probability= 1 -a) Type I error
(probability= >)

Exceeds remedial Incorrectly release
objective (exceeds survey unit No decision error

DCGLw) Type I error (probability = 1 -1)
(probability = a)

Examination of this table highlights the importance of limiting the Type I error rate (or a) in terms of

protection of human health and the environment. The DQO selected for a is 0.05. The DQO selected for

1 is 0.05.

14.5 Use of a Surrogate Radionuclide

Characterization activities have verified that the primary radionuclides of concern are isotopes of thorium.

Th-232 and Th-228 are part of the natural thorium decay chain and have been verified to be in secular

equilibrium (i.e., the activity of Th-228 is equal to that of Th-232). Another isotope of thorium, Th-230,

has been identified as a primary radionuclide of concern. Although Th-230 is part of the natural uranium

decay chain, no uranium has been identified. However, in the estimated 55 years since Th-230 was sepa-

rated from the uranium decay chain, some Ra-226, a member of the decay chain below Th-230, has

grown in. The relationship of Th-230 activity to that of Th-232 has been established in previous charac-

terization of the site. The relationship of Th-230 activity is 3.5 times Th-232 activity. Not all of the

radionuclides present can be identified by real-time gamma surveys or by gamma spectroscopy of soil

sampl'es--the most efficient and cost-effective measurements. In addition, each of the radionuclides con-

tributzs to the total dose to varying degrees of magnitude. In order to save both time and resources, it is
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desirable to select a surrogate radionuclide to demonstrate compliance for all the radionuclides and to

guide remediation activities. Th-232 has been selected as the surrogate radionuclide.

14.6 Establishing Background

Appendix F contains the reference area, surface soil, and background data consisting of two different

reference areas located approximately I mile apart. The results of 30 different sampling locations in each

reference area presented in the Adjacent Land Characterization, Kaiser Aluminum Specialty Products,

Appendix A, Estimate of Volume of Off-Site Contaminated Soil, Adjacent Land Characterization Report,

ADA. March 1999. These data were also used for the background determination during the Kaiser

Adjacent Land Area Remediation Project. Based on a review of the data in both reference areas, there

appears to be no significant variability between the two reference areas that were sampled. The mean

Th-232 concentration in the reference area located on the nonimpacted northwest Kaiser property is 0.94

+/- 0.11 pCi/g at the 95 percent confidence level, and mean Th-232 concentration in a reference area

located approximately 1 mile away is 1.06 +/- 0.10 pCi/g at the 95 percent confidence level. The

reference area data standard deviations were 0.30 and 0.28 respectively. According to NUREG 1727,

"When there may be significant difference in backgrounds between different areas, a Kruskal-Wallis

test.. .can be used to determine whether there are, in fact, significant differences in mean background

concentrations among potential reference areas." Based on the agreement between the mean of both

reference areas, it is not necessary to conduct a Kruskal-Wallis test on the reference area data, because

there is no significant variability between the two reference areas that have been sampled. The

established background value was 1.1 pCi/g Th-232.

14.7 Area Classifications

All of the areas have undergone either a characterization study or historical site assessment that is used as

the basis for the initial determination of the area classification established in this section. The former

Freshwater Pond area currently is not impacted. However, DPs call for use of this area (after closure) as a

material processing area. Therefore, all areas in the Pond Parcel with the exception of the clean backfill

cover have been designated as impacted for purposes of classification and survey. In addition, gamma

surveys will be performed in areas adjacent to the dross pond to confirm that elevated gamma levels

measured during the ALRP were due to gamma contribution from the pond.
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Definitions

Class Definition Survey Unit Size
I Areas known or expected to have Up to 2,000 mn

Land Areas radionuclide concentrations above
the DCGLw

2 Areas known or expected to have 2,000 to 10,000 mn2
Land Areas radionuclide concentrations above

normal background concentrations
but that are not expected to be
above the DCGLw

3 Areas that are not expected to have No limit
Land Areas radionuclide concentrations

detectable above normal
background concentrations

1 Areas known or expected to have Up to 100 m2
Structural radionuclide concentrations above of floor area
Surfaces the DCGLw

2 Areas known or expected to have 100 to 1,000 mn2
Structural radionuclide concentrations above
Surfaces normal background concentrations

but that are not expected to be
above the DCGL w

3 Areas that are not expected to have No limit
Structural radionuclide concentrations
Surfaces detectable above normal

background concentrations

NUREG-I575, MARSSIM, recommends a maximum Class 1 survey unit area of 2,000 m2 to ensure
each survey unit is assigned an adequate number of sample points. For areas larger than 2.000 m 2 with
unifoarm conditions, initial classification and exposure pathway modeling assumptions, the survey unit
area inay be increased providing the data quality objectives, specifically the sample point density is
maintained. Ifit is determined during site remedial operations that site conditions warrant a survey
unit to be greater than 2,000 m 2 in size, Kaiser will design the survey to comply with the data quality
objecrives of MARSSIM.

(Sept. 2005 Revision)
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Initial Area Classifications

Area Description Classification
Processing Area currently occupied by a Freshwater I

Area Pond which will be used for
(Fresh Water processing/stockpiling excavated

Pond) materials (-9 survey units).
Former Area formerly occupied by the dross

Retention Pond Retention Pond and Reserve Pond, post
Area Bottom excavation of dross (=21 survey units).

Former Area formerly occupied by the dross 1
Retention Pond Retention Pond and Reserve Pond,

Area backfilled with below-criteria material in
2-foot survey lifts (=21 survey units per
lift).

Former The triangular parcel of land north of I
Operational 41st Street and south of the Union

Area Pacific Railroad right-of-way in which
plant processes and operations occurred.

Spillway/Other Structures (such as the spillway) located 1
Permanent where thoriated material is known to
Structures exist. The total area of these structures

cannot be determined until uncovered by
excavation.

14.7.:1 Process for Reassignment of Area Classifications

All areas will not have the same potential for residual contamination and, accordingly, will not need the

same level of survey coverage to achieve the established release criteria. The initial area classifications

are based on a combination of characterization data and historical information. Additional information

obtained during the remediation process may lead to the determination that the initial classifications

established should be revised to be consistent with the definitions given.

14.7.2 Classification Upgrades

Any area classification may be upgraded (e.g., from Class 2 to Class 1) by the Data Manager based on the

receipt of additional survey or measurement information that justifies the need for such action.
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14.7.3 Classification Downgrades

Any area classification may be downgraded (e.g., from Class I to Class 2) by the Data Manager based on

the receipt of additional survey or measurement information that justifies the lower classification pro-

vided that the approval of the Kaiser RSO and the NRC is obtained.

14.7.4 Documentation of Classification Changes

All changes to the initial area classifications will be documented and included in the final soil remediation

documentation.

14.8 Selection of Survey Units

Each impacted area will be divided into a number of survey units based on the classification defined

above. Selection of the survey units will be based on areas having similar operational history or similar

potential for residual radioactivity to the extent practical. Survey units also will have relatively compact

shapes unless an unusual shape is appropriate for the site operational history or site conditions.

14.9 Field Instrumentation

The gamma-emitting progeny of the surrogate radionuclide Th-232 emit high-energy photons and are

easily detected using survey instruments equipped with Nal scintillation crystal detectors. Scanning for

gross gamma activity will be used to guide remediation activities and as part of the final status survey

when remediation is complete. The following survey instruments (or equivalents) as appropriate will be

used to scan soil:

Ms nufacturer and Manufacturer and
Meter Detector Model Detector Type Use

Ludlum 2221 Ludlum 44-10 Sodium Iodide Scans for Gamma-
2"-x-2" NaI scintillator (unshielded) Emitting Radionuclides

Use of these field instruments or acceptable equivalents are evaluated against the goal of achieving MDCs

of less than 75 percent of the DCGLW for direct measurements and/or scanning measurements. MDCs

were calculated for scanning instruments using the method provided in MARSSIM for calculating MDCs

that control both Type I and Type II errors (i.e., elimination of false negatives and false positives) as

follovis:
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MDCR
Scan MDCR su5r =

Where MI)CR is the minimum detectable count rate in counts per minute (cpm), c; is the instrument effi-

ciency (cpm/gR/hour), and p is the surveyor efficiency. The value of p has been estimated to be between

0.5 arid 0.75. The value of 0.5 is conservative. In addition:

MDCR = si x (60/i)

Si = d'b

where si is the minimal number of net source counts required for a specified level of performance for the

interval i, in seconds; d' is the value selected from MARSSIM Table 6.5 based on the required true

positive and false positive rates; and bi is the number of background counts in the intervali. The value of

d' used to calculate the detector sensitivity values is 1.38, corresponding to an alpha of 0.05 and beta of

0.40. This value of d' will result in less than 5 percent false negatives and about 40 percent false

positives. Typical scan MDCs using the MARSSIM two stage scan methodology for survey instruments

equipped with 2-inch-by-2-inch Nal detectors are summarized in Table 14-7 for increasing background

count rates. Static and scan MDCs for surface contamination detectors are presented in Chapter 14.0 and

Appendix D of the May 2002 DPA.

For surface contamination scanning and static measurements, the radionuclides of concern and/or their

progeny emit alpha and/or beta particles that are easily detected using survey instruments equipped with

gas proportional detectors and scalers. Scanning for gross alpha or gross beta activity will be used as part

of status surveys of structural surface survey units to ensure elevated areas of activity are not missed. In

addition, static counts of structural surfaces at predetermined sample points are used to assess total

contamination of structural surfaces. The following survey instruments (or equivalents) will be used to

scan structural surfaces:
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Manufacturer and Manufacturer and
Meter Detector Model Detector Type Use

Ludlum 43-89 Dual Scans and Static Counts
Ludlum 2224 Phosphor Alpha/Beta Zinc Sulfide Scintillator for Alpha and Beta

Detector Emitting Radionuclides
Ludlum 43-6 8 Scans and Static Counts

Ludlum 2221 Gas Proportional Gas Proportional for Alpha and Beta
Gas___ _ _Emitting Radionuclides

Use of these field instruments or acceptable equivalents are evaluated against the goal of achieving MDCs

of leis than the DCGLws for direct measurements and/or scanning measurements. MDCs will be

calculated for scanning instruments using the method provided in MARSSIM for calculating MDC that

controls both Type I and Type H errors (i.e., elimination of false negatives and false positives) as follows:

AlpNha Scan

Therm are two equations based on the MARSSIM two-stage scan methodology used to determine the

alpha scanning MDC depending on the background level. For a typical alpha background level of less

than 3 cprn, the probability of detecting a single count while passing over the contaminated area is:

-GEd

P(n>1)=1-e 60v

where:

(n > 1) = probability of observing a single count,
IJ = activity (dpm),
]_ = 4in detector efficiency (cpd),
d = width of detector in direction of scan (cm), and
if = scan speed (cm/s).

Increase the value of G until the corresponding probability equals the desired confidence level, e.g., 95

percent. For a background level of 3 cpm to about 10 cprn, the probability of detecting two or more

counts while passing over the contaminated area is:

P(n 2 2)=1-(1+ (G )d 0e ( 6 p J
where:

Ž.(n 2 2) = probability of observing two or more counts,
= activity (dpm),

13 = 4it detector efficiency (cpd),
13 = background count rate (cpm),
(1 = width of detector in direction of scan (cm), and
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v = scan speed (cmns).

Increase the value of G until the corresponding probability equals the desired confidence level, e.g., 95

percent.

Beta Scan

Based on the MARSSIM two-stage scan methodology, the beta scanning MDC at a 95 percent confidence

level is calculated using the following equation which is a combination of MARSSIM Equations 6-8, 6-9,

and 6-10:

d' 6 0)

MDCscan A

JH. 0O 100cm2

where:

MDCscn = MDC level in dpm/100 cm2,
,1' = desired performance variable (usually 1.38 corresponding to alpha and beta errors

of 0.05),
bij = background counts during the residence interval,
i. = residence interval in seconds,
p = surveyor efficiency (0.5 - 0.75, 0.5 is conservative),
A = detector probe physical (active) area in cm2, and
] tot = total detector efficiency for radionuclide emission of

= EjxE.,
where:

E; = 2nt instrument efficiency in counts per disintegration (cpd) and
Es = source (or surface contamination) efficiency.

Note: Es 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.

Alpha or Beta Static Counts

Mininum counting times for static counts of total and removable contamination will be chosen to provide

a MDC that is a fraction (25 - 75 percent) of the survey unit-specific acceptance criteria. MARSSIM

equations have been modified to convert to units of dpm/100 cm2. 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):
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3 + 3.29 Br* ts* (1+ t)

MDCstari, =A

100

where:

MDCstat = minimum detectable concentration level in dpm/1 00 cm2,
IBR = background count rate in counts per minute,
IB = background count time in minutes,
Is = sample count time in minutes,
A = detector probe physical (active) area in cm2, and
13lt = total detector efficiency for radionuclide emission of

= E xE.,
where:

Es = 2n instrument efficiency in counts per disintegration (cpd) and
E, = source (or surface contamination) efficiency.

Note: Es 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.

14.10 Laboratory Analysis

With the exception of radiation badge service, laboratory analytical services are expected to be provided

by Outreach of Broken Arrow, Oklahoma. In the event that Outreach is not available, Kaiser will select

another qualified analytical laboratory.

Soil samples will be analyzed by gamma spectroscopy. The MDC value required for each gamma spec-

troscopy 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. Th-232 activity

will be identified based on the Ac-228 activity (primary gamma energy of 911.1 keV). The Th-228

activity will be calculated by multiplying the Th-232 activity by 1. The Th-230 activity will be calculated

by multiplying the Th-232 activity by 3.5.

A minimum of five of the QC samples taken as part of the final status survey will also be analyzed by

alpha spectroscopy for Th-232, Th-230, and Th-228. The data will be used to confirm the activity ratio of

Th-232 to Th-230 of 1:3.5. The required MDC for the alpha spectroscopy analysis will be 0.5 pCi/g.
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14.1 ! Sarnpling and Measurement Technique

A combination of the following techniques may be used to achieve the desired survey requirements for an

area.

14.11.1 Surface Scans

Depending on the area classification (Class 1, Class 2, or Class 3), scanning coverage will range in accor-

dance with Table 14-8, Section 14.4.2.3. 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 0.5 m per second will be used. In the scan-

ning mode, the audio response will be used to prevent lack of detection of an elevated area due to meter

respcnse time. The "two-stage" scan methodology will be utilized.

14.11.2 On Site Gamma Spectrometry

An on-site gamma-ray spectroscopy system may be utilized to provide qualitative and quantitative

analysis of the Th-232 content in waste samples and final status survey screening samples.

14.11.3 Soil Sampling

14.11.3.1 Surface Sampling

Surface soil sampling will be conducted to evaluate the average remaining activity concentration of

excavation bottom survey units prior to backfill activity. Surface samples will be collected from the top

15 cm (6 inches) of soil that correspond to the soil mixing or plow depth in several environmental

pathway models. Grass, rocks, sticks, and foreign objects will be removed from the soil samples to the

degree practical at the time of sampling. If there is reason to believe these materials contain activity, they

will tie retained as separate samples.

