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Executive Summary
Final Status Survey Report

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

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

The DP addresses the remediation of the impacted portions of the 14-acre "Pond Parcel"
at the Tulsa, Oklahoma facility and the DPA addresses the approximate 3.5-acre "Former
Operational Area" (FOA). The remediation alternative chosen for the Pond Parcel
requires excavating material with a net Th-232 activity concentration greater than the
Derived Concentration Guideline Level (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 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

Q:AP400\PA407ZFSS RqeofReport t\TExec Summay. c ES-I Revision 0
3/22/06

T



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

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

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

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

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

Systematic

No. of Sample Survey Unit

Systematic Exceedance WRS Test Elevated Embedded Total Sum Meets DP

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

Survey Unit Area (m2) Collected Value Met Present Present Fractions Criteria

Kaiser-FSS-O0I* 84.5 36 YES YES YES N/A 0.99 YES

Kaiser-FSS-002 126.5 9 NO YES NO NO 0.00 YES

Kaiser-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-01I 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

Kaiscr-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

Kaiscr-FSS-018 1,582 10 NO YES NO NO 0.00 YES

Kaiser-FSS-019 1,582 10 NO YES NO NO 0.00 YES

Kaiser-FSS-020 1,570 9 NO YES YES NO 0.19 YES

Kaiser-FSS-021 1,985 9 NO YES NO NO 0.00 YES

Kaiser-FSS-022 1,840 9 NO YES NO NO 0.00 YES

Kaiser-FSS-023 1,750 10 NO YES NO NO 0.00 YES

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

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

areas.

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 W'RS Test Elevated Embedded Total Sum Mweets DP

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

Survey Unit (me) 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

Yaiser-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 NIA 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 (cinderblock or concrete retaining wall) encountered during the
removal of radiologically impacted soil.

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 I 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 HWRS Test Elevated Meets DP

Area Systematic Composite of DCCL Criterion Area(s) Acceptance

Survey Unit () Soil Cores Samples Value Met Present Criteria

Kaiser-FSSB-001 2,220 ii 28 NO YES NO YES

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

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

Kaiscr-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

Kaiscr-FSSB-007 1,381 9 44 NO YES NO YES

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

Kaiser-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-
thorium alloy was smelted, along with other magnesium materials, to recover the
magnesium. Thorium alloy material comprised a small fraction of the total magnesium
refined on site. Licensed operations involving the recovery of magnesium-thorium alloy
began in 1958 and continued through 1968. Kaiser purchased the facility in 1964.
Magnesium refining operations continued at the facility until approximately 1985.
Aluminum then replaced magnesium in smelting and anode manufacture, and the plant
continued operating until the 1997-1998 time frame.

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

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

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

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

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
----- 4+_A - I d I ALA +1 A 1 1 AA- % adts M A11, Ash-. I I_ an A I -~ A_ 1 ADo o



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) Dcscription 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.
The HSA was conducted as the first step toward decommissioning the FOA at the Tulsa,
Oklahoma facility. The objective of the HSA was to compile as much historical
information as possible for the facility and, using the MARSSIM guidelines, categorize
the land areas and structures of the FOA of the facility as either impacted or non-
impacted. None of the original buildings which housed magnesium-thorium alloy
processing existed on site at the time of the HSA. With the 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

QA\P4000PA4072MFSS RonReporttextr\aptier IRFDREVISIONS.6c 14 Revision 0
3/22/06

. l



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 arc
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 DCGL, 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 Rcporting

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-00l) 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.

1.4.4 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 I - Pond Parcel Excavation Bottom

Survey Units Kaiscr-FSS-001 through Kaiser-FSS-024
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

March 22, 2006

2.0 INTRODUCTION

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

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

This volume of the Final Status Survey Report contains 24 individual sub-reports (EB-001
through EB-024), each documenting the final status survey results for a particular survey unit.
Sub-Report EB-001 documents the final status survey results for Survey Unit Kaiser-FSS-001,
an embedded structure encountered (a buried concrete spillway) during the removal of
radiologically impacted soil from the southwestern corner of the Retention Pond area. Survey
Unit Kaiser-FSS-001 is unique in that the structural surface was large, constituted the entire
survey unit and as such was systematically scanned and sampled per the final status survey
protocol for structures. All additional embedded structures are included as part of the open land
area survey unit sub-reports. Sub-Reports EB-002 (Survey Unit Kaiser-FSS-002) through EB-
024 (Survey Unit Kaiser-FSS-024) document the final status survey results for open land areas
(pond parcel excavation bottom surface soil) resulting from the removal of radiologically
impacted soil from impacted portions of the Pond Parcel. These open land area survey units are
considered Class 1 survey units with surface areas generally less than 2,000 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
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summary of findings relative to the final status survey of Pond Parcel excavation bottom Survey
Units Kaiser-FSS-001 through Kaiser-FSS-024 (Chapter 5.0). Supporting appendices to this
volume of the Final Status Survey Report include the following:

* 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 (13CM)
units; and (3) surveys of structural surfaces.

Finally, for each survey clement 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 I m2 .
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) ADCLENIC - 87.5 net pCi/g of Th-232 over 1 m2.
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/1OOcm 2 gross alpha
over 100 m 2 . 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/IOOcm 2

gross alpha over 100 m2 . Inputs/assumptions are the same as structure surface total
contamination.

* Structure Surface Total Contamination GA-DCGLENIC - 92,700 net dpm/10cm2

gross alpha over 1 m2. Inputs/assumptions are the same as structure surface total
contamination except for area.

* Structure Surface Removable Contamination GA-DCGLErlC - 9,270 net dpm/1 00cm2

gross alpha over I 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 Areas Arca Factors

Area Factors

Radio- M2 3m 2  30m2 10 m2  30 m2  100 m2  3000m2  m20,000

nuclidc (11 f) (320 ) (I108 ft) (323ft2) (1,076 ) (3,229 ) (10,764ft 2)(32,292 f) (107,639 f)
Th-232 12.5 6.2 3.2 2.3 1.8 1.5 1.1 1.0 1.0

Table 3-2 - DCGLENMC Values for Open Land Areas

DCGLEhMC (pCi)

Radio- M 2 32 lo1n2  30W2  I 00 2  300m2  1,000n 2  3,000 2  I 0,000 o
nuclide (11 fl) (320) (108 (() (3,229 2) (10,764 ft2) (32,292 ft ) (107,639 ft)

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.

ADCLINC = 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 - ADCLEMC Values for Pond Parcel BCM1 Units

ADCLEMC (PCL/g)

Radio- I m2  3m2  Orm2  30 m2  v0 2  300m2  1,000m 2  3,000m 2  I0,000m 2

nuclide (112) (32) 108f12) (323 ft) (1,076 f2) (3,229 fi2) (10,764 fi2) (32,292 f12) (107,639 ft2)
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-DCGLENIc = Area Factor * GA-DCGL

Table 34 Structures Area Factors

Area Factors

GA- I i 2  2m2  f 3m2  4 m2  f Sm2  lOim2  J 20m 2  30m2  | 1OOm2

DCGL J 98.2 49.2 32.9 24.7 j 19.8 1 9.91 1 4.97 3.32 I 1.00 _

Table 3-5 GA-DCGLENIC Values Structures

DCGL*m c(dpu/100cm2 )

GA- 1 2 2  2m2  | 3m2  4 m2  I 5m2  J 10m 2  | 2m 2  | 30m2  | OOm
DCGL | 9.27E+04 J 4.64e+04 | 3.10E+04 I 2.33E+04 I 1.87E+04 I 9.36E+03 I 4.69E+03 I 3.13E+03 I 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 em2 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 Gencric 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
(A/a). Delta is equal to the DCGL minus the lower-bound gray region (LBGR) value. The
LBGR value is arbitrarily set at one-half the DCGL value to start the determination. Sigma is an
estimate of the variability in a set of sample analysis results from a survey unit.

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

L- A
0.866N

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 Excel*. 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 N) described above presumes that the actual scan MDC is
less than or equal to the required scan MDC, i.e., there is sufficient scan sensitivity available to
detect small areas of elevated activity. (The derivation of various scan MDCs is presented in
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(actual)
DCGL,,

(Depending on the survey unit, DCCL or GA-DCGL is substituted for DCGLIv 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 N,. If NJ exceeds the
value assigned to N. an alternate spacing LI for the systematic sampling grid is calculated using
the equation:

I A
0.8 66N,

The corresponding height (h) of the equilateral triangle with side length equal to L (or LI) is
calculated using the following formula: h = ((L2 _ (IJ2)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 pR/hr; Table 6.4 of NUREG-1507). In addition:

MDCR=ss 16.j)
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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 bi 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
NaI (2x2) detector using this MARSSIM two-stage scanning framework are summarized below
in Tablc 4-1 for increasing background count rates.

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

C Scan AIDC
Bkg i P (cpm per D' S AIDCR MDCRs

(cpm) (see) - R/hr) (counts) (ncpm) (ncpm) Cef~ 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 pR/hr) taken from NUREG-1507, modeled using MicroShield. CF =Scan MDC
(pCi/g) / Scan MDC (pRlhr)

c. Scan MDC (pR/hr) = MDCRS/e and Scan MDC (pCi/g) = (MDCR .')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
Mleter Manufacturcr Manufacturcr 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
DCGLW for direct measurements and/or scanning measurements are routinely achieved. Field
instrument scan MDCs are calculated to control the occurrence of Type I (false negative) and
Type II (false positive) as discussed in the following subsections.

4.2.2.1 Alpha Scan

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

-GEd

P(n>l)=I-e 60v

where:

P(n 2 1) = probability of observing a single count,
G = activity (dpm),
E = 47 detector efficiency (cpd),
d = width of detector in direction of scan (cm), and
v = scan speed (cm/s).

The value of G is increased until the corresponding probability equaled the desired confidence
level, e.g., 95 percent. Table 4-2 summarizes the calculation of alpha scan MDCs for the 4n
detector alpha efficiencies of the instruments used. The resulting values of G (dpm) are
significantly below the GA-DCGL value of 944 dpm/l OOcm2.

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

(dpm) (cm) (cpm) (crn/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
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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
NUREG-1507, Equation 6-7 (Strom & Stansbury, 1992):

MDCstatic

3 +3.29 ABr*1s*(1 + .( )

t3*Etot lA100

where:

MDCstttic=
BR =

tB =

ts =

A
Et1 t =

minimum detectable concentration level in dpm/100 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:

Es
= 2n instrument efficiency in counts per disintegration (cpd) and
= 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.

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

(cp (m) (min) Efficiency (cm2) (dpni/l OOcm 2)
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 Gamnma 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 1 survey units, the investigation level is the derived
concentration guideline elevated measurement criteria (DCGLEzc) value for the area scanned.
The DCGLEMC values applicable to the open land areas of the site are calculated by multiplying
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the DCGLw by the area factors presented in Chapter 3.0. DCGLEic 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
gR/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 survey units with activity concentration greater than the DCGLw (Fail
DCGLw). 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 - pen Land Areas Scan MDC and Threshold Values
A CF Scan Fail Fail

Area DCGLEmc B (pCi/g / MDC DCGLEMc DCGLw
(M2) (pCi/g) (cpm pR/h) (pCi/g) (ncpm) (ncpm)
0.25 N/A 50,000 0.99 4.0 N/A 2,515

1 37.5 50,000 0.62 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 ENIC 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 m2) 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 (Nal) detector (Ludlum Model 44-10) coupled with a scaler
instrument (Ludlum Model 2221)

4.5.3 Systematic Measurements of Total and Removable Alpha Contamination

Systematic sample points are marked at locations determined through the use of a random start
point and an equal-distant triangular grid in accordance with MARSSIM and the DP. Static
measurements are taken at each sample point location to determine the total alpha contamination
(in units of dpm/100cm 2 ). Smear samples representing 100cm2 areas are also collected at the
same sample point location to assess removable alpha contamination (in units of dpm/100cm2 ).
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/l 00cmr 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 BICM Unit Gross Gamma Scan Survey

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

Per Section 5.3.3 of MARSSIM, scanning is used to identify locations within the survey unit that
exceed the investigation level. For Class 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 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
(ncpm) 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
pR/h) in NUREG-1507. However, surveys of an area this small are not applicable to final status,
open land area surveys. The increasing areas presented in the table correspond to the approved
area factors (DP) and result in scan thresholds for detection of both elevated areas (Fail
DCGLrmc) 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
(M) (pCi/g) (cp) mRh) (pCig) (nepm) (ncpm)
0.25 N/A 150,000 0.99 7.0 N/A 26,074

1 87.5 150,000 0.62 4.3 118,016 41,946
3 43.4 150,000 0.51 3.6 70,495 50,516
10 31.1 150,000 0.46 3.3 55,808 55,808
30 31.1 150,000 0.45 3.1 57,924 57,924
100 31.1 150,000 0.44 3.1 59,034 59,034
300 31.1 150,000 0.43 3.1 59,602 59,602
1000 31.1 150,000 0.43 3.0 59,938 59,938
3000 31.1 150,000 0.43 3.0 60,118 60,118
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4.6.3 BCMI Unit Systematic Soil Corc Sampling

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

* 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.

Q:\P4000\PA4072\FSS Repor&Rrport textahapta 4 revised .doc 4-11 Revision 0
3/22/06

I



5.0 SUMMARY OF FINDINGS

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

5.1 Structural Surfaces - Survey Unit Kaiscr-FSS-001

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

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

* Nine of the 36 systematic measurements of total alpha contamination were greater than
the DCGL-GA of 944 dpm/1 00cm2. A spatial independence review of the data revealed
the presence of 2 elevated areas of total alpha contamination; therefore, two elevated
measurement comparisons were required for this unit.

* All 36 smear sample results were below the DCGL-GA of 94.4 dpm/100cm2 for
removable alpha contamination.

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

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

5.2 Open Land Areas - Survey Units Kaiser-FSS-002 through Kaiser-FSS-024

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

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

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

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

Of the 6 remaining open land area survey units for the pond parcel (Survey Units Kaiser-FSS-
025 through Kaiser-FSS-030) it should be noted that remediation and final status survey
sampling have been completed for 4 of those units (Kaiser-FSS-027 through Kaiser-FSS-030).
Soil screening values and/or analytical laboratory results for all systematic soil samples for each
survey unit were below the 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 wvill also meet the DP acceptance criteria. The results of the final status surveys
for the remaining 6 Pond Parcel excavation bottom survey units will be documented in an
addendum to this Final Status Survey Report to be submitted at the end of the remediation
project.

5.3 Sum of Fractions

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

No. of Sample Survey Unit
Systematic Exceedance BIERS Test Elevated Embedded Total Sum Meets DP

Surface Samples of DCCL Criterion Area(s) Structure(s) of Acceptance
Survey Unit Area (my) Collected Value Met Present Present Fractions Criteria

Kaiser-FSS-00l I 84.5 36 YES YES YES N/A 0.99 YES

Kaiser-FSS-002 126.5 9 NO YES NO NO 0.00 YES

Kaiser-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 18216 NO YES NO YES 0.04 YES

Kaiscr-FSS-008 424 9 NO YES NO NO 0.00 YES

Kaiser-FSS-009 1,000 9 NO YES NO NO 0.00 YES

Kaiser-FSS-010 986 10 NO YES NO YES 0.00 YES

Kaiser-FSS-011 2,400 12 NO YES NO NO 0.00 YES

Kaiser-FSS-012 2,460 12 NO YES NO NO 0.00 YES

Kaiser-FSS-013 1,320 10 NO YES YES YES 0.38 YES

Kaiser-FSS-014 1,892 10 NO YES YES YES 0.67 YES

Kaiser-FSS-015 1,997 10 NO YES NO YES 0.18 YES

Kaiser-FSS-016 2,484 14 NO YES YES NO 0.79 YES

Kaiser-FSS-017 2,230 17 NO YES NO NO 0.00 YES

Kaiscr-FSS-018 1,582 10 NO YES NO NO 0.00 YES

Kaiser-FSS-019 1,582 10 NO YES NO NO 0.00 YES

Kaiser-FSS-020 1570 9 NO YES YES NO 0.19 YES

Kaiser-FSS-021 1,985 9 NO YES NO NO 0.00 YES

Kaiser-FSS-022 18 9 NO YES NO NO 0.00 YES

Kaiser-FSS-023 1,750 10 NO YES NO NO 0.00 YES

Kaiser-FSS-024 1,454 10 NO YES NO NO 0.00 YES
*Survey Unit Kaiser- FSS-001 is the buried concrete spillway structure. The other pond parcel survey units are defined as open land areas.
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-001
Survey Unit Kaiser-FSS-001

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22,2006

1.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-001, an "embedded" structure (buried concrete spillway) encountered during the
removal of radiologically-affected soil from the southwest corner of the Retention Pond area.
The survey unit is bounded to the south by the Union Pacific Railroad right-of-way, to the east
by Survey Unit Kaiser-FSS-002, to the north by Survey Unit Kaiser-FSS-008, and to the west by
the former freshwater pond non-impacted area (Figure 3).

Survey Unit Kaiser-FSS-001 consists of the concrete spillway's structural surface. It is
considered a Class 1 survey unit with an approximate surface area of 84.5 m2. This survey unit
is unique for the following reasons:

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

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

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

* Clean import borrow material (soil) was placed over the concrete spillway's structural
surface after the final survey was complete.
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2.0 SURVEY ACTIVITIES AND RESULTS

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

2.1 Gross Gamma Scan of Structural Surface

The structural surface of the concrete spillway was located below grade in an open excavation
and parts of the structural surface remained damp during final survey activities. As such, the
exposed concrete surface of the Class 1 survey unit was surveyed through a 100 percent
coverage gross gamma scan, in lieu of a gross (total) alpha scan, to confirm acceptable
radiological conditions and identify any elevated areas. The concrete surface was divided into 2-
meter by 2-meter grids for recording the results of the 100 percent coverage gross gamma scan
(Figure A-1, Attachment A). During the scan, the detector was held close to the concrete
surface (1 - 2 inches) and moved in a serpentine pattern. Background measurements were
obtained at 1-meter above the concrete surface at 5 approximately equal-distant locations within
the survey unit. The statistics for the 5 background measurements are provided below in Table
1. Background measurements ranged from 34,340 counts per minute (cpm) along the south
splash wall of the spillway to 78,463 cpm along the northern survey unit boundary (close to the
impacted soil located adjacent to the spillway).

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 19 sets of minimum, maximum, and average gross gamma scan rates were recorded for each
2-meter by 2-meter grid across the survey unit's 84.5 m2 surface area. The average scan results
ranged from 28 to 68 thousand counts per minute (kcpm) and generally increased due to
proximity to the impacted material located north of the survey unit. The results are presented
below in Table 1.

Table 1 - Gross Gamma Scan Results Summary
Scan Minimum Scan Maximum Scan Average Background

Grid (kcpm) (kcpm) (kcpm) (cpm)
Al (floor) 28 35 32
A2 (floor) 62 72 65
BI (floor) 32 48 43 38,736
B2 (floor) 37 51 43
C1 (floor) 42 52 46
C2 (floor) 47 63 54 60,746
DI (floor) 20 46 35
D2 (floor) 52 69 65
El (floor) 30 42 36 56,530
E2 (floor) 40 82 65
Fl (floor) 32 42 37
F2 (floor) 42 75 68 78,463
GI (floor) 30 54 43
Al (wall) 35 48 42
B1 (wall) 35 47 38
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Scan Minimum Scan Maximum Scan Average Background
Grid (kcpm) (kcpm) (kcpm)(cpm)

Cl (wall) 32 45 36
DI (wall) 22 36 28 34,340
El (wall) 20 35 30

Average 36 53 45 53,763
Standard Dev. 11 14 13 17,816

Median 35 48 43 .56,530

Minimum 20 35 28 34,340

Maximum 62 82 68 78,463

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

2.2 Systematic Measurements of Total and Removable Alpha Contamination

The final status survey also consisted of systematic measurements of total and removable alpha
contamination based on a random start point and an equal-distant triangular grid. Although
portions of the concrete spillway were damp, precluding a gross alpha scan of the entire
structure, small dry flat areas were available within the survey unit for collecting systematic
measurements of total and removable alpha contamination.

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

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

Paramount to determining the minimum number of sample points is the determination of the
relative shift, delta over sigma (A/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
the Flux Building (Survey Unit FB-001 Floor Surface: 45.9). Since the gross (total) alpha
activity concentration of 944 dpm/l00rcm2 is the revised DGCL-GA, A is equal to 944 - 472, or
472. Delta divided by the sigma of 45.9 results in a relative shift of 10.3. The minimum number
of samples (looked up in Table 5.3 of MARSSIM) corresponding to alpha and beta error rates of
0.05 and a relative shift of 10.3 is 9.

Since a gross gamma scan of the concrete spillway was necessary, the Minimum Detectable
Concentration (MDC) of the 2-inch by 2-inch sodium iodide (Nal) detector, in units of total
contamination (dpm/lOOcm 2) was calculated as follows:
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1. The Minimum Detectable Count Rate (MDCR) based on the gross gamma background
count rate was determined in accordance with the DP as follows:

MDCR = s{. J

Si = d I;-

where s1 (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 bi is the
number of background counts in the interval. Index of sensitivity d'values are listed in
MARSSIM Table 6.5 based on the proportions for required true positive and tolerable false
positive occurrence rates. The index of sensitivity value selected for initial use at the Tulsa
facility is 1.38, corresponding to a true positive proportion of 0.95 and a false positive
proportion of 0.60. While this index of sensitivity value will result in at least 95 percent
"correct" scanning detections as required by the Tulsa facility DQO for Type I error control,
up to 60 percent "incorrect" (false positive) scanning detections may occur.

2. The Minimum Detectable Count Rate of the Surveyor (MDCRs) was calculated in
accordance with the DP as follows:

MD CR = 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 E is the instrument
efficiency (830 cpm per pR/hr for Th-232 in equilibrium with progeny; Table 6.4 of
NUREG-1507).

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

4. The resulting MDC value (pCi/g) was converted to Equivalent Total Contamination
(MDC-ETC) in units of dpm/lOOcm 2 using the following formula and again assuming a
0.1 cm thick layer of Th-232 surface contamination and a concrete density of 2.35 g/cm 3:

MDC-ETC (dpm/lOOcm2) = MDC (pCi/g) x 2.35 gfcm3 x 2.22 dpm/pCi x 0.1 cm x 100

The resulting MDC-ETC in units of dpm/l 00cm2 can then be used to determine if additional
samples are needed (in accordance with the DP) by dividing the MDC-ETC value by the
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DCGL-GA value (944), both in units of dpm/100cm2, to determine the area factor. The size
of an area of elevated radioactivity corresponding to this area factor is interpolated from the
table of area factors and divided into the survey unit area to determine the alternate number
of sample locations. These calculations are summarized below in Table 2 for increasing
gross gamma background count rates.

Table 2 - Gross Gamma Scan MDC and Corresponding N Summa r
Number

bCorres- Corres- of
background Scan Scan ponding ponding Samples
count rate MDCR MDCRS MDC MDC-ETC Area Area N*

(cp)(cpm) (pCi/g) (dpm/100cm2) Factor (M2)( -
20,000 2,138 2.58 118 6,154 6.52 16.1 6
50,000 3,380 4.07 186 9,730 10.31 9.73 10
95,000 4,659 5.61 257 13,412 14.2 7.40 14
100,000 4,780 5.76 264 13,761 14.6 7.21 14
105,000 4,899 5.90 270 14,100 14.9 7.03 14
110,000 5,014 6.04 276 14,432 15.3 6.86 15
115,000 5,126 6.18 283 14,757 15.6 6.70 15
120,000 5,237 6.31 289 15,074 16.0 6.54 15
125,000 5,345 6.44 295 15,385 16.3 6.39 16

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

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

2.2.2 Total and Removable Alpha Contamination Measurement Results

A layout of the total and removable alpha contamination measurement locations is provided on
Figure A4 contained in Attachment A. At each of the 36 locations, a measurement (static
count with a gas proportional detector) of total alpha contamination (identified as MARSSIM-
001 through MARSSIM-036) and a smear sample for determination of removable alpha
contamination (identified as K-SS-001 through K-SS-036) were collected on the concrete
surface. The smear samples were forwarded to Outreach for analysis of alpha activity (per the
100 cm2 surface area sampled). Total alpha contamination measurement results are provided
below in Table 3.
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Table 3 - Systematic Total Alpha Contamination Measurement Results
Total

DCGL-GA Contamination Std. Error MDC
Sample ID (dpm/lOOcm2 ) (dpm/100cm2 ) (dpm/lOOcm2 ) (dpml100cm2 )

MARSSIM-001 944 1,570 336 171
MARSSIM-002 944 1,860 364 171
MARSSIM-003 944 1,130 286 171
MARSSIM-004 944 3,160 471 171
MARSSIM-005 944 911 260 171
MARSSIM-006 944 1,210 297 171
MARSSIM-007 944 911 260 171
MARSSIM-008 944 268 153 171
MARSSIM-009 944 286 157 171
MARSSIM-010 944 339 168 171
MARSSIM-011 944 946 264 171
MARSSIM-012 944 1,210 297 171
MARSSIM-013 944 500 198 171
MARSSIM-014 944 714 232 171
MARSSIM-015 944 536 204 171
MARSSIM-016 944 357 171 171
MARSSIM-017 944 304 160 171
MARSSIM-018 944 179 131 171
MARSSIM-019 944 518 201 171
MARSSIM-020 944 1,210 297 171
MARSSIM-021 944 768 240 171
MARSSIM-022 944 232 144 171
MARSSIM-023 944 107 111 171
MARSSIM-024 944 71.4 99.0 171
MARSSIM-025 944 268 153 171
MARSSIM-026 944 107 111 171
MARSSIM-027 944 268 153 171
MARSSIM-028 944 53.6 92.6 171
MARSSIM-029 944 143 121 171
MARSSIM-030 944 2,050 382 171
MARSSIM-031 944 232 144 171
MARSSIM-032 944 304 160 171
MARSSIM-033 944 500 198 171
MARSSIM-034 944 821 247 171
MARSSIM-035 944 714 232 171
MARSSIM-036 944 214 140 171

Average 694
Standard Dev. 662

Minimunt 53.6
Maximum 3,160 *

Median . 500

.,
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Nine of the 36 total alpha contamination measurements exceeded the DCGL-GA of 944
dpm/l00cm2. The maximum total alpha contamination was 3,160 dpmi/100cm2. The average
total alpha contamination was 694 dpm/lOOcm 2.