14.11.3.2 Core Sampling

Core samples will be collected after backfilling of below-release criteria material is complete. For

purposes of a final status survey, the entire backfilled retention pond area will be considered as a unit and

divided into survey units based on m2, i.e., Class 1 survey units of less than 2,000 n2 . A random start,

triangular grid pattern will be used to take the required number of samples (N/2) in each survey unit. The

sample will consist of a core sample through the approximate 3-meter layer of placed material. The entire

core will be scanned using a 2-inch-by-2-inch Nal detector in a low background area sufficient to achieve

a scan-MI)C of less than 3 pCi/g Th-232. The 3 meters will be subdivided into three consecutive 1-meter

segments in accordance with Appendix E of the NMSS Decommissioning Standard Review Plan. Each
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1-meter segment will be mixed and containerized. All three segments will be analyzed by gamma

spectroscopy for Th-232. The MDC required will be 3 pCi/g.

14.12 Final Status Survey Implementation

The final status survey will be used to select/verify survey unit classification and to demonstrate that the

objectives have been achieved. Two situations that require final status surveys are detailed in this section.

*The first involves the final status survey of remediated areas (e.g., the Retention/Reserve Pond Area), and

the second involves the final status survey of the processing area. The surveys will be performed using

gamma-sensitive instrumentation and analytical analyses described above.

14.12.1 Postremediation Surveys

The final status survey units will be defined and marked. When remediation activities in a survey unit are

completed, the following will be performed.

14.12.1.1 Gamma Scans

A gamma scan as defined by classification will be performed in accordance with the area classification.

For the Retention Pond area, each 2-foot-thick lift that is placed in an excavation will receive a 100

percent scan to ensure that there are no areas that exceed the elevated measurement comparison.

14.12.1.2 Grids

The sample grid and starting location will be established.

14.12.1.3 SampleNumber

The required number of samples will be taken and analyzed as described above.

14.12.1.4 Data Evaluation

The data will be evaluated as described below.

14.12.2 Postremediation Surveys for Returned Overburden Material

When remediation activities in a survey unit that required the excavation of substantial overburden soil

are completed, the following will be performed:
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* The bottom of the excavation will be surveyed as detailed in 14.12.1.1 above.

* The sample grid and starting location will be established,

* The number of surface samples required will be taken and analyzed.

* A 2-foot layer of acceptable (below 31.1 pCi/g) backfill material will be placed in the
excavation.

* A gamma scan as defined by classification will be performed.

* The sequence of 2-foot layers of acceptable backfill and subsequent survey will be repeated
as necessary to fill excavation (prior to placement of off-site backfill).

Once the excavation is filled with below-criteria material:

* the sample grid and starting location will be established,
* the number of core samples required will be taken and analyzed, and
* the data will be evaluated as described below.

14.13 Data Evaluation

Data will be reviewed by the Data Manager to ensure that the requirements are implemented as prescribed

and that the results of the data collection activities support the objectives of the survey, or permit a deter-

mination that these objectives should be modified.

14.13.1 Preliminarv Data Review

The Data Manager will review QA and QC reports, prepare graphs of the data, and calculate basic statis-

tical quantities to analyze the structure of the data and identify patterns, relationships, or potential anoma-

lies. The survey data shall be reviewed as it is collected. The preliminary data examination includes the

following:

* Evaluation of data completeness.

* Verification of instrument calibration.

* Verification of sample identification and traceability back to sampling location.

* Measurement of precision using duplicates, replicates, or split samples.

* Measurement of bias using reference materials or spikes examination of blanks for
contamination.
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* Assessment of adherence to method specifications and QC limits.

* Evaluation of method performance in the sample matrix.

* Applicability and validation of analytical procedures for site-specific measurements.

* Assessment of external QC measurement results and QA assessments, including the results
of analytical laboratory QA/QC reports related to the analysis of final status survey
samples.

14.13.2 Data Evaluation and Conversion

For comparison of survey data to DCGLws or DCCLs, the survey data from field and laboratory

measurements will be converted to DCGLw or DCCL units. The Data Manager will ensure data

measurements retain traceability to NIST and conversion factors are appropriate for the radiation quantity.

The preliminary data reports will be reviewed to ensure adequate measurement sensitivity is being

achieved and to resolve any detector sensitivity problems. Analytical reports will be reviewed for proper

MDC values. The results of analytical results will be reported whether the result is above or below the

reported MDC value so that the MDC value is not used in the data assessment. Preliminary scan data will

also be reviewed against the percent coverage requirement of the survey unit.

An evaluation will be made to determine that the data are consistent with the underlying assumptions

made for survey plan statistical procedures. The basic statistical quantities that will be calculated for the

surveyi unit are the following:

* Mean
* Standard deviation
* Median
* Minimum
* Maximum

The parameter of interest is the mean concentration in the survey unit. The two-sample statistical test

(WRS, Test) will be used. The two-sample WRS Test will evaluate whether the median of the data is

above or below the DCGLW or DCCL.
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Summary of Statistical Tests

Survey Result Conclusion
Difference between maximum survey unit measurement and Survey unit meets release criterion
minimum reference area measurements is less than
DCGLw/DCCL

Difference of survey unit average and reference area average Survey unit does not meet release
isgteater than DCGLw/DCCL criterion
Difference between any survey unit measurement and any Conduct WRS Test and elevated
reference area measurement greater than DCGLw/DCCL and measurement comparison
the difference of survey unit average and reference area
average is less than DCGLw/ DCCL

The rnull 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 will be applied as outlined in the following steps.

1. Adjusted reference area measurements will be obtained by adding the DCGLw or DCCL to each
reference area measurement.

2. The m adjusted reference area sample measurements and the n sample measurements from the
survey unit will be pooled and ranked in order of increasing size from 1 to N, where N = m + n.

3. If measurements are tied in rank, each of the tied values will be assigned the same average rank
of that group of tied measurements.

4. Thle ranks from the reference area will be summed as W,

5. The value of W, will be compared with the critical value given in MARSSIM Table I.4 for the
appropriate values of m and n at the required Type I error decision rate (a = 0.05). If W. is
greater than the critical value, the null hypothesis that the survey unit exceeds the release criterion
was rejected.

Both ihe measurements at discrete locations and the scans will be used to identify elevated areas within a

survey unit. Analytical results of soil samples will be 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 discussed

above will be used to ensure that the release criterion has been met as follows:

where:

a (RMC -S6)

DCGL r+I DCGLEwc

8 = is the average concentration of Th-232 over the entire survey unit
8IEC = the average concentration of Th-232 over the elevated area x within the survey unit
DCGL = the DCGLI or DCCL for Th-232
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DCGLEMc = (area factor for elevated area x) X (DCGL)
x refers to one of the elevated areas within the survey unit
n the total number of elevated areas within the survey unit

If there is more than one elevated area, a separate term will be included for each area. The result of the

EMC will be used as a trigger for further investigation. The investigation may involve taking further

measurements to determine that the area and level of the elevated residual radioactivity are such that the

resulting dose or risk meets the release criterion. The investigation will provide adequate assurance,

using the DQO process, that there are no other undiscovered areas of elevated residual radioactivity in the

survey unit that might otherwise result in a dose or risk exceeding the release criterion. In some cases,

this nay lead to reclassifying a survey unit--unless the results of the investigation indicate that

reclassification is not necessary.

14.13.3 Investigation Levels

The Data Manager will use radionuclide-specific investigation levels to indicate when additional investi-

gations may be necessary. Investigation levels will also serve as a QC check to determine when a

measurement process begins to get out of control. A measurement that exceeds the investigation level

may indicate that the survey unit has been improperly classified or it may indicate a failing instrument.

When an investigation level is exceeded, the first step will be to confirm that the initial measure-

menthample actually exceeds the particular investigation level. This may involve taking further meas-

urements to determine that the area and level of the elevated residual radioactivity are such that the

resulting dose or risk meets the release criterion. Depending on the results of the investigation actions,

the survey unit may require reclassification, remediation, and/or resurvey. The following table lists the

investigation levels which will be used by the Data Manager.

Postremediation Survey Investigation Levels

Flag Scanning
Survey Unit Flag Direct Measurement or Measurement Result

Classification Sample Result When: When:
Class 1 >DCGLmc / DCCL or >DCGLnmc

> DCGLW / DCCL and or
the mean of the survey >DCCL
unit is greater than 0.75
of the DCGLW / DCCL

Class 2 > DCGLw > DCGLW or
>MDC

Class 3 > 0.5 of the DCGLw+ > DCGLW or
I background >MDC
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If the data suggest that the survey unit was misclassified, the original DQOs will be redeveloped for the

correct classification. The sampling design and data collection documentation will be reviewed for con-

sistency with the DQOs.

14.14 Final Status Survey Report

A report will be prepared to document the final conditions of the site. The report will include information

concerning the following:

* An overview of the results of the survey.

* A discussion of any changes that were made in the survey from what was proposed in the
Soil Remediation Plan.

* A description of the method by which the number of samples was determined for each sur-
vey unit.

* A summary of the values used to determine the number of samples and justification for
these values.

The survey results for each survey unit including the following:

* The number of samples taken for the survey unit.

* A map or drawing of the survey unit showing the reference system and random-start sys-
tematic sample locations.

* The measured sample concentrations.

* The statistical evaluation of measured concentrations.

* Judgmental and miscellaneous sample data sets reported separately from those samples
collected for performing the statistical evaluation.

* A discussion of anomalous data including any areas of elevated direct radiation detected
during scanning that exceeded the investigation level or measurement locations in excess of
the DCGLw or DCCL.

* A statement that a given survey unit satisfied the DCGLw or DCCL and the elevated
measurement comparison, if any sample points exceeded the DCGLW or DCCL.

* A description of any changes in initial survey unit assumptions relative to the extent of
residual radioactivity.

* A discussion of a survey unit reclassification including applicable data.
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APPENDIX C
Evaluation of Survey Unit Analytical Results

Wilcoxon Rank Sum Test
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In accordance with the DP, final status survey activities included systematic grid
sampling to determine the average radionuclide concentration in a survey unit and gross
gamma scans to screen for elevated areas. At least the minimum number of samples
required (N) was taken in each survey unit. Since the radionuclides of interest occur
naturally in background, the minimum number of samples (N) from a survey unit and an
appropriate reference background area was used to complete the Wilcoxon Rank Sum
(WRS) Test.

Note: When the WRS Test is used, the minimum number of samples required in the
survey unit and in the reference area is referred to as N/2 in MARSSIM so that the total
number of samples required to complete the WRS test is N.

PROCEDURE

After N systematic samples have been taken within the survey unit, an equal number of
samples results is randomly selected from the appropriate reference area data base. The
random number function in Microsoft Excel is used to select the appropriate number of
samples. The reference area databases are included in Appendix C as follows:

1. Appendix C. Table 1, Soil Reference Area Sample Results - The soil sample Th-
232 activity concentration results (pCi/g) are from two sets of 30 core samples
taken prior to the onset of decommissioning activities onsite. The first set of 30
cores was taken in a non-impacted area of the site. The second set of 30 cores
was taken approximately one mile offsite. Each 6-inch segment of each core was
analyzed for Th-232. There is no significant variability between the two sets of
results. A discussion of the results and the data can be found in Chapter 14 and
Appendix F of the DP.

2. Appendix C. Table 2. Concrete Structural Surface Reference Area Total Alpha
Contamination Results - The total alpha contamination results (dpm/l00cm2 )
from the concrete floor of the Flux Building (Survey Unit FB-001) final survey
were used as the concrete structural surface reference area. The results of the
Flux Building survey were indistinguishable from background in accordance with
the State of Oklahoma's criteria for allowing the concrete to be disposed of offsite
in the State of Oklahoma.
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3. Appendix C, Table 3, Cinderblock Structural Surface Reference Area Total Alpha
Contamination Results - The total alpha contamination results (dpmrll00cm 2)
from the cinderblock wall of Flux Building (Survey Unit FB-001) final survey
were used as the cinderblock structural surface reference area. The results of the
Flux Building survey were indistinguishable from background in accordance with
the State of Oklahoma's criteria for allowing the cinderblock to be disposed of
offsite in the State of Oklahoma.

Once the reference area results are selected, the survey unit and reference area results are
then complied in a table with the average, standard deviation, minimum, maximum, and
median values for both sets of data being calculated. The results are evaluated using the
following table.

Survey Result Conclusion
If the difference between the maximum survey unit The survey unit meets release
sample result and the minimum reference area sample criterion.
result is less than the appropriate release criteria
(DC/JLw/DCCL/DCGL-GA) then:
If the difference of the survey unit sample results The survey unit does not meet
average and the reference area sample results average is release criterion.
greater than the appropriate release criteria (DCGLw
/DCCLADCGL-GA), then:
If the difference between any survey unit sample result Conduct the Wilcoxon Rank Sum
and any reference area sample result is greater than the Test and Elevated Measurement
appropriate release criteria (DCGLw/DCCL/DCGL- Comparison (EMC) if necessary, to
GA), and the difference of the survey unit average and determine if the unit meets release
reference area average is less than the appropriate criterion.
release criteria, then:

The null hypothesis (the survey unit exceeds the release criteria) 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 is applied as outlined in the
following steps.

1. Adjusted reference area measurements are obtained by adding, the appropriate
release criteria (DCGLw /DCCLJDCGL-GA) to each reference area measurement.

2. The m adjusted reference area sample measurements and the n sample measurements
from the survey unit are pooled and ranked in order of increasing size from 1 to N,
where N = m + n.

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

4. The ranks from the reference area are summed as Wr.
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5. The value of Wr is compared with the critical value given in MARSSIM Table I.4
for the appropriate values of m and n at the required Type I error decision rate
(a = 0.05). (If the values of m and n exceed 20, the critical value is calculated using
the formulas 1.1 and/or I.2 of MARSSIM Appendix I.) If Wr is greater than the
critical value, the null hypothesis that the survey unit exceeds the release criterion is
rejected.

A copy of MARSSIM Table I-4 and MARSSIM Appendix I formulas I.1 and I.2 is
included as part of this appendix.
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length(2) Surface (pCVg)

Sample No. Depth

1 1 46" 0" - 6" 0.98
2 2 36" 0" - 6" 0.80
3 3 40"1 0" - 6" 0.35
4 4 37" 0oi - 6"1 . 0.61
5 5 43" 0f - 6 0.90
6 6 39"1 0" - 6" 0.95
7 7 40" 0 - 6" 0.70
8 8 41" o- 6" 1.24
9 9 38" o- 6" 0.86

10 10 37" 0 - 6" 0.57
11 11 41" o" - 6" 0.97
12 12 39" o" - 6" 0.96
13 13 42" 0- 61 .1.31
14 14 46" o- 6" 1.13
15 15 36" 0- 6 1.11
16 16 34" off- 6n 0.53
17 17 38" 0"- 6" 0.91
18 18 38" 0" - 6" 0.60
19 19 40" 0f - 6" 0.36
20 20 41" on- 6 1.38
21 21 39" 0" - 6" 1.25
22 22 40" 0" - 6" 1.07
23 23 46" 0" - 6" 1.08
24 24 33"f 0" - 6" 0.85
25 25 46", 0"t - 6t" 0.56
26 26 421" 0"t - 6"t 1.47
27 27 42"1 0"f - 6"' 1.24
28 28 44"1 0"X - 6"1 1.18
29 29 39t" 0" - 6" 0.90
30 30 41" 0" - 6"t 1.25
31 31 42"1 0"2 - 61f 1.33
32 32 46", 0" - 6" 1.36
33 33 46"1 0"t - 6"f 0.92
34 34 46"1 0of - 6t" 1.12
35 35 42"f 0" - 6" 1.07
36 36 38"1 0" - 6"i 0.41
37 37 46" 0" - 6" 0.86
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length(2) Surface (pCilg)

Sample No. Depth
38 38 39" 0" 6" 1.02
39 39 46" 0" - 6" 0.70
40 40 46" 0"- 6" 1.13
41 41 41" o- 6" 0.92
42 42 33" 0" - 6" 0.90
43 43 46" o0 6" 0.96
44 44 34" 0" - 6" 1.29
45 45 46" o0 6" 1.23
46 46 36" o0 6" 0.58
47 47 39" 0" - 6" 0.63
48 48 40 ' - 6" 1.10
49 49 28" 0" - 6" 0.99
50 50 26" 0-6" 0.97
51 51 46" 0" - 6" 1.72
52 52 46" 0" - 6" 1.63
53 53 46" o - 6" 1.29
54 54 46" 0"-6" 1.24
55 55 46" o0 6" 1.31
56 56 46" 0' - 6" 1.17
57 57 46" o0 6" 0.96
58 58 46" 0" - 6" 1.04
59 59 46" 0" - 6" 0.96
60 60 46" 0" - 6" 1.00
61 1 46" 6" - 12" 0.92
62 2 36" 6" - 12" 1.34
63 3 40" 6" -12" 0.66
64 4 37" 6" - 12" 1.06
65 5 43" 6" - 12" 0.94
66 6 39" 6" - 12" 0.84
67 7 40"1 6".- 12" 1.18
68 8 41" 6"- 12" 1.33
69 9 38" 6" - 12" 0.82
70 10 37" 6" - 12" 0.47
71 11 41" 6"1- 12" 1.07
72 12 39" 6" - 12" 1.21
73 13 42" .6" - 12" 1.09
74 14 46" 6" - 12" 0.87
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Lengthe Surface (pCVg)

Sample No. Depth

75 15 36" 6"1- 12" 1.27
76 16 34" 6" - 12" 0.97
77 17 38" 6" - 12" 0.80
78 18 38" 6"- 12" 1.04
79 19 40" 6"1- 12" 0.57
80 20 41" 6" - 12" 1.25
81 21 39" 6"1- 12" 1.25
82 22 40" 6"1- 12" 1.43
83 23 46" 6"1- 12" 1.22
84 24 33" 6" - 12" 0.79
85 25 46" 6"'- 12" 1.18
86 26 42" 6" - 12" 0.88
87 27 42" 6" - 12" 0.98
88 *28 44" 6"1- 12" 1.46
89 29 39" 6"1- 12"' 0.87
90 30 41" 6" - 12" 1.37
91 31 42" 6" - 12" 0.97
92 32 46" 6" - 12" *1.37

93 33 46" 6" - 12" 0.67
94 34 46" 6"- 12" 1.17
95 35 42" 6" - 12" 0.89
96 36 38" 6" - 12" 0.57
97 37 46" 6" - 12" 1;09
98 38 39" 6" - 12" 1.39
99.* 39 46" 6" - 12" 1.37
100 40 46" *6"1- 12" 1.01
101 41 41" 6"- 12" 0.91
102 42 33" 6"- 12" 1.04
103 43 46" 6" -12" 1.12
104 44 34" 6" - 12" 1.45
105 45 46" 6" - 12" 0.95
106 46 36" 6" - 12" 0.98
107 47 39" 6" - 12" 1.00
108 48 40" 6" - 12" 1.01
109 49 28" 6"- 12" 1.27
110 50 26" 6"- 12" 1.26
111 51 46" 6* 6"- 12" 1.16

ql;J
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length(2) Surface (pCig)

Sample No. Depth . -

112 52 46" 6"- 12" 1.50
113 53 46" 6"- 12" 1.28
114 54 46 6" - 12" 0.82
115 55 46" 6"- 12" 1.29
116 56 46" 6"- 12" 0.65
117 57 46" 6"- 12" 1.10
118 58 46" 6" - 12" 1.20
119 59 46" 6" -12" 1.32
120 60 46" 6" -12" 1.08
121 1 46" 12"- 18" 1.47
122 2 36" 12"- 18" 1.24
123 3 40" 12"- 18" 0.57
124 4 37" 12' - 18" 1.07
125 5 43" 12 - 18" 0.81
126 6 39"t 12- 18" 1.29
127 7 40" 12' - 18" 1.26
128 8 41" 12' - 18" 1.07
129 9 38" 12" - l8" 0.93
130 10 37" .12" - 18" 0.94
131 11 41" 12"- 18" 1.26
132 12 39" 12"- 18" 1.48
133 13 42" 12"- 18" 1.43
134 14 46" 12' - 18" 0.75
135 15 36" 12"- 18" 0.99
136 16 34" | 12" - 18' 1.25
137 17 38" 12" - 18" 1.22
138 18 38" 12"- 18" 0.86
139 19 40" 12"- 18" 0.70
140 20 41" 12" - 18" 1.42
141 21 39" 12" - 18" 0.97
142 22 40" 12"- 18" 1.36
143 23 46" 12"- 18" 1.03
144 24 33" 12"- 18" 1.28
145 25 46" 12"1- 18" 0.86
146 26 42" 12" - 18" 1.23
147 27 42" 12"- 18" 1.06
148 28 44" 12"- 18" 1.37
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Lengt(2) Surface (pCi/g)

Sample No. Depth
149 29 39" 12"- 18" 0.98

.150 30 41" 12"- 18" 1.50
151 31 42" 12" - 18" 1.52
152 32 46" 12"- 18" 1.27
153 33 46" 12"- 18" _ 0.85
154 34 46" 12"- 18" 1.06
155 35 42" 12" -18" 1.04
156 36 38" 12"- 18" 0.96
157 37 46" 12"- 18" 0.91
158 38 39"1 12" -18" 1.22
159 39 46" 12" - 18" 1.46
160 40 46" 12" -18" 1.20
161 41 41" 12" -18" 1.20
162 42 33" 12" 18" 1.00
163 43 46" 12" - 18" 1.09
164 44 34" 12" -18" 1.88
165 45 46" 12" - 18" 0.54
166 46 36" 12" -18" 1.32
167 47 39" 12" - 18" 1.45
168 . 48 40" 12"- 18" 1.30
169 49 28" 12"- 18" 1.19
170 50 26" 12"- 18" . 1.20
171 51 46" 12' - 18" 1.16
172 52 46" 12"- 18" 1.07
173 53 46" 12" - 18" 0.86
174 54 46" 12"- 18" 0.78
175 55 46" 12"- 18" 1.12
176 56 46"_ 12"1- 18" 0.92
177 57 46" 12" - 18" - 0.64
178 58 46" 12"- 18" 0.71
179 59 46" 12"- 18" - 1.24
180 60 46" - 12"1- 18" 0.96
181 1 46" 18"1- 24" 1.35
182 2 36" 18"1- 24" 1.16
183 3 40" 18" - 24" 0.81
184 4 37" 18" - 24" 1.08
185 5 43" 18" - 24" 0.90

91X>'-
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(l) Lengthd2 ) Surface (pCVg)

Sample No. Depth

186 6 39"' 18" -24" 1.36
187 7 40" 18" - 24" 1.30
188 8 41" 18" - 24" 1.25
189 9 38" 18" - 24" 1.03
190 10 37" 18" - 24" 0.49
191 11 41" 18" - 24" 1.47
192 12 39" 18" -24" 1.32
193. 13 42" 18" - 24" 1.16
194 14 46" 18" - 24" 0.89
195 15 36" 18" - 24" 1.48
196 16 34 18"- 241 0.91
197 17 38" 18"- 241 1.52
198 18 38" 18" - 24" 0.92
199 19 40" 18" - 24" 0.66
200 20 41" 18" - 24" 1.41
201 21 39" 18" - 24" 1.03
202 22 40" 18" - 24" 1.51
203 23 46" 18"- 24" 1.43
204 24 33" 18" -24" 1.35
205 25 46" 18"- 241- 1.05
206 26 42" 18"- 24' 1.02
207 27 42" 18" - 24" 1.56
208 28 44" 18" - 24" 0.79
209 29 39" 18" - 24" 0.90
210 30 41" 18" - 24" 1.22
211 31 42" 18" -24" .1.62
212 32 46" 18"1- 24" 1.29
213 33 46" 18" - 24" 0.94
214 34 46" 18" - 24" 1.45
215 35 42" 18" - 24" 1.13
216 36 38" 18" - 24" 0.64
217 37 46" 18" - 24" 1.28
218 38 391 18" - 24" 1.32
219 39 46" 18"1- 24" 1.01
220 40 46" 18" - 24" 0.86
221 41 41" 18" - 24"1 1.19
222 42 33" 18" - 24" 1.19

<'AL>/ '
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length(2) Surface (pCvg)

Sample No. Depth
223 43 46" 18" - 24" 1.02
224 44 34" 18" - 24" 1.59
225 45 46" 18" - 24" 0.73
226 46 36" 18" - 24" 0.99
227 47 39tt 18" - 24" 2.25
228 48 40" 18" - 241 1.62
229 49 28" 18" - 24" 1.22
230 50 26" 18" - 24" 1.31
231 51 46" 18" - 24" 1.38
232 52 46" 18" - 24"1 1.25
233 53 46" 18" 24" 1.20
234 54 46" 18" - 24" 0.57
235 55 46" 18.-241 1.18
236 56 46" 18" - 24" 1.14
237 57 46" 18" - 24" 0.70
238 58 46" 18 - 24" 0.60
239 59 46" 18" - 24" 1.29
240 60 46" 18" - 24" 1.08
241 1 46" 24" - 30" 1.49
242 2 36" 24" - 30" 1.01
243 3 40" 24" - 30" 0.77
244 4 37" 24" - 30" 1.50
245 5 43" 24" - 30" 1.11
246 6 39" 24" - 30" 1.46
247 7 40" 24" - 30" 1.33
248 8 41" 24" - 30" 1.63
249 9 38" 24" - 30" 1.27
250 10 37" 24"1- 30" 1.18
251 11 41" 24" - 30" 1.32
252 12 39" 24" - 30" 1.63
253 13 42" 24" - 30" 1.27
254 14 46" 24"1- 30" 1.16
255 15 36" 24" - 30" 1.42
256 16 34" 24" - 30" 1.49
257 17 38" 24" - 30" 1.31
258 18 38" 24" - 30" 0.81
259 19 40" 24" - 30" 0.60
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') LengthI) Surface (pCiIg)

Sample No. Depth

260 20 41"f 24"1 - 30" 2.06
261 21 39tt 24t'- 30" 1.30
262 22 40" 241 - 30" 1.63
263 23 46"1 24"f - 30"t 1.54
264 24 33"f 24" - 30"1 1.41
265 25 46" 24" -30" 1.18
266 26 42"1 24" - 30" 1.62
267 27 42" 24" - 30" 1.37
268 28 44" 24" - 30" 2.32
269 29 39"' 24" - 30"1 0.97
270 30 41" 24" - 30"1 1.46
271 31 42"' 24" - 30" 1.49
272 32 46" 24" - 30" 1.43
273 33 46"t 24" - 30"1 0.84
274 34 46" 24"t - 30"1 1.37

* 275 35 42"1 24" - 30"t 1.25
276 36 38" 24" - 30" 0.70
277 37 46" 24" - 30" 1;12
278 38 39't 24"1 - 30 " 1.25
279 39 46" 24" - 30"n 1.03
280 40 46" 24" - 30"1 1.17
281 41 41" 2411- 30"t 1.39
282 42 33" 24- 30"t 0.87
283 43 46" 241" - 30" 1.18
284 44 34" 24"1- 30t1 1.20
285 45 46 1 24" - 30" 0.64
286 46 36" 24" - 30" 1.13
287 47 39"' 24"1 - 30"f 1.02
288 48 40"1 24" - 30"1 1.37
289 51 46"t 24"1- 30t' 1.19
290 52 46"t 24" - 30" 1.31
291 53 46"f 24" - 30"t 1.29
292 54 46" 24" - 30" 0.93
293 55 46"1 24" - 30t 0.89
294 56 46" 24" - 30" 0.96
295 57 46"1 24" - 30"1 1.26
296 58 46" 24" - 30" *0.79
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ArPENDIX C

Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length(2) Surface (pCVg)

Sample No. Depth

297 59 46" 24" - 30" 0.85
298 60 46" 24" - 30" 1.38
299 1 46" 30" - 36" 1.24
300 2 36"' 30" - 36" 0.67
301 3 40" 30" - 36" 0.76
302 4 37" 30" - 36" 1.16
303 5 43" 30" - 36" 0.98
304 6 39" 30" - 36" 0.99
305 7 40" 30" - 36" 1.50
306 8 41" 30" - 36" 1.41
307 9 38" 30" -36" 1.02
308 10 37" 30" - 36" 0.38
309 11 41" 30" -36" 2.04
310 12 39" 30" - 36" 1.42
311 13 42" 30"- 36" 1.42
312 14 46" 30" - 36" 1.26
313 15 36" 30" - 36" 0.56
314 17 38" 30" - 36" 1.16
315 19 40" 30" - 36" 0.84
316 20 41" 30" - 36" 1.13
317 21 39" 30" - 36" 1.21
318 22 40" 30" - 361 1.47
319 23 46" 30" - 36' 1.31
320 25 46" 30" - 36" 0.93
321 26 42" 30" - 36" 1.03
322 27 42" 30" - 36" 1.38
323 28 44" 30" - 36" 0.87
324 29 39"' 30" - 36" 1.12
325 30 41" 30"1- 36" 1.50
326 31 42" 30" - 36" 1.72
327 32 46" 30" - 36" 1.32
328 33 46" 30" - 36" 1.25
329 34 46" 30" - 36" 1.21
330 35 42" 30" - 36" 1.22
331 36 38" 30" - 36" 0.55
332 37 46" - 30"1- 36" 0.95
333 38 39" 30" - 36" 0.89
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APPENDIX C
Table I - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length( M Surface (pCVg)

Sample No. Depth

334 39 46" 30" - 36" 0.82
335 40 46" 30- 36" 1.11
336 41 41" 30- 36" 1.36
337 43 46" 30" - 36" 1.21
338 45 46" 30" - 36" 1.04
339 46. 36" 30 - 36" 0.46
340 47 39"f 30" - 36"f 1.10
341 48 40"1 30"1 - 36" 1.61
342 51 46"1 30" -36" 1.26
343 52 46"1 30- 36" 1.14
344 53 46" 30" - 36" 1.61
345 54 46"t 30" - 36" 0.86
346 55 46" 30" - 36" 0.84
347 56 46" 30" - 36" 0.90
348 57 46" 30" - 36" 0.87
349 58 46"t 30" - 36"f 0.82
350 59 46" 30 - 36" 1.16
351 60 46"1 30" - 36" 1.07
352 1 46" 36" - 42"1 1.09
353 5 43" 36" - 42"' 0.79
354 13 42"1 36"t - 42"t 0.96
355 14 46" 36" - 42"' 0.96
356 23 46"1 36" - 42" 1.45
357 25 46" 36" - 42" 0.94
358 26 42"t 36" - 421" 0.74
359 27 42"1 36" - 42" 0.74
360 28 44" 36" - 42" 1.08
361 31 42"1 36" - 42"f 0.47
362 32 46t 36"1 - 42" - 1.18
363 33 46"1 36" - 42"1 0.97
364 34 46" 36" - 42"t 1.31
365 35 42"0 36"1 - 42"t 0.74
366 37 46"' 36" - 42" 0.99
367 39 46"f 36" - 42" 1.02
368 40 46"1 36" - 42" 1.26
369 43 46"1 36" - 42" 1.21
370 45 46"0 36" - 42" 0.79

~ijfv
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length(2) Surface (pClg)

Sample No. Depth

371 51 46" 36" - 42" 0.84
372 52 46" 36" - 42" 1.06
373 53 46" 36" - 42" 1.32
374 54 46" 36" - 42" 0.95
375 55 46" 36" - 42" 0.99
376 56 46" 36" - 42" 0.96
377 57 46"' 36" - 42" 0.99
378 58 46" 36" - 42" 0.77
379 59 46" 36" - 42" 1.02
380 60 46" 36" - 42" 1.20

Average:
Stdev.:
Minimum:
Maximum:
Median:
Count:

1.10
0.30
0.35
2.32
1.11
380

Notes:
(I)Numbers 1 through 30 taken on-site in an non-impacted area.