The standard deviation of the 36 equal-distant samples was 662, greater than the estimated
standard deviation of 45.9 (based on the Flux Building Survey Unit FB-001 final status survey
results) used to calculate the minimum number of samples (N) required. Using the observed
standard deviation of 662 and the same methodology to determine N as presented in Section
2.2.1 above, a relative shift of 0.7 results. The N from Table 5.3 (MARSSIM) corresponding to
a relative shift of 0.7 is 61 for a 100 m2 survey unit. For Survey Unit Kaiser-FSS-001 (84.5 in),
N would be 51.5. However, the values of N provided in MARSSIM Table 5.3 are increased 20%
to account for unusable or lost data during surveys and achieve the desired power level for
statistical tests (MARSSIM Section 5.5.2.2, Contaminant Present in Background - Determining
Number of Data Points for Statistical Tests). Adjusting the value of 51.5 for the 20% buffer
results in a N of 41. Since only 36 sample points were used to complete the survey, a review of
the variability in the total alpha contamination results was conducted to ensure an adequate
number of data points were used and that the Data Quality Objectives selected for the final
survey were met.

In accordance with Section 8.2.4 of MARSSIM (Verify the Assumptions of the Test), the spatial
independence of the total alpha contamination data was reviewed. As shown in Attachment C,
Figure C-1, two distinct populations of total alpha contamination results are present. The first
population is the total alpha contamination results within EMC-1, a 25 m2 elevated area located
in the northern section of the survey unit. The remaining survey unit area to the south of EMC-1
is the second population. When the areas are evaluated separately, the minimum number of
sample points required in each of the areas is less than the actual number of samples taken. The
value of N derived for each of these areas is based on the DCGL for the area and the standard
deviation of the samples taken within the area. Table 4 presents a statistical summary for the
two distinct areas. Since the number of data points used for each distinct area exceeds the
minimum number required, the data quality objectives of the survey design are upheld.

Q:P40\PA4072\FSS Repons\Volume rSurvey Unit Kia-FSS-01\TCxt.doc 7 Revision 0
3/22/06



Table 4 - Evaluation of Data Variability and Minimum Number of Samples
Remaining Area of

Survey Unit Survey Unit
Parameter Kaiser-FSS-001 EMC-1 Kaiser-FSS-00 1

Average (dpmrl OOcm 2 ) 694 1,468 436

Standard Deviation
(dpr/1 00cm2) 662 700 403

Median (dpm/lOOcmr) 500 1,214 304

Minimum (dpm/100cm ) 53.6 911 53.6
Maximum
(dpm/lOOcm2 ) 3,160 3160 2053

Number of Samples 36 9 27
DCGL-GA
(dpm/lOOcm 2) 944 3,830 944

Relative Shift 0.7 2.7 1.2
Area (me) 84.5 25 59.5

N 61 10 24
N (< 20%) 41 * 8 19
* The value of N for Survey Unit Kaiser-FSS-001 has also been adjusted for area (84.5 / 100). The values
of N for the other two areas have been adjusted only for the 20% buffer allowed by MARSSIM.

Analytical results of the smear samples are provided below in Table 5. The analytical data

report is contained in Attachment D.

K>-1. '

Table 5 - Systematic Removable Alpha Contamination Smear Sample Results
Removable

DCGL-GA Contamination Std. Error MDC
Sample ID (dpm/lOOcm2 ) (dpm/lOOcm2 ) (dpm/l1OOcm2 ) (dpm/l1OOcm 2)

MARSSIM-001 94.4 2.10 1.11 0.437

MARSSIM-002 94.4 2.78 1.30 0.577

MARSSIM-003 94.4 2.24 1.20 0.577
MARSSIM-004 94.4 4.37 1.59 0.577
MARSSIM-005 94.4 3.02 1.41 0.724
MARSSIM-006 94.4 1.27 0.988 0.617
MARSSIM-007 94.4 2.06 1.12 0.488
MARSSIM-008 94.4 4.08 1.50 0.437

MARSSIM-009 94.4 1.05 0.906 0.577

MARSSIM-010 94.4 0.384 0.693 0.577

MARSSIM-01 1 94.4 0.253 0.644 0.577

MARSSIM-012 94.4 0.624 0.875 0.724

MARSSIM-013 94.4 0.611 0.797 0.617

MARSSIM-014 94.4 1.39 0.957 0.488

MARSSIM-015 94.4 0.770 0.746 0.437

MARSSIM-016 94.4 0.253 0.644 0.577

MARSSIM-017 94.4 0 0.526 0.577

MARSSIM-018 94.4 0.917 0.868 0.577

MARSSIM-019 94.4 1.02 0.983 0.724
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Removable
DCGL-GA Contamination Std. Error MDC

Sample ID (dpm/lOOcm 2) (dpmI 00cm2) (dpm/lOOcm 2) (dpmI OOcm 2)

MARSSIM-020 94.4 0.744 0.839 0.617
MARSSIM-021 94.4 0.730 0.759 0.488
MARSSIM-022 94.4 0.904 0.790 0.437
MARSSIM-023 94.4 0.384 0.693 0.577
MARSSIM-024 94.4 1.05 0.906 0.577
MARSSIM-025 94.4 2.11 1.17 0.577
MARSSIM-026 94.4 0.360 0.795 0.724
MARSSIM-027 94.4 0.080 0.604 0.617
MARSSIM-028 94.4 0.333 0.611 0.493
MARSSIM-029 94.4 0.904 0.790 0.437
MARSSIM-030 94.4 1.31 0.977 0.577
MARSSIM-031 94.4 0.784 0.828 0.577
MARSSIM-032 94.4 3.57 1.45 0.577
MARSSIM-033 94.4 1.55 1.11 0.724
MARSSIM-034 94.4 1.67 1.09 0.617
MARSSIM-035 94.4 0.464 0.664 0.488
MARSSIM-036 94.4 5.02 1.65 0.437

Average 1.42
Standard Dev. 1.27

Minimum _ 0
Maximum 5.02

Median 0.969

All 36 smear sample results were below the removable contamination DCGL-GA of 94.4
dpm/lOOcm2 (10% of the total contamination DCGL-GA value). The maximum removable
alpha contamination result was 5.02 dpm/l OOcm2. The average removable alpha contamination
result was 1.42 dpm/lOOcm2 , less than 2% of the DCGL-GA value.

23 Elevated Measurement Comparison Evaluation

As previously mentioned, 9 measurements of total alpha contamination exceeded the DCGL-GA
for the survey unit (Sample Points MARSSIM-001, -002, -003, -004, -006, -011, -012, -020 and
-030). The first 8 sample points (MARSSIM-001, -002, -003, -004, -006, -011, -012 and -020 are
located in a continuous area of approximately 25 m2 in the northern portion of the survey unit
defined as EMC-1 (Figure C-1, Attachment C). Sample Point MARSSIM-005 also fell within
EMC-1.

The remaining elevated sample point (MARSSIM-030) is surrounded by sample points
exhibiting total alpha contamination results less than the DCGL-GA. The maximum area of an
elevated area not detected by 36 equal-distant sample points (triangular sample grid) in a 84.5 m2

survey unit is 2.1 n2 based on a circular hot spot with a diameter equal to the length (L) of the
equilateral triangle used to form the sample grid (MARSSIM). The area factor and DCGLEMC
values corresponding to an area of 2.1 m are 47.3 and 44,600 dpmnl00cm2 respectively.
Conservatively assuming Sample Point MARSSIM-030 represents an elevated area of 2.1 m2 , a
second elevated area (EMC-2) is also defined (Figure C-1, Attachment C).
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The total alpha contamination results for Elevated Areas EMC-1 and EMC-2 are presented
below in Table 6.

Table 6 - Total Alpha Contamination Rcsults - Elevated Arcas
Total Alpha

Contamination Std. Error MDC
Sample ID (dpm/100cm2 ) (dpm/ll00cm 2) (dpm/lOOcm 2)

Elevated Area
EMC-1:
MARSSIM-001 1,570 336 171
MARSSIM-002 1,860 364 171
MARSSIM-003 1,130 286 171
MARSSIM-004 3,160 471 171
MARSSIM-006 1,210 297 171
MARSSIM-011 946 264 171
MARSSIM-012 1,210 297 171
MARSSIM-020 1,210 297 171
Elevated Area
EMC-2:
MARSSIM-030 2,050 382 171

The elevated measurement comparisons are presented in Section
Elevated Measurement Worksheet is contained in Attachment C.

3.2 of this sub-report and the

2.4 Wilcoxon Rank Sum (WRS) Testing

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

If the difference (3,170 dpm/l0ocm2 ) between any survey unit total alpha contamination (3,160
dpm/lOOcm2 ) result and any reference background area total alpha contamination result (-10.1

dpm/lOOcm2 ) is greater than DCGL-GA (944 dpm/nlOOcm 2 ), and the difference (614

dpm/lOOcm2 ) between the average survey unit total alpha contamination (694 dpm/lOOcm 2) and
the average reference area total alpha contamination (80.1 dpm/l00cm2 ) is less than the DCGL-
GA (944 dpmIl1OOcm 2), perform the Wilcoxon Rank Sum (WRS) Test to determine if the survey

unit meets the release criterion. Table 7 presents a summary of the data used to complete the

WRS Test.

Table 7- Reference Area and Survey Unit Total Alpha Contamination Results
Total Alpha Total Alpha'

Reference Contamination Survey Unit Contamination
Group Sample ID __(dpm/lOOcm 2) Group Sample ID (dpm/lOOcm2)

RI 4 33.4 S I MARSSIM-001 1,571
R2 5 43.2 S2 MARSSIM-002 1,857
R3 11 171 S3 MARSSIM-003 1,125
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Total Alpha Total Alpha'
Reference Contamination Survey Unit Contamination

Group Sample ID (dpm/100cm2 ) Group Sample ID (dpm/100cm2)
R4 12 50.3 S4 MARSSIM-004 3,160
R5 13 141 S5 MARSSIM-005 911
R6 14 161 S6 MARSSIM-006 1,214
R7 15 62.9 S7 MARSSIM-007 911
R8 17 102 S8 MARSSIM-008 268
R9 18 72.7 S9 MARSSIM-009 286

RIO 20 92.3 SlO MARSSIM-010 339
Rl l 21 80.5 Sli MARSSIM-011 946
R12 22 82.5 S12 MARSSIM-012 1,214
R13 26 111 S13 MARSSIM-013 500
R14 30 92.3 S14 MARSSIM-014 714
R15 31 -10.1 Sis MARSSIM-015 536
R16 32 82.5 S16 MARSSIM-016 357
R17 34 43.2 S17 MARSSIM-017 304
R18 36 101 S18 MARSSIM-018 179
R19 37 33.4 S19 MARSSIM-019 518
R20 38 72.7 S20 MARSSIM-020 1,214
R21 39 33.4 S21 MARSSIM-021 768
R22 41 80.5 S22 MARSSIM-022 232
R23 42 92.3 S23 MARSSIM-023 107
R24 45 62.9 S24 MARSSIM-024 71.4
R25 46 151 S25 MARSSIM-025 268
R26 47 141 S26 MARSSIM-026 107
R27 53 66.4 S27 MARSSIM-027 268
R28 54 66.4 S28 MARSSIM-028 53.6
R29 56 36.2 S29 MARSSIM-029 143
R30 61. 50.3 S30 MARSSIM-030 2,053
R31 67 151 S31 MARSSIM-031 232
R32 68 60.4 S32 MARSSIM-032 304
R33 73 112 S33 MARSSIM-033 500
R34 74 13.8 S34 MARSSIM-034 821
R35 75 62.9 S35 MARSSIM-035 714
R36 77 82.5 S36 MARSSIM-036 214

Average: 80.1 Average: 694
Standard Dev. 42.4 Standard Dev. 662
Minimum: -10.1 Minimum: 53.6
Maximum: 171 AMaximum: 3,160

_ Median: 76.6 Median: 500
'To eliminate ties during the ranking of the reference and survey unit total alpha contamination values,
greater than 3 significant values are displayed.

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

1. Adjusted reference background area measurements were calculated by adding the DCGL-
GA to each reference background area measurement.
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2. The m adjusted reference background area sample measurements and the n sample
measurements from the survey unit were pooled and ranked in order of increasing size from
I to N, where N = m + n. (N =72, n = 36 and m =36)

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

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

5. The value of Wr was 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 (ot = 0.05). If Wr is
greater than the critical value, the null hypothesis that the survey unit exceeds the release
criterion was rejected.

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

Table 8 - Wilcoxon Rank Sum Test
Total Alpha Contamination

Sample Nurnber* (dpm/1OOcm2) Rank
RI 977 32.0

RIO 1036 53.0
R11 1025 47.5
R12 1027 50.0
R13 1055 57.0
R14 1036 53.0
R15 934 28.0
R16 1027 50.0
R17 987 35.5
R18 1045 55.0
R19 977 32.0
R2 987 35.5
R20 1017 45.5
R21 977 32.0
R22 1025 47.5
R23 1036 53.0
R24 1007 41.0
R25 1095 61.5
R26 1085 59.5
R27 1010 43.5
R28 1010 43.5
R29 980 34.0
R3 1115 64.0
R30 994 37.5
R31 1095 61.5
R32 1004 39.0
R33 1056 58.0
R34 958 30.0
R35 1007 41.0
R36 1027 50.0
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Total Alpha Contamination
Sample Number* (dpm/lOOcm2) Rank

R4 994 37.5
R5 1085 59.5
R6 1105 63.0
R7 1007 41.0
R8 1046 56.0
R9 1017 45.5
Si 1571 69.0
S10 339 16.0
Sil 946 29.0
S12 1214 67.0
S13 500 18.5
S14 714 22.5
S15 536 21.0
S16 357 . 17.0
S17 304 14.5
S18 179 6.0
S19 518 20.0
S2 1857 70.0

S20 1214 67.0
S21 768 24.0
S22 232 8.5
S23 107 3.5
S24 71 2.0
S25 268 11.0
S26 107 3.5
S27 268 11.0
S28 54 1.0
S29 143 5.0
S3 1125 .65.0
S30 2053 71.0
S31 232 8.5
S32 304 14.5
S33 500 18.5
S34 821 25.0
S35 714 22.5
S36 214 7.0
S4 3160 72.0
S5 911 26.5
S6 1214 67.0
S7 911 26.5
S8 . 268 11.0
S9 286 13.0

_ __ _1,673
Critical Value: 1,460

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

The removal of radiologically-affected soil from the southwest corner of the Retention Pond area
revealed the presence of an "embedded" structure (buried concrete spillway) approximately 84.5
m2 in surface area. This "embedded" structure, identified as Survey Unit Kaiser-FSS-001 is
considered a Class 1 survey unit. It is bounded to the south by the Union Pacific Railroad right-
of-way, to the east by Survey Unit Kaiser-FSS-002, to the north by Survey Unit Kaiser-FSS-008,
and to the west by the former freshwater pond non-impacted area (Figure 3). This section of the
sub-report presents a summary of the final status survey findings, an elevated measurement
comparison, and an overall summation of fractions for the survey unit.

3.1 Structural Surface - Total and Removable Alpha Contamination

The acceptance criterion for structures remaining at the Tulsa facility is the DCGL-GA of 944
dpm/l00cm2 for total alpha contamination and 94.4 dpml00cm2 for removable alpha
contamination. Final status survey activities for Survey Unit Kaiser-FSS-00l consisted of a
gross gamma scan of the exposed concrete surface of the survey unit and systematic
measurements of total and removable alpha contamination. The results of the final status survey
-activities were as follows:

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

* Nine of the 36 systematic measurements of total alpha contamination were greater than
the DCGL-GA of 944 dpm/l00cm2. A spatial independence review of the data revealed
the presence of 2 elevated areas of total alpha contamination.

* All 36 smear sample results were below the DCGL-GA of 94.4 dpm/l00cm2 for
removable alpha contamination.

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

3.2 Elevated Measurement Comparison

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

a n (&uc- <1

DCGL A YDCGLEwc

where:
= is the average total alpha concentration over the entire survey unit,

8EMc = the average total alpha concentration over the elevated area (x) within the survey
unit,
DCGL = the DCGL-GA,
DCGLENIC = (area factor for elevated area x) X (DCGL-GA),
x = refers to one of the elevated areas within the survey unit, and
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n = the total number of elevated areas within the survey unit.

The calculation for Survey Unit Kaiser-FSS-O0l including two elevated areas is summarized
below in the Table 9.

Table 9 - Elevated Measurement Comparison and Fraction Summary
Gross Net'

Unit / Unit Total Alpha Total Alpha
Sample EMC Area Contamination Contamination DCGL-GA Fraction Sample

Date unit ( ( dpm ! O 0cm2) (dpm/ l OOcm2) (d m/lOOcm2  ) Number
. 1

FSS- through
5/23/2004 001 84.5 694 694 944 0.74 36

1,2,3,
4,5,6,

EMC- 11, 12,
5/23/2004 1 25 1,468 774 3,830 0.20 and 20

EMC-
5/23/2004 2 2.1 2,053 1,360 44,600 0.03 30
'Net value for Survey Unit Kaiser-FSS-00l is equal to the gross value; no background
subtracted. The net value for EMC units is equal to the gross value minus the gross value for the
entire survey unit.

3.3 Sum of Fractions for Entire Survey Unit

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

Table 10 - Fraction of Applicable Accepta ce Criteria pe Survey U it Element
Average Acceptance

Survey Unit Element Units Activity Criteria Fraction
FSS-001 Total Alpha Contamination dpm/100cm; 694 944 0.74
FSS-001 Removable Alpha Contamination dpm/100cm' 1.42 94.4 0.02
EMC-1 Total Alpha Contamination dp4.dm.Oce 774 3,830 0.20
EMC-2 Total Alpha Contamination dpm/lOOcm' 1,360 44,600 0.03
TOTAL SUMOFFRACTIONS 0.99

The Sum of Fractions provides a conservative assessment of the survey unit without backfill.
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-001 meets the
DP acceptance criteria.
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Attachment A, Figure A-1
Gross Gamma Scan Grid Layout
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Attachment A, Figure A-2
Gross Gamma Scan Background Results

Final Status Survey
Thorium Remediation Project
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Attachment A, Figure A-3

Gross Gamma Scan Results
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility
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Survey Unit Work Sheet No. 1
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

1. Structure Survey Unit: KAISER-FSS-001

2. Description: Retention Pond Area. Embedded Structure (Concrete Spillwav)

3. Dimensions (m): Approximately. 13 meters x 8 meters Area, A (in2): 84.5

4. Alpha Background: N/A cpm MDC (dpra/100cm2):. N/A

Gross Gamma Scan Background Readings (cpm)

Average: 50.000 Minimum: 20.000 Maximum: 120.000

* Note: Gamma scan background only needed in structure survey units that alpha

instrumentation cannot be used.

5. Gross Gamma Scan MDC (P.R/hr): 6.31 : dpm/OOcin2: 15.,074

6. Minimum Number of Samples (N): 15

mreters: 1.6 m (based- on 36 Rflmnles

and Corresponding Triangular Grid Node Length (L) in

- ------...

v. 

v 

.g~o

7. 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 rn2 using the following

formula: N, = A / (0.866 x L),

NJ: N/A

8. If N, is less than 18, use the default N (18) and recalculate the corresponding Triangular Grid Node Length

(LI) for the survey unit floor Area (A) less than 100 m2, using the following formula: LI = (A/(0.866 x 18))"2:

N/A m

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

formula: h ((L2 _ (L12)2)In: 1.4 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-FSS-001

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

5 4 lower bound
upper bound

x axis y axis

13 1 8

(0,0)
North

x axis
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Attachment C
Elevated Measurement Comparison Worksheet

Final Status Survey
Thornum Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

Survey Unit: Kaiser-FSS-001 DCGLEmc = Area Factor * DCGL-GA

Area Factors
Area Factors

Im 2  | 2 r' 3 m2  4 m2  | 5 m2  I10 M2 | 20 m2 I 30 m2  100m2

98.2 49.2 32.9 24.7 19.8 9.91 4.97 3.32 1

DCGLEMC Values Structures

DCGL4" (dpm/l1Ocm 2)

1 m2  I 2m 3 m2  I 4 M2  1 5m 2  | 1 IM 2 | 20m 2  30iM2  100 m2

9.27E+04 . 4.64E+04 3.10E+04 2.33E+04 I 1.87E+04 9.36E+03 4.69E+031 3.13E+03 9.44E+02

6 +' (6UC - 8)•<

DCGL s:' DCGL Emc

where:
o = is the average total alpha contamination over the entire survey unit,

8WMC = the average total alpha contamination over the elevated area (x) within the survey unit,

DCGL = the DCGL-GA,
DCGLEmc = (area factor for elevated area x) X (DCGL-GA),
x = refers to one of the elevated areas within the survey unit, and
n = the total number of elevated areas within the survey unit.

Elevated Measurement Comparisons

Unit Gross Net
Sample Unit / Area Alpha Alpha DCGL Fraction Sample

Date EMC Unit (m2) (dpm1I00cm2 ) (dpm/1oocm2) (pCVg) (-) Number

5123/2004 FSS-001 84.5 694 694 944 0.74 I through 36

5/23/2004 EMC-1 25 1470 _ 776 3,830 0.20 1,2,.3,4,5,6.11,12,20

5/23/2004 EMC-2 2.1 2050 1356 44,600 0.03 30

Sum of Fractions: 0.97
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Total Alpha Contamination
Survey Unit Kaiser-FSS-001

Survey Data Conversion Form
Form ESC/HPMIM-3-2-2

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

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

Detector Serial #: PRI90485 Calibration Due Date: 5/4/2005

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

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

Active Area of Detector Probe (cm2): 126 MDC (dom/100cm 2 1: 171

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

FSS Number (min) (cts) (cpm) (cpm) (dpml1 OOcm2) (dpm/l1OOcn 2 )

MARSSIM-001 1 90 90 88 1571 336

MARSSIM-002 1 106 106 104 1857 364

MARSSIM-003 1 65 65 63 1125 286

MARSSIM-004 1 179 179 177 3160 471

MARSSIM-005 1 53 53 51 911 260

MARSSIM-006 1 70 70 68 1214 297

MARSSIM-007 1 53 53 51 911 260

MARSSIM-008 1 17 17 15 268 153

MARSSIM-009 1 18 18 16 286 157

MARSSIM-010 1 21 21 19 339 168

MARSSIM-011 1 55 55 53 946 264

MARSSIM-012 1 70 70 68 1214 297

MARSSIM-013 1 30 30 28 500 198

MARSSIM-014 1 42 42 40 714 232

MARSSIM-015 1 32 32 30 536 204

MARSSIM-016 1 22 22 20 357 171

MARSSIM-017 1 19 19 17 304 160

MARSSIM-018 1 12 12 10 179 131

MARSSIM4019 1 31 31 29 518 201

MARSSIM4020 1 70 70 68 1214 297

MARSSIM-021 1 45 45 43 768 240

MARSSIM-022 1 15 15 13 232 144

MARSSIM4023 1 8 8 6 107 111

MARSSIM-024 1 6 6 4 71.4 99.0

MARSSIM-025 1 17 17 15 268 153

QO '4000%PA40721FSS ReportsVdoume ISurMey Unit raiser-FSS-oolXtadtment CFSS.oaI Total Contamination Results



Total Alpha Contamination
Survey Unit Kaiser-FSS-001

Survey Data Conversion Form
Form ESCIHPMIM-3-2-2

Date of Survey: 5/24/2004 Type of Radiation: - Alpha.

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

Detector Serial I: PR190485 Calibration Due Date: 5/4/2005

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

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

Active Area of Detector Probe (cm2 1: 126 MDC (dnmr/10cm2 v 171

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

FSS Number (min) (cts) (cpmx) (cpm) (dpm 100cm2 ) (dpm/lMcnm?)

MARSSIM-026 1 8 8 6 107 111

MARSSIM-027 1 17 17 15 268 153

MARSSIM-028 1 5 5 3 53.6 92.6

MARSSIM4029 1 10 10 8 143 121

MARSSIM-030 1 117 117 115 2053 382

MARSSIM-031 1 15 15 13 232 144

MARSSIM-032 1 19 19 17 304 160

MARSSIM-033 1 30 30 28 500 198

MARSSIM-034 1 48 48 46 821 247

MARSSIM-035 1 42 42 40 714 232

MARSSIM-036 1 14 14 12 214 140

Comments:

Prepared By Date:

David B. Weyant 5/25/2004

Reviewed By: Date:

Andrew J. Lombardo 5/25/2004
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Outreach
Laboratory

;I Norh Aspen
k .wlen ArowOK 7401Z

-(918) 251-Z515
FAX (918) 251-0008 tWA

II/(00y
May 26,2004

"el -/ I>

Paul Handa
Kaiser
7311 E.41st Street
Tulsa, OK 74145

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

Dear Mr. Handa:

Please find enclosed the revised analytical report for your samples received in our laboratory May
24, 2004, for the above captioned project.

Al QC is within limits.

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

I

CERT. ID #OK001ODEQ ID #9517
NRC ODEQ LIC. #27522-01

I . .

I

I,



Outreach
Laboratory
* I North Aspen

droken Arrow. OK 7401 Z
(918) 251-4515
FAX (918) 251-0008

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

Kaiser Aluminum.
KAISER

20040370
. ' 5/2 6 /200O

5/2410>
1 of 10

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-01

K-SS-001
5124/2004 10:40:00 AM
Filter

Gross Alpha
Gross Beta

EPA 900/93 10
EPA 900/93 10

Radiochemical Analyses
0.945 +/- 0.500 pCi/F

0.794 +1- 1.18 pCi/F
0.197 5t25t2004 5t25t2004 RE
1.18 5f25/2004 5t25o2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-02
K-SS-002

5/24/2004 10:42:00 AM
Filter

Gross Alpha
Gross Beta

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
1.25 +/- 0.587 pCi/F

1.72+/- 1.23 pCi/F
*0.260 5/25/2004 5/25/2oo4 RE

1.14 5/25/2004 5/52004 RE
K

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-03

K-SS-003
Sn4/2004 10:37:00 AM
Filter

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/93 10

Radlochemical Analyses
1.01 +1- 0.539 pCi/F

0+/-1.18 pCi/F
0.260 5/25/2004 5/25/2004 RE

1.29 5/25/2004 5/25/2oo4 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-04

K-SS-004
5s24/2004 10:30:00 AM
Filter

Gross Alpha
Gross Beta

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
1.97 +/- 0.714 pCVF
0.652 +/- 1.17 pCi/F

0.260 5/25s2004 5/252004 RE
1.19 5/25/2004 5/25/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-05

K-SS-005
5/24/2004 10:29:00 AM
Filter

Radiochemical Analyses

BDL - Below Detection Limit



Outreach
Laboratory

J roken Anow.OK 74012
(918) 251-Z515
FAX (918) 251-0008

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

Kaiser Aluminum
KAISER

20040370
5s26n2004

s524104
2oflO

Analytical Report.
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date - . .

Gross Alpha - ¢

Gross Beta
EPA 900/9310
EPA 900/9310

1.36 +/- 0.635 pCi/F
1.74 +/- 1.16 pCi/F

0.326 5s25o2004 512512004
1.04 5t25t2OO4 5/25/2004

RE
.RE

Lab ID:
Client ID:
Date Sampled:
Matrix:;

Gross Alpha
Gross Beta

20040370-06

KS-006

5/24n2004 10:27:00 AM :
-Filter

FitrRadiochemical Analyses
EPA 900/9310 0.574 +1- 0.445 pCi/F

EPA 900/9310 1.05 +/- 1.l5 pCi/F
0.278 512512004 5s25o2004 RE

1.12 512512004 2512004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix: ;

Gross Alpha
Gross Beta

20040370-07

K-SS-007
512412004 10:26:00 AM

Filter'

Radiochemical Analyses
EPA 900/9310 0.927 +/- 0.504 pCi/F

EPA 900/9310 0.160 +/- 1.03 pCi/F
0220 512512004

1.10 5s25o2004
Sf2512004 RE
5/2512004 :RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-08
K-SS-008
52412004 10:25:00 AM

-Filter . f . --
I I . . 1 l

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
1.84 +1- 0.676 pCUF

2.58 +1- 1.34 pCi/F
0.197
1.18

5s25o2004
5s25o2004

5125/2004 RE
51212004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-09

K-SS-009

51412004 10:24:00 AM

Filter
. .Radiochemlcal Analyses

EPA 900/9310 0.473 +/- 0.408 pCi/F

EPA 900/9310 0o+-1.0I pCi/F
0.260 512512004 f52512004 RE
1.14 512512004 512512004 RE

BDL - Below Deteion Limit

_ - _ ri



Outreach
Laboratory
.11 North Aspen

BrokenArrow. OK 74012
(918) 251-2515
FAX (9181 ZS1-0008

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

Kaiser Aluminum
KAISER

20040370
5/26t20y)

5/24/04

3 of 10

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-10
K-SS010
5/24fl004 10:23:00 AM
Filter

EPA 90019310
EPA 900/9310

Radlochemical Analyses
0.173+/-0.312 pCi/F

0+/- 1.17 pCi/F
0260 Sf2512004 512512004 RE
1.29 S/2512004 Sf2512004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-11
K-SS-011
512412004 10:21:00 AM
Filter

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.114+1-0.290 pCi/F

0 +/- 1.08 pCi/F
0.260
1.19

512512004
5n25o2004

5112004 RE
512512004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-12
K-SS-012

5124/2004 10:20:00 AM

Filter

EPA 900/9310
EPA 900/9310

Radlochemical Analyses
0.281 +/- 0.394 pCitF

0.320 +1- 1.00 pCi/F
0326 512512004 512512004 RE

1.04 512512004 5t2512004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-13
K-SS-013

512412004 10:19:00 AM

Filter

EPA 900/9310
EPA 900/9310

Radlochemical Analyses
0.275 +/- 0.359 pCi/F

0.252 +1- 1.07 pCi/F

0.278 512512004 512512004 RE

1.12 512512004 - 525/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-14

K-SS-014

5/24/2004 10:17:00 AM
Filter

Radiochemical Analyses

BDL- Below Detection Limit



Outreach
Laboratory

l 111NormAspen
rokenAow OK 74012

(918) 251 -2515
[AX (918) 251-0008

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

Kaiser Aluminum
KAISER

20040370
/26)2004

5/24/04
4 of 10

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Gross Alpha
Gross Beta

* EPA 900/9310
EPA 900/9310

* 0.628 +1- 0.431 pCiIF
0.775 +/- 1.10 pCi/F

0.220
1.10

5/25/2004 5125/2004 RE
5/25/2004 5125/2004 RE,

Lab ID:
Client ID:
Date Sampled:
Matrix:

I

Gross Alpha
Gross Beta

20040370-15
K-SS-015
5/2412004 10:33:00 AM
Filter

EPA 900/9310
EPA 900/9310

RadiochemicalAnalyses
0.347 +1- 0.336 pCUiF
0.055 +1- 1.10 pCi/F

- 0.197 5125/2004
1.18 5/25/2oo4

512512004 RE.
5152004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-16
K-SS-016
5124/2004 10:22:00 AM
Filter .

Radiochemical Analyses
EPA 900/9310 0.114 +/- 0.290 pCi/F
EPA 900/9310 0+/- 1.03 pCi/F

0260
1.14

512512004
5/2512004

. 5252004
5 5252004

RE
RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-17
K-SS-017
5124/2004 10:43:00 AM

, Filter,. , -

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0+/-0-237 pCiF

0.086 +/- 1.20 pCi/F
0.260 512512004 5/25/2004 RE-
129' 52512004 51212004 RE

Lab ID:
Client ID:
Date Sample
Matrix:

Gross Alpha
Gross Beta

20040370-18
K-SS-018

d: 52412004 11:05:00 AM
Filter -

,Radiochemical Analyses -

EPA 900/9310 0.413 +/- 0.391 pCi/F
EPA900/9310 0+/-1.04 pCi/F

0.260 512512004
1.19 5/2512004

512512004 RE
5/25/2004 RE

BDL - Below Ddecction Limit

1



Outreach
Laboratory
I1 North Aspen

Broken Arrow. OK 74012
(918) 25-2515
FAX (918) 251-0008

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

Kaiser Aluminum
KAISER

20040370
5/26t20

5/24/04
5 of 10

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-19

K-SS-019
5/24(2004 11:03:00 AM
Filter

EPA 90019310
EPA 90019310

Radiochemical Analyses
0.461 +/- 0.443 pCi/F

0.505 +1- 1.02 pCi/F
0.326 5/25/2004 5/25/2oo4 RE
1.04 512512004 5/25/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-20
K-SS-020
512412004 11:02:00 AM
Filter

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.335 +/- 0.378 pCi/F

0.622 +/- 1.11 pCi/F
0.278
1.12

512512004 5/25/2004 RE

5/25/2004 5/25/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-21

K-SS-021
4/24004 11:00:00 AM

Filter

Gross Alpha
Gross Beta

EPA 900193 10
EPA 90019310

Radlochemrcal Analyses
0.329 +/- 0.342 pCi/F

0.037 +/- 1.02 pCi/F
0.220 5125/2004 5(25/2004 RE
1.10 5/25/2004 5/25/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-22
K-SS-022

5/24/2004 10:58:00 AM

Filter

Gross Alpha
Gross Beta

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.407 +1- 0.356 pCi/F

1.29 +1- 1.23 pCi/F
0.197 5/25/2004 5/25/2004 RE
1.18 5/25/2004 5/25/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-23

K-SS-023
512412004 10:57:00 AM

Filter
Radiochemical Analyses

BDL - Below Detection Limit



-Outreadh
Laboratory

I I*1 Northi Aspen I
KU roken Arrow, OK 7401Z

:(918) Z51-2515
FAX (918) 251 -0008

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

Kaiser Aluminum
KAISER

20040370
5/2 612004

s524/04
6 of 10

Analytical Report
; Result UnitsMethod

... 11
DL - .Prep

Date
Analysis
Date

Analyst

. Gross Alpha
Gross Beta

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

- - .IEPA 900/9310

EPA 900/9310

20040370-24
K-SS-024

n24/2004 10:56:00 AM
Filter . . e

0.173 +I- 0.312 pCi/F
0.117 +/- 1.07 pCi/F

0.260 5s25o2004

1.14 512512004

t , .I :.

5/25/2004 RE
-5/25/2004 RE

; Radlochemical Analyses
EPA 900/9310 0.473 +/- 0.408 pCi/F

EPA 900/9310 0 +1- 1.15 pCi/F
0.260 5s25o2004 s2512004 RE.

1.29 Sf2512004 5/25s2004 RE

Lab ID: 20040370-25

Client ID: K-SS-025

Date Sampled: 5/24f2004 10:55:00 AM
Matrix: Filter

.Gross Alpha EPA 900/9310
Gross Beta EPA 900/9310

- . .C 1, ,, ,.

. ;

Radlochemical Analyses
0.951 +-0.526 pCiIF

0.652 +1- 1.17 pCi/F
0.260 12512004 5s25/2004 RE,

1.19 512512004 5s2512004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix: . .

Gross Alpha
Gross Beta

Lab ID:
Client ID:
Date Sampled:
Matrix: . ..

Gross Alpha
Gross Beta

20040370-26

K-SS-026
sn42004 10:54:00 AM

Filter -

- - Radiochemical Analyses!
EPA 900/9310 0.162 +1- 0.358 pCi/F

EPA 90019310 0.874 +1- 1.06 pCi/F
0.326 512512oo4. 51252oo4 RE

1.04 Sf2512004 .5t25/2004 RE

20040370-27

K-SS-027

sf4o2004 10:52:00 AM
.-Filter - -

EPA 900/9310
EPA 900/93 10

' , . . I

. I I ' . ,

.Radiochemical Analyses
0.036 +/- 0.272 pCi/F

0 +/- 1.02 pCi/F
0.278 512512004 512512oo4 RE

1.12 s52512004 512512oo4 RE

I r . 7 . I ..

BDLM -Bclow Detection Umit



Outreach
Laboratory

11 North Aspen
Broken Arrow. OK 74012
(918) Z51-2515
FAX (918) 251 0008

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

Kaiser Aluminum
KAISER

2004037'
5 /26/20L,_8

5124/04

7 of 10

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-28

K-SS-028
5/2412004 10:50:00 AM

Filter

EPA 900/93 10
EPA 900/9310

Radiochemical Analyses
0.150 +1- 0.275 pCi/F

0.591 +1- 1.08 pCi/F
0220 5/25/2004 5125/2004 RE
1.10 5/25/2004 5/2512004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-29
K-SS-029
5/24/2004 10:49:00 AM
Filter

Gross Alpha
Gross Beta

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
0.407 +1- 0.356 pCi/F

0.732 +1- 1.17 pCiF

0.197 5/25/2004 5/25/2004 RE

1.18 s52512004 Sf2512004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-30
K-SS-030

512412004 10:48:00 AM

Filter

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

Radlochemical Analyses
0.592 +1- 0.440 pCi/F

0.117 +/- 1.07 pCi/F
0.260 5/25/2004 5/252004 RE
1.14 S125/2004 sf2512004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-31

K-SS-031
512412004 10:12:00 AM

Filter

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900193 10

Radiochemical Analyses
0.353 +1- 0.373 pCi/F

0 +1- 1.16 pCi/F
0.260
1.29

Sf2512004 5(25/2004 RE
5125/2004 525/2004 RE

Lab ID:
Client ID:
Date Sampled:
'datrix:

20040370-32

K-SS-032

5/2412004 10:14:00 AM
Filter

Radiochemical Analyses

BDL - Bclow Detection Limit



�A _.A

Outreach
-Laboratory

t )1 NorAspen
roke~nArrow. OK 7401 Z

(918) 251-2525
FAX (918) 7Z51-0008

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

Kaiser Aluminum
KAISER

20040370
5t26t2004

5/24/04
8 of 10

Analytical Report
Result UnitsMethod DL 'Prep

Date
Analysis
Date

Analyst

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

1.61 +/- 0.65i pCi/F
0.960 +/- 1.20 pCi/F

0260 5/25/2004 5/25/2004 RE
1.19 5/25/2004 .-. 5/25/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-33
K-SS-033
54n2004 10:15:00 AM
Filter ;

EPA 90019310
EPA 900/9310

Radlochemical Analyses
0.700 +t- 0.502 pCi/F

0.751 +/- 1.05 pCi/F
0.326 5/25/2004:
1.04 5/25/2004

5/25/204 RE
5/25/2004: RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-34
K-SS-034
S124/2004 10:31:00 AM
Filter

Radlochemical Analyses
EPA 900/9310 0.754 +/- 0.489 pCifF
EPA 900/9310 0+1- 0.979 pCi/F

0.278
1.12

5/25/2004
5/25/2004

5/25/2004 RE
5/25/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-35
K-SS-035
524/2004 10:35:00 AM

^Filter:
Fi-lter Radiochemlcal Analyses

EPA 900/9310 0.209 +/- 0.299 pCi/F
EPA 900/9310 0+1-0.953 pCi/F

0.220 5/25/2004
1.10 5/25/2004

5/25/2004 RE
5/25/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-36
K-SS-036
5/24/2004 10:36:00 AM
Filter ;- ;

. . t. Rs
EPA 900/9310
EPA 900/9310

1 - I* ; * ' '-

, . 'S - ' '. .

diochemical Analyses
2.26 +/- 0.743 pCiUF

2.46 +/- 1.33 pCi/F.
0.197 5/25/2004 5/252004 RE
1.18 5/25/2004 5/25/2004 RE

.BDL = Bclow Ddection Umit

..... . T



Outreach
Laboratory

I I North Asen
Broken Arrow. OK 74012
(918) 2512-515
FAX (918) 25I-0008

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

Kaiser Aluminum
KAISER

20040370

5/26/20to
5124/04
9 of 10

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-37

K-SS-037
5/24/2004 10:38:00 AM
Filter

EPA 900/9310
EPA 900/93 10

Radiochemical Analyses
0.353 +1- 0.373 pCi/F
0.117+/-1.07 pCi/F

0.260 5s25o2004 5s25o2004 RE
1.14 Sf2512004 5125/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040370-38
K-SS-038
5/24/2004 10:39:00 AM1

Filter

EPA 900/9310

EPA 900/9310

Radiochemical Analyses
2.21 +1- 0.752 pCi/F

1.32 +1- 1.31 pCi/F
0.260

1.29

5125/2004
5/25/2004

5s25o2004 RE
5s25t2oo4 RE

Lab ED:
Client ED:
Date Sampled:
Matrix:

20040370-39

K-SS-039

54/2004 10:41:00 AM
Filter

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

Radlochemical Analyses
7.60 +/- 1.34 pCi/F

8.41 +1- 1.79 pCi/F
0.260 5s25/2004 5s25/2004 RE

1.19 5s25/2004 5s25/2004 RE

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040370-40
K-SS-040

5/242004 10:45:00 AM

Filter

Gross Alpha
Gross Beta

EPA 900/93 10
EPA 900/93 10

Radlochemical Analyses
3.33 +/- 0.925 pCi/F

4.44+1-1l.4 pCi/F
0.326 5125/2004 5/25/2004 RE
1.04 5/2S/2004 5/2512004 RE

BDL- Below Detection Limit



Outreach
kaboratory

iI Nori Aspen
qroken Arrow. OK 7401Z

(918) 251Z515 .
FAX (918) 25 1-0008

Client: . -

Client Project:
Lab Number:

. Date Reported:
Date Received:
Page Nuinber:

I .

' Kaiser Aluminum
KAISER

- 20040370

5/26/2004

.524/04
10 of 10

,QC Report -.
Parameter

Gross Alpha

Gross Alpha

Gross Beta

GrOss Bcta

I

.i
I

t

Blank: LCS LCSD --- -DUP
_REC %REC RPD RPD %RI

1.74+/-0.71 -71.0 . NC
1.62+1/0.69 73.0 NC

: O+/-1.37 109.0C

2 139+1-.56 94.0 . NC23+ NC . . ,..

[S .MSD I .Date
EC %REC RPD

-snsnl'00

S~ 2 5 W 0 O

S-5/2004

51252004

j-

' QA Approval: 2

--Lab Approval:

. 7*

, : .-

. I r

.. I I :

I . : . i

- i .

i -

. I

I ; I

� I

1*

. -

BDL - Below Dectbion Limit -



OUTREACH
LABORATORY

311 North Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-OOO
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A-r OUTREACH
LABORATORY

CHAIN OF LUSTODY
Rsuft To: N - \-A #

CS -I 11 L -
-77,i Pt t-!t -tiA,#qqsM l

111 NonhAspen
Ifoken Arrow, OK 74012
4bone: (918) 251-2515

- -ax: (918) 2510X008
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MicroShield v6.02 (6.02-00204)
CEC,_Jnc.

Page : 1
DOS File: KjOpCITh232_0.1cm.concrete.ms6
Run Date: July 8, 2004
RunTime: 11:55:04AM
Duration : 00:00:00

File Ref:
Date:

By:
Checked:

Case Title: Kaiser Concrete
Description: Kalser Surface Survey 10 pCl/g Th-232, 0.1 cm Depth, 0 10 cm

Geometry: 8 - Cylinder Volume - End Shields

Height
Radius

Source Dimensions
0.1 cm

28.0 cm
0.0 in

11.0 hi

#1 0cm
0.0 In

Shield Name
Source
Air Gap

Dose Points

10.1 cm
4.0 In

Ocm
0.0 hi

Shields
2.mension

246.301 can'
Material
Concrete

Air
2.35
0.00122

Source Input
Grouping Method : Standard Indies

Number of Groups: 25
Lower Energy Cutoff : 0.013
Photons < 0.015 : Induded

Ac-228
B1-212
Pb-212
Po-212
Po-216
Ra-224
Ra-228
Th-228
Th-232
Tl-208

audes
S.7881e-009
5.788le-M0
5.7881e-009
3.7044e-009
S.788le-M0
5.7881e-00
S.7881e-009
5.788le-009
5.7881e-009
2.0837e-M0

Library : Grove
2b41e+0rel

2.1416e+002
2.1416e+002
214176e+002
1.3706e+002
2.1416e+002
2.1416e+002
2.1416e+002
2.1416e+002

7.7097e+001

,g3500-00
2.3SOOe-005
2.3S00e-005
2.3504e-OOS
l.SO500e-005
2.3500e-005
2.3500e-005
2.3500e-005
2.3500e-005

8.4600e-006

8.6950le-001
8.69S~e-001
8.69S~e-001
5.5648e00l
8.6950e-001
8.6950e-001
8.6950e-001
8.69S0e-001
8.69S0e-001
3.1302e-001

i

Buildup
The material reference Is: Source

V1

Integration Parameters
Radial
Clrcumferential
Y Direction (axial)

20
10
10

Ene~rgy
Hey

0.015
0.04
0.06
0.08
0.1

0.15
0.2
0.3

AcWtivt Fluence ate

No Bu~lduD
1.750e+02 1.691e-04
2.190e+00 1.714e-05
1.481e4-00 1.84e-0S
9.243e+01 1.563e-03
1.520e+01 3.232e-04
9.001e+00 2.89le-04
1.163e+02 4.999e-03
5.58se+0l 3.614e-03

Results

MeV/CM 2/Se.
WYth Bufldup

1.729e-04
1.826e-05
1.970e-05
1.652e-03
3.398e-04
3.008e-04
5.170e-03
3.709e-03

1.450e-05
7.580e-08
3.670e-08
2.473e-06
4.94 Se-07
4.761e-07
8.873e-06
6.856e-06

1.483e-05
8.077e-08
3.912e-08
2.615e-06
5.199e-07
4.9S4e-07
9.124e-06
7.036e-06



Page : 2
DOS File: K..10pCL-Th232L0.1cm_concrete.ms6
Run Date: July 8, 2004
Run Time: 11:55:04 AM
Duration : 00:00:00

Energ
MeV

0.4
0.5
0.6
0.8
1.0
1.5
2.0
3.0

Actibity Eluence PRat
phoaonsi=e MeV/cmY-,scC

No iulldu2
5.067e+400 4.384e-04
2.953e+01 3.200e-03
6.822e-01 8.885e-03
6.826e+01 1.188e-02
1.247e+02 2.718e-02
2.873e+01 9.416e-03
6.499e-01 2.845e-04
7.694e+01 5.063e-02

Fluence Rate
MeV/cm2/e
With Buildup

4.478e-04
3.260e-03
9.029e-03
1.204e-02
2.748e-02
9.492e-03
2.864e-04
5.087e-02

EXDOSUre Rate

No BuilduD
8.542e-07
6.282e-06
1.734e-OS
2.260e-05
5.01De-OS
1.584e-05
4.400e-07
6.868e-05

Fxposure Rate
rR/hr

With 13uiidun
8.726e-07
6.399e-06
1.762e-05
2.289e-OS
5.06se-05
1.597e-05
4.429e-07
6.902e-05

TOTALS: 8.696e+02 1.229e-01 1.243e-01 2.159e-04 2.186e-04
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-002
Survey Unit Kaiser-FSS-002

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-002, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the southwestern portion of the Retention Pond area. Survey
Unit Kaiser-FSS-002 is considered a Class 1 survey unit with an approximate surface area of
126.5 m2. The survey unit is bounded to the east by Survey Unit Kaiser-FSS-003, to the south
by the Union Pacific Railroad right-of-way, to the north by Survey Unit Kaiser-FSS-008, and to
the west by Survey Unit Kaiser-FSS-001 (Figure 3).

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

Q:A?400WFA4072\FSS Repods\Voimc rSurvey Unit aisar-FSS.002\FSS-02Text.doc I Revision 0
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2.0 SURVEY ACTIVITIES AND RESULTS

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

2.1 Gross Gamma Scan

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

A total of 26 area-averaged measurements of gross count rate were made across the survey unit's
126.5 m2 surface area. The results ranged from 43,000 cpm to 90,000 cpm. A statistical
summary of the 100 percent coverage gamma scan of the survey unit is provided below in Table
1.

Table 1 - Gross Gamma Scan Results Summary
Survey Area: 126.5 m;_
Number of Scan
Measurements (Recorded 26
Average per 2 rn2 grid area)
Scan Rate: 0.5 m/s
(Swinging the detector a width (MARSSIM recommends
of 1-meter side to side)0.5rN

.. W'>1M
Results Summary: Background (Gross cpm) Scan (Gross cpn)

Minimum 45,071 43,000
Maximum - 123,316 90,000
Average 71,389 57,000

Standard Deviation 28,698 14,000
Median 61,076 52,000

Contour maps of the gross gamma background and final (as-left condition) scanning survey
results are presented on Figure A-I 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).