Numbers 31 through 60 taken 1 mile offsite.
(2)Length is the actual length of the recovered core from a 4-foot
increment.
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APPENDIX C
Table 2 - Concrete Sfructural Surface Reference Area Sample Results

Reference Flux Building Location Grid Total Alpha
Group Sample Survey Unit Contamination

No. _ (dpm/lOOcm2)
1 FB-001 Concrete Floor A3 90.6
2 FB-001 Concrete Floor A4 53.0
3 FB-001 Concrete Floor A5 92.3
4 FB-001 Concrete Floor A6 33.4
5 FB-001 Concrete Floor A7 43.2
6 FB-001 Concrete Floor B3 102
7 FB-001 Concrete Floor B4 60.4
8 FB-001 Concrete Floor B5 60.4
9 FB-001 Concrete Floor B6 50.3

10 FB-001 Concrete Floor B7 60.4
11 FB-001 Concrete Floor C3 171
12 FB-001 Concrete Floor C4 50.3
13 FB-001 Concrete Floor C5 141
14 FB-001 Concrete Floor C6 161
15 FB-001 Concrete Floor C7 62.9
16 FB-001 Concrete Floor D3 70.5
17 FB-001 Concrete Floor D4 102
18 FB-001 Concrete Floor D5 72.7
19 FB-001 Concrete Floor D6 72.7
20 FB-001 Concrete Floor D7 92.3
21 FB-001 Concrete Floor E3 80.5
22 FB-001 Concrete Floor E4 82.5
23 FB-001 Concrete Floor E5 72.7
24 FB-001 Concrete Floor E6 82.5
25 FB-001 Concrete Floor E7 72.7
26 FB-001 Concrete Floor F3 111
27 FB-001 Concrete Floor F4 141
28 FB-001 Concrete Floor F5 161
29 FB-001 Concrete Floor F6 269
30 FB-001 Concrete Floor F7 92.3
31 FB-001 Concrete Floor G3 -10.1
32 FB-001 Concrete Floor G4 82.5
33 FB-001 Concrete Floor G5 122
34 FB-001 Concrete Floor G6 43.2
35 FB-001 Concrete Floor G7 43.2
36 FB-001 Concrete Floor H3 101
37 FB-001 Concrete Floor H4 33.4
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APrENDIX C
Table 2 - Concrete Structural Surface Reference Area Sample Results

Reference Flux Building Location Grid Total Alpha
Group Sample Survey Unit Contamination

No. (dpm/100cm2)
38 FB-001 Concrete Floor H5 72.7
39 FB-001 Concrete Floor H6 33.4
40 FB-001 Concrete Floor H7 72.7
41 FB-001 Concrete Floor 13 80.5
42 FB-001 Concrete Floor I4 92.3
43 FB-001 Concrete Floor I5 72.7
44 FB-001 Concrete Floor I6 102
45 FB-001 Concrete Floor I7 62.9
46 FB-001 Concrete Floor J3 151
47 FB-001 Concrete Floor J4 141
48 FB-001 Concrete Floor J5 102
49 FB-001 Concrete Floor J6 102
50 FB-001 Concrete Floor J7 33.4
51 FB-002 Concrete Floor FSS-002 107
52 FB-002 Concrete Floor FSS-004 56.4
53 FB-002 Concrete Floor FSS-006 66.4
54 FB-002 Concrete Floor FSS-008 66.4
55 FB-002 Concrete Floor FSS-010 16.1
56 FB-002 Concrete Floor FSS-012 36.2
57 FB-002 Concrete Floor FSS-014 66.4
58 FB-002 Concrete Floor FSS-016 127
59 FB-003 Concrete Floor FSS-001 50.3
60 FB-003 Concrete Floor FSS-002 30.2
61 .B-003 Concrete Floor FSS-004 50.3
62 FB-003 Concrete Floor FSS-005 80.5
63 FB-003 Concrete Floor FSS-008 40.3
64 FB-003 Concrete Floor FSS-009 40.3
65 FB-003 Concrete Floor FSS-012 30.2
66 FB-003 Concrete Floor FSS-013 80.5
67 FB-003 Concrete Floor FSS-016 151
68 FB-003 Concrete Floor FSS-017 60.4
69 FB-003 Concrete Floor FSS-003 102
70 FB-003 Concrete Floor FSS-006 43.2
71 FB-003 Concrete Floor FSS-007 72.7
72 FB-003 Concrete Floor FSS-010 62.9
73 FB-003 Concrete Floor FSS-011 112
74 FB-003 Concrete Floor FSS-014 13.8
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APPENDIX C
Table 2 - Concrete Structural Surface Reference Area Sample Results

Reference Flux Building Location Grid Total Alpha
Group Sample Survey Unit Contamination

No. __ (dpn/lOOcm2)
75 FB-003 Concrete Floor FSS-015 62.9
76 FB-007 Concrete Floor FSS-004 72.5
77 FB-007 Concrete Floor FSS-006 82.5
78 FB-007 Concrete Floor FSS-009 123
79 FB-007 Concrete Floor FSS-010 52.3

Average:
Stdev.:
Minimum:
Maximum:

. Median:
Count:

79.7
42.5
-10.1
269
72.7
79
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APPENDIX C
Table 3 - Cinderblock Structural Surface Reference Area Sample Results

\

Reference Flux Building Location Grid Total Alpha
Group Sample Survey Unit Contamination

No. (dpm/l00cm2)

1 FB-001 Painted Cinderblock Wall Al 10.1
2 FB-001 Painted Cinderblock Wall A2 20.1
3 FB-001 Painted Cinderblock Wall BI 13.8
4 FB-001 Painted Cinderblock Wall B2 13.8
5 FB-001 Painted Cinderblock Wall Cl 30.2
6 FB-001 Painted Cinderblock Wall C2 111
7 FB-001 Painted Cinderblock Wall Di 60.4
8 FB-001 Painted Cinderblock Wall D2 30.2
9 __-001 Painted Cinderblock Wall El -10.1
10 FB-001 Painted Cinderblock Wall E2 0.0
_ 11 PB-001 Painted Cinderblock Wall Fl 0.0
12 FB-001 Painted Cinderblock Wall F2 30.2
13 FB-001 Painted Cinderblock Wall GI 40.3
14 FB-001 Painted Cinderblock Wall G2 -10.1
15 FB-001 Painted Cinderblock Wall HI 20.1
16 FB1-001 Painted Cinderblock Wall G2 80.5
17 FB-001 Painted Cinderblock Wall H1 40.3
18 FB-001 Painted Cinderblock Wall 12 20.1
19 FB-001 Painted Cinderblock Wall I1 0.0
20 FB-001 Painted Cinderblock Wall I2 40.3
21 FB-001 Painted Cinderblock Wall 13 10.1
22 FB-001 Painted Cinderblock Wall K4 33.4
23 P1B-001 Painted Cinderblock Wall K5 23.6
24 PFB-001 Painted Cinderblock Wall K6 20.1
25 P1B-001 Painted Cinderblock Wall K7 40.3
26 FB-001 Painted Cinderblock Wall L3 30.2
27 _B-001 Painted Cinderb.ock Wall IA 10.1
28 FB-001 Painted Cinderblock Wall L5 10.1
29 FB-001 Painted Cinderblock Wall L6 10.1
30 FB-001 Painted Cinderblock Wall L7 20.1
3 1 FB-002 Painted Cinderblock Wall FSS-001 5.89
32 FB-002 Painted Cinderblock Wall FSS-003 15.7
33 FB-002 Painted Cinderblock Wall FSS-005 25.5
34 FB-002 Painted Cinderblock Wall FSS-007 15.7

K
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APPENDIX C
Table 3 - Cinderblock Structural Surface Reference Area Sample Results

Reference Flux Building Location Grid Total Alpha
Group) Sample Survey Unit Contamination

No. (dpm/lOOcm2)

_ 1 FB-001 Painted Cinderblock Wall Al 10.1
35 FB-002 Painted Cinderblock Wall FSS-009 5.89
36 FB-002 Painted Cinderblock Wall FSS-011 5.89
37 FB-002 Painted Cinderblock Wall FSS-013 15.7
38 FB-002 Painted Cinderblock Wall FSS-015 45.2
39 FB-002 Painted Cinderblock Wall FSS-017 45.2
40 FB-004 Painted Cinderblock Wall 3 20.1
41 FB-004 Painted Cinderblock Wall 7 0.0
42 FB-004 Painted Cinderblock Wall 9 40.3
43 FB-004 Painted Cinderblock Wall 11 -10.1
44 FB-004 Painted Cinderblock Wall 13 10.1
45 FB-004 Painted Cinderblock Wall 2 3.93
46 FB-004 Painted Cinderblock Wall 6 3.93
47 FB-004 Painted Cinderblock Wall 8 62.9
48 FB-004 Painted Cinderblock Wall 10 43.2
49 FB-004 Painted Cinderblock Wall 12 33.4
50 FB-004 Painted Cinderblock Wall 14 3.93
51 FB-006 Painted Cinderblock Wall FSS-011 78.6
52 FB-006 Painted Cinderblock Wall FSS-012 29.5
53 FB-006 Painted Cinderblock Wall FSS-013 88.4
54 FB-006 Painted Cinderblock Wall FSS-014 68.8
55 FB-007 Painted Cinderblock Wall FSS-001 12.1
56 FB-007 Painted Cinderblock Wall FSS-002 2.01
57 FB-007 Painted Cinderblock Wall FSS-005 32.2
58 FB-007 Painted Cinderblock Wall FSS-007 2.01
59 FB-007 Painted Cinderblock Wall FSS-008 22.1
60 FB-007 Painted Cinderblock Wall FSS-011 2.01
61 FB-007 Painted Cinderblock Wall FSS-012 12.1
62 FB-007 Painted Cinderblock Wall FSS-014 12.1
63 FB-008 Painted Cinderblock Wall FSS-001 6.04
64 FB-008 Painted Cinderblock Wall FSS-002 -4.03
65 FB-008 Painted Cinderblock Wall FSS-003 26.2
66 FB-008 Painted Cindeiblock Wall FSS-005 26.2
67 FB-008 Painted Cinderblock Wall FSS-007 26.2

OAP4OOVA0727FSS Reportsppend CkTables\Table3 Page 16 of 17



ArPENDIX C
Table 3 - Cinderblock Structural Surface Reference Area Sample Results

Reference Flux Building Location Grid Total Alpha
Group Sample Survey Unit Contamination

No. (dpm/lOOcm2)

1 FB-001 Painted Cinderblock Wall Al 10.1
68 FB-008 Painted Cinderblock Wall FSS-008 36.2
69 FB-008 Painted Cinderblock Wall FSS-011 26.2
70 FB-008 Painted Cinderblock Wall FSS-012 16.1
71 FB-008 Painted Cinderblock Wall FSS-013 6.04

_ 72 FB-008 Painted Cinderblock Wall FSS-014 16.1
Average:
Stdev.:
Minimum:
Maximum:
Median:
Count:

23.4
23.4
-10.1
111
20.1
72

Q OPA400PA4O727 SS Reports opendix CWTables-TbIe3
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Appendix I

1.4 Critical Values for the WRS Test

Table 1.4 Critical Values for the NWRS test

m is the number of reference area samples and n is the number of survey unit samples.