Q:AP40OJA4072\FSS ReportsWolume 1\Swevy Uni Kaiis SS-OOMS S-COXTZxt.Sc 2 Revision 0
3/22106
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2.2 Systematic Soil Sampling - Excavation Bottom/Side Wall Surface Soil

The final status survey also consisted of systematic soil sampling based on a random start point
and an equal-distant triangular grid. The Minimum Number of Samples Required (N) based on
the scan MDC was determined to be 9 as documented on Soil Survey Unit Worksheet No. 1
(Attachment B). Once N was determined, the Survey Unit Area (A) of 126.5 m2 along with the
N of 9 were used to calculate the Triangular Grid Node Length (L) of 4.0 meters and the Height
of the Equilateral Triangle (h) of 3.5 meters. A random start point was generated using the
random number feature of Excel and documented on Soil Survey Unit Worksheet No. 2
(Attachment B).

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

Table 2 - System atic Soil Sample Results
Net

Soil Gross Th-232 Std. Error MDC Net Th-232 DCGL
Sample ID (2Ci/g) (pCi/g) (pCi/g) (jCi/g) (pCi/g)

K-019 0.391 0.078 0.190 0 3.0
K-020 0.986 0.113 0.473 0 3.0
K-021 0.821 0.103 0.340 0 3.0
K-022 1.02 0.097 0.249. 0 3.0
K-023 1.03 0.118 0.440 0 3.0
K-024 1.22 0.119 0.252 0.12 3.0
K-025 1.11 0.070 0.336 0.01 3.0
K-026 1.63 0.116 0.476 0.53 3.0
K-027 0.941 0.116 0.414 0 3.0

Average 1.02
Standard Dev. 0.328

Minimum 0.391
Maximum 1.63

Median 1.02

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

Q.\P400'A4072%FSS Reponr\Volume tSunvey Unit Uiser-FSS-O02FSS.002Text.doe 3 Revision 0
3/22/06
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2.3 Wilcoxon Rank Sum (WRS) Testing

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

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

Table 3 - Reference Group and Survey Unit Sample Results
Reference Th-232 Survey Unit Th-232

Group Sample ID (pCi/g) Group Sample ID (pCi/g)
RI 299 1.24 S1 K-019 0.391
R2 263 1.54 S2 K-020 0.986
R3 96 0.57 S3 K-021 0.821
R4 20. .1.38 S4 K-022 1.02
R5 262 1.63 S5 K-023 1.03
R6 255 1.42 S6 K-024 1.22
R7 263 1.54 S7 K-025 1.11
R8 343 1.14 S8 K-026 1.63
R9 156 0.96 S9 K-027 0.941

. Average 1.27 Average_1.02
Standard Standard
Dev. 0.34 Dev. 0.328
Minimum 0.57 Minimum 0.391
Maximum 1.63 Maximum 1. 63
Median 1.38 Median 1.02

Q.\?4oo0WA4072WSS Rns'.Volume rSmUnt U iis-FSS-O02\FSS-Mext.dOc 4 Revision 0
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the southwestern portion of the Retention Pond
area resulted in an open land area consisting of an excavation approximately 126.5 m2 in area.
This open land area, identified as Survey Unit Kaiser-FSS-002 is considered a Class 1 survey
unit. The survey unit is bounded to the east by Survey Unit Kaiser-FSS-003, to the south by the
Union Pacific Railroad right-of-way, to the north by Survey Unit Kaiser-FSS-008, and to the
west by Survey Unit Kaiser-FSS-001 (Figure 3). This section of the sub-report presents a
summary of the final status survey findings and an overall summation of fractions for the survey
unit.

3.1 Excavation Bottom/Side Wall Surface Soil

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

* 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-PSS-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, elevated areas, and embedded structures respectively
is presented below in Table 4. As previously mentioned, no embedded structures were
encountered within the survey unit and no elevated areas were left in-place for the survey unit.

Table 4 - Fraction of Applicable Acceptan Criteria per Survey Unit Element
Average

Net Acceptance
Survey Unit Element Units Activity Criteria Fraction

-FSS-002 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 0.00

-Embedded Structures (None Encountered) dpm/lOOcm 0 0.00

TOTAL SUM OF FRA CTIONAS I_0.00

QA\P40OPA407ZSS ReponsVWolume Msur us st KiszSS-00ZISS-O2Textwdoc 5 Revision 0
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The Sum of Fractions provides a conservative assessment of the survey unit without backfill.
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-002 meets the
DP acceptance criteria.

Q.NP40DO'1A4D72TFSS Pepons'Volnne IMHrvey Unk Kiwa-MFSS40FSSeO2Text.doc 6 Revision 0
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Soil Survey Unit WVork Sheet No. 1
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KATSER-FSS-002

2. Description: Retention Pond Area. Fast of Survey Unit Kaiser-FSS-001

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

4. Dimensions (m): Excavation Bottom - Approx. 13 meters x 9.5 meters: Area, A (m2): 126.5

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

Average: 50.000 Minimum: 40.000 Maximum: 100.000

6. Based on the maximum background gross gamma scan reading, the scan MDC (Minimum Detectable

Concentration of Th-232), the corresponding N (Minimum Number of Required Samples) and L (Triangular

Grid Node Length) for a standard 2,000 m2 Class I survey unit are:

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

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

7. 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 formula: LI = (A/(0.866 x 9))I7: 4.0 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))": N/A

9. If A is greater than 2,000 in2 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 N1 = A / (0.866 x

i62), N,-: N/A

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

formula: It = ((L2 
- (IJ2)2)1: 3.5 m.

QA1400O0PA4072\FSS RepomsmWolume rSwwy Unit Kaiser-FSSO02\tuchma B - Soil Survey Unik Workgheets\Soil Survey Unit Workshee No. Idoc
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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-FSS-002

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

5 3 lower bound
upper bound

co(

( 0,0)

North

x axis

0:WP4000\PA4072TFSS ReportsWolume NSurvey Unit Kaiser-FSS-OO2Wtadchment B - Sol Survey Unit WorstheetsSoil Survey Unit Worksheet No. 2
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;a 5 ,,s

' Outreach
Laboratory

I XNormi Aspen
¶roken Arrow, OK 74012
(918) 251-2515
FAX (918) 251-0008

C AI

-'� J--"May 26,2004 K 0, 0

I ..- o
Paul Handa
Kaiser
7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser/PA-4000-4072
OUTREACH LAB ID: 20040371

Dear Mr. Handa:

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

laboratory May

All QC is within limits.

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

Quality Assgape Officer
v~f'fie' - ' r

Laboratory

CERT. ID #OKOOIODEQ ID #9517
NRC ODEQ LIC. #27522-01 . . 1
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Outreach
- Laboratory

I J I INorth Aspen
Broken Arrow, OK 74012
(918) 251-2515
FAX (918) 2510008

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

Kaiser Aluminum
KAISER/PA-4000-4072

200403- '
5/27/2& J)

5I25 04
1 of 3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst

I Date

Lab ID:
Client ID:

*Date Sampled:
Matrix:

20040371-01
K-019
5/24/2004 6:00:00 PM
Soil

Th-232

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Lab ID:
Client 1ID:
Date Sampled:
Matrix:

Th-232

HASL 300

20040371-02
K-020
512412004 6:05:00 PM

Soil

HASL 300

20040371-03
K-021
5/24/2004 6:10:00 PM
Soil

HASL 300

Radiochemical Analyses
0.391 +/- 0.078 pCi/g ,^0.190

Radiochemical Analyses
0.986+/-0.113 pCi/g .'OA73

5/25/2004 SD

5t25t2004 SD

5(25/2004 SD

K)

Radiochemical Analyses
0.821 +/-0.103 pCi/g 0.340

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040371-04
K-022
5/24(2004 6:15:00 PM

Soil
Radiochemical Analyses

1.02 +/- 0.097 pCilgTh-232 HASL 300 0.249 5/25/2004 SD

,lab ID:
aient.ID:

'Date Sampled:
Matrix:

-n-232

20040371-05

K-023
'5/24/2004 6:20:00 PM
Soil

Radiochemical Analyses
1.03+1-0.118 pCi/gHASL 300 0.440 5/25/2004 SD

BDL - Bclow Detection Limit
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Outreach
Laboratory

t ,1 NrthAspen
K 2 oken Arow. OK 74012

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

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

, . .

Kaiser Aluminum
KAISERIPA-40004072

20040371
5t26/2004

5125104
2of3

Analytical Report
Result Units-*- DLMethod Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

T - .

Th-232.

20040371-06
K-024.

:5/24/2004 6:25:00 PM
Soil

-. ,.+ 1

_I a B r

Radiochemical Analyses -.

1.22 +/- 0.119 pCi/g X -HASL 300 0.252 5/25/2004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix: -

20040371-07
K-025

. 512i/2004 6-30:00 PM
Soil

Radiochemical Analyses
1.11+/-0.070 pCi/gTh-232 : HASL 300, 0.336 5/25/2004 SD

i_) Lab ID:
Client ID:
Date Sampled:
Matrix:

20040371-08
K-026
5/24/2004 6:35:00 PM
Soil

Radiochemical Analyses
1.63 +/- 0.116 pCi/gTh-232 HASL 300 0.476 5/25/2004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

20040371-09
K-027
5/24/2004 6:40:00 PM
Soil

Radiochemical Analyses
0.941 +/-0.116 pCi/gHASL 300 0.414 5/25t2004 SD

BDL = Below Detection Limit

!I
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FAX (918) 251-0008

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

Kaiser Aluminum
KAISERJPA4000-4072

- . 20040371
. s26n20 J

s51/04
3Of3

, , A

QC Report....

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

Ac-228 NC ;,. st200o4

Am-241

CO 60

Cs-137

91.0

92.0

97.0

93.0

93.0

94.0

I .S
1.3
1.3 6 : . . , .

3.6 ' I

S2Sf2004

5f2St2004

sf o2004

QA Approval:

Lab Approval:
' ' I- I' ;.

': ;

V1

., -:
, .I

. .'

I - I

. , .. I

.. ,..--.~

V)

BDL- Beko Detection Limit
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Rcport No. EB-003
Survey Unit Kaiscr-FSS-003

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-003, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the southwestern portion of the Retention Pond area. Survey
Unit Kaiser-FSS-003 is considered a Class 1 survey unit with an approximate surface area of 80
m2. This limited size survey unit was demarcated due to the presence of a metal utility pole.
The soils immediately surrounding the utility pole were not radiologically-affected.-The survey
unit is bounded to the south and east by the Union Pacific Railroad right-of-way, to the north by
Survey Unit Kaiser-FSS-005, and to the west by Survey Unit Kaiser-FSS-002 (Figure 3).

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

QAP4000\A407X.PSS Repor&sVohime FSwyUnit Yim-FSS-003PSS-03Text.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 excavation bottom,
eastern side wall, and southern side wall surface soil of Survey Unit Kaiser-FSS-003. The final
status survey consisted of a gross gamma scan of the exposed surface soil of the survey unit and
systematic soil sampling.

2.1 Gross Gamma Scan

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

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

Table 1 - Gross Gamma Scan Results Summar__
Survey Area: 80 m
Number of Scan
Measurements (Recorded 20
Average per 2 mn grid area) .

Scan Rate: 0.5 m/s
(Swinging the detector a width (MARSSIM recommends
of 1-meter side to sid 0.5m/s)

Results Summary: Background (Gross epm) Scan (Gross cpm)
Minimum 24,383 16,000
Maximum 101,422 86,000
Average 58,767 37,000

Standard Deviation 28,467 21,000
Median 52,539 30,000

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

Q:\P4000%PA4077\F5S Reports\Voume ISurvey Unh KaiJC FSS.003TSS-O 3Tcxt.doc 2 Revision 0
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forwarded to Outreach for analysis of Th-232 activity concentration. The analytical results are
provided below in Table 2. The biased soil sample results were below the DCGLw for the site.

Table 2 - Biased Soil Sampl Analytical Results

Gross Th-232 Std. Error MDC
Soil Sample ID (pCi/g) (pCi/g) (pCi/g)
DCGLjy 3.0
Site Background 1.1 0.3
K-042 (Point A) 2.64 0.131 0.349
K-043 (Point B) 1.29 0.085 0.255
K-044 (Point C) 0.974 0.086 0.329
K-045 (Point D) 0.724 0.076 0.200

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. I
(Attachment B). Once N was determined, the Survey Unit Area (A) of 80 m2 along with the N
of 9 were used to calculate the Triangular Grid Node Length (L) of 3.2 meters and the Height of
the Equilateral Triangle (h) of 2.8 meters. A random start point was generated using the random
number feature of Excel and documented on Soil Survey Unit Worksheet No. 2 (Attachment B).

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

Q:\P4000TA40727fSS Rqorts\Votume 'Swey Unl sizfser-F3S-03'4FSS-03Tet.do= 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-032 0.878 0.064 0.215 0 3.0
K-033 1.02 0.060 0.177 0 3.0
K-034 0.713 0.065 0.194 0 3.0

K-036-POST 1.06 0.075 0.227 0 3.0
K-037 1.11 0.078 0.194 0.01 3.0
K-038 1.16 0.088 0.279 0.06 3.0
K-039 1.09 0.074 0.198 0 3.0
K-040 1.19 0.069 0.259 0.09 3.0
K-041 1.05 0.078 0.231 0 3.0

Average 1.03
St Dev. 0.149
Minimum 0.713
Maximum 1.19

Median 1.06

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

2.3 Wilcoxon Rank Sum (WRS) Testing

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

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

QAP4000%PA4072\FSS ReportiVotume rsM m Unp KIcr 1S-003\FSS-03TCetdoC 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 5 0.90 Si K-032 0.878
R2 353 0.79 S2 K-033 1.02
R3 342 1.26 S3 K-034 0.713
R4 186 1.36 S4 K-036-POST 1.06
R5 19 0.36 S5 K-037 1.11
R6 351 1.07 S6 K-038 1.16
R7 146 1.23 S7 K-039 1.09
R8 52 1.63 S8 K-040 1.19
R9 193 1.16 S9 K-041 1.05

A verage 1.08 A verage 1.03
Sid. Dev. 0.37 Sid. Dev. 0.149

_ Minimum 0.36 Minimum 0.713
Maximum 1.63 Maximum 1.19
Median 1.16 Median 1.06

Q\P400OPA40T72TSS rteposVolume rs." Un'd Kaiset-FSS-<YJ3SFSS03Textdac 5 Revision 0
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the southwestern portion of the Retention Pond
area resulted in an open land area consisting of an excavation approximately 80 m2 in area. This
open land area, identified as Survey Unit Kaiser-FSS-003 is considered a Class I survey unit.
The survey unit is bounded to the south and east by the Union Pacific Railroad right-of-way, to
the north by Survey Unit Kaiser-FSS-005, and to the west by Survey Unit Kaiser-FSS-002
(Figure 3). This section of the sub-report presents a summary of the final status survey findings
and an overall summation of fractions for the survey unit.

3.1 Excavation Bottom/Side Wall Surface Soil

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

* 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-FSS-003 prior to backfill with clean import borrow
material, as a whole (excavation bottom/side wall surface soil, elevated areas, and embedded
structures), the fraction of each survey element's average net activity divided by the applicable
acceptance criteria is calculated for inclusion in the Sum of Fractions for the entire survey unit.
The Total Sum of Fractions for surface soil, elevated areas, and embedded structures respectively
is presented below in Table 5. As previously mentioned, no embedded structures were
encountered within the survey unit and no elevated areas were left in-place for the survey unit.

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

Net Acceptance
Survey Unit Element Units Activity Criteria Fraction

-FSS-003 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 0.00
-Embedded Structures (None Encountered) dpm/l00cm' 0 0.00
TOTAL SUMOFFRACTIONS 0.00

QNN4OOOPA4072SS ReporVolum raSw Un K lsi=-FSS-003FSS-003Text.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-FSS-003 meets the
DP acceptance criteria.

Q-.T4DWJPA40727JFSS Repont\Volwme roSwCY Uni Y-is&-FSS-003TFSSO3Text.doc 7 Revision 0
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Soil Survey Unit Work Sheet No. I
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-003

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

3. Net Th-232 Acceptance Criteria (pCilg): 3.0

4. Dimensions (m): Excavation Bottom - Approx. 10 meters x 8 meters; Area, A (m2): 80

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

Average: 50.000 Minimum: 40.000 Maximum: 100.000

6. Based on the maximum background gross gamma scan reading, the scan MDC (Minimum Detectable

Concentration of Th-232), the corresponding N (Minimum Number of Required Samples) and L (Triangular

Grid Node Length) for a standard 2,000 m2 Class 1 survey unit are:

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

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

7. 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))/2.: 3.2 m

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

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

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

corresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N, = 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 - (IJ2)2)f2: 2.8 m.

Q:UP4000PA4072\FSS Repons\Wohme I'Surwy Uni Kaiser-'FS4003\Aztahnt B. Soi Swcvy Ucik Workshcee*Soil Survey Unit Workidct No. I doc
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Soil Survey Unit Worksheet No. 2
Random Number Generator for Start Point

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

SURVEY UNIT: KAISER-FSS-003

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

2 8 lower bound
upper bound I

C(

( 0,0)
North

x axIs

QOA\P4000\PA4072%FSS Reports\Volume I\Survey Unit Kaiser-FSS-003\Attachment B - Soil Survey Unit Worksheets\Soil Survey Unit
Worksheet No. 2
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Outreach
Laboratory

NoAspen
Y> oken Arow. OK 74012

(918) 251-2515
FAX (918) 251.0008

., rj,� 7- , W�, -.,. -. C, 4 �

June 18,2004
� I 0:I

4,1,.VVCA 101/
David Weyant

::Kaiser
7311 E.41st Street
Tulsa, OK 74145

2P10 6(v<i'.

Project: Kaiser Tulsa - -

OUTREACH LAB ID: 20040412

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory June 12,
2004, for the above captioned project. ':*

Nine soil samples were received in good condition and analyzed for Th-232 by Gamma Spec
without drying and grinding with a five work day turn. Results were faxed 6/18104.

All QC is within limits.

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

Laboaory t -

%' ACCO 4

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

CERT. ID #OK001

I I



Outreach
Laboratory
3 II North Aspen
Broken Arrow. OK 7401Z
(918) 251-2515
FAX (918) 25120008

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

Kaiser Aluminum
PA40004072

2004041'
' 6/1820o<

6/14/04
1 of 3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:

Client ID:
Date Sampled:

Matrix:

Th-232

20040412-01

K-032

6112/2004 10:35:00 AM
Soil

Radiochemical Analyses
0.878+1-0.064 pCi/g: ' 0.215HASL 300 6/14/2004 SD

Lab ID:
Client ID:
Date Sampled:

Matrix:

Th-232

Lab ID:

Client ID:

Date Sampled:

Matrix:

20040412-02
K-033

6/12/2004 10:40:00 AM

Soil

HASL 300
Radiochemical Analyses

1.02 +/-0.060 pCi/g

' ' 1 n 4__
*~~ X- -

0.177 6/1412004 SD V>
20040412-03 -

K-034
6/12/2004 10:46:00 AM

Soil
. ., 4 .a,, . I id

I .. . Radlochemical Analyses
lh-232 HASL 300 0.713 +1- 0.065 pCilg 0.194 6/14/2004 SD

Lab ID:

Client ID:
Date Sampled:
Matrix:

Ih-232

Lab ID:

Client ID:.

Date Sampled:

Matrix:

Th-232

K-036
6/12/2004 10:1!

Soil

N1v P3 (c&

HASL 300 2.37

20040412-05

K-037
6/12/2004 10:20:00 AM

Soil

61 SD

6115/2004 SD

'I, .

Radiochemical Analyses

1.11+/-0.078 pCi/gHASL 300 0.194

K>

BDL- Below Detection Limit

'''-'I I!,



Outreach
Laboratory

Nort Aspen
k.%)roken Arrow, OK 74012

(918) Z51-2515
FAX (918) 251-0008

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

Kaiser Aluminum
PA-4000-4072

20040412
6/1812004
. 6/14/04

2of3

Analytical Report
Result Units- ' DLMethod Prep' Analysis Analyst

Date Date

Lab ED:
Client ID:
Date Sampled:
Matrix:

I . .

lb 232-

20040412-06
K-042
6/1212004 10:28:00 AM -
Soil

I J."

,. . .

Radiocheinical Analyses .? x
2.64 +1- 0.131 pCi/g M --HASL 300 0.349 6/15/2004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040412-07
K-043
6/12n004 10:55:00 AM

.2 Soil

Radiochemical Analyses
HASL 300 ,- * .. 1.29 +/- 0.085 pCi/gTh-232 0.255 6/15/2004 SD

K2 Lab ID:
Client ID:
Date Sampled:
Matrix:

Ah-232

20040412-08
K-036-POST
611212004 12:00:00 PM
Sonl

Radlochemical Analyses
1.06 +/- 0.075 pCi/gHASL 300 0.227 6/1712004 SD

BDL - Bclow Detection Umit

-1'1



Outreach
* Laboratory

.11 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
PA-4000-4072

2004041'

61181206C J
6/14/04

3of3

QC Report.

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

Ac-228 NC 6/1412004
Am-241

Co40

Cs-137

s7.0

91.0

95.0

93.0

95.0

96.0

6.5

3.5

13'

6/1412004

6/1412004

6114/2004

i Lab Approval:

- 4

BDL- Below Detection limit

--! FE



C

Date Received: 6/14/2004 1:I11:3

Sample Client
Number Sample ID Matri

20040412-01 A K-032 Soil
Th-232 by Gamma Spec

20040412-02 A K-033 Soil
Th-232 by Gamma Spec

20040412-03 A K-034 Soil
Th-232 by Gamma Spec

20040412-04 A K-036 Soil
Th-232 by Gamma Spec

20040412-05 A K-037 Soil
Th-232 by Gamma Spec

20040412-06 A K-042 Soil
Th-232 by Gamma Spec .

20040412-07 A K-043 Soil
Th-232 by Gamma Spec .-

20040412-08 A K-036-POST . Soil
Th-232 by Gamnma Spec

SAMPLE LOGIN

Lab Number: 20040412

Date Container
Sampled Type

06/12/04 Plastic

:

06/12/04 Plastic

06/12/04 Plastic

06/12/04 Plastic

06/12/04 Plastic

-06/12/04--- -Plastic

06/12/04 Plastic

--06/12/04 - Plastic

Container
Size

16 oz

16 oz

16 oz

16 oz

16oz

16 oz.

16oz

16oz

Preservation

None

None

None

None

None

None

None

None --- -- - -

* (.

Due: 6/18/2004

Custody Seal
Seal Intact

N0

o ' o

'o No

. .. No.

.o No

.. '' / ' 0

M -, I ...

I . . . 1 I
.1. %,

Page 1



CONTAIN LSPECTION

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

SAMPLE INSPECTION

Custody Seals Broken - Chain of Custody Rec63/N Labels In Tas 7 N Radiation Survey CompleG

Anomalies:

QA *r ,6

Inspected By: -______DATE

QA or Designee Review-:__ ___ __

Sample Custodian Review: . DATE

Project' Notes:

Page 2

, - iC ...- ,



OUTREACH
LABORATORY

CHAIN I.CUSTODY C I
ft^MrflhI1 if At~~t~~q It Cirt-v.. -rXt. Rhil Th.

311 North Aspen -

Broken Arrow, OK 7401: '
Phone: (918) 251-2515
Fax: (918) 251-0008

Results To: .

91Q - 3q% -
Os' Lc

7tl .7" -

6-7

~r'J -. --,- _ _- _ __----

Klwtm a .kI-. R *L3..rKAr~k '? ^'V^. '

Address *; E -T. %l S7c=

lvIt *v.