n= 2
m=2 a=0.001 7

ac=0.005 7
a=0.01 7
a=0.025 7
a=0.05 7
a=O.1 7

n= 2
m=3 a=0.001 12

a=0.005 12
a=0.01 12
a=0.025 12
a=0.05 12
a=0.1 11

n= 2
m=4 a=0.001 18

a=0.005 18
a=0.01 18
a=0.025 18
ac=0.05 18
a=0.1 17

n= 2
m=5 a-=0.001 25

a=0.005 25
a=0.01 25
a-0.025 25
a=0.05 24
a=0.1 23

3
9
9
9
9
9
8

3
15
15
15
15
14
13

3
22
22
22
22
21
20

3
30
30
30
29
28
27

4
11
11
11
11
11
10

4
18
18
18
18
17
16

4
26
26
26
25
24
22

4
35
35
34
33
32
30

1
13
13
13
13
12
11

5
21
21
21
20
19
18

5
30
30
29
28
27
25

5
40
39
38
37
35
34

6
15
15
15
15
14
13

6
24
24
24
22
21
20

6
34
33
32
31
30
28

6
45
43
42
41
39
37

7
17
17
17
17
16
15

7
27
27
26
25
24
22

7
38
37
36
34
33
31

7
50
48
46
44
43
41

8
19
19
19
18
17
16

8
30
30
29
27
26
24

8
42
40
39
37
36
34

8
54
52
50
48
46
44

9
21
21
21
20
19
18

9
33
32
31
30
28
27

9
46
44
42
41
39
36

9
58
56
54
52
50
47

10
23
23
23
22
21
19

10
36
35
34
32
31
29

10
49
47
46
44
42
39

10
63
60
58
56
53
51

11
25
25
25
23
23
21

11
39
38
37
35
33
31

1 1
53
51
49
47
45
42

11
67
64
62
60
57
54

12
27
27
27
25
24
22

12
42
40
39
37
36
33

12
57
54
52
50
48
45

12
72
68
66
63
61
57

13
29
29
28
27
26
24

13
45
43
42
40
38
35

13
60
58
56
53
51
48

13
76
72
70
67
64
61

14
31
31
30
29
27
26

14
48
46
45
42
40
37

15
33
33
32
31
29
27

15
51
48
47
45
43
40

15
68
64
62
59
57
53

15
85
81
78
75
71
67

16
35
35
34
33
31
29

16
54
51
50
47
45
42

16
71
68
66
62
59
56

16
89
85
82
79
75
71

17
37
37
36
34
33
30

17
56
54
52
50
47
44

17
75
71
69
66
62
59

17
94
89
86
82
79
74

18
39
39
38
36
34
32

18
59
57
55
52
50
46

18
78
75
72
69
65
61

18
98
93
90
86
82
77

19 20
41 43
40 42
39 41
38 40
36 38
33 35

19 20
62 65
59 62
58 60
55 57
52 54
48 50

19 20
82 86
78 81
76 79
72 75
68 71
64 67

19 20
102 107
97 101
94 98
90 94
86 89
81 84

14
64
61
59
56
54
50

14
81
77
74
71
68
64

n= 2
m=6 a=0.001 33

ac=0.005 33
a=0.01 33
a=0.025 33
a=0.05 32
a=0.1 31

3
39
39
39
37
36
35

4
45
44
43
42
41
39

5
51
49
48
47
45
43

6
57
54
53
51
49
47

7
63
59
58
56
54
51

8
67
64
62
60
58
55

9
72
69
67
64
62
59

10
77
74
72
69
66
63

11
82
79
77
73
70
67

12
88
83
81
78
75
71

13
93
88
86
82
79
75

14
98
93
91
87
83
79

15 16 17 18 19 20
103 108 113 118 123 128
98 103 107 112 117 122
95 100 104 109 114 118
91 95 100 104 109 113
87 91 96 100 104 108
83 87 91 94 98 102
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Appendix I

Table 1.4 Critical Values for the WRS Test (continued)

n= 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
m=7 ac=0.001 42 49 56 63 69 75 81 87 92 98 104 110 116 122 128 133 139 145 151

a=0.005 42 49 55 61 66 72 77 83 88 94 99 105 110 116 121 127 132 138 143
a=0.01 42 48 54 59 65 70 76 81 86 92 97 102 108 113 118 123 129 134 139
a=0.025 42 47 52 57 63 68 73 78 83 88 93 98 103 108 113 118 123 128 133
a.=0.05 41 46 51 56 61 65 70 75 80 85 90 94 99 104 109 113 118 123 128
a=0.1 40 44 49 54 58 63 67 72 76 81 85 90 94 99 103 108 112 117 121

n = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
m=8 a=0.001 52 60 68 75 82 89 95 102 109 115 122 128 135 141 148 154 161 167 174

a=0.005 52 60 66 73 79 85 92 98 104 110 116 122 129 135 141 147 153 159 165
ac=0.01 52 59 65 71 77 84 90 96 102 108 114 120 125 131 137 143 149 155 161
a=0-025 51 57 63 69 75 81 86 92 98 104 109 115 121 126 132 137 143 149 154
a=0.05 50 56 62 67 73 78 84 89 95 100 105 111 116 122 127 132 138 143 148
a=O.1 49 54 60 65 70 75 80 85 91 96 101 106 111 116 121 126 131 136 141

n = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
m=9 a=0.001 63 72 81 88 96 104 111 118 126 133 140 147 155 162 169 176 183 190 198

a=0.005 63 71 79 86 93 100 107 114 121 127 134 141 148 155 161 168 175 182 188
a=0.01 63 70 77 84 91 98 105 111 118 125 131 138 144 151 157 164 170 177 184
a=0.025 62 69 76 82 88 95 101 108 114 120 126 133 139 145 151 158 164 170 176
a=0.05 61 67 74 80 86 92 98 104 110 116 122 128 134 140 146 152 158 164 170
a40.1 60 66 71 77 83 89 94 100 106 112 117 123 129 134 140 145 151 157 162

n = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
m= 10 a=0.001 75 85 94 103 111 119 128 136 144 152 160 167 175 183 191 199 207 215 222

a=0.005 75 84 92 100 108 115 123 131 138 146 153 160 168 175 183 190 197 205 212
a=0.01 75 83 91 98 106 113 121 128 135 142 150 157 164 171 178 186 193 200 207
a=0.025 74 81 89 96 103 110 117 124 131 138 145 151 158 165 172 179 186 192 199
ac=0.05 73 80 87 93 100 107 114 120 127 133 140 147 153 160 166 173 179 186 192
a=0.1 71 78 84 91 97 103 110 116 122 128 135 141 147 153 160 166 172 178 184

n = 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
m= 11 a=0.001 88 99 109 118 127 136 145 154 163 171 180 188 197 206 214 223 231 240 248

a=0.005 88 98 107 115 124 132 140 148 157 165 173 181 189 197 205 213 221 229 237
a=0.01 88 97 105 113 122 130 138 146 153 161 169 177 185 193 200 208 216 224 232
a=0.025 87 95 103 111 118 126 134 141 149 156 164 171 179 186 194 201 208 216 223
a=0.05 86 93 101 108 115 123 130 137 144 152 159 166 173 180 187 195 202 209 216
a-=0.1 84 91 98 105 112 119 126 133 139 146 153 160 167 173 180 187 194 201 207
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Appendix I

Table 1.4 Critical Values for the WRS Test (continued)

n1=
m= 12 a=0.001

a=0.005
a=0.01
ac=0.025
a=0.05
u=0. 1

n =
m= 13 a=0.001

a=0.005
a=0.01
a=0.025
a=0.05
a=0.1

2
102
102
102
100
99
97

2
117
117
116
115
114
112

3 4
114 125
112 122
111 120
109 118
108 116
105 113

5
135
131
129
126
124
120

6
145
140
138
135
132
128

7 8
154 164
149 158
147 156
143 151
140 147
135 143

9
173
167
164
159
155
150

10
183
176
173
168
165
158

10
203
196
193
187
183
177

11 12
192 202
185 194
181 190
176 184
171 179
165 172

11 12
213 223
206 215
202 211
196 205
191 199
185 193

13 14 15 16 17 18 19 20
210 220 230 238 247 256 266 275
202 211 220
198 207 215
192 200 208
186 194 202
180 187 194

13 14 15
233 243 253
225 234 243
220 229 238
214 222 231
208 216 224
201 209 217

228 237
223 232
216 224
209 217
202 209

246 254 263
240 249 257
232 240 248
225 233 240
216 224 231

3 4 5
130 141 152
128 139 148
127 137 146
125 134 143
123 132 140
120 129 137

6 7
163 173
158 168
156 165
152 161
149 157
145 153

8 9
183 193
177 187
174 184
170 179
166 174
161 169

16 17 18 19 20
263 273 282 292 302
253 262 271 280 290
247 256 265 274 283
239 248 257 265 274
233 241 249 257 266
224 232 240 248 256

n =
m= 14 a=0.001

a=0.005
a=0.01
a=0.025
a=0.05
a=0. I

n =
m= 15 a=0.001

a=0.005
a=0.01
a=0.025
a=0.05
a=0.1

2
133
133
132
131
129
128

2
150
150
149
148
146
144

3
147
145
144
141
139
136

4
159
156
154
151
149
145

5
171
167
164
161
158
154

6 7
182 193
177 187
175 185
171 180
167 176
163 171

8 9 10
204 215 225
198 208 218
194 204 214
190 199 208
185 194 203
180 189 197

8 9 10
225 237 248
219 230 240
215 226 236
210 220 230
206 215 225
200 209 218

11 12
236 247
228 238
224 234
218 227
212 221
206 214

11 12
260 271
251 262
247 257
240 250
234 244
227 236

13 14 15
257 268 278
248 258 268
243 253 263
236 245 255
230 239 248
223 231 240

13 14 15
282 293 304
272 283 293
267 278 288
260 270 280
253 263 272
246 255 264

16 17 18 19 20
289 299 310 320 330
278 288 298 307 317
272 282 291 301 311
264 273 282 292 301
257 265 274 283 292
248 257 265 273 282

3 4 5
165 178 190
162 174 186
161 172 183
159 169 180
157 167 176
154 163 172

6 7
202 212
197 208
194 205
190 200
186 196
182 191

16 17 18
316 327 338
304 314 325
298 308 319
289 299 309
282 291 301
273 282 291

19 20
349 360
335 346
329 339
319 329
310 319
300 309

n =
m= 16 a=0.001

a=0.005
a=0.01
a=0.025
ac=0.05
a=0.1

2
168
168
167
166
164
162

3 4 5 6
184 197 210 223
181 194 206 218
180 192 203 215
177 188 200 210
175 185 196 206
172 182 192 202

7 8
236 248
229 241
226 237
221 232
217 227
211 221

9 10
260 272
252 264
248 259
242 253
237 247
231 241

11 12
284 296
275 286
270 281
264 274
257 267
250 260

13 14 15
308 320 332
298 309 320
292 303 314
284 295 305
278 288 298
269 279 289

16 17 18
343 355 367
331 342 353
325 336 347
316 326 337
308 318 328
298 308 317

19 20
379 390
365 376
357 368
347 357
338 348
327 336
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Appendix I

Table 1.4 Critical Values for the WRS Test (continued)

n =
m= 17 a=0.001

a=0.005
a=0.01
a=0.025
a=0.05
a=0. I

n =
m= 18 a=0.001

a=0.005
U=0.01
a=0.025
a=0.05
a=0.1

2
187
187
186
184
183
180

2
207
207
206
204
202
200

3 4
203 218
201 214
199 212
197 209
194 205
191 202

5 6
232 245
227 239
224 236
220 232
217 228
212 223

7
258
252
248
243
238
233

8 9
271 284
264 276
260 272
254 266
249 260
243 253

10
297
288
284
277
271
264

11 12
310 322
300 312
295 307
288 299
282 292
274 284

11 12
336 349
326 339
321 333
313 325
307 318
299 309

13 14 15
335 347 360
324 336 347
318 330 341
310 321 332
303 313 324
294 305 315

13 14 15
362 376 389
351 364 376
345 357 370
337 348 360
329 340 352
320 331 342

16 17
372 384
359 371
353 364
343 354
335 345
325 335

18 19
397 409
383 394
376 387
365 376
356 366
345 355

20
422
406
399
387
377
365

3 4 5
224 239 254
222 236 249
220 233 246
217 230 242
215 226 238
211 222 233

6 7
268 282
262 275
259 272
254 266
250 261
244 255

8 9 10
296 309 323
288 301 313
284 296 309
278 290 302
273 284 295
266 277 288

16 17 18
402 415 428
388 401 413
382 394 406
372 383 395
363 374 385
352 363 374

19 20
441 454
425 438
418 430
406 418
396 407
384 395

n =
m= 19 a=0.001

a=0.005
a=0.01
a=0.025
a=0.05
a=0. I

2
228
227
226
225
223
220

3 4 5
246 262 277
243 258 272
242 256 269
239 252 265
236 248 261
232 244 256

6 7 8
292 307 321
286 300 313
283 296 309
278 290 303
273 285 297
267 279 290

9 10
335 350
327 340
322 335
315 327
309 321
302 313

11 12
364 377
353 366
348 361
340 352
333 345
325 336

13 14 15 16
391 405 419 433
379 392 405 419
373 386 399 411
364 377 389 401
356 368 380 392
347 358 370 381

17 18
446 460
431 444
424 437
413 425
403 415
392 403

19 20
473 487
457 470
449 462
437 450
427 439
415 426

n =
m=20 a=0.001

a=0.005
a=0.01
a=0.025
a_0.05
aI=0.1

2
250
249
248
247
245
242

3 4 5 6
269 286 302 317
266 281 296 311
264 279 293 307
261 275 289 302
258 271 284 297
254 267 279 291

7 8
333 348
325 339
321 335
315 329
310 322
303 315

9 10
363 377
353 367
349 362
341 354
335 347
327 339

11 12
392 407
381 395
376 389
367 380
360 372
351 363

13 14
421 435
409 422
402 416
393 406
385 397
375 387

15 16 17 18
450 464 479 493
436 450 463 477
429 442 456 469
419 431 444 457
409 422 434 446
399 410 422 434

19 20
507 521
490 504
482 495
470 482
459 471
446 458
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Appendix I

Reject the null hypothesis if the test statistic (Wr) is greater than the table (critical) value.
For n or m greater than 20, the table (critical) value can be calculated from:

m(n+im+1)/2 + zlnrn(n+mr+1)/12 (I.1)

if there are few or no ties, and from

m (n -m + 1)/2 + z l nm [(II+m+l)-a i i I
12 j=1 (n+m)(n+m-1)

(1.2)

if there are many ties, where g is the number of groups of tied measurements and tj is the number of
tied measurements in thejth group. z is the (1-a) percentile of a standard normal distribution, which
can be found in the following table:

it
0.001
0.005
0.01
0.025
0.05
0.1

z
3.09
2.575
2.326
1.960
1.645
1.282

Other values can be found in Table I-1.
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CAVE COUNTER CALIBRATION AND SOIL SAMPLE RESULTS



Appendix D
On-Site Cave Counter

Final Status Survey Report
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

Certain soil samples collected as part of the final status survey process are screened for
Th-232 activity concentration using an on-site cave counter (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 NaI # 4 and Nal #8) have been used as part of the counter. The detectors
were all 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.

In addition to the off site calibration, Detectors NaI #4 and NaI #8 have been calibrated
on-site to verify the response of the detector to soil (or soil like material) containing Th-
232 in equilibrium with all progeny. A well characterized sample of material used to
calibrate another on-site counter system (the SMCM system) was used to calibrate both
detectors. The documentation of the calibrations is included in this appendix.

The result of the on-site calibration is a detector specific calibration factor (CF) in units
of pico-Curies of Th-232 per net counts per minute (pCi/cpm). The inverse of the CF is
referred to as the instrument efficiency in units of cpm/pCi and is used to convert the
gross gamma response of the detector in cpm to pCi/g of Th-232 within a standard soil
sample as follows:

1. A standard soil sample of background soil is counted. Usually for 5 minutes each
day the counter is used. The time and total counts are recorded as "BKG Count
Time" and "BKG Counts." In addition, the sample is weighed (net) and the
resulting weight is recorded. Since the same sample is used each day, the
resulting weight is consistently 570 or 571 grams. The value of 570 grams yield a
more conservative MDC result, and therefore is used daily.

2. A standard soil sample is weighed in units of grams (g) and recorded as "Sample
Weight". A standard empty soil container is also weighed. The sample weight is
the net of the soil sample less the empty container weight.

3. The sample is placed inside the lead shielded box (standard repeatable counting
geometry) and the Nal detector is placed on top of the container. Usually, a one
minute count is performed and recorded as "Gross Count Rate Top".

4. The sample is re-placed in the standard counting geometry upside down. Another
1 minute count is performed and recorded as "Gross Count Rate Bottom".
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5. The background count rate is subtracted from the average of the top and bottom
sample count rates and recorded as "Net Count Rate Average".

6. The net count rate is then converted to pCi/g of Th-232 by dividing the net count
rate average by the instrument efficiency (cpm/pCi) and the sample weight (g)
and recorded as "Th-232". The instrument efficiency is equal to I / CF (in units
of pCi/cpm).

7. The standard error for the count is then calculated and recorded as "95% CL
Uncertainty" as follows:

1.96 (CRsb+ t + t)

Unc9 5%d,
*E-Wwhere:

UnC9s/'.Ci =

CRsb =

t ;b =

CRst =
tat -

CRb =
t b =

N =
E =

95% confidence level (2 sigma) uncertainty in pCi/g,
sample bottom count rate in counts per minute,
sample bottom count time in minutes,
sample top count rate in counts per minute,
sample top count time in minutes,
background count rate in counts per minute,
background count time in minutes,
sample weight in g, and
detector efficiency (= 1/CF) in cpm/pCi

8. The minimum detectable concentration is calculated and recorded as "MDC" as
follows:

3+3.29 Br *ts *(1+-t')

MDC =
tS *E*W

where:

MDC
BR
tB

ts

W

E

minimum detectable concentration in pCi/g,
background count rate in counts per minute,
background count time in minutes,
sample count time in minutes,
sample weight in g, and
detector efficiency in cpm/pCi

A. summary of the two instrument/detectors used for cave counts is presented below in
Table D-1.
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1The conversion of count data to a result in pCi/g of Th-232, the 95% confidence
uncertainty (standard 2 sigma error) and the Minimum Detectable Concentration (MDC)
for the count, all in units of pCi/g, for various samples (not analyzed by Outreach) are
presented in the attached Appendix D, Table D-2.

T able D-l - Cave Counter Detector Summn _

On-Site Calibration Efficiency =
Instrument Detector Calibration Factor 1/CF

Number Serial #: Serial #: Date (cpm/pCi/g) (pCi/g/cpm)
4 172053 PR206815 12/03/04 4.41 0.227

_ 8 216513 PR230093 11/03/05 4.46 0.224
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Prolect
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

I

Gross Net

Detector Sample Net Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm/ Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC

Count Date #: PCig) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

1/12/05 4 0.227 K-466 Biased FOA-001 1 752 3,059 3,192 5 14,476 570 230 1.35 0.950 1.52

1/12/05 4 0.227 K-467 Biased FOA-001 1 715 2,817 3,143 5 14,476 570 85 0.523 0.978 1.52

1/12/05 4 0.227 K-468 Biased FOA-001 1 822 3,014 3,330 5 14,476 570 277 1.49 0.875 1.52

1/12/05 4 0.227 K-469 Biased FOA-001 1 817 3,107 3,257 5 14,476 570 287 1.55 0.882 1.52

1/17/05 4 0.227 K-471 Biased FOA-001 1 846 3,028 3,440 5 15,127 570 209 1.09 0.859 1.56

5/16/05 4 0.227 K-658 Biased FOA-005 1 568 2,880 2,952 5 15,215 570 -127 -0.986 1.22 1.56

5/16/05 4 0.227 K-659 Biased FOA-005 1 576 2,861 3,028 5 15,215 570 -99 -0.754 1.21 1.56

5/16/05 4 0.227 K-660 Biased FOA-005 1 666 3,262 3,098 5 15,215 570 137 0.907 1.08 1.56

5/16/05 4 0.227 K-661 Biased FOA-005 1 682 3,066 3,252 5 15,215 570 116 0.750 1.05 1.56

6/1/05 4 0.227 K-710 Biased FOA-005 1 732 3,542 3,562 5 15,360 570 480 2.89 1.04 1.57

5/31/05 4 0.227 K-711 Biased FOA-005 1 718 3,353 3,343 5 15,165 570 315 1.93 1.03 1.56

5/31/05 4 0.227 K-712 Biased FOA-005 1 648 3,142 3,433 5 15,165 570 255 1.73 1.13 1.56

6/28/05 4 0.227 K-755 Biased FOA-006 1 775 2,745 2,882 5 14,865 570 -160 -0.908 0.880 1.54

6/28/05 4 0.227 K-759 Biased FOA-006 1 805 3,359 3,331 5 14,865 570 372 2.04 0.916 1.54

6/28/05 4 0.227 K-772 Biased FOA-006 1 645 3,074 3,141 5 14,865 570 135 0.920 1.11 1.54

6/27/05 4 0.227 K-773 Biased FOA-006 1 653 3,215 3,419 5 15,105 570 296 2.00 1.13 1.56

2/14/05 4 0.227 K-524 Biased FSS-013 1 712 3,573 3,436 5 14,534 570 598 3.70 1.06 1.53

I of 11
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Proiect
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

CV

Gross Net

Detector Sample Net Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm / Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC
Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cPm) (cpm) (min) Counts (g) (cPm) (pCi/g) (pCi/g) (pCi/g)

12/6/05 8 0.224 K-552 Biased FSS-014 10 696 26,779 28,659 10 28,220 570 -50 -0.321 0.363 0.614

4/14/05 4 0.227 K-570 Biased FSS-015 1 836 3,427 3,105 5 14,870 570 292 1.54 0.873 1.54

4/14/05 4 0.227 K-571 Biased FSS-015 1 838 3,279 3,311 5 14,870 570 321 1.69 0.874 1.54

4/14/05 4 0.227 K-572 Biased FSS-015 1 706 3,122 3,113 5 14,870 570 144 0.896 1.01 1.54

4/18/05 4 0.227 K-574 Biased FSS-015 1 734 3,218 3,273 5 14,703 570 305 1.83 0.991 1.54

4/18/05 4 0.227 K-575 Biased FSS-015 1 616 2,996 3,126 5 14,703 570 121 0.863 1.15 1.54

4/18/05 4 0.227 K-576 Biased FSS-015 1 635 3,132 3,073 5 14,703 570 162 1.13 1.12 1.54

12/6/05 8 0.224 K-625 Biased FSS-015 10 673 28,765 29,472 10 28,220 570 90 0.595 0.382 0.614

4/26/05 4 0.227 K-626 Biased FSS-015 1 581 3,359 3,397 5 16,175 570 143 1.09 1.28 1.61

12/6/05 8 0.224 K-627 Biased FSS-015 10 539 26,779 28,659 10 28,220 570 -50 -0.415 0.469 0.614

4/26/05 4 0.227 K-630 Biased FSS-015 1 224 3,317 3,225 5 16,175 570 36 0.709 3.27 1.61

6/15/05 4 0.227 K-716 Biased FSS-016 1 825 3,883 3,624 5 15,310 570 692 3.70 0.944 1.57

6/15/05 4 0.227 K-718 Biased FSS-016 1 777 4,169 3,884 5 15,310 570 965 5.47 1.04 1.57

6/15/05 4 0.227 K-720 Biased FSS-016 1 635 3,598 3,886 5 15,310 570 680 4.72 1.22 1.57

6/15/05 4 0.227 K-721 Biased FSS-016 1 644 3,823 3,675 5 15,310 570 687 4.70 1.21 1.57

11/29/05 8 0.224 K-751 Biased FSS-016 1 849 2,789 2,811 5 13,695 570 61 0.320 0.807 1.50

11/29/05 8 0.224 K-753 Biased FSS-016 1 785 2,702 2,889 5 13,695 570 57 0.321 0.872 1.50
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net

Detector Sample Net Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm/ Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC
Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cPm) (pCi/g) (pCi/g) (pCi/g)

11/29/05 8 0.224 K-754 Biased FSS-016 1 883 2,707 2,918 5 13,695 570 74 0.371 0.778 1.50

11/29/05 8 0.224 K-762 Biased FSS-016 1 624 2,696 2,862 5 13,695 570 40 0.286 1.09 1.50

11/29/05 8 0.224 K-763 Biased FSS-016 1 568 2,974 2,766 5 13,695 570 131 1.03 1.22 1.50

11/29/05 8 0.224 K-764 Biased FSS-016 1 570 2,613 2,976 5 13,695 570 56 0.434 1.20 1.50

11/29/05 8 0.224 K-765 Biased FSS-016 1 571 2,689 2,880 5 13,695 570 46 0.355 1.20 1.50

11/29/05 8 0.224 K-766 Biased FSS-016 1 685 2,559 2,809 5 13,695 570 -55 -0.358 0.982 1.50

11/29/05 8 0.224 K-767 Biased FSS-016 1 721 3,000 2,976 5 13,695 570 249 1.54 0.979 1.50

12/6/05 8 0.224 K-799 Biased FSS-017 10 665 29,213 28,894 10 28,220 570 83 0.559 0.386 0.614

12/6/05 8 0.224 K-800 Biased FSS-017 10 677 27,951 29,213 10 28,220 570 36 0.238 0.377 0.614

12/6/05 8 0.224 K-801 Biased FSS-017 10 623 28,764 29,627 10 28,220 570 98 0.698 0.413 0.614

12/6/05 8 0.224 K-945 Biased FSS-018 10 694 28,008 29,067 10 28,220 570 32 0.204 0.368 0.614

12/6/05 8 0.224 K-946 Biased FSS-018 10 703 29,244 29,137 10 28,220 570 97 0.616 0.366 0.614

8/8/05 4 0.227 K-941 Biased FSS-019 1 653 3,255 3,085 5 15,130 570 144 0.972 1.10 1.56

8/8/05 4 0.227 K-942 Biased FSS-019 1 917 3,527 3,235 5 15,130 570 355 1.71 0.809 1.56

8/8/05 4 0.227 K-943 Biased FSS-019 1 738 3,008 3,196 5 15,130 570 76 0.454 0.966 1.56

8/8/05 4 0.227 K-944 Biased FSS-019 1 657 2,930 3,146 5 15,130 570 12 0.081 1.08 1.56

9/29/05 4 0.227 K-1058 Biased FSS-020 1 892 3,632 3,555 5 15,160 570 562 2.78 0.855 1.56

3 of 11
0:\P4000\PA4072FSS Reports\Appendix D\Appendlx D Table 2 Cave Counter Data



le

Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Protect
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net

Detector Sample Net Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm/ Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC

Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (PCi/g)

9/29/05 4 0.227 K-1059 Biased FSS-020 1 827 3,513 3,256 5 15,160 570 353 1.88 0.898 1.56

10/8/05 4 0.227 K-1631 Biased FSS-020 1 665 2,948 3,121 5 1.4,550 570 125 0.826 1.06 1.53

10/8/05 4 0.227 K-1164 Biased FSS-020 1 603 2,911 2,919 5 14,550 570 5 0.037 1.15 1.53

9/30/05 4 0.227 K-1203 Biased FSS-020 1 612 3,422 3,141 5 15,110 570 260 1.87 1.20 1.56

9/30/05 4 0.227 K-1204 Biased FSS-020 1 604 3,339 3,159 5 15,110 570 227 1.66 1.21 1.56

10/3/05 4 0.227 K-1205 Biased FSS-020 1 668 3,104 2,983 5 14,975 570 49 0.320 1.06 1.55

10/4/05 4 0.227 K-1206 Biased FSS-020 1 616 3,285 2,982 5 14,875 570 159 1.13 1.16 1.54

10/4/05 4 0.227 K-1207 Biased FSS-020 1 612 2,995 3,026 5 14,875 570 36 0.256 1.15 1.54

10/4/05 4 0.227 K-1208 Biased FSS-020 1 918 3,072 3,222 5 14,875 570 172 0.826 0.782 1.54

10/4/05 4 0.227 K-1209 Biased FSS-020 1 719 3,032 3,288 5 14,875 570 185 1.13 1.00 1.54

10/4/05 4 0.227 K-1210 Biased FSS-020 1 698 3,343 3,147 5 14,875 570 270 1.71 1.04 1.54

9/29/05 4 0.227 K-1057 Biased FSS-021 1 660 3,269 3,221 5 14,945 570 256 1.71 1.10 1.55

9/29/05 4 0.227 K-1061 Biased FSS-021 1 627 3,239 3,393 5 14,945 570 327 2.30 1.17 1.55

9/29/05 4 0.227 K-1062 Biased FSS-021 1 598 3,319 3,340 5 14,945 570 341 2.51 1.23 1.55

9/29/05 4 0.227 K-1063 Biased FSS-021 1 648 3,389 3,190 5 14,945 570 301 2.05 1.13 1.55

10/20/05 4 0.227 K-1238 Biased FSS-022 1 623 3,325 3,187 5 15,400 570 176 1.25 1.17 1.57

10/20/05 4 0.227 K-1239 Biased FSS-022 1 886 3,466 3,723 5 15,400 570 515 2.56 0.862 1.57
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Proiect
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net

Detector Sample Net Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm/ Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC
Count Date #: pCilg) No. Type Survey Unit (min) (g) (cPm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

10/20/05 4 0.227 K-1240 Biased FSS-022 1 620 3,528 3,304 5 15,400 570 336 2.39 1.20 1.57

10/20/05 4 0.227 K-1241 Biased FSS-022 1 609 3,402 3,232 5 15,400 570 237 1.72 1.21 1.57

10/20/05 4 0.227 K-1242 Biased FSS-022 1 562 3,184 3,420 5 15,400 570 222 1.74 1.31 1.57

10/20/05 4 0.227 K-1243 Biased FSS-022 1 573 3,247 3,413 5 15,035 570 323 2.49 1.29 1.55

10/20/05 4 0.227 K-1244 Biased FSS-022 1 540 2,952 3,207 5 15,035 570 73 0.592 1.32 1.55

12/1/05 8 0.224 K-1340 Biased FSS-023 1 726 3,030 2,954 5 13,785 570 235 1.44 0.973 1.50

12/1/05 8 0.224 K-1341 Biased FSS-023 1 667 2,923 3,122 5 13,785 570 266 1.78 1.06 1.50

12/1/05 8 0.224 K-1342 Biased FSS-023 1 695 3,099 3,118 5 13,785 570 352 2.26 1.03 1.50

12/1/05 8 0.224 K-1343 Biased FSS-023 1 601 2,949 3,077 5 13,785 570 256 1.90 1.18 1.50

12/1/05 8 0.224 K-1344 Biased FSS-023 1 837 3,291 3,231 5 13,785 570 504 2.69 0.878 1.50

12/1/05 8 0.224 K-1345 Biased FSS-023 1 967 3,148 3,188 5 13,785 570 411 1.90 0.750 1.50

1/24/06 8 0.224 K-1408 Biased FSS-024 1 833 2,993 3,098 5 13,920 570 262 1.40 0.856 1.51

1/24/06 .8 0.224 K-1458 Biased FSS-024 1 564 2,803 2,885 5 13,920 570 60 0.474 1.22 1.51