Company E 4 ? ) VA I Sze 1 5
NametjAk, R. Q A A .lf'

Address7, F . 4 U'U -

Phone277t Al29 -1 •ŽCh Fax # 21i j,21 ..71 City~tj> P State-~-j 11 a71 -,r

PO # I ..- C

PROJECT #P ° 4

PROJECT NAME hMN&Y X. ch ( Ctw
REQUESTED TURNAROUND TIME
(ADDMONAL CHARGES MAY APPLY)

SAMPLEP L __

C

N
T
A

N
E
R
a

CONTA019R
SIZE

PLASTIC
OR!-

GLASS

PRESERVATIVE

1. HNO3pfH4
2. llIfpCd
3. Ha pH<l
4. "2904 PH<2
L N*7H pM-11

. I

J

4

..,I
a-

k)

40

5C

.74
I

Signaturfy / /'-v^A

R=EMRKS
t.L E tIERED, UNntmRED,

GRAB, COMPOSITE)--- ---34 1
mumx

AR3 -12t~z 105 S r p v5 .\t 1' <4_ =W;, ISS NZ >

- kAL i-t. l__________ X > .r

E C, -o > zL ~ _ _ _ _ = < -

-. 
_ _ _ _ _ _ _ 

\t 9 / X _

-1 _ _ _ _ _ _ - _ _ _ _

| ELINUISA ED B 'INF- ME A3jr9E ECEIV.E >w KV_ A!EjeY ME 2 L E

REUNQUISHED BY: DATE . IMF_.RECEMED BY:___DAT___ ___M____

My signature on thls chain of custody form Indicates diat I an authodzed by the above oerny to reles,. SareodfonalyutLThe cmpa agrees to pay the enfre bale aon re o ptmo

of sampl, date and It Is underntood and agreed that Ny balance carted over thirly (30) days Is bjed to a t.5% per Kmnth (tt% per annum) late charge. In the event of detht the company

bicomes legafly iable for any reasonable attorney andlor collection hese and an related coats necessary to rMt the entire baanCo to Outreach Tectdmog. Inc- (Ourach Laboratory)

SAMPLE RETURN/DISPOSAL All inoazardous eam ahat b dIsposd od 30 days ater Issue od l repol l ol wit be retuhned at dflerllbnfla_ .



Outreach
.Laboratory

,AI North Aspen
Broken Arrow, OK 7401Z
(918) ZS5-2515
FAX (918) 25 1 -0008

r..1

%- .r

K)

� W- f, 1-v-

June 16,2004

Paul Handa
Kaiser
7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Tulsa
OUTREACH LAB ID: 20040413

Dear Mr. Handa:

! .. _

. I .

I - ~"

Please find enclosed the analytical report
2004, for the above captioned project.

for, your samples received in our laboratory'Junet 4

Seven soil samples Were received in good coridition and analyzed for Th-232 by Gamma Spec
without drying and grinding with a two work day turn. Results were faxed 6/15104.

All QC is within limits. -.

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

LaboratoryD .. . , ty ..

* *4 ii

ODEQ ID '95 - i: CT. ID #0K
NRC ODEQ LIC. #27522-01 001

--I-T.



Outreach
Labortory

i 1I Norh Apen
\ ,ioke Ao,. OK 74012

T918) 251-2515
FAX (918) 251-0008

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

Kaiser Aluminum
PA-4000-4072

20040413
6/15t2004

; 6/14/04
- lof2

Analytical Report1

Result UnitsMethod DL, Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040413-01'
K-035
6/11/2004 2:10:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

61.8+1-1.45 pVCig - 0.827
: '~'.' ,: !

6/1512004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

lh-232

20040413-02
K-038
6/11(2004 11:10:00 AM
Soil

HASL 300
Radiochemical Analyses

1.16 +/- 0.088 pCi/g 0.279 6/14/2004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

20040413-03
K-039
6/11/2004 11:15:00 AM
Soil

HASL 300

20040413-04
K-040
6/11/2004 11:18:00 AM
Soil

HASL 300

Radlochemical Analyses L -I

- 1.09+/-0.074 pCi/g - - -0.198 6/1412004 SD

f .I

> , I " -~

Radiochemical Analyses
1.19 +/-0.069 pCi/g 0.259 611512004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

20040413-05
K-041
61112004 11:25:00 AM.
Soil I

Radiochemical Analyses
1.05 +/- 0.078 pCi/gHASL 300 0231 6/14/2004 SD

BDL - Below Detection Limit



Outreach
Ialboratory
-11 NorthAspen

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

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

Kaiser Aluminum
PA-40004072

20040413
*. 6/15/2001,J

6/14/04
2of2

..- : .- -

Analytical Report
Result Units DLMethod Prep

- - Date
Analysis

- Date
Analyst

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040413-06
K-044
6/1112004 11:30:00 AM
Soil

T , , 3 , HAL 0

Th232 HASL 300
Radiochemical Analyses ',

0.974 +/- 0.086 pCi/g 0.329 6/14/2004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

20040413-07
K-045
6/11/2004 11:35:00 AM
Snol_ ..

. Radiochemical Analyses .
HASL 300 0.724 +I- 0.076 pCitg

.- 1 . I . .

0.200 6/14/2004 SD

QC Report

Parameter Blank LCS 'LCSD DUP - MS . .. MSD Date-
%REC *REC RPD !RPD %REC %REC RPD

Ac-22S NC 6/1412004

Am-241

Co-60

Cs-137

S7.0

91.0

95.0

93.0

95.0

96.0

6.5

3.5

13

61142004
. ' 61412004

- 6114n2004

- . .: .: - is | -

Lab Approval:

1. --
.

.
.

- - ! f � . ... -- .
- , I ,

K-j

DDL- Below Detection Limit

--r -



* OUTREACH
LABORATORY

*. , .41. ..

CHA1NQ CUSTODY C r ;
1 , .

S. .

.. -A p h . "311 Northispen
- Broken Arrow,C;K 74012

- Phone: (918)251.2515
F: Fax: (918) 29-0008

! PO #

Results To:

U&-ht'.

C 6S CM,.
CM 7.,;.
7V4. * cin

-.- - - , - - - - - - 0 - - -

AdresfrfAt 'Il!" I A -Ll I.X4 t7^ 7

Company >StP&s > (Mv3~v tAL. Bil To:. "s. .

Company m

Name DA'Mv 0iA;,,T/Mc gAA

Address-t\ 1 L . ..

Cfty- t .a . - 4
IAL. ,._Stat

. . .

Pho V__. e ;& J - ' 0 - _ t- f - '

City::%,3F& -State-&Sh\ ap-71.414
* Phionao7 Zq S/Z -'I; Im .Fax # 9 | -> -7m a a J

PROJECT #

PROJECT NAME h

e 4 h\t - W ,-I
,f _ L 4hA% quL,,

mw i\S, _ w\ 3 C2j P ,
REQUESTED TURNAROUND TIME N N .
(ADDmONALCHARGESMMAYAAPPLY) , 2 .

SAMPLEeS%>h -//
-- -Q-.erM ' f f

C
0
N
T
A

N
E
R
S

CONTAINER
SIZE

PLASTIC
OR:

GLASS

d &ste

PRESERVATIVE

1. HNO3 pH4
2. Ie.c4C
3. HC pHI
4. 2S041pHa
8 NeOH pHbI

d
At

-dr

3--

C,

-j

( -P-.C

e e

12
?- t
,3-

"_)

tip /

-W- t I /

REMARKS
(IL. MTER!D;UNFitTERED,

GRAM, COMPOSI)I .L ..5L L .-- I

I. D
I ML

-il -i _ X X X.

._ __ k o .N~i11t 
.

7

1 _y

-IL 6 1 1- - - _

.I Is .ti I . . = __ ;<j. .,

. I I -'.
It , I J
,-. I

__I__ __'________ .____, _. _ /'_ ,, J .f r I

REUNQUISHED BY:/ E4MAM -P RECEIVED BY: D~TMJA

R6UNQUISHED BY.' DATE_ TMMF RECEIVED BY: DATE TMF_

'qMslgnature on ris chaIn of cust fomn Idcates that I am autftoded by the above oonpanyo reease eamplse tor analysit. Th conmpny agree to ivy theanf balance upon recet

of temple data ndItI undI od and agreed tha any balance ived ovr irty (30) days Is kledt to a 1.5% per mbM (18iper% annm) late charge. In the event of d difW the company

beqomes fegaty 0abla Wr any reasonable atoney andtor collection fee and all rdfated cots necesary to reomt e ente balance to OfhTex drologles, Inc (Outeach Laborat .
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-004
Survey Unit Kaiser-FSS-004

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-004, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the southwestern portion of the Retention Pond area. Survey
Unit Kaiser-FSS-004 is considered a Class 1 survey unit with an approximate surface area of 107
m2. This limited size survey unit was demarcated due to the presence of three wooden utility
poles. The soils surrounding the utility poles were not radiologically-affected. The survey unit is
bounded to the south by the Union Pacific Railroad right-of-way, to the east and north by Survey
Unit Kaiser-FSS-007, and to the west by Survey Unit Kaiser-FSS-005 (Figure 3).

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

Q.4000TA4072TFSS Report'Vohme rswy Un* K Xin-FSSText\FSS-04Tcxt.doc 1 Revision 0
3/22/06
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2.0 SURVEY ACTIVITIES AND RESULTS

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

2.1 Gross Gamma Sean

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

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

Table 1 - Gross Gamma Scan Results Summary
Survey Area: 107 ml
Number of Scan
Measurements (Recorded 25
Average per 2 m2 grid area)
Scan Rate: 0.5 mi/s
(Swinging the detector a width (MARSSIM recommends
of l -meter side to side) 0.5rns

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 36,123 25,000
Maximum 75,991 75,000
Average 48,954 42,000

Standard Deviation 15,674 16,500
Median 41,623 35,000

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

Q.%?4000\PA4072\FSS Repons\Vohme rSwwy Unit Kai-FS-S-04'OText\FSS-OO4Tettdc 2 Revision 0
3/22/06



2.2 Systematic Soil Sampling - Excavation BottomlSidi 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 Workshect No. I
(Attachment B). Once N was determined, the Survey Unit Area (A) of 107 rr2 along with the N
of 9 were used to calculate the Triangular Grid Node Length (L) of 3.7 meters and the Height of
the Equilateral Triangle (h) of 3.2 meters. A random start point was generated using the random
number feature of Excel and documented on Soil Survey Unit Worksheet No. 2 (Attachment B).

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

Table 2 - Systematic Soil Sample Results
Net

Soil Gross Th-232 Std. Error MDC Net Th-232 DCGL
Sample ID (pCi/g) (pCilg) (pCi/g) (pCig) (PCi/g)

K-046 1.00 0.090 0.340 0 3.0
K-047 0.689 0.103 0.183 0 3.0
K-048 0.917 0.126 0.396 0 3.0
K-049 0.983 0.129 0.416 0 3.0
K-050 0.841 0.153 0.393 0 3.0
K-051 0.873 0.115 0.306 0 3.0
K-052 1.11 0.144 0.448. 0.01 3.0
K-053 1.35 0.166 0.420 0.25 3.0
K-054 0.765 0.088 0.308 0 3.0

Average 0.948
Standard Dev. 0.197

Minimum 0.689
Maximum 1.35

Median 0.917

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

QAP4000JA4077¶PSS ReponsiVolume rSumey Unit KisaFSS-04MTezxt\FSS 4Tezt doc 3 Revision 0
3122/06



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

Table 3 - Reference Group and Survey Unit Sample Results
Reference Th-232 Survey Unit Th-232

Group Sample ID (pCi/g) Group Sample ID (pCi/g)
RI 338 1.04 Si K-046 1.00
R2 27 1.24 S2 K-047 0.689
R3 363 0.97 S3 K-048 0.917
R4 270 1.46 S4 K-049 0.983
R5 53 1.29 S5 K-050 0.841
R6 80 1.25 S6 K-051 0.873
R7 305 1.50 S7 K-052 1.11
R8 39 0.70 S8 K-053 1.35
R9 184 1.08 S9 K-054 0.765

Average 1.17 Average 0.948
Std. Dev. 0.25 Sd. Dev. 0.197
Minimum 0.70 Minimum 0.689
Maximum 1.50 Maximum 1.35
Median 1.24 Median 0.917

QAP4000\PA4072\rSS Repos\Volumce unricy Unit K&i6r-FSS YeTct'xfS-O4TeMt.doc 4 Revision 0
3/22/06
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the southwestern portion of the Retention Pond
area resulted in an open land area consisting of an excavation approximately 107 m2 in area.
This open land area, identified as Survey Unit Kaiser-FSS-004 is considered a Class 1 survey
unit. The survey unit is bounded to the south by the Union Pacific Railroad right-of-way, to the
east and north by Survey Unit Kaiser-FSS-007, and to the west by Survey Unit Kaiser-FSS-005
(Figure 3). This section of the sub-report presents a summary of the final status survey findings
and an overall summation of fractions for the survey unit.

3.1 Excavation Bottom/Side Wall Surface Soil

The acceptance criterion for open land areas (pond parcel excavation bottom surface soil) at the
Tulsa facility is the DCGLw of 3.0 pCi/g net Th-232 activity concentration. Final status survey
activities for Survey Unit Kaiser-FSS-004 consisted of a. gross gamma scan of the exposed
surface soil of the survey unit (excavation bottom and southern side wall) and systematic soil
sampling. The results of the final status survey activities were as follows:

* 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-FSS-004 prior to backfill with clean import borrow
material, as a whole (excavation bottom/side wall surface soil, elevated areas, and embedded
structures), the fraction of each survey element's average net activity divided by the applicable
acceptance criteria is calculated for inclusion in the Sum of Fractions for the entire survey unit.
The Total Sum of Fractions for surface soil, elevated areas, and embedded structures respectively
is presented below in Table 4. As previously mentioned, no embedded structures were
encountered within the survey unit and no elevated areas Were left in-place for the survey unit.

Table 4 - Fraction of Applicable Acceptane Criteria per Survey Unit Element
Average

Net Acceptance
Survey Unit Element Units Activity Criteria Fraction

-FSS-004 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi0g 0 0.00
-Embedded Structures (None Encountered) dpm/100cm' 0 X 0.00
TOTAL SUM OF FRA CTIONS a_ _

Q:\P4000PA4072\FSS ReporveVohme rsycy unt Kaisa-FSS004 Txt'fSS- 004Tct.doc 5 Revision 0
3/22/06
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TheSum of Fractions provides a conservative assessment of the survey unit without backfill.
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-004 meets the
DP acceptance criteria.
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A Attachment A, Figure A-1
Gross Gamma Background and Scanning Suqey Results

Suvey Unit Kaiser-FSS*004

Backgrounds are 1 minute readings.
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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: KATSER-FSS-004

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

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

4. Dimensions (m): Excavation Bottom - Approx. 11.5 meters x 9 meters; Area, A (m2): 107

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

Average: 50.000 Minimum: 40.000 Maximum: 100.000

6. Based on the maximum background gross gamma scan reading, the scan MDC (Minimum Detectable

Concentration of Th-232), the corresponding N (Minimum Number of Required Samples) and L (Triangular

Grid Node Length) for a standard 2,000 m2 Class 1 survey unit are:

* Gross Gamma Scan MDC (pCilg): 5.7

* 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 (AI(0.866 x 9))'2: 3.7 m

8. If N is greater than 9 and the A is other than 2,000 in
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 (NI)

corresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N, = 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 (2)_2: 3.2 m.
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Soil Survey Unit Worksheet No. 2
Random Number Generator for Start Point

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

SURVEY UNIT: KAISER-FSS-004

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

10 | 1 lower bound
upper bound

North
(0, 0) x axis
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Outreach
aboratory
i omAspen
4ken Alow. OK 74012

(918) 251-2515
FAX (918) 25 1 -0008

June 18,2004

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

Project: KaiserfTulsa
OUTREACH LAB ID: 20040421

Dear Mr. Weyant:

V-�, - 0, t.� 4
.I 11

.I.

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

Nine soil samples were received in good condition and analyzed for Th-232 by Gamma Spec
without drying and grinding with a five work day turn. Results were faxed 6/18104.

All QC is within limits.

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

- I .:I . . . .

.. ~ '. .I E :,

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

CERT. ID #OK00I
I . - . .I .

II



Outreach
Laboratory

11 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
Tulsa

20040421
6/18/200 )

6/16/04
lof3

Analytical Report
Result UnitsMethod DL Prep Analysis Analyst

Date Date

Lab ID:
Client lID:
Date Sampled:
Matrix:

20040421-01
K-046
6/1412004 3:10:00 PM
Soil

Th-232 HASL 300
Radlochemical Analyses

1.00+1-0.090 pCi/g jr > 0.340 6/17/2004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

20040421-02
K-047
6/14/2004 3:15:00 PM
Soil

HASL 300

.. , -, . N . . I

Radiochemical Analyses _l !. t - -

0.689 +/- 0.103 pCi/g 0.183 6/17/2004 SD

K-,
Lab ID:
Client ID:
Date Sampled:
Matrix:

20040421-03 .
K-048
6/14/2004 3:21:00 PM
Soil

. - Radiochemical Analyses : - B
0.917 +/- 0.126 pCilg 0.396Th-232 HASL 300 6/1712004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

20040421-04
K-049
6/1412004 3:28:00 PM
Soil

Radiochemical Analyses -.

0.983 +/-0.129 pCi/g .OA16HASL 300 6117/2004 SD

20040421-05
K-050
6/14/2004 3:35:00 PM
Soil

.1 - ..

Radlocbemical Analyses
0.841 +/-0.153 pCi/gHASL 300 0.393 6/17/2004 SD

KJ

BDL - Below Detection Umit



Outreach
Laboomtory

I I Norm Aspen
> ~roken Arrow. OK 74012

(918) 251-2515
FAX (918) 25140008

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

Kaiser Aluminum
Tulsa

20040421
6/18/2004

6/16/04
2of3

Analytical Report
Result Units' ' DL. Method Prep

Date
Analysis Analyst
Date '

Lab ID:
Client ]ID:
Date Sampled:
Matrix:

Th-232

20040421-06
IK-051
: 6412004 3:42:00 PM
Soil

117;',
. ", 1,� I

Radiochemical Analyses
0.873 +/- 0.115 pCi/g UHASL 300 0.306 6/17/2004 SD*

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040421-07
K-052
6/14/2004 3:50:00 PM
Soil

Radiochemical Analyses
-1.1 +/-0.144 pCilgTh-232 HASL 300 0.448 6/17/2004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040421-08
K-053
6/14/2004 4:05:00 PM
Soil

Radiochemical Analyses
1.35 +/- 0.166 pCi/gTh-232 HASL 300 OA20 6/17/2004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040421-09
K-054
6/14/2004 4:15:00 PM
Soil

Radlochemical Analyses
0.765 +/- 0.088 pCi/gTh-232 . HASL 300 0.308 6/17/2004 SD

BDL = Below Detection limit



Outreach
Laboratory
..1 North Aspen
Broken Arrow. OK 7401 2
(918) 251-1515
FAX (918) 251 0008

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

Kaiser Aluminum
Tulsa

20040421

6/16104
3of3

QC Report

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

Ac-228 NC 6MN1004

Am-241

CO60

Cs-137

94.0

94.0

96.0

98.0

96.0

95.0

3.4

2.2 .

1.0

6/1712004

6/17/200

6712004

.;

..,.1'',""* * /X
4 t LabApproval: S/r

. . . . 4 . .. . .

-. .- -

* t

. .

e \ f ' + r , r

^ , ^ t ,,,

BDL = Below Ddection Umit

--r---
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SAMPLE LOGIN

Date Received: 6/16/2004 11:05:1 Lab Number:. 20040421 Due: 6/2112004
Sample
Number

-1 Client
.- - Sample ID - . -

Date Container . Container
Matrlx .Sampled Type Size

Custody Seal
Preservation . Seal - - Intact

20040421-01 A--- - K-046 -
Th-232 by Gamma Spec-- --

II _.
Soil 06/14104 Plastic 16 oz None Yes Yes

20040421-02 A K-047.
Th-232 by Gamma Spec

20040421-03 A K-048
Th-232 by Gamma Spec -

Soil

Soil

-- 06/14/04

.0 .

Plastic

Plastic

. 16oz

16oz

Yes Yes.-None

None - Yes Yes

20040421-04 A K-049 Soil
Ih-232 by Gamma Spec

20040421_.0 A-..- . .K-050 _, '. :so, .
,b.232byGamnaSpec ..

20040421-06 A.- -. K-051. Soil
Th-232 byjGammi Spec

06/14/04 Plastic 16oz

16 oz

None

None

Yes

Yes

Yes

Yes06/14/04 Plastic
, . . . .

i

06114104
t

'Platic 'loz i

!. .I I

|Nonej

INone
.;

I

� II
i
I
I

.. - .. .: .

Yes' I

20040421-07 A . K-052
: - Th-232 by Gamma Spec

-1 . Soil - - 06/14/04 . Plastic 16oz Yes Yes

20040421-08 A K-053
Th-232 by Gamma Spec

Soil 06/14/04 Plastic
: - I

16oz

16oz

None Yes Yes

Yes20040421-09 A K-054
Th-232 by Gamma Spec,; I .

Soil 06/1.4/04 . Plastic . None Yes

Page I
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-005
Survey Unit Kaiser-FSS-005

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22,2006

L.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-005, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the southwestern portion of the Retention Pond area. Survey
Unit Kaiser-FSS-005 is considered a Class 1 survey unit with an approximate surface area of 35
m2. This limited size survey unit was demarcated due to the presence of guide wires from nearby
utility poles. The survey unit is bounded to the south by Survey Unit Kaiser-FSS-003, to the east
by Survey Unit Kaiser-FSS-004, to the north by Survey Unit Kaiser-FSS-008, and to the west by
Survey Unit Kaiser-FSS-002 (Figure 3).

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

Q:\740\A4072WFSS ReportsVolume rsurvy Unt K FSS.005\T1S t'J'SS 005Tex.&C I Revision 0
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2.0 SURVEY ACTIVITIES AND RESULTS

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

2.1 Gross Gamma Scan

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

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

Table 1 - Gross Gamma Scan Results Summary
Survey Area: 35 inl __

Number of Scan
Measurements (Recorded 8
Average per 2 nin grid area)
Scan Rate: 0.5 m/s
(Swinging the detector a width (MARSSIM recommends
of l-meter side to side) 0.5m/s

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 45,054 43,000
Maximum 60,946 52,000
Average 53,885 47,000

Standard Deviation 7,204 2,900
Median 56,261 46,500

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

QAP40OOPA40727FSS RcFons\VoIume rSurwy Uni K i.-FSS005\TceS\FSS*05TeL6c 2 Revision 0
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2.2 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. 1
(Attachment B). Once N was determined, the Survey Unit Area (A) of 35 m2 along with the N
of 9 were used to calculate the Triangular Grid Node Length (L) of 2.1 meters and the Height of
the Equilateral Triangle (h) of 1.8 meters. A random start point was generated using the random
number feature of Excel and documented on Soil Survey Unit Worksheet No. 2 (Attachment B).

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

Table 2 - Systematic Soil Sample Results
Net

Soil Gross Th-232 Std. Error MDC Net Th-232 DCGL
Sample ID (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)

K-055 0.591 0.126 0.481 0 3.0
K-056 0.752 0.112 0.236 0 3.0
K-057 2.27 0.168 0.547 1.17 3.0
K-058 1.48 0.191 0.352 0.38 3.0
K-059 0.821 0.134 0.380 0 3.0
K-060 0.960 0.146 0.429 0 3.0
K-061 0.943 0.140 0.429 0 3.0
K-062 0.818 0.120 0.438 0 3.0
K-063 1.14 0.128 0.442 0.04 3.0

Average 1.09
Standard Dev. 0.512 .

Minimum 0.591
Maximum 2.27
Median 0.943

All 9 systematic soil sample results (gross and net) were below the open land area surrogate
value of 3.0 pCi/g net Th-232 activity concentration (DCGLw). The maximum gross Th-232
activity concentration was 2.27 pCi/g, which fell above the background Th-232 activity of 1.1
pCi/g for the site. The average gross Th-232 activity concentration was 1.09 pCi/g. The
standard deviation of the 9 equal distant samples was 0.512, which fell above the estimated
standard deviation of 0.42 (based on the adjacent land final status survey results) used to
calculate the minimum number of samples required.

Q \P400\PA4072\FSS Rponu\Volume aSwvy Unit Ki-FSs0.o\T-t\FSS-OOsTht&,c 3 Revision 0
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Since the estimated variance (standard deviation) is greater than the variance used to calculate
the minimum number of samples required (N), N was recalculated using the measured variance
of 0.512 to ensure enough samples were taken, as follows:

Paramount to determining the minimum number of samples is the determination of the relative
shift, delta over sigma (Na). Delta is equal to the DCGL minus the lower-bound gray region
(LBGR) value. The LBGR value is arbitrarily set at one-half the DCGL value to start the
determination. Sigma is an estimate of the variability in a set of sample analysis results from a
survey unit. In the DP the estimate of sigma used was based on the standard deviations in
Th-232 activity measured in survey units during the FSS sampling of the adjacent land
remediation final survey (0.42). The net Th-232 activity concentration of 3.0 pCi/g was used as
the DCGL and A was equal to 3.0 - 1.5, or 1.5. Delta divided by the sigma of 0.42 resulted in a
relative shift of 3.57 which is rounded to 3.5 for the purpose of determining the required number
of samples. The number of samples was then looked up in Table 5.3 of MARSSIM (9 for
selected alpha and beta error rates of 0.05).

Using the original net DCGL value of 3.0 pCi/g, a recalculation of N results in a delta of (3 -
1.5) of 1.5 and a relative shift of (1.5 / 0.512) of 2.93. The resulting N for a standard Class 1
survey unit of 2,000 m2 is 10 (MARSSIM Table 5.3). However, the number of sample values
provided in MARSSIM Table 5.3 is increased 20% to account for unusable or lost data during
surveys and achieve the desired power level for statistical tests (MARSSIM Section 5.5.2.2,
Contaminant Present in Background - Determining Number of Data Points for Statistical Tests).
Adjusting the value of 10 for the 20% buffer results in a minimum number of samples required
of 8, one less than the number taken in Survey Unit Kaiser-FSS-005.