1/24/06 8 0.224 K-1459 Biased FSS-024 1 788 3,094 3,141 5 13,920 570 334 1.89 0.914 1.51

3/28/05 4 0.227 K-565 Biased FSSB-003 1 645 7,281 6,352 5 15,035 570 3,810 26.0 1.60 1.55

4/1/05 4 0.227 K-566 Biased FSSB-003 1 645 8,266 6,922 5 15,336 570 4,527 31.0 1.68 1.57

4/13/05 4 0.227 K-568 Biased FSSB-003 1 645 7,047 6,513 5 14,915 570 3,797 26.0 1.59 1.55
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Proiect
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net

Detector Sample Net Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm/ Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC
Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

4/13/05 4 0.227 K-569 Biased FSSB-003 1 645 6,806 6,453 5 14,915 570 3,647 24.9 1.58 1.55

4/15/05 4 0.227 K-573 Biased FSSB-003 1 645 6,897 6,112 5 14,885 570 3,528 24.1 1.56 1.54

4/20/05 4 0.227 K-577 Biased FSSB-003 1 645 5,693 5,095 5 14,890 570 2,416 16.5 1.43 1.54

5/10/05 4 0.227 K-635 Biased FSSB-004 1 593 5,492 5,067 5 14,915 570 2,297 17.1 1.54 1.55

5/10/05 4 0.227 K-636 Biased FSSB-004 1 737 7,984 6,028 5 14,915 570 4,023 24.1 1.42 1.55

5/11/05 4 0.227 K-637 Biased FSSB-004 1 682 7,031 5,437 5 15,210 570 3,192 20.6 1.45 1.56

5/17/05 4 0.227 K-662 Biased FSSB-004 1 520 5,847 5,423 5 15,050 570 2,625 22.3 1.81 1.55

5/17/05 4 0.227 K-663 Biased FSSB-004 1 576 6,812 6,520 5 15,050 570 3,656 28.0 1.77 1.55

5/19/05 4 0.227 K-664 Biased FSSB-004 1 564 5,496 5,566 5 15,770 570 2,377 18.6 1.66 1.59

5/19/05 4 0.227 K-665 Biased FSSB-004 1 594 5,824 5,644 5 15,770 570 2,580 19.2 1.60 1.59

5/19/05 4 0.227 K-666 Biased FSSB-004 1 590 5,671 5,683 5 15,770 570 2,523 18.9 1.60 1.59

5/19/05 4 0.227 K-667 Biased FSSB-004 1 738 5,581 4,696 5 15,770 570 1,985 11.9 1.22 1.59

5/19/05 4 0.227 K-668 Biased FSSB-004 1 606 5,830 5,710 5 15,770 570 2,616 19.0 1.57 1.59

5/19/05 4 0.227 K-669 Biased FSSB-004 1 531 5,855 5,044 5 15,770 570 2,296 19.1 1.75 1.59

5/19/05 4 0.227 K-670 Biased FSSB-004 1 549 5,849 5,383 5 15,770 570 2,462 19.8 1.71 1.59

5/19/05 4 0.227 K-671 Biased FSSB-004 1 564 5,353 5,264 5 15,770 570 2,155 16.8 1.63 1.59

5/20/05 4 0.227 K-672 Biased FSSB-004 1 598 5,957 5,499 5 14,990 570 2,730 20.1 1.59 1.55
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Proiect
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

-:

Gross Net

Detector Sample Net Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm/ Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC

Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cPm) (pCi/g) (pCi/g) (pCi/g)

5/20/05 4 0.227 K-673 Biased FSSB-004 1 569 6,395 5,999 5 14,990 570 3,199 24.8 1.73 1.55

5/23/05 4 0.227 K-674 Biased FSSB-004 1 639 7,146 5,853 5 15,290 570 3,442 23.8 1.58 1.57

5/24/05 4 0.227 K-725 Biased FSSB-004 1 559 6,576 6,250 5 14,835 570 3,446 27.2 1.79 1.54

5/24/05 4 0.227 K-726 Biased FSSB-004 1 622 6,256 5,758 5 14,835 570 3,040 21.6 1.56 1.54

5/24/05 4 0.227 K-727 Biased FSSB-004 1 571 5,873 5,682 5 14,835 570 2,811 21.7 1.67 1.54

7/7/05 4 0.227 K-791 Biased FSSB-005 1 699 6,794 5,816 5 14,855 570 3,334 21.0 1.42 1.54

7/9/05 4 0.227 K-802 Biased FSSB-005 1 500 6,520 5,748 5 _15,030 570 3,128 27.6 1.96 1.55

7/12/05 4 0.227 K-803 Biased FSS3-005 1 586 6,663 5,995 5 16,210 570 3,087 23.2 1.70 1.61

7/15/05 4 0.227 K-807 Biased FSSB-005 1 523 6,251 5,548 5 15,250 570 2,850 24.0 1.84 1.56

7/21/05 4 0.227 K-862 Biased FSSB-006 1 588 5,638 5,582 5 14,825 570 2,645 19.8 1.60 1.54

8/1/05 4 0.227 K-863 Biased FSSB-006 1 571 7,193 6,697 5 15,245 570 3,896 30.1 1.82 1.56

8/1/05 4 0.227 K-864 Biased FSSB-006 1 551 6,243 5,306 5 15,245 570 2,726 21.8 1.73 1.56

8/1/05 4 0.227 K-865 Biased FSSB-006 1 564 6,251 5,522 5 15,245 570 2,838 22.2 1.71 1.56

8/1/05 4 0.227 K-866 Biased FSSB-006 1 618 6,936 6,660 5 15,245 570 3,749 26.8 1.67 1.56

8/1/05 4 0.227 K-867 Biased FSSB-006 1 662 7,303 6,939 5 15,245 570 4,072 27.1 1.59 1.56

8/3/05 4 0.227 K-947 Biased FSSB-006 1 548 6,614 6,420 5 15,155 570 3,486 28.1 1.84 1.56

8/3/05 4 0.227 K-948 Biased FSSB-006 1 576 6,910 6,150 5 15,155 570 3,499 26.8 1.75 1.56
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Proiect
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net

Detector Sample Net Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpml Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC
Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

8/3/05 4 0.227 K-949 Biased FSSB-006 1 553 6,600 5,766 5 15,155 570 3,152 25.1 1.78 1.56

8/3/05 4 0.227 K-950 Biased FSSB-006 1 588 6,701 6,098 5 15,155 570 3,369 25.3 1.70 1.56

8/5/05 4 0.227 K-951 Biased FSSB-006 1 547 5,983 5,555 5 15,130 570 2,743 22.1 1.74 1.56

8/5/05 4 0.227 K-952 Biased FSSB-006 1 630 6,472 5,644 5 15,130 570 3,032 21.2 1.55 1.56

8/10/05 4 0.227 K-953 Biased FSSB-006 1 597 6,447 6,187 5 15,135 570 3,290 24.3 1.67 1.56

8/10/05 4 0.227 K-954 Biased FSSB-006 1 581 6,603 6,378 5 15,135 570 3,464 26.3 1.73 1.56

8/10/05 4. 0.227 K-955 Biased FSSB-006 1 516 6,225 6,301 5 15,135 570 3,236 27.7 1.92 1.56'

8/10/05 4 0.227 K-956 Biased, FSSB-006 1 562 6,307 5,808 5 15,135 570 3,031 23.8 1.73 1.56

8/10/05 4 0.227 K-957 Biased FSSB-006 1 551 6,220 5,795 5 15,135 570 2,981 23.9 1.76 1.56

8/10/05 4 0.227 K-958 Biased FSSB-006 1 593 6,466 6,012 5 15,135 570 3,212 23.9 1.67 1.56

8/31/05 4 0.227 K-1002 Biased FSSB-007 1 597 6,914 6,104 5 14,775 570 3,554 26.3 1.69 1.54

8/31/05 4 0.227 K-1003 Biased FSSB-007 1 566 6,316 6,040 5 14,775 570 3,223 25.1 1.74 1.54

8/31/05 4 0.227 K-1004 Biased FSSB-007 1 542 6,767 5,752 5 14,775 570 3,305 26.9 1.83 1.54

9/6/05 4 0.227 K-1008 Biased FSSB-007 1 585 6,793 6,152 5 14,775 570 3,518 26.5 1.72 1.54

9/6/05 4 0.227 K-1009 Biased FSSB-007 1 570 5,941 6,199 5 14,775 570 3,115 24.1 1.71 1.54

9/6/05 4 0.227 K-1010 Biased FSSB-007 1 591 6,608 6,350 5 14,775 570 3,524 26.3 1.70 1.54

9/6/05 4 0.227 K-10111 Biased FSSB-007 1 572 6,732 6,295 5 14,775 570 3,559 27.4 1.76 1.54
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Proiect
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net

Detector Sample Net Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm / Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC

Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

9/8/05 4 0.227 K-1015 Biased FSSB-007 1 635 5,072 4,990 5 14,875 570 2,056 14.3 1.41 1.54

9/8/05 4 0.227 K-1016 Biased FSSB-007 1 586 6,268 6,056 5 14,875 570 3,187 24.0 1.68 1.54

9/8/05 4 0.227 K-1017 Biased FSSB-007 1 596 7,080 6,496 5 14,875 570 3,813 28.2 1.73 1.54

9/8/05 4 0.227 K-1018 Biased FSSB-007 1 578 6,442 5,912 5 14,875 570 3,202 24.4 1.70 1.54

9/20/05 4 0.227 K-1029 Biased FSSB-007 1 549 6,664 6,002 5 14,750 570 3,383 27.2 1.81 1.54

9/20/05 4 0.227 K-1030 Biased FSSB-007 1 509 6,324 5,598 5 14,750 570 3,011 26.1 1.90 1.54

9/20/05 4 0.227 K-1031 Biased FSSB-007 1 596 6,689 6,294 5 14,750 570 3,542 26.2 1.69 1.54

9/23/05 4 0.227 K-1037 Biased FSSB-007 1 630 6,771 6,462 5. 14,545 570 3,708 26.0 1.61 1.53

9/23/05 4 0.227 K-1038 Biased FSSB-007 1 601 5,924 6,168 5 14,545 570 3,137 23.0 1.62 1.53

9/23/05 4 0.227 K-1039 Biased FSSB-007 1 642 6,867 6,601 5 14,545 570 3,825 26.3 1.60 1.53

9/27/05 4 0.227 K-1192 Biased FSSB-007 1 593 6,512 5,731 5 14,760 570 3,170 23.6 1.65 1.54

9/14/05 4 0.227 K-1193 Biased FSSB-007 1 659 6,535 5,497 5 15,080 570 3,000 20.1 1.47 1.55

9/12/05 4 0.227 K-1195 Biased FSSB-007 1 522 6,002 5,622 5 15,095 570 2,793 23.6 1.83 1.56

9/12/05 4 0.227 K-1196 Biased FSSB-007 1 567 5,885 5,439 5 15,095 570 2,643 20.6 1.66 1.56

11/18/05 8 0.224 K-1291 Biased FSSB-007 1 612 5,478 5,514 5 14,045 570 2,687 19.6 1.54 1.52

8/31/05 4 0.227 K-1005 Biased FSSB-008 1 629 6,416 5,645 5 14,775 570 3,076 21.6 1.55 1.54

8/31/05 4 0.227 K-1006 Biased FSSB-008 1 587 6,628 6,057 5 14,775 570 3,388 25.4 1.70 1.54
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Proiect
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net
Detector Sample Net Gross Count BKG BKG Count

Efficiency Count Sample Count Rate Count Sample Rate 95% CL
Det. (cpm/ Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC

Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cPm) (pCi/g) (pCi/g) (pCilg)

8/31/05 4 0.227 K-1007 Biased FSSB-008 1 559 6,301 5,537 5 14,775 570 2,964 23.4 1.72 1.54

9/6/05 4 0.227 K-1012 Biased FSSB-008 1 577 6,356 6,335 5 14,775 570 3,391 25.9 1.73 1.54

9/6/05 4 0.227 K-1013 Biased FSSB-008 1 573 6,308 5,707 5 14,775 570 3,053 23.5 1.69 1.54

9/6/05 4 0.227 K-1014 Biased FSSB-008 1 602 6,931 5,708 5 14,775 570 3,365 24.6 1.65 1.54

9/20/05 4 0.227 K-1032 Biased FSSB-008 1 585 6,866 5,991 5 14,750 570 3,479 26.2 1.71 1.54

9/20/05 4 0.227 K-1033 Biased FSSB-008 1 575 6,571 6,474 5 14,750 570 3,573 27.4 1.76 1.54

9/20/05 4 0.227 K-1034 Biased FSSB-008 1 586 7,202 6,529 5 14,750 570 3,916 29.5 1.77 1.54
9/20/05 4 0.227 K-1035 Biased FSSB-008 1 605 7,037 6,364 5 14,750 570 3,751 27.3 1.69 1.54

9/20/05 4 0.227 K-1036 Biased FSSB-008 1 628 7,040 6,722 5 14,750 570 3,931 27.6 1.65 1.54

9/23/05 4 0.227 K-1040 Biased FSSB-008 1 604 4,837 4,993 5 14,545 570 2,006 14.6 1.46 1.53
9/23/05 4 0.227 K-1040 Biased FSSB-008 1 604 4,837 4,993 5 14,545 570 2,006 14.6 1.46 1.53

9/27/05 4 0.227 K-1191 Biased FSSB-008 1 619 5,226 5,146 5 14,760 570 2,234 15.9 1.46 1.54

9/14/05 4 0.227 K-1194 Biased FSSB-008 1 778 5,307 5,034 5 15,080 570 2,155 12.2 1.16 1.55

9/12/05 4 0.227 K-1197 Biased FSSB-008 1 582 5,586 5,308 5 15,095 570 2,428 18.4 1.59 1.56

9/12/05 4 0.227 K-1198 Biased FSSB-008 1 591 5,389 5,338 5 15,095 570 2,345 17.5 1.56 1.56

9/8/05 4 0.227 K- 199 Biased FSSB-008 1 591 6,971 6,072 5 14,875 570 3,547 26.5 1.71 1.54
9/8/05 4 0.227 K-1200 Biased FSSB-008 1 632 6,391 5,772 5 14,875 570 3,107 21.7 1.54 1.54
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Proiect
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net

Detector Sample Net Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm/ Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC

Count Date #: pCi/g) No. Type Survey Unit (mm) (g) (cpm) (cpm) (min) Counts (g) (cPm) (pCi/g) (pCi/g) (pCi/g)

9/8/05 4 0.227 K-1201 Biased FSSB-008 1 602 6,921 6,347 5 14,875 570 3,659 26.8 1.69 1.54

9/8/05 4 0.227 K-1202 Biased FSSB-008 1 586 6,242 5,702 5 14,875 570 2,997 22.6 1.65 1.54

11/9/05 4 0.227 K-1268 Biased FSSB-009 1 606 4,706 4,453 5 15,305 570 1,519 11.1 1.41 1.57

11/9/05 4 0.227 K-1269 Biased FSSB-009 1 570 4,767 4,608 5 15,305 570 1,627 12.6 1.52 1.57

11/18/05 8 0.224 K-1270 Biased FSSB-009 1 631 5,564 5,431 5 14,045 570 2,689 19.0 1.49 1.52

11/17/05 8 0.224 K-1292 Biased FSSB-009 1 544 5,864 5,366 5 13,825 570 2,850 23.4 1.74 1.51

11/17/05 8 0.224 K-1292 Biased FSSB-009 1 544 5,864 5,366 5 13,825 570 2,850 23.4 1.74 1.51.