2.3 Wilcoxon Rank Sum (WRS) Testing

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

If the difference (1.66 pCi/g) between the maximum survey unit soil sample activity
concentration (2.27 pCilg) and the minimum reference background area soil sample activity
concentration (0.61 pCilg) is less than DCGLw (3.0 pCi/g), then the survey unit meets the release
criterion. Table 3 presents a summary of the data used to complete the statistical evaluation of
the survey unit.
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Table 3 - Reference Group and Survey Unit Sample Results
Reference Th-232 Survey Unit Th-232

Group Sample ID (pCi/g) Group Sample ID (pCi/g)
RI 178 0.71 S1 K-055 0.591
R2 78 1.04 S2 K-056 0.752
R3 61 0.92 S3 K-057 2.27
R4 4 0.61 S4 K-058 1.48
R5 261 1.30 S5 K-059 0.821
R6 265 1.18 S6 K-060 0.960
R7 143 1.03 S7 K-061 0.943
R8 337 1.21 S8 K-062 0.818
R9 268 2.32 S9 K-063 1.14

Average 1.15 Average 1.09
Std. Dev. 0.50 Std. Dev. 0.512
Minimum 0.61 Minimum 0.591
Maximum 2.32 Maximum 2.27
Median 1.04 Median 0.943
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the southwestern portion of the Retention Pond
area resulted in an onen land area consisting of an excavation approximately 35 mr in area. This
open land area, identified as Survey Unit Kaiser-FSS-005 is considered a Class 1 survey unit. It
is bounded to the south by Survey Unit Kaiser-FSS-003, to the east by Survey Unit Kaiser-FSS-
004, to the north by Survey Unit Kaiser-FSS-008, and to the west by Survey Unit Kaiser-FSS-
002 (Figure 3). This section of the sub-report presents a summary of the final status survey
findings and an overall summation of fractions for the survey unit.

3.1 Excavation Bottom Surface Soil

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

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

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

Net Acceptance
Survey Unit Element Units Activity Criteria Fraction

-FSS-005 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 0.00
-Embedded Structures (None Encountered) dpm/lO0cm 0 0.00
TOTAL SUM OF FRA CTIONS I _I I I 0.00

Q:AP40OOPA4072JSS RepoftsVolme SurveY Unk Krua FSS-005\Text\FSS-OOSTxt.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-FSS-005 meets the
DP acceptance criteria.

Q \P4000PA4072 FSS RtepotVolume rSovq Unk KsiwSS-OOA5TWeFSS-C5TOSt d 7 Revision 0
3/22/06



ATTACHMENT A
TABLE OF CONTENTS

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

* FIGURE A-2 Systematic Soil Sampling Locations

Q:\RP40OPA4072\PSS eportAiVolume rSurvey Unik Kaihr-FSS-005\AttacbhmcitAAtAmicn A tocdoc



I

CPM Nal # 1

4-83Q

15 4 -1GQ3

60500

.4 -- 500O

Attachment A, Figure A-1
Gross Gamma Background and Scanning Surey Results

Survey Unit Kaiser-FSS-005

Backgrounds are 1 minute readings.

/ i gk 6 I l - _

'I

0-10

Scanning readings represent a weighted average for each 2 meter x 2 meter grid



N

r----------------------------
I FLOOR

_ _ _ -1

I

I8

I K-061 K-062 K-063

L

T
N = 9
L = 2.1m
h = 1.8m
AREA = 35m

SCALE - FEET
05 5

1 0 1
SCALE - METERS

9

K-055
* SYSTEMATIC SOIL SAMPLING LOCATION

BASED ON RANDOM START POINT AND
AN EQUAL DISTANT TRIANGULAR GRID

* RANDOM START POINT

FIGURE A-2
SYSTEMATIC SOIL SAMPLING LOCATIONS

SURVEY UNIT KAISER - FSS-005
FINAL STATUS SURVEY

THORIUM REMEDIATION PROJECT
TULSA, OKLAHOMA FACILITY

PREPARED FOR

KAISER ALUMINUM & CHEMICAL CORPORATION
TULSA, OKLAHOMA

APPROVEO S 6 - 9
CHECKE T 3 * is Ok
DRAWN DEB 12/27/05

DRAWING NUMBER

PA4072053
A.Penn E&R I~:~ Environmental & Remediat, Inc.

*- \If.



ATTAChMENT B
'TABLE OF CONTENTS

* Soil Survey Unit Worksheet No. 1

* Soil Survey Unit Worksheet No. 2

Q.\P40oOiA4077=SS Repons'Volume \Swrvey Unit Kai-TSS-005\Atachment B -Soil Skvy Unk WotAuhettxhmcent B toe bc

I'



Soil Survey Unit Work Sheet No. 1
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-005

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

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

4. Dimensions (m): Excavation Bottom - Approx. 7 meters x 5 meters; Area, A (m2
): 35

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

Average: 50.000 Minimum: 40.000 Maximum: 100.000

6. Based on the maximum background gross gamma scan reading, the scan MDC (Minimum Detectable

Concentration of Th-232), the corresponding N (Minimum Number of Required Samples) and L (Triangular

Grid Node Length) for a standard 2,000 m2 Class 1 survey unit are:

* Gross Gamma Scan MDC (pCilg): 5.7

* 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))': 2.1 m

8. If N is greater than 9 and the A is other than 2,000 in2, 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

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 - (IJ2)2)11 : 1.8 m.

QVP4000QA4072\SS Reportisolume ISurvey Uni Kaer.FSS-005NAttxducnt B - Soil Survcy Upk WorkadsSoil Survey Unh Workshed No. ILdoc
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Soil Survey Unit Worksheet No. 2
Random Number Generator for Start Point

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

SURVEY UNIT: KAISER-FSS-005

lower bound
upper bound

(A

(0, 0
North

x axis
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Outreach
Laboratory

K.rokenArrow. OK 74012
(918) 251-Z515
FAX (918)2514-0008

c , m- .. ! - ( 6 r
June 18, 2004

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

Project: Kaiser Tulsa
OUTREACH LAB ID: 20040422

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory June 16,
2004, for the above captioned project.

Nine soil samples were received in good condition and analyzed for Th-232 by Gamma Spec
without drying and grinding with a five work day turn. Results were faxed 6/18/04. .

All QC is within limits.

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

-i .

. I . ...

./7 ..

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

< I

C3

10%AA C Co40,~
*141% a
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I I t . . ..

CERT. ID #OK001
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Outreach
Laboratory
311 NorthAspen
Broken Arrow. OK 74012
(918) 25125 15
FAX (918) 251-0008

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

Kaiser Aluminum
Tulsa

-2004042^
6/18/0L,_J

6/16/04
1 of3

Analytical Report
Result UnitsMethod DL Prep Analysis

. Date ;'Date
Analyst

Lab II):
Client ID:
Date Sampled:
Matrix:

Th-232

20040422-01

K-055
6/1512004 4:37:00 PM
Soil

Radiochemical Analyses
0.591 +/-0.126 pCi'g -. OA81HASL 300 6(1712004 SD

LAb ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Lab ID:
Client ID:

Date Sampled:

Matrix:

Th-232

20040422-02

K-056
6/1512004 4:40:00 PM
Soil

HASL 300

- 20040422-03

K-057 -
6115/20044:43:00 PM
Soil

HASL 300

RadiochemicalAnalyses
0.752 +-0.112 pCi/g 0.236

Radiochemnical Analyses .

2.27 +1-0.168 pCilg 0.547

6/17/2004 SD

6/1712004 SD

Lab ID:
Client ID:
Date Sampled:

Matrix:

20040422-04

K-058
6115120044:46:00 PM

Soil

Radiochemical Analyses ;
HASL300 1.8+/-0.191 pCi/g 0.352 6/17/2OO4 SDTh-232

Lab ID:

Client ID:
Date Sampled:

* Matrix:
h. 2

Th-232

20040422-05

* K-059

6115/2004 4:49:00 PM
Soil

t ..

Radiochemical Analyses
0.821 +/- 0.134 pCilgHASL 300 0.380 6/1712004 SD

BDL = Below Detection Limit

I



Outreach
Laboratory

I1 NorthAspen
rJloken Arrow. OK 74012

(918) 251.2515
FAX (918) 251-0008

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

Kaiser Aluminum
Tulsa

20040422
6/18/2004

6/16/04
2of3

Analytical Report
Result Units - ' DL- Method Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:

-Date Sampled:
Matrix:

Th-232

20040422-06
K-060
6/15/2004 4:51:00 PM
Soil

Radiochemical Analyses . (' f:
0.960+/-0.146 pCi/g rHASL 300 OA29 6/17/2004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040422-07
K-061
.6/15/2004 4:54:00 PM
Soil

Radlochemical Analyses
-0.943 +/-0.140 pCilgTh-232 HASL 300 OA29 6/17/2004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

20040422-08
K-062
6/1512004 4:57:00 PM
Soil

Radiochemical Analyses
0.818+/-0.120 pCi/gHASL 300 0.438 6/17/2004 SD

Lab ID:
Client ED:
Date Sampled:
Matrix:

Th-232

20040422-09
K-063
6/152004 5:00:00 PM
Soil

Radiochemical Analyses
1.14 +/- 0.128 pCi/gHASL 300 0.442 6/17/2004 SD

BDL- Below Detection Limit



Outreach
Laboratory
11 I 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
Tulsa

20040422
6/1t200

6116/0"
3of3

QC Report
Parameter Blank LCS LCSD DUP MS MSD Date

%REC %REC RPD RPD %REC %REC RPD

Ac-228 NC 6/1712004
Am-241

CO60

Cs-137

94.0 98.0 3.4

94.0 96.0 2.2 -- ; '-

96.0 95.0 -1.0

6/17t2oo4

6/1712004

6/1712004

; .Lab Approval: /A �/ ' ;

.. ; , . =.

,,. , . < .
. .

. . .

:

- .; A: :

- . . !

. . I . . ' .

V>

DDL - Below Detection Limit
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Date Received: 6/16/2004 11:11:2 .

Sample . - Client - :. ::
Number - Sample ED

SAMPLE LOGIN .

Lab Number: 20040422

Date Container Container
Matrix

20040422-01 A K-055 Soil
Th-232 by Gamma Spec'

20040422-02 A - K-056 Soil

Th-232 by Gamma Spec -

20040422-03 A K-057 - Soin

Th-232 by Gamma Spec

20040422-04 A K-058 Soil
lh-232 by Gamma Spec

20040422-OS A K-059. Soil-
lh-232 by Gamma Spec

20040422-06 A- K-060, Soil

- ' b *l-232 by Gaiilma Speec._........ -.-L .- --~

20040422-07 A K-061 Soil
Th-232 by Gamma Spec

20040422-08 A K-062 . Soil

Th-232 by Gamma Spec

I . . . '

Sampled Type Size

06/15104 Plastic 16 oz

06/15104 Plastic - 16 oz

06/15104 Plastic 16 oz

06115104 Plastic 16 oz

06/15104 Plastic 16 oz

06.15.04 Plastic .16 oz

0Pa -tic 1

06115104 Plastic 16 oz

06/15/04 Plastic 16oz

06/15/04 -Plastic" .I6oz

Preservation

None

None

None

None

None

I Nane

None

None

None

- Due: 6(21/2004

Custody Seal
Seal - Intact

Yes Yes

Yes . Yes

Yes Yes

I

I
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~ .Yes

Yes

. Yes
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Th-232 by Gamma Spec
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-006
Survey Unit Kaiser-FSS-006

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-006, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the northwestern comer of the Retention Pond area. Survey
Unit Kaiser-FSS-006 is considered a Class I survey unit with an approximate surface area of
2,670 m2. It is bounded to the south by Survey Units Kaiser-FSS-010 and Kaiser-FSS-011, to
the east by Survey Unit Kaiser-FSS-022, to the north by Fulton Creek, and to the west by the
former freshwater pond non-impacted area (Figure 3).

Survey Unit Kaiser-FSS-006 consists of an excavation bottom surface soil with two side walls
(north wall and west wall). No 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.

QAP4000P'A4072FSS RepontWolume rSuvey nk K&6aFs-FSS'Tmf'SS-06Tvn.doc | Revision 0
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2.0 SURVEY ACTIVITIES AND RESULTS

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

2.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom, northern side wall, and
western side wall) was surveyed through a 100 percent coverage gamma scan to confirm
acceptable radiological conditions and identify any elevated areas. During the scanning of the
soil, the detector was held close to the ground surface (1 to 2 inches) and moved in a serpentine

.pattern. Background measurements were obtained at 1-meter above the ground surface at 30
approximately equal-distant locations in the survey unit. The statistics for the 30 background
measurements are provided below in Table 1. Background measurements ranged from 12,465
counts per minute (epm) to 24,597 cpm moving northwest to southeast within the survey unit.
The scan results increase as the surveyor moves closer to impacted material located to the east-
southeast of the survey unit.

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 7,551 measurements of gross count rate were made at one second intervals across the survey
unit's 2,670 mn2 surface area. The results ranged from 11,814 epm to 30,131 cpm. A statistical
summary of the 100 percent coverage gamma scan of the survey unit is provided below in Table
1.

Table 1- Gross Gamma Scan Results Summary
Survey Area: 2,670 m
Number of Scan
Measurements (1-Second 7,551
Intervals)
Scan Rate: 0.35 m/s
(Swinging the detector a width (MARSSIM recommends
of 1 -meter side to side) 0.5nds)

Results Summary: Background (Gross epm) Scan (Gross cpm)
Minimum 12,465 11,814
Maximum 24,597 30,131
Average 16,348 16,903

Standard Deviation 2,637 2,168
Median 15,573 16,488

Contour maps of the gross gamma background and final (as-left condition) scanning survey
results are presented on Figure A-1 contained in Attachment A. The 100 percent coverage
gross gamma scan did not indicate the presence of small areas of elevated activity (above the
DCGLW for the site). As part of the gross gamma survey, I biased soil sample was collected at a

Q:U4OWPA4072MS eopu\VorItsum e y Unit Kaiser FSS4%06\TextFSS.6Tcxt.dOC 2 Revision 0
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location exhibiting the highest scan rate on the excavation bottom (Figure A-2, Attachment A).
The biased soil sample was forwarded to Outreach for analysis of Th-232 activity concentration.
The analytical result is provided below in Table 2. The biased soil sample result was below the
DCGLw for the site.

Table 2-Biased Soil Sample Analytical Result

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

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

The final status survey also consisted of systematic soil sampling based on a random start point
and an equal-distant triangular grid. The Minimum Number of Samples Required (N) based on
the scan MDC was determined to be 9 as documented on Soil Survey Unit Worksheet No. 1
(Attachment B). The default Class I survey unit area of 2,000 m2 along with the N of 9 were
used to. calculate the Triangular Grid Node Length (L) of 16.0 meters and the Height of the
Equilateral Triangle (h) of 13.9 meters. Since A was greater than 2,000 m2, the number of
samples (NI) was recalculated (12) to correspond to the L of 16.0 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 12 soil
samples (identified as K-064 through K-075) were collected at the excavation bottom/side wall
surface (0-6-inch depth interval) level using a clean, decontaminated sampling auger or
sharpshooter shovel. The samples were forwarded to Outreach for analysis of Th-232 activity
concentration. Analytical results are provided below in Table 3. Analytical data reports are
contained in Attachment C.
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Table 3 - Systematic Soil Sample Results
Net

Soil Gross Th-232 Std. Error MDC Net Th-232 DCGL
Sample ID (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)

K-064 1.22 0.150 0.375 0.12 3.0
K-065 0.997 0.145 0.498 0 3.0
K-066 1.40 0.093 0.458 0.3 3.0
K-067 0826 0.106 0.321 0 3.0
K-068 0.576 0.111 0.327 0 3.0
K-069 0.600 0.094 0.448 0 3.0
K-070 0.840 0.143 0.409 0 3.0
K-071 0.843 0.150 0.297 0 3.0
K-072 0.817 0.111 0.407 0 3.0
K-073 0.880 0.103 0.273 0 3.0
K-074 0.807 0.115 0.356 0 3.0
K-075 0.834 0.135 0.495 0 3.0

Average 0.887
Standard Dev. 0.231

Minimum 0.576
Maximum .40

Median 0.837

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

2.3 Wilcoxon Rank Sum (WRS) Testing

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

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

4O140OPA4072TSS ReporltVobime ISunvey Unit r is -FSSCOG\TcxtFSS.OOGTCMs.63c 4 Revision 0
3/22/06



Table 4- Reference Group an Survey Unit ample Results
Reference Th-232 Survey Unit Th-232

Group Sample ID (pCi/g) Group Sample ID (pCilg)
RI 160 1.20 Si K-064 1.22
R2 192 1.32 S2 K-065 0.997
R3 263 1.54 S3 K-066 1.40
R4 132 1.48 S4 K-067 0826
R5 331 0.55 S5 K-068 0.576
R6 113 1.28 S6 K-069 0.600
R7 374 0.95 S7 K-070 0.840
R8 265 1.18 S8 K-071 0.843
R9 82 1.43 S9 K-072 0.817

RIO 327 1.32 S10 K-073 0.880
R11 129 0.93 Sil K-074 0.807
R12 309 2.04 S12 K-075 0.834

Average 1.27 Average 0.887
Stid Dev. 0.37 Std Dev. 0.231
Minimum 0.55 Minimum 0.576
Maximum 2.04 Maximum 1.40
Median 1.30 Median 0.837
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the northwestern corner of the Retention Pond
area resulted in an open land area consisting of an excavation approximately 2,670 m2 in area.
This open land area, identified as Survey Unit Kaiser-FSS-006 is considered a Class I survey
unit. It is bounded to the south by Survey Units Kaiser-FSS-010 and Kaiser-FSS-01 1, to the east
by Survey Unit Kaiser-FSS-022, to the north by Fulton Creek, and to the west by the former
freshwater pond non-impacted area (Figure 3). This section of the sub-report presents a
summary of the final status survey findings and an overall summation of fractions for the survey
unit.

3.1 Excavation Bottom/Side Wall Surface Soil

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

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

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

Q.\?40OOPA4072\SS ReportVolume rSt UVut KaittFSS-MTeut'SS-oD6Teatc 6 Revision 0
3/22/06

I|!



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

Net Acceptance
Survey Unit Element Units Activity Criteria Fraction

-FSS-006 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pC0_g O 0.00
-Embedded Structures (None Encountered) dpm/1 00cm 0 0.00
TOTAL SUM OF FRACTIONS 0.00

The Sum of Fractions provides a conservative assessment of the survey unit without backfill.
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-006 meets the
DP acceptance criteria.

S

Q.\4oouPA4072\FSS Repofrs\Vokume Mw-s Unk K ii-FS56\TcxtFSS-06Tch.doc 7 Revision 0
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Autachment A, Figure A-1
Gross Gamma Background and Scanning Surey Results

Surey Unit Kaiser-FSSO006

Backgrounds are 1 minute readings.

Scanning readings are recorded at 1 second intervals.
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Soil Survey Unit Work Sheet No. 1
Final Status Survey -

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-006

2. Description: Retention Pond Area. West of Survey Unit Kaiser-FSS.022

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

4. Dimensions (m): Excavation Bottom - Anprox. 65 meters x 42 meters Area, A (mI2): 2.670

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

Average: 20,000 Minimum: 10.000 Maximum: 50.000

6. Based on the maximum background gross gamma scan reading, the scan MDC (Minimum Detectable

Concentration of Th-232), the corresponding N (Minimum Number of Required Samples) and L (Triangular

Grid Node Length) for a standard 2,000 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 rn2 , recalculate the corresponding Triangular Grid Node

Length (LI) for the Survey Unit Area (A), using the following formula: LI = (AI(0.866 x 9))12: NIA

8. If N is greater than 9 and the A is other than 2,000 in2 , recalculate the corresponding Triangular Grid Node

Length (LI) using the following formula LI = (A/(0.866 x N))1': NIA

9. If A is greater than 2,000 m2 and N is equal to 9, recalculate the minimum nuriiber 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: 12

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

formula: h (CL2 _ (V29)1 2: 13.9 m.

Q\P400'A4O72FSS repoNsVolume rsurvy Unti Ki=-FSS-%OGtduhmnet B * Sod Sweye W WorkbedsSoil Survey Uns Worem No. I1&e
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Soil Survey Unit Worksheet No. 2
Random Number Generator for Start Point

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

SURVEY UNIT: KAISER-FSS-006

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

37 1 36 lower bound
upper bound

North
x axis(0,0)

Q:YP4OOOWPA407ZFSS ReportsWo\ine I\Suvey Unit Kaiser-FSS406Utadcmyent B vSol Survey Urt WorksheetsSoIl Survey Unit Worksheet No. 2
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Outreach =71 1 Wl/Y
Laboratory 9inan1e l1 7 7~

\ I nor Aspen:
hikJNnAIrow,fOK 74012

TFAX(918)251 -0008 - 've1

July 19,2004

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

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20040506

Dear Mr. Weyant:

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

) Thirteen soil samples were received in good condition and analyzed for Th-232 by
Gamma Spec and Percent Moisture without diyiing and grinding with a 5 work day turn.
Gamma Spec results were faxed early on 7/16/04:-7

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

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

call.

,* .-. .- ..

LaboratoryD or' ' :

ODEQ ID #9517 E ~ - - CERT ID #OKO
NRC ODEQ LIC. .27522-01 .

- - .- I.;



Outreach
Laboratory

.I North Aspen
droken Arrow. OK 74012
(918) 251-2515
FAX (918) 25140008

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

Kaiser Aluminum
TMorium Remediation PA4000

20040506
7/16/200n

7/14/04
1 Of 4

I4 . - . Iz

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20040506-01
K-064
7/13/2004 3:30:00 PM
Soil

HASL 300

LOD

;. I

I . , - : ; , | .,;, -. - I I I

Radiochemical Analyses . l -'

1.22 +1- 0.150 pCi/g 0.375 7/14/2004 SD
Inorganics Analyses

13.6 % 7/14/2004 7/15/2004 RT
1. I . I I

Lab ID:
Client ID:
Date Sampled:
Matrix:

lh-232

Percent Moisture

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20040506-02
K-065. - .- ..
7/13/2004 3:35:00 PM
Soil

,. . . :. I I. '

HASL 300

LOD

1: � , , ,

.Radiochemical Analyses -; '
0.997+/-0.145 pCi/g lid 0.498 -

Inorganics Analyses ' i. . ..
11.1 %eI

I ._ .. . .

20040506-03

K-066 i - . I

7/13/2004 4:00:00 PM
Soil

I -7/14/2004 SD

7/14/2004 7/15/2004 RT

7/14/2004 SDHASL 300

LOD

Radiochemical Analyses
1.40 +/- 0.093 pCi/g

Inorganics Analyses
11.1 %

OA58

* . 7/14/2004 7/15/2004 RT

Lab ID:
Client ID: :
Date Sampled:
Matrix: ':

Tb-232

Percent Moisture

20040506-04
K-067
7/13/2004 4:05:00 PM
Soil . :

Radiochemlcal Analyses *-

HASL 300 0.826 +/- 0.106 pCi/g 0.321
Inorganics Analyses

;. .. :.

. I .' ' . t.!

. i I

7/14/2004 SD

7/14/2004 7/15/2004 RTLOD 16.1 %

BDL- Below Dctection limit

I..