11/17/05 8 0.224 K-1293 Biased FSSB-009 1 648 5,192 4,691 5 13,825 570 2,177 15.0 1.38 1.51

11/17/05 8 0.224 K-1293 Biased FSSB-009 1 648 5,192 4,691 5 13,825 570 2,177 15.0 1.38 1.51

11/21/05 8 0.224 K-1333 Biased FSSB-009 1 664 6,323 6,234 5 14,005 570 3,478 23.4 1.51 1.52

11/21/05 8 0.224 K-1334 Biased FSSB-009 1 652 5,875 5,648 5 14,005 570 2,961 20.3 1.47 1.52

11/21/05 8 0.224 K-1335 Biased FSSB-009 1 681 4,150 4,251 5 14,005 570 1,400 9.17 1.22 1.52
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Kaiser On-site Cave Counter
Ludlum 2221/44-10 (Nal # 4) Calibration

Serial Number: 172053/PR206815
December 13, 2004

The following documents the calibration of the Kaiser On-site Cave Counter (the
counter) located on the Kaiser Aluminum and Chemical Company Tulsa Oklahoma site.
The cave counter was equipped with Detector Number 4.

Background
The Kaiser On-site Cave Counter (the counter) consists of a 2-inch by 2-inch sodium
iodide 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. Four detectors have been used. The four detectors are numbered NaI #1, Nal #
2, NaI # 3 and NaI # 4. The detectors have been calibrated by Ludlum in the past year
using a Cs-137 source to verify their response to high energy photons. The detectors,
including their use as part of the counter, are used to obtain gross gamma readings from
soil samples in units of counts per minute (cpm). Although the response of a Nal detector
to gamma is energy dependent, the gamma energy of a Cs-137 source and the average
gamma energy of Thorium 232 (Th-232) in equilibrium with progeny are relatively close,
so the difference in response is not considered in the calibration of the counter to screen
samples for Th-232 activity concentration. This documents the calibration of Nal # 4.

Calibration Standard - Outreach Labs
Samples of material used to calibrate the counter are analyzed by Outreach Labs of
Broken Arrow, Oklahoma. Outreach analyzes the samples for Th-232 activity
concentration in units of pico-Curies per gram (pCi/g) based on the Ac-228 gamma line.
Outreach maintains a National Institute of Technology (NIST) traceable calibration of
their gamma spectroscopy systems including daily quality control (QC) checks of the
clrrent calibration, and their analyses represent the primary standard for the counter
calibration.

Secondary Calibration Standard
Calibration of the counter consisted of 20 counts of the secondary calibration standard,
Sample K-430. Sample K-430 is a composite sample of Kaiser Site Pile L-003. Pile L-
0)3 is a homogeneous stockpile of site soil like material of approximately 91 tons. The
material has been well mixed and has had two separate sets of equal-distant samples
taken and analyzed to properly characterize the material prior to using the material to
recalibrate another onsite counting system (SMCM). The pile was characterized on two
separate dates by taking a set of equal distant samples and analyzing the samples for Th-
2.32 activity concentration. In addition to the equal-distant samples, a composite sample
(K-430) was taken and analyzed by Outreach Labs. The result was 21.5 pCi/g Th-232.



Nal a 4 Calibration
Sample K-430 was used to calibrate the counter (NaI # 4). On December 2 and 3, 2004,
counts of background and the top and bottom of Sample K-430 were performed using the
cave counter and Nal # 4, a total of twenty times. The sample was also weighted (in
grams) each time counted. The results are presented in Table 4.

TIable 4 - Detector 4 Calibration Count Results

5 min
Cave Weight Background

Count # (grams) (cpm)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

684

684

684

683

684

683

684

684

684

684

684

684

684

684

684

683

684

683

683

683

2,995

2,995

2,995

2,995

2,995

2,995

2,995

2,995

2,995

2,995

3,048

3,048

3,048

3,048

3,048

3,048

3,048

3,048

3,048

3,048

1 min
Top Screen

(cpm)

6,785

6,328

6,685

6,638

6,652

6,450

6,705

6,540

6,726

6,605

6,367

6,644

6,493

6,626

6,758

6,845

6,635

6,638

6,763

6,411

1 min
Bottom

Screen (cpm)

5,967

6,363

6,193

6,144

6,111

6,038

5,982

5,983

5,965

5,875

6,221

6,189

6,068

5,977

6,304

6,026

6,111

6,200

5,993

6,249

The following calculations were then performed for each count:
* The net top count rate was calculated (ncpm).
* The net bottom count rate was calculated (ncpm).
* The average (top and bottom) net count rate was calculated (ncpm).



* The total pCi in the sample was calculated by multiplying the Outreach activity
concentration result for Sample K430 (21 pCi/g) by the weight (grams) measured
for the sample (pCi).

* The calibration factor in units of pCi/ncpm was calculated by dividing the total
pCi for the sample count by the ncpm (average of the top and bottom counts).

The results are presented in Table 5.



lTable 5 - Calibration Factor Calibration
1 min Cal

Cave Average Total Factor
Count # (ncpm) pCi (pCi/ncpm)

1 3,381 14,706 4.35

2 3,351 14,706 4.39

3 3,444 14,706 4.27

4 3,396 14,685 4.32

5 3,387 14,706 4.34

6 3,249 14,685 4.52

7 3,349 14,706 4.39

8 3,267 14,706 4.50

9 3,351 14,706 4.39

10 3,245 14,706 4.53

11 3,246 14,706 4.53

12 3,369 14,706 4.37

13 3,233 14,706 4.55

14 3,254 14,706 4.52

15 3,483 14,70,6 4.22

16 3,388 14,685 4.33

17 3,325 14,706 4.42

18 3,371 14,685 4.36

19 3,330 14,685 4.41

20 3,282 14,685 4.47

Average: 3,335 14,700 4.41

Std. D)ev.: 71 10 0.09

Minimum: 3,233 14,685 4.22

Maximum: 3,483 14,706 4.55

Median: 3,350 14,706 4.39

Range: 3.5 2.1 3.5

'/OCV: 2 0.1 2



The average calibration factor of 4.41 pCi/ncpm can be used to covert the average net
count rate of cave counts to activity concentration in units of pCi/g, as follows:

Th-232 (pCi/g) = Average net cpm x CF of 4.41 pCi/ncpm / sample weight (grams)

Use of this calibration factor is good for one calendar year (December 3, 2004 through
I)ecember 2, 2005). Counts of sample K-430 will be performed as daily QC checks on
clays when the counter is in service. Acceptance criteria based on the average of at least
10 counts of sample K-430 plus/minus 3 standard deviations will be established. Daily
QC counts that fall outside of this range should be repeated. If the repeat count fails, an
investigation should be performed and recalibration may be necessary.



ON-SITE CAVE COINTENalR1a #4 CALIBRATION CERTIFICATE

Calibration Date: December 3 and 4. 2004

Calibration Due; December 3.2Q05

Calibration Source: SarnP~e K-430

Source Activity Concentration: Sample K-430 was counted by Outreach Labs of Broken
Anrw, Oklahoma and determined to be 21.5 pCi/g of It-232. Outreach Labs analyzed
the sample via gamma spectroscopy using a counting system with National Institute of

Technology (NIST) traceable calibration and Quality Control (QC) program.

Cave Counter Nal # 4 Configuration: Detector Nal #4 was positioned in the stanard
coimt geometry with in the shield. All calibration coumts were performed in the same
geometry.

Calibration Factor: 4.41 pCi/ncym (4.41 pCi of Th-232 per net count per minute)

Calibration Performed By; David Weyant and Daniel Baker

Colibration Approved By;
, AI

December ;3, 2004

Andrew J. Lombardo, CBP



Kaiser On-site Cave Counter
Ludlum 2221/44-10 (Nal # 8) Calibration

Serial Number: 216513/PR230093
November 14, 2005

The following documents the calibration of the Kaiser On-site Cave Counter (the
counter) located on the Kaiser Aluminum and Chemical Company Tulsa Oklahoma site.
The cave counter was equipped with Detector Number 8.

Background
The Kaiser On-site Cave Counter (the counter) consists of a 2-inch by 2-inch sodium
iodide Ludlum Model 44-10 detector coupled with a Ludlum Model 2221
S caler/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. Four detectors have been used. The four detectors are numbered Nal #1, Nal #
2, Nal # 3 and NaI # 4. All detectors have been calibrated by Ludlum in the past year and
a Cs-137 source has been used to verify their response to high energy photons. The
detectors, including their use as part of the counter, are used to obtain gross gamma
readings from soil samples in units of counts per minute (cpm). Although the response of
a NaI detector to gamma is energy dependent, the gamma energy of a Cs-137 source and
the average gamma energy of Thorium 232 (Th-232) in equilibrium with progeny are
relatively close, so the difference in response is not considered in the calibration of the
counter to screen samples for Th-232 activity concentration. This documents the
calibration of Nal # 8.

Calibration Standard - Outreach Labs
Samples of material used to calibrate the counter are analyzed by Outreach Labs of
Broken Arrow, Oklahoma. Outreach analyzes the samples for Th-232 activity
concentration in units of pico-Curies per gram (pCi/g) based on the Ac-228 gamma line.
Outreach maintains a National Institute of Technology (NIST) traceable calibration of
their gamma spectroscopy systems including daily quality control (QC) checks of the
current calibration, and their analyses represent the primary standard for the counter
calibration.

Secondary Calibration Standard
Calibration of the counter consisted of 20 counts of the secondary calibration standard,
Sample K-1257. Sample K-1257 is a composite sample of Kaiser Site Pile L-003. Pile L-
003 is a homogeneous stockpile of site soil like material of approximately 30 tons. The
material has been well mixed and has had a set of nine equal-distant samples taken and
analyzed to properly characterize the material prior to using the material to recalibrate
another onsite counting system (SMCM). The pile was characterized last year on two
separate dates by taking a set of equal distant samples and analyzing the samples for Th-
232 activity concentration. In addition to the equal-distant samples, a composite sample
(K-1257) was taken and analyzed by Outreach Labs. The result was 19.2 pCi/g Th-232.



Nial # 8 Calibration
Sample K-1257 was used to calibrate the counter (Nal # 8). On November 3, 2005,
counts of background and the top and bottom of Sample K-1257 were performed using
the cave counter and NaI # 8, a total of twenty times. The sample was also weighted (in
grams) each time counted. The results are presented in Table 4.

Table 4 - Detector 8 Calibration Count Results

5min 1 min 1 min
Cave Weight Background Top Screen Bottom Screen

Count # (grams) (cpm) (cpm) (cpm)

1 672 2,760 5,985 5,152

2 672 2,760 6,038 5,122

3 672 2,760 5,925 5,272

it 672 2,760 5,790 5,365

5 672 2,760 5,713 5,287

6 673 2,762 6,008 5,512

7 673 2,762 5,844 5,488

8 673 2,762 6,107 5,516

(9 673 2,762 5,885 5,399

10 673 2,762 5,897 5,418

11 673 2,759 5,977 5,340

12 673 2,759 6,000 5,443

13 673 2,759 5,854 5,333

14 673 2,759 5,890 5,347

15 673 2,759 5,844 5,412

16 673 2,745 5,963 5,525

17 673 2,745 5,993 5,266

18 673 2,745 6,026 5,408

19 673 2,745 6,026 5,413

20 673 2,745 6,031 5,394

The following calculations were then performed for each count:
* The net top count rate was calculated (ncpm).
* The net bottom count rate was calculated (ncpm).



* The average (top and bottom) net count rate was calculated (ncpm).
* The total pCi in the sample was calculated by multiplying the Outreach activity

concentration result for Sample K-1257 (19.2 pCi/g) by the weight (grams)
measured for the sample (pCi).

* The calibration factor in units of pCi/ncpm was calculated by dividing the total
pCi for the sample count by the ncpm (average of the top and bottom counts).

The results are presented in Table 5.



Table 5 - Calibration Factor Calibration
1 min Cal

Cave Average
Count # (ncpm)

I

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Average:

Stdev.:

Minimum:

Maximum:

Median:

Range:

%CV:

2,808

2,820

2,838

2,817

2,740

2,998

2,904

3,050

2,880

2,896

2,900

2,963

2,835

2,860

2,869

2,999

2,885

2,972

2,975

2,968

2898.6

79.38

2739.7

3049.5

2890.0

3.90

2.74

Total
pCi

12,902

12,902

12,902

12,902

12,902

12,922

12,922

12,922

12,922

12,922

12,922

12,922

12,922

12,922

12,922

12,922

12,922

12,922

12,922

12,922

12,917

8.53

12,902

12,922

12,922

2.25

0.07

Factor
(pCi/ncpm)

4.59

4.58

4.55

4.58

4.71

4.31

4.45

4.24

4.49

4.46

4.46

4.36

4.56

4.52

4.50

4.31

4.48

4.35

4.34

4.35

4.46

0.12

4.24

4.71

4.47

3.93

2.69



The average calibration factor of 4.46 pCi/ncpm can be used to covert the average net
count rate of cave counts to activity concentration in units of pCi/g, as follows:

1h-232 (pCi/g) = Average net cpm x CF of 4.46 pCi/ncpm / sample weight (grams)

Use of this calibration factor is good for one calendar year (November 3, 2005 through
November 3, 2006). Counts of sample K-1257 will be performed as daily QC checks on
days when the counter is in service. Acceptance criteria based on the average of at least
10 counts of sample K-1257 plus/minus 3 standard deviations will be established. Daily
(QC counts that fall outside of this range should be repeated. If the repeat count fails, an
investigation should be performed and recalibration may be necessary.



ON-SITE CAVE COUNTER Nal # 4 CALIBRATION CERTIFICATE

Cnllbration Date:

Q>libration Due:

Calibration Source:

November 3. 2005

November 3. 2005

Sample K-1257

Source Activity Concentration: Sample K-1257 was counted by Outreach Labs of Broken
Arrow, Oklahoma and deteriuined to be 19.2 pCi/g of Th-232. Outreach Labs analyzed
the sample via gamma spectroscopy using a counting sytm with National Institute of
Technology (NISI) traceable calibration and Quality Control (QC) programn.

Cave Counter NaI # 8 Configuration: Detector Nal #8 was positioned in the standard
count geomet with in the shield. All calibration counts were performed in the same
geometry.

Calibration Factor: 4,.4§ &pCM (4.46 pCi of Th-232 per net count per minute)

Calibration Performed By: David Weyant

Calibration Approved By: -
/11�401'r -

November 14,200S

Andrew J. Lombardo, CBP

Qy),