4
Outreach

kaboratory
.I North Aspen

I )roken Arrow. OK 74012 Z
'.918) 251-2515

FAX (918) ZS1.0008

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

Kaiser Aluminum
Thorium Remediation PA4000

20040506
7/16t2004

7114/04
2of4

'Analytical Reports
Result UnitsMethod DL. Prep

Date
Analysis
Date

Analyst

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040506-05 ' -
K-068
7/13/2004 4:10:00 PM
Soil

Th-232

Percent Moisture

HASL 300

LOD

Radiochemical Analyses ,
0.576 +/-0.111 pCig 0327

Inorganics Analyses
17.5 % -

7/14/2004 SD

7/14/2004 7/15/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

jTh-232

Percent Moisture

20040506-06
K-069
711312004 4:15:00 PM
Soil

HASL 300

LOD

Radiochemical Analyses , ,
0.600 +/- 0.094 pCi/g 0.448

i Inorganics Analyses
14.3 %

7/14/2004 SID

7/14/2004 7/15/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Lb-232

Percent Moisture

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20040506-07
K-070
71312004 4:20:00 PM
Soil

HASL 300
Radiocbemical Analyses

0.840 +/- 0.143 pC/g .
Inorganics Analyses

10.5 %

0.409 7/14/2004 SD

LOD

20040506-08
K-071
7/13/2004 4:28:00 PM
Soil

7/1412004 715/2004- RT

Radiochemical Analyses
HASL 300 0.843 +/- 0.150 pClig (I 097

Inorganics Analyses , ' I
LOD 9.2 %- '

7/14/2004 SD

7/14/2004 7/15/2004 RT

BDL Below Detection Limit

.. I



-Outreach
Laboratory
- I North Aspen

aroken Arrow, OK 7401Z
(918) 251-2515
FAX (918) 25140008

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

Kaiser Aluminum
Thorium Remediation PA4000

20040506
7/16/2004\o)

7/14/04
3of4

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis - Analyst
Date 4

Lab ID:
Client ID:
Date Sampled:
Matrix:

'h-232

Percent Moisture

20040506-09
K-072
7/13/2004 4:35:00 PM
Soil

HASL 300

LOD

Radiochemical Analyses
0.817+1-0.111 pCi/g,, '.' 0.407

Inorganics Analyses
17.1 %

7/14/2004 SD

7/14/2004 7/15/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20040506-10
K-073
7/13/2004 4:40:00 PM
Soil , F

Radlochemical Analyses
HASL 300 0.880+1- 0.103 1pCi/g

Inorganics Analyses
LOD 9.3 %

0.273 7/14/2004 SD

7/14/2004 7/15/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

lh-232

Percent Moisture

20040506-11
K-074
7/13/2004 4:50:00 PM
Soil

- HASL 300

LOD

.* .. ,, .* - *

Radiochemical Analyses t , i-
0.807+/-0.1l5 pCi/g :. - 0.356

Inorganlcs Analyses
13A %

7/14/2004 SD

7/14/2004 7/15/2004 RT

Lab ID:
Client ID:
Date Sampled
Matrix:

'h-232 A

Percent Moistb

20040506-12
K-075

: 7/13/2004 4:55:00 PM
Soil

Radiochemlcal Analyses.
HASL 300 0.834 +/- 0.135 pCi/g -OA95

Xnrtrfern;^rA nlrn

7/14/2004 SD

ire LOD
AUUI ,rUUnI Anuly3s

14.7 % 7/14/2004 7/15/2004 RT
k'

BDL - Bclow Detection Limit



Outreach
-laboratory

INorthAspen
6ken Arrow OiK 7401Z I

- (918) 251-2515
FAX (918) 25140008 I

Client: .
Client Project:
Lab Number:
Date Repo'rted:
Date Received:
Page Number:

Analytical Report
Result -Units-- DL

Kaiser Aluminum
Thorium Remediation PA4000

I 20040506
7/1612004

7/14/04
4of4

_ - Method - Prep
Date

'Analysis
Date

.Analyst

Lab ID:

Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20040506-13
K-107 I
7/13/2004 3:00:00 P

Soil

HASL 30(

I LOD

Radiochemical Analyses'
)18.6 +/- 0.613 pCi/g-- - 0.866

Inorganics An'alyses-
27.8

. . -

. 7/1412004
15. 4

. 7/15/2004

SD

RT7/14/2004

Parameter

I( )
Am-241

CO-60

Cs-137

Percent Moistu

Th-232

Blank LCS
%REC

-. 116.0
: : .95.0

.. 0
96.0

QC Report.,

LCSD DUP

%REC RPD RPD

.89.0 25.8

93.0 2.-9

96.0 0.0 -e _

3.9

3.8

-MS -
%REC

-MS

%REC

D , - Date

RPD
71142004

7/142004 -

7/1412004

. 7/1152004

7/14/2004

I i

1. , . -' :

. t , - !

. , . . - I

. II; *

4 - I
La Approval:f _..

! :7,

i

tI

i
t

* i I

! I

. . . …

7

� I

I ; _;

I.

4 1
'. : I , ..
i � ;

i i , ,

i , " ,

I , - - - -

- ; i I-

II 11 , " ,
-I i . - ,

BD; - Below Detection Limit

I.



JUTREACH.
LABORATORY

-- 1 \.

CHAIN Oi 4USTODY'
Results To:

91%. 2%14 -

Ult '-77z4 -
at oX7

Company a 1.tu'a.t 8 PvX ;

Name CAA1> G* \JefA 4

Address 7 * ,2, , 4S LSIZf r-
Bill To:

Company\t'kf! IP5Fe- &lf-

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

City -1,2A State-%&Z :Zv ap gyl

Phone -9~34-~t t Fax#i A ?A-t7

Name M4 R. ut&J-b )AfI DAA

AddressZT7 1 q UZ A7 eS t .

City.st\ U! Staterivs a7Y1q

1i

PO # a-: :L 7 2.

PROJECT# ?A- 4 4-Mn7?

PROJECT NAME 'K A\SM -X •jY ci A
REOUTED TURNAROUNDTIME A
(ADDIT,1ES MAY APPY o

QAMAPE zl n : 41.5. rZ / A

C

N
T
A
I.
N
E
R
S

CONTAINER
SIZE

PLASTIC
OR

GLASS

i -ml sL

jRESERVATIVE

1. t4N03plH4
2. Ioe <V4C

4. Ha'z'p~
6. 2H504 011
Ls N&OH pW11

.I
1
4V
L -id
S _Ir

0%,_

It-A
Ie

_43
,>q -J.

A '

4.

J
0&

tv -.%.,cy- .2
1�-

.0 'i: � 9
i� L
tj .0.

-4a "I

,C ?�
.0

t- �

(

/

I
I-.

-

-11..Iv r r t r w _ f

signature /r. ,u
i-iiii-i Imsue - i n I nw- I I 2£, /

REMARKS -

(I.E MlTERED, UNMILTERED,
GRAB, COMOST)ID , . LAwtI . -

4- < . v v 1 ' !._ _ _ __ _.

* 1t i

V I

-cA - _ \3 1 _ - - - - - - _ _ _ _ _ _ __

Las_ _ __ ___

7-o' __ ___ _: _ L _ ....... _...7 _ I.......

3 XI. 7_
t S_1< *, T'___.. /_1a ..

REL1N UEB VY: __ME___RECEIVED BY! T DAT IMME______

RELINQUISHED BY: DATF_ TIME.F RECEIVED BY, DATE TIMr.
My signature on this chain of cstody form indicates that I t aum t ozed by the above company to release samples for analyals.The company agrees to pay the entire balance upon recelpt
of sample data and It Is understood and agreed that any balance canred over thirty (30) days I si blct to a 1.6% per month (18% per annflm) late chare. In the event of defat, the company
becomes legally liable - reasonable attoey andfor collection fees and all related costt necesary to remit th n bal Technologes. In (Outreach Laborat.

* SAMPLE RETURND, LAlnonhazardous sampesshalbdisposedof30da afterteof tlport lothe ewi t cn pense.
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C .C.
SAMPLE LOGIN

C

Date Received: 7/1412004 10:56:3 Lab Number: 20040506 Due: 7V21/2004

Sample
Number

Client
Sample ID

Date Container Container
Matrix Sampled Type . Size

Custody Seal
Seal. IntactPreservation

-

20040506-01 A K-064
Percent Moisture
Th-232 by Gamma Spec

Soil 07/13/04. Plastic 16 oz None Yes Yes

20040506-02 A K-065 Soil 07/13/04 . Plastic 16 oz None Yes Yes
Percent Moisture
lb-232 by Gasrnma Spec

20040506-03 A. K-066
Percent Moisture
Th;-232 by Gamma Spec

Soil 07/13/04 Plastic

20040506-04 A K-067
Percent Moisture
Th-.232 by Gsmn Spec
7,!L- !s i,, ! ; ,

20040506-05 A K-068
Percent Moisture
Th-232 by Gamma Spec

Soil

Soil

, ',

07/13/04

07/13104

Plastic

Plastic

16oz

16 oz

,1 oz -

16 oz

16 oz

16 oz

Yes

None

None

None

None

Yes

Yes Yes

s C Y

Ye's i .;. Yes

20040506-06 A K-069
Percent Moisture
Th-232 by Gamma Spec

20040506-07 A' K-070
Percent Moisture
Th-232 by Gamma Spec

Soil 07/13/04 Plastic

07/13/04 Plastic

Yes Yes

YesSoil None Yes

20040506-08 A K-071: Soil 07/13/04 Plastic 16 oz None Yes *Yes

Page 1



Percent Moisture

Th-232 by Gamma Spec

20040506-09 A : K-072
Percent Moisture
lh-232 by Ganma Spec

20040506-10 A K-073
Percent Moisture

lh-232 by Gamma Spec

20040506-11 A K-074
Percent Moisture
Th-232 by Gamma Spec

. Soil

Soil

Soil

07/13/04 Plastic

0 Ps
07/13/04 Plastic

07/13/04' Plastic

16oz

60oz

16 oz

* None

None

*None

Yes

Yes

Yes

Yes

Yes

Yes

20040506-12 A K-075 Soil
Percent Moisture
Th-232 by Gamma Spec

.1 I I I Ir

07/13/04 Plastic 16 oz None Yes Yes

20040506-13 A K-107
Percent Moisture
Ih-232 by Gamina-Spec

:, --.- ...-..
- . - A I , .,^, , -. . I

Soil 07/13/04 Plastic 16oz None Yes Yes

r, :;:', , I{

Page 2
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CONTAI1E SECTION

# Coole 'Custody Seals Broken - Y/N Temperature _ Blue Ice I Wet Ice Radiation Survey _
SAMPLE INSPECTION '

Custody Seals Broken Y Chain ofCustodyRecordq9 Labels in Tact Radiation Survey Completec

Anomalies:

fixed . removable

Inspected By: ,;<~

QA or Designee Review:

Sample Custodian Reviei

Project Notes:

,,-

;'I

.

.. ...

s

v . .

, .

. - F

i ,. .

All, .

.;

. .

Page 3
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-3utreach
Laboraory
311 Norh Aspen
Broken Arrow, OK 7401 Z
.(918) Z51-Z515
FAX (918) ZS.1 0008

I

%0.S (UJ V

\& - Ir)V , I call ,

July 21, 2004

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

Project: Kaiser ThoriumRemediationPA-40004072
OUTREACH LAB ID: 20040508

Dear Mr. Weyant:

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

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

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

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

call.

, ;. , I

. .. . . I .

i .

. #

CERT. ID #OK00lODEQ ID #9517
NRC ODEQ LIC. #27522-01

1

r K)

_ _ _ _I



311 Noftt Aspen
brokc Arrow. OK 7401 Z
(918) 251.2515

. FAX (9 18) 251.000

7

i .
I

I i I

II 1, .
I

I

I

i -
i

I

Cllent..,-
ICliet PrCecm

:Lab Ndmbw.
Date Rcpdoted:
Da])e i~acived:
Page Number~

Kaiser Aluminum~
Thbrium. Remnediatio PA4000-A072

20040508
7/20/04

- 7/15/04
1 of I

Method

Analytical Repor
:Result Ux)Its .- DL

f z I - I.~

I : . . I

I I .

I Analysis Analyst
. Date

f Prop
Date

Jaib ED: j 20040S08-01
Clic~ t I : - K -103

Date Samnied: 7/14/04 1: 00:00 FM
MAUUdx Soil1

RxdIocheinlcal Analyses
Th~-232 - A L300.568 .4I- 0.072,pCiW 0O.190

* I Iixorgan~cs Analyses

Pervent Moisture LO),14.2 % *Th , 1

Dab ](D' .20040508.02
* Client ID.- ~ 10

Date Sampled: '714/04'2:00:00 P
Matxh~: ' soil

Radiochemnical, Anajyisc
Th-232 HASL 30 1.20+1-0.139 pCM 0.422

Inorganics Analyses
Percent Moistutre LOD >1

7/15/04

i 7/16104

I I
I I

t

. Si>.
I - . .i 3,ti 1: .

f
r

7115/04' SID

7/16/04 RB;.

I

A

.C

PF
I1

QC Report~

larunxtcr LMSD UPSD
9l3I ukECS RPD %REC . R C IP

1VRc %REC . RPD,: 9o PD P
an-241 .90.0 113.0'- 7Z.Oi I

1 ~~~91.0 9 0-. -

:81795-0 97. 20

Wccent cse . i . *. I
I (* NC

I bApprov

Date

7n15J04

7/11504

7r15R0
7/16/0t

7/15/04

P

I-.- - � I I



OUTREACH
LABORATORY.

311 North Aspen . c Its6;
Broken Arrow, OK 74012
Phone: (918) 251-2515 79
Fax: (918) 251-0008

PROJECTf A
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-007
Survey Unit Kaiser-FSS-007

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-007, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the southern portion of the Retention Pond area. Survey Unit
Kaiser-FSS-007 is considered a Class I survey unit with an approximate surface area of 1,182
in2 . The survey unit is bounded to the south by the Union Pacific Railroad right-of-way, to the
west by Survey Units Kaiser-FSS-004 and Kaiser-FSS-008, to the east by Survey Unit Kaiser-
FSS-030, and to the north by Survey Unit Kaiser-FSS-012 (Figure 3).

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

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

* Excavation bottom surface soil, including the south wall surface soil,
* Surface soil associated with the approximate 14-meter long by 1.22-meter wide by 4.6-

meter deep trench oriented west to east in the northwestern comer of the unit, and
* An embedded structure (concrete pipe) remaining in the south wall of the survey unit.

2.1 Excavation Bottom/Side Wall Surface Soil

The final status survey of the excavation bottom and side wall surface soil consisted of a gross
gamma scan of the exposed surface soil and systematic soil sampling. The trench was surveyed
through a gross gamma scan of the removed materials and composite soil sampling of the
exposed surface soil.

2.1.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom and southern side wall)
was surveyed through a 100 percent coverage gamma scan to confirm acceptable radiological
conditions and identify any elevated areas. During the scanning of the soil, the detector was held
close to the ground surface (1 - 2 inches) and moved in a serpentine 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 13,520 counts per minute
(cpm) to 20,803 cpm moving west to east within the survey unit. The scan results increase as the
surveyor moves closer to impacted material located to the east of the survey unit.

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 4,048 measurements of gross count rate were made at one second intervals across the survey
unit's 1,182 n2 surface area. The results ranged from 11,352 cpm to 31,690 cpm. A statistical
summary of the 100 percent coverage gamma scan of the survey unit is provided below in Table
1.
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Table 1 - Gross Gamma Scan Results Summary
Survey Area: 1,182 m'
Number of Scan
Measurements (I-Second 4,048
Intervals)
Scan Rate: 0.29 m/s

(Swinging the detector a width (MARSSIM recommends
of 1-meter side to side) 0.SNfs

Results Summary: Background (Gross cpm) Scan (Gross epm)
Minimum 13,520 11,352
Maximum 20,803 31,690
Average 18,834 18,655

Standard Deviation 2,077 1,946
Median 18,943 18,511

Contour maps of the gross gamma background and final (as-left condition) scanning survey
results are presented on Figure A-I 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).

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

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

The final status survey also consisted of systematic soil sampling based on a random start point
and an equal-distant triangular grid. The Minimum Number of Samples Required (N) based on
the scan MDC was determined to be 9 as documented on Soil Survey Unit Worksheet No. 1
(Attachment B). The Survey Unit Area (A) of 1,182 m2 and sample number of 9 were used to
calculate the Triangular Grid Node Length (L) of 12.3 meters and the Height of the Equilateral
Triangle (h) of 10.7 meters. A random start point was generated using the random number
feature of Excel and documented on Soil Survey Unit Worksheet No. 2 (Attachment B).

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

.at the excavation bottom/side wall surface (0-6-inch depth interval) level using a clean,
decontaminated sampling auger or sharpshooter shovel. The samples were forwarded to
Outreach for analysis of Th-232 activity concentration. Analytical results are provided below in
Table 2. Analytical data reports are contained in Attachment C.
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Table 2 - Systematic Soil Sample Rcsults
Net

Soil Gross Th-232 Std. Error MDC Net Th-232 DCGL
Sample ID (pCi/g) (pCi/g) (pCi/g) (pCi/g) Ci!

K-078 0.969 0.126 0.458 0 3.0
K-079 1.05 0.239 0.323 0 3.0
K-080 1.31 0.218 0.132 0.21 3.0
K-081 0.890 0.139 0.393 0 3.0
K-082 0.781 0.139 0.201 0 3.0
K-083 0.593 0.120 0.346 0 3.0
K-084 0.694 0.077 0.219 0 3.0
K-085 0.792 0.153 0.398 0 3.0
K-086 2.22 0.192 0.392 1.12 3.0
K-088 1.07 0.177 0.184 0 3.0
K-089 0.908 0.150 0.441 0 3.0
K-090 0.801 0.200 0.174 0 3.0
K-091 0.737 0.076 0.139 0 3.0
K-092 0.725 0.120 0.478 0 3.0
K-093 1.18 0.163 0.222 0.08 3.0
K-097 1.02 0.157 OA81 0 3.0

Average 0.995 . .
Standard Dev. 0.377

Minimum 0.593
Maximum 2.22

Median 0.932

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

The trench was also sampled as part of the FSS. Three composite samples were taken: one from
the north wall of the trench, one from the trench bottom/east wall, and one from the south wall of
the trench (Samples K-094, K-095 and K-096 respectively). The three composite samples were
forwarded to Outreach for analysis of Th-232 activity concentration. Analytical results are
provided below in Table 3. The results for the three composite samples were below the DCGLw
for the site.
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Table 3 - Trench Compositc 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-094 0.694 0.104 0.334. 0 3.0
K-095 0.646 0.116 0.366 0 3.0
K-096 0.651 0.110 0.415 0 3.0

2.1.3 Wilcoxon Rank Sum (WRS) Testing

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

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

Table 4-Reference Group and Survey Unit Sample Results
Reference Sample ID Th-232 Survey Unit Sample ID Th-232

Group (pCi/g) Group (pCi/g)
Ri 195 1.48 Si K-078 0.969
R2 10 0.57 S2 K-079 1.05
R3 331 0.55 S3 K-080 1.31
R4 356 1.45 S4 K-081 0.890
R5 246 1.46 S5 K-082 0.781
R6 161 1.20 S6 K-083 0.593
R7 71 1.07 S7 K-084 0.694
R8 48 1.10 S8 K-085 0.792
R9 222 1.19 S9 K-086 2.22
RIO 366 0.99 S10 K-088 1.07
R11 103 1.12 S1i K-089 0.908
R12 18 0.60 S12 K-090 0.801
R13 46 0.58 S13 K-091 0.737
R14 347 0.90 S14 K-092 0.725
R15 188 1.25 S15 K-093 1.18
R16 280 1.17 S16 K-097 1.02

Average 1.04 Average 0.995
Standard Standard
Dev. 0.32 Dev. . 0.377
Minimum 0.55 Minimum 0.593
Maximum 1.48 MAaximum 2.22
Median 1.11 Median 0.932
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2.2 Embedded Structure

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

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

* Figure D-1, Embedded Structure Location Map
* Alpha Scan MDC Calculation Form
* Total Alpha Contamination Survey Data Conversion Form
* Table D-1, Embedded Structure Gross Alpha Scan Results )

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

Table 5 - Concrete Pipe Total and Removable Alpha Contamination Results
DCGLw Alpha Std. Error MDC

Sample ID (dpm/100em2 ) (dpm/lOOcm2) (dpm/lOOcm 2) (dpm/IOOcm2)
Total Contamination

Static Count Bottom 944 64.3 45.4 68.3
Static Count Top 944 3.57 35.0 68.3

Removable Contamination .
K-SS-041 94.4 0.355 0.466 0.360
K-SS-042 94.4 0.0 0.406 0.475

Q,.VIf4Ot2A4O1SS ITS Mawy W -FSSM7WeSS O7Todoc 6 Revision 0
3/22/06

t.



3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the southern portion of the Retention Pond area
resulted in an open land area consisting of an excavation approximately 1,182 m2 in area. This
open land area, identified as Survey Unit Kaiser-FSS-007 is considered a Class 1 survey unit.
The survey unit is bounded to the south by the Union Pacific Railroad right-of-way, to the west
by Survey Units Kaiser-FSS-004 and Kaiser-FSS-008, to the east by Survey Unit Kaiser-FSS-
030, and to the north by Survey Unit Kaiser-FSS-012 (Figure 3). This section of the sub-report
presents a summary of the final status survey findings and an overall summation of fractions for
the survey unit including an identified embedded structure (concrete pipe).

3.1 Excavation Bottom/Side Wall Surface Soil

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

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

* The 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.

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

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

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

3.2 Sum of Fractions for Entire Survey Unit

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

Table 6 - Fraction of Applicable Acceptan ce Criteria per survey Unit Element
Average

Net Acceptance
Survey Unit Element Units Activity Criteria Fraction
-FSS-007 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 0.00
Concrete Pipe (Removable Contamination) dpm/100cm 0.178 94.4 0.00
Concrete Pipe (Total Contamination) dpm/lOOcmZ 33.9 944 0.04
TOTAL SUMOFFRACTIONS _ 0.04

The Sum of Fractions provides a conservative assessment of the survey unit without backfill.
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-007 meets the
DP acceptance criteria.
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Soil Survey Unit Vork Sheet No. 1
Final Status Survey.

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-007

2. Description: Retention Pond Area. South of Survey Unit Kaiser-FSS-012

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

4. Dimensions (m): Excavation Bottom - Approx. 102.5 meters x 11.5 meters; Area, A (mn):.182

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

Average: 20.000 Minimum: 10.000 Maximum: 50.000

6. Based on the maximum background gross gamma scan reading, the scan MDC (Minimum Detectable

Concentration of Th-232), the corresponding N (Minimum Number of Required Samples) and L (Triangular

Grid Node Length) for a standard 2,000 m2 Class I survey unit are:

* Gross Gamma Scan MDC (pCilg): 4.0

* MinimumNumberofSamples (N): 9 TriangularGridNode 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 = (AI(0.866 x 9))"7: 12.3 m

8. If N is greater than 9 and the A is other than 2,000 in2, recalculate the corresponding Triangular Grid Node

Length (LI) using the following formula LI = (AI(O.866 x N))"2 : NIA

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

formula: h = ((L2? - (2) 2)": 10.7 mn.
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Soil Survey Unit Worksheet No. 2
Random Number Generator for Start Point

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

SURVEY UNIT: KAISER-FSS-007

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

17 . 11 lower bound
upper bound

x axis y axis

102.5 | 11.5 |

0,

North
x axis(0,0)
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Outreach
TAboratory

I North Aspen \
jokenArow. OK 74012
1_i8) 251-2.515 \ o

FAX (918) 2510008

July 2, 2004

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

Project: Kaiser Thorium Remediation PA40004072
OUTREACHLABID: 20040466

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory
June 30, 2004 for the above captioned project.

Five soil samples were received in good condition and analyzed for Th-232 by Gamma
K.> Spec and Percent Moisture without drying and grinding with a 2 work day turn. Results

were faxed on 7/02104. -

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

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

Laboratory i or
~fACCO

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

--- ' I



!.4•
Outreach

laboratory
I North Aspen

oroken Arrow. OK 74012
(918) 251-2515
FAX (918) 25 1-0008

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

Kaiser Alumninum
PA-4000-4072

20040466
7121004

. 7o1104
I of 2'

Analytical Report
* Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040466-01
K-078
6/28/2004 2:50:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.969 +/- 0.126 pCi/g
Inorganics Analyses

17.9 %

0.458 7/112004 SD

Percent Moisture LOD 7/l/2004 7/21004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040466-02
K-081
6(28/2004 3:20:00 PM
Soil

Th-232

Percent Moisture

HASL 300

LOD

.Radiochemical Analyses
0.890 +/- 0.139 pC'g

Inorganics Analyses
17.0 %

0.393 7/112004 SD

71112004 712004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20040466-03
K-089
61292004 3:28:00 PM
Soil

HASL 300

LOD

Radlochemical Analyses
0.908 +/- 0.150. pCilg

Inorganics Analyses
18.4 %

0.441 711/2004 SD

71212004 RT7/1l2004

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20040466-04
K-092
6/29f20043:50:00 PM
Soil

HASL 300

LOD

Radiochemical Analyses
0.725 +/- 0.120 pCi/g

Inorganics Analyses
16.8 %

0.478 711/2004 SD

7/12004 71212004 RT

BDL - Below Dctcction Limit



Outreach
'Laboratory

f > NoffiAspen -
r( n ArOW. 01 74012
ffi18) 251-25;5

FAX (918) 251-0008

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

Analytical Report
Result Units DL

Kaiser Aluminum
PA-40004072

20040466
7/2004

: 7/1104

2of2

- Method Prep Analysis
Date Date

Analyst

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20040466-05
K-093 -

6/29/2004 4:00:00 PM
Soil

HASL 300

LOD

Radiochemical Analyses
1.18+1-0.163 pCi/g i ;0.222

Inorganics Analyses - -

16.8 /

.. ,. . ..

- 71112004

7/l12004 712004

SD

RT

QC Report: -- ---- :-

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

Ac-22S ' NC . 711/2004

Am-241

Co-60
Cs-137
Percent Moisturt

,119.0
94.0

96.0

95.0 22.4,

97.0

99.0

2.8;

2,9

0.3
. .- _ . i I

. .1 2004
7. 12004

., 7/l12004

*712 004

, i:

': !
* *:

I

,

. . .

. .. f

i

* ! :

. . ........ . .

... . . .

J , . . .

: . . ..

. . , . .

; , ; ,

i , ' i

. J
': :

; .
* ,; ;

BDL - Bcbor Dciection Limit

I

I
i .

I

I

- -T----- .. .. . , _ ,

M ; - t
* . . , t

I . . i f . /
/s

! LabApproval /

: , .

* * : j; * ,- -

* f , * l

* .- s l ;

. w

, l ,
. ;

i , .,: , .=

* , ; } 9 -

*. g i i ,,[ E . ...

t i * '' ,5 :. - -
t . I t - \ , _

' .
_

. ' ' + , ' ,,_, , '

, _ _ _ . .
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C JUTREACH
Results T4

LABORATORY LorClX Tc

311 North Aspen *IS .
Broken Arrow, OK 74012 ClL1 7z
Phone: (918) 251-2515 1~9 -001
Fax: (918) 251-0008

PO # w h- 17

PROJECT# PA-o44 -7Z .

PROJECT NAME '

REQ ESTED TURNAROUNDTIME 6-3O- ct
(AD r~A CHARGES MAY APC;- _ 2. LW-

SAPLr'^ .JAiriNk /;'f /

Sina / |r~x 7 J<b

CHAIN Ot- USTODY .

C4-

C
0
N
T
A
I
N
E
R
S

Company'\CXAShit- ALWP i C~r :AC-

Name, AA.: R*Z4> .-A&Yf

Address7ZI\1 £. 4 LZ V12tT
City, 04 State i Zip 7 L1

Phone ,?-T2-1h11!Mu Fax#%-J>4 411

I . I

Bill To:

Company. I f.A: g-^ 6 a K
Nam~hV N&AtA/ IN t

Addressj| &q 4I S-2 7EtrL

city)S State-Gah- mp74145
II, t I =. . . _ .A

CONTAINER
SIZE

PLASTIC
OR

GLASS

PRESERVATnvE

1. HNO3 pHc2
2. Ic <AC
3. HCI pz2
4. H2S04 pHz
5. NaOH phpl

a

Y -

,-i5

V.

Q.

It

�4

6-�
\4 -,
i �

42

�E

1-e-
..0,

(
AiSAMPt CULrI SnAFU

In
WAE

sWV
MWE _

$AvnWn I MIM /
REMKS

0L FUED, UNFILTED,
GRAB, COMPOSI)

_ _ _G _ _ _ I -Z \ .s _ _ _ -tSz z 6

< I X 1 < •

R aq z 6-19 5 s°1Ixx x
__.- =I

T - t _ _ : Y_ _ _ - \ /

| BY:MS V O ME/ IIECEIV BO DDATE.6 dME.LE ~/

RELINQUISHED BY: DATE. .'.TIME -RECEIVED BY:_DAT______M_______
My signature on this chain of custody torm indicates that I an authorized by te. above cornpany to e.ase samples for anays. The company agrees to pay the enlr balc Wpon 'rcstpr

oIsml dat an ft unesto ad aee that any bane carie ovr hity (30) dsy Is s bje* to a 1.i8% pe .ot 18peanu) late chrg. Ithe evet* defut th comany
bIcores legally Lahl iyreaonrablatoneyandlorclletion.andalrelat oa nceayto remit theaentire belarbce to( 1 sTe pla, InI. (eec

SAMPLERETURN SAL Al nonzardous wpes h be disposed of 30 days Mr issu oftinst report All ohes Wm bIt b . tat cLiePa eApes.



C C

SAM\PLE LOGIN.

C

Date Received: 7/1/2004 12:21:18

Sample
Number

Client
Sample ID.

Lab Number. 20040466

Date Container Contaixier
Sampled Type Size Preservation

Due: 712/2004

Custody Seal
Seal IntactMatrix

20040466-01 A K-078
Percent Moisture
Th-232 by Gamma Spec

20040466-02 A K-081
Percent Moisture
Th-232 by Gamma Spec

Soil

Soil

06/28/04 Plastic

06/28/04 Plastic

06/29/04 Plastic

500 ml

500 ml

500 ml

None

None

Yes

Yes

Yes

Yes

Yes20040466-03 A K-089 Soil None Yes
Percent Moisture
Th-232 by Gamma Spec

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

Soil 06129/04 Plastic 500 ml None Yes Yes

20040466-05 A K-093
Percent Moisture - i - - - : :

Th-232 by Gamma Spec.

,, Soil .,06/29/04-- -- Plastic 500 ml None Yes ..- Yes

I. . 1. ; ,

. .

'; ' '

Page I



CONTAINqERSPECTION

# Coolers Custody Seals Broken - Y/N Temperature Blue Ice / Wet Ice Radiation Survey _____fixed removable

SAMPLE INSPECTION

Custody Seals Broken - Y$ Chain of Custody Rec&/N Labels In Tact(J Radiation Survey CoMpletI

Anomalles:

Inspected By: (

QA or Designee Review: g

Sample Custodian Review: DATE_____________

Project Notes:

Page 2

(. (I C



Outreach
-taboratory
4 I iNormAspen

k 0ok ,Arrow. OK74012
(918) 251-2515
FAX (918) 251-0008

eck.
\ ,C

.s,, .c

July 5, 2004

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

Project: Kaiser Thorium Remediation PA-40004072
OUTREACH LAB ID: 20040457

Dear Mr. Weyant:

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

The Total Solids number was reported instead of the Percent Moisture number. The
correct results now appear on your report. Nothing else has changed.

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

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

Laboratory

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

I

CERT. II) #OKO01

. I



')utreach
boratory

311 North Aspen
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
PA-4000-4072 Thorium Remed

20040457

7/5/2004
6/28I04K.)

* of2

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040457-01
K-084

6/2512004 2:45:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.694 +1- 0.077 pCi/g

Inorganics Analyses
16.7 %

0.219 6/28/2004 SD

Percent Moisture LOD 6/29/2004 6/30/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040457-02

K-085
6/25/2004 3:00:00 PM

Soil

Th-232 HASL 300
Radiochemical Analyses

0.792 +/- 0.153 pCi/g

Inorganics Analyses
182 %

0.398 6t28/2004 SD

Percent Moisture LOD 6/29/2004 6130/2004 RT

Lab ID:
Client ID:

Date Sampled:
Matrix:

Th-232

20040457-03
K-086
6/25/2004 3:15:00 PM
Soil

HASL 300
Radiochemical Analyses

2.22 +/- 0.192 pCi/g
Inorganics Analyses

16.8 %

0.392 6/28/2004 SD

Percent Moisture

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

LOD 6/29/2004 6/30/2004 RT

20040457-04

K-083
6/25/2004 2:30:00 PM
Soil

HASL 300

LOD

Radlochemical Analyses
0.593 +/-0.120 pCilg

Inorganics Analyses
18.1 %

0.346 6/28/2004 SD

6/29/2004 6/30/2004 RT

BDL - Below Detection Limit



Outreach
Laboratory

f ,,,North Aspen
: in Mow, OK 74012

(918) 251-251S
FAX (9181 251-0006

Client:
Client Project:
Lab Nuinber
Date Reported:
Date Reccived:Pg . ,u- ..,
Page Nt~ber:

Kaiser Aluminum
PA-40004072 Thorium Remed

20040457
7/5/2004

6t28/04
2of2

Parameter I , Blaik

Ac-228

-I

QCReport'- -
LCS LCSD ,DiUP MS MSD, Date

%REC %REC RPD - -- RPD -. %REC %REC RpD

.i 13 6WV12004
99.0 103.0 3.3 - . 6004
93.0 100.0 . 8.1 ' 6128/2004

96.0 98.0 1.6 . 2- 632004

63!i'/ 04

Am-241

Co6.0

Cs-137

Paecnt Moisture

.: z

, . ,
I.

:. S 2ij: '

: ,Lab Approval:

i .-

';I

- . :
._.

.. !
. . .

: , . . .

. , . . 4 .

, :
. i

, * ,

., :

!

. . .

. . .

. . .

:

.
.

BDL a Bckvf Dctection Limit

. t -

I,

I

I ! L

!. II
I

.- . I



JUTREACH
LAB RAT RY Results TcLABORATORY

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

PO# 4!1 -q 77z
PROJECT #eA -

PROJECT NAME \Wxitg 9t;Jt O ;A'>
REOUESTED TURNAROUND TIME

(A~tLCHAiG MA(w

CHAIN L USTODY

4-

company 1 dCAU rdAN 6. U tm C 'M 2

Name A-s. 4O;b ( VSOA

Address 1QM , F-01. s7'zTf
Ciy ZTA A State_ G(stk _- 7 X
Phone-l - 1'4 -VrZK Fax# 3t-i L-± I

Bill To:

Company I. tqI P. 4 E a ?

Name I bt& ai^ / Pki9 t U h.P
Address -H . h1 t >.t .r
rCifh7vuc\ A qSta r1% zinl L7 L4 UVo

C
0
N
T
A

N
E
R
S

CONTANER
SIZE

PLASTIC
OR

GLASS

Di kNW

PRESERVATIVE
J

1. HN0 3 pH4
2. kl 'C
. HaC pHt2

4. M2SO4p$2
I. 146Ol pib11

0%j

v.J

.A -4

I.4

le.

tJ

'£

S. -

I-

1k

4

I-

4-

I,

,. , ., 7 _. . _,

01gnaUrF /
REMARXS

(Q.E. FLR, UNFILTERED,
GRAB, COMPOSITE)ID

DSA IT
MAx

*Q ai -\ t- 1- . XXXXX/_

I-_ _ _ _ _

I - - , _ ._ G

/ 7 % ===
A c ~~~< x~>__________/,

/_ .,>< ri,_
[ ........_,s ~,'i................................. MWEz.......................b-^ttR>~sr

SELINO SHgDTnE M RCEIVED BY -i/fiV DATL21 fME ;

RELINQUISHED B Y:EME RECEIVED BY: DATE_ ___ ME
My sjgnature on Whis chain of custody form Indicates tht I an authorized by the sboav company to release twp" for analysls The ompany agrees to pay Vie entor balance upon receipt
of sample data and hib understood and agrd thato any balance carried overthirty (30) days Is subject toa 1S%permnvlorh(1S% pr annum) le charge. In the event of defaut, t, Owr pny
becomes egaly labl for any reasonable attomey or coection fos and related cort necessry to rondt the ero balan4e tor7 hTeooht Inc (Oreach Ltoratory).

SAMPLE RETUR4/ tL, Al nonhazardous sarnples shall be disposed d 30 days after Issue of final report, A oheors fbl re At cLrnrs expense.

Wdi,,_PF ,

il-
AT,

"t.

_ =: ~^2~- _'t i-'. - , .u .



Outreach
laboratory

. .I North Aspen
tbroken Anow, OK 74012

July 6, 2004

.. . .

,:.

A1-, t:,

I .1 1
Z%/10

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

Project: Kaiser Thorium Remediation PA4000-4072
OUTREACH LAB ID: 20040472

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory
July 1, 2004 for the above captioned project.

Four soil samples were received in good condition and analyzed for Th-232 by Gamma
Spec and Percent Moisture without drying and grinding with a 2 work day turn. Gamma

'Spec results were faxed on 7/03104. .

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

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

,,I , ,: I. I:

;11 Labora2Dr

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

;. ! -i
., ,*,, or_ -I

I - . . . ..

w .' . . }'. , . I,

CERT.ID #OKOO1

1*~ .

- I



Outreach
1boratory

31 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
PAA0004072

20040472
7/6/2004

-7to2/O4\
I of 2

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Ta-232

Percent Moisture

20040472-01
K-094
7/l/2004 1:50:00 PM
Soil

HASL 300

LOD

Radlochemical Analyses
0.694 +1- 0.104 pCi/g

Inorganics Analyses
19.3 %

0.334 712004 SD

71212004 7/6/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040472-02
K-09s
7/1/2004 2:05:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.646 +1- 0.116 pCi/g

Inorganics Analyses
20.2 %

0.366 71212004 SD

Percent Moisture LOD 7/2/2004 7/6/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20040472-03
K-096

711/2004 2:15:00 PM
Soil

HASL 300

LOD

Radiochemical Analyses
0.651+/-0.110 pCi/g

Inorganics Analyses
15.9 %

0.415 7/2/2004 SD

712/2004 7/6/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

IT-232

Percent Moisture

20040472-04
K-097
7/1/2004 2:30:00 PM
Soil

HASL 300

LOD

Radiochemical Analyses
1.02 +/- 0.157 pCi/g

Inorganics Analyses
13.1 %

0.481 71/22004 SD

7t212004 7/6/2004 RT

BDL- Behow Dctection Limit



Outreach
.aboratory

. ,5I Nortfi Aspen
9)oken Arrow. OK 7401 Z

918) 2.51-2515
FAX (918) 251-0008

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

Kaiser Aluminum
PAA0004072

20040472
7/6/2004

. I .. 7t2/04
2of2

QC Report

Parameter Blank LCS LCSD DUP MS MSD Date
%REC %REC RPD -PDRP. %REC %REC RPD

*Ac-228 NC. 7I1f2004

Am-24 1

Co 60

Cs-137

Percent Moistur

I

I
. . i

I

119.0

94.0

. 96.0

*95.0 224 -

97.0 2.S

99.0 2.9 ,--; :

* . 1

* 14 ,

I........ ,.

. r.

711/2004

711t2004

7/112O04

71612004 .

! :
. .

. . .. . . .

: .;
: - a , f : :,

.' j, j
.. ... .. . . . ..

'.

; ' '.

, <
I

. ... .

* , , s * I

,. , I {, i
: -- !

! : I !
. . ; l ;

, . . .

. . . .

.

. * .

: . ' :
.

. ,

BDL Below Dctection Umtt

I -*

r



(4S' UTREACH
LABORATORY

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

CHAIN Of UUSTODY
Results To:
LoC)Ls

C j4L- 7Z4 -

C'lh, 7t41 .

1V' -c cn,

Company)604k Q I Cwp ZrL .

NameA-?x. !DN,)r> &. NitYjrl

Address -73?, ) , L11 _T 1.

City k.SA State &A Z p 7 I rjX

Phone7RN - 534 .'t -:S 1 Fax # 32 I !i _Q% _-S) I

Bil To:

CompanAy' yait ) A L " 4 KI

NameC -o R, vxl'A-MI/ff

Addres-SZQL -,_ _S a S:g.4

CityVLA Z Statemx Zip7L1 1 NY

PO# W At - Li -1 2

PROJECT# PA S 4 ' - 4q7 t

PROJECT NAME X1A '%'9 1 - rf A'I,,
REQUESTURNAOUNDTIME ? A
(ADMPLER IOZ, ?

SAMPLR94i*992

N
C
0
N
T
A
I
N
E
R
S

CONTAINER
SIZE

PLASTIC
OR

GLASS

PRESERVATIVE
J

1. HNO3 pH42
2. Ica -4C
3. HCI p4
4. H2SO4 pI`
5. NaOH pH3ll1 -1

%.I
_.k

0
f-

4_° �1x
. signature 7

.A r
I � I I -

wUm SAwU
10

IMU
SAWW MU=X. / 'A REMARKS

(.E FILRE, UNFILTERED,
7- .4 * GRAB, COMPOSIE

PR-M O. q I }| G .

.t 18 OR -, Hl.\, I 'I XIX W 5C.
~- _ . L _

_ __ 
7.__ _ _ _ _

- c . _ _ _ _ _ _ _

-0 --7 -

RE NQ IS EDBDATE2 = m- i - T T M I L.RECEIVED BY.,.S T M E IL
RLNUSE. _ mEr_ _ _

RELINQUISHED BY: DATE TIME. ,RECEIVED BY: 1DATE______

My signature on this chain of custody form Indicates that I an authorized by te above company to releas samples for Malys The company agrees to pay the entire balance upon receipt

|of sample data ond nI udarstood sd agreed that any bahnc caeed oover thly (30) days is "ctto a 1.5% permonth (18% ponnum) tat charge. In the *vet dof defsultthc y | ny

|kecomes legally Usb( y reasonable attormey anor collection fees and all related costs ncsa y to remit te nor balanc, to Technologies. Inc. (Outreach botoy

SAMPLE RETURa -,AL AN nonhzardou samples sa be disposed of 30 days alter Issue of dn report.s tothers vl be ro. at cleas expene.



C C I

SAMPLE LOGIN

C

Date Received: 7/2/2004 9:41:56 Lab Number 20040472

Sample
Number

Client
Sample ED

Date
Sampled

Container
Type

Container
, Size

Due: 7/6/2004

Custody Seal
Seal IntactMatrix Preservation

20040472-01 A K-094
Percent Moisture
Th-232 by Gamma Spec

Sonl 07/01/04 Plastic 16oz None No No

20040472-02 A K-095
Percent Moisture
lh-232 by Gamma Spec

Soi

20040472-03 A K-096
Percent Moisture
Th-232 by Gamma Spec

'20040472-04 A K-097
Percent Moisture
Th-232 by Gamma Spec

Soil

07/01/04 Plastic

07/01/04 Plastic

07/01/04 Plastic

16 oz

16 oz

16oz

None

None

None

No No

.q

No No

No No

I . :, ,

Soil

* -- �j*.. -;.�** ** . * . ...

;. . '' , - ''- '' a

. .7 . . .... . I-_. .. _ I ...

Page I



CONTAINER INSPECTION

#Coolers CustodySealsBroken Temperature /A Blue Ic / Wet Ice Radiation Survey fixed removable
SAMPLE INSPECTION

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

Anomalies:

Inspected By:* DATE_ :_. _ _-

QA or Designee Review: DATE__ _4__L/_ _

Sample Custodian Review. -e fI 4T _7__-2 ___

Project Notes:

Page 2
t&

(. ( (



t ,Outreach
~Lab~oratory

311 North Aspen
Bsokci Anow. OK 7401 Z
(918) 2ZSI515
FAX !91 ZsI 251-0008

December 30, 2005

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

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

Dear Mr. Weyant:

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

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

Your samplcs will be rcturned as requested.

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

Laborato tor

ODEQ ID #9517
DEQ LIC. t427522-01

. I

-* . U gWZ -

- I CER`. II) #OK001

.. I



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

Kaiser Aluminum
Thorium Remediation

2005 1029
12130/05
12/21

I o1F--
Outrh

A.aboratory
311 Nonh Aspen
Broken Atoaw. OK 7401Z
(918) Z51-2515
rAX (91U) z5ta006 Analytical Report

Result UnKsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20051029-01

K-128
7/2204 12:40:00 PM
Soil

Radlochemical Analyses
HASL 300 0.779 +/- 0.106 pCi/g

Inorganics Analyses
ASTMD2216-92 9.2 % .

Thorium 232

Percent Moisture

0.171 12/29/05 SD

12/21/05 12/28105 RT

Lab ID:
Client ID:
Date Sampled:

Matrix:

20051029-02
K-132
726/04 4:10:00 PM
Soil

Radlochemical Analyses
HASL 300 0.910 +/- 0.153 pCVg

Inorganles Analyses
ASTM D2216-92 15.6 %

Thorium 232

Percent Moisture

0.148 12129/05. SD

12J21/05 12/28J05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20051029-03
K-182
8/13/04 11:40:00AM

Soil

Radiochemical Analyses
HASL 300 0.955 +/- 0.198 pCi/g

Inorganics Analyses
ASTM D2216-92 14.3 /

Thorium 232

Percent Moisture

0.175 12/29/05 SD

12/21/05 1218/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20051029-04

K-088
6(29/04 3:22:00 PM
Soil

Radlochemical Analyses
HASL300 1.07 +/-0.177 pCVg

Inorganics Analyses
ASTM D2216-92 16.2 %

Thorium 232

Percent Moisture

0.184 12/29/05 SD

12121/05 12128/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20051029-05

K-090
6/29/04 3:35:00 PM
Soil

Radlochemical Analysts
BDL = Blow Dctcion Limit



Client:
Client Project:
Lab Number.
Date Repored:
Date Received:
Page Numnber.

Kaiser Alusninum
Thorium Remediation

20051029
12/30/05

: 12/21/05
- 2of3

' Outreach
yjLaboratory

311 North ASpen
Broken Atr0W. OK 740 12
(918) U15-2.515
FAX (918) 251.0008 Analytical Report

Result Ulit5 DLMethod Prep
Date

Analysis
Date

Analyst

Thorium 232

Percent MoisTure

HASL 300

. ASTM D2216-92

0.801+/-0.200 pCitg!
Inorganics Analyses

- 15.4 %* -

0.174 1229/05 SD

12/21105 12/28/05 RT

Lab ID:
Client ID:
Date Sampled;
Matrix;

Thorium 232

Percent Moisure

20051029-06
K-091
6129/04 3:40:00 PM
SoHl

i, ",

Radiochemical Analyses
HASL 300 0.737 +1- 0.076 pCi/g

Inorgunics Analyses
ASTM D2216-92 14.3 %

0.139 12129/05 SD

12/21105 12Z8/05 RT

Lab ID:
Client tD:
Date Sampled:

Q' Matrix:

Thorium 232

Percent Moistue

.20051029-07
K-082
6/28/04 3:30:00 PM
Soil

Radlachemical Analyses
1HASL 300 0.781 +/- 0.139 pCl/g

lorganics Analyses
ASTMD2216-92 11.0 %

0.201 12129/05 SD

12f12,05 1212/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Thorium 232

Percent Moisture

2005102948
K-079
6/28/04 3:00:00 PM
Soil

Radiochelical Analyses
HASL 300 1.05 +1- 0.239 pCVig

Inorganlcs Avalyses
ASTM D2216-92 12.5 %

0.323 12/29/05 SD

12/21/05 12/28/05 RT

Lab ID:
Client 1D:
Date Sampled:
Matrix:

20051029-09

K-080
6128/04 3:10:00 PM
Soil

Rgdiochemical Analyses
HASL 300 1.31 +/- 0218 pCVg

lnorganics Analyses
ASTMID2216-92 13.8 % /

Thorium 232

y >'crcent Moisture

0.132 12/29/OS SD

12/21/05 12/28/05 RT

BDL - Below Detection Umit

I



Outred
Laboatory
31I North Aspcn
Broken Anow. OK 74012
1918) 251-2515
WK (918) 251-0008

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

Kaiser Alumisum
Thorium Remediation

20051029
12130105
12/21'

3 o&,-

QC Report

Parameter Blank I.CS LCSD DUP MS MSD Date
%REC %REC RPD RPD %REC %BEC RPD

Ac22 NC 12/29S

Arn-241

Co-60

Cs-137

Pamrnt Mtoisturc

V3.0

96.0

94.0

90.0 1.6

93.0 2.9

94.0 0.3

12/29105

12/29/0S

12229/5S

12/20S18.4

Lab Approvhl:

/111
��-4

BDL = Blow Dtectiaon Limit



Outreach
Laboratory

11 North Aspen
Broken Arrow. OK 7401Z
(918) 251-2515

x) FAX (918) 51 -0008

July 1, 2004

l

.,

. . Y - $ - e

L,_V lo

�-' &S - V Z_

/ ZD

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

Project: Kaiser Thorium Remediation PA-40004072
OUTREACH LAB ID: 20040455 ;

,-I

Dear Mr. Weyant,

Please find enclosed the analytical. report for your sample received in our laboratory on
June 28, 2004 for the above captioned project. Two filters were received in good
condition and analyzed on 6/29/04 for Gross Alpha/Beta. Results were faxed 6130/04.

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. .

Laborafi'fector

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

C f

CERT. ID# OKOOI

K)

...,_ I



Outreach
Laboratory
, I North Aspen

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

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

Kaiser Aluminum
PA-4000-4072 1horiun Remed

20040455
6/30/200

6/28104
1 of 1

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040455-01

K-SS-041
612512004 4:20:00 PM
Filter

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.355 +1- 0.466 DPM/F

0.686 +1- 1.51 DPMIF
0.360
1.58

6/2912004 SD
6/29/2004 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20040455-02

K-SS-042

625/2004 4:22:00 PM
Filter

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.0 +1- 0.406 DPM/F

0.861 +/- 1.47 DPMI/F
0.475
1.52

612912004 SD
6n2912oo4 SD

QC Report

Parameter Blank LCS LCSD DUP MS MISD Date
%REC %REC RPD RPD %/REC %REC RPD

Grs Alpha 0+/-1.17 S4.0 2.0 1.7 NC 6n29n2004

Gross Beta 0+1-0.639 79.0 86.0 4.1 NC 6n29n2004

Lab Approval:

BDL- Below Detction Limit



JUTREACH
LABORATORY

CHAIN 6 CUSTODY

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

Results To:

'NI -7Iti -
-7mq -t-j1.R,q

ComPpany any
Name Atl'A' ,1,4\3 v, vt&9zL.

hddire'sss_7X~ "ax
cit9 L State ht- Zlp 7 4 i q vf

~- Phone-7 24 3k 3 Fax #° I84 :

:. f

Bill To:

CornpanyVAt&'s! / p,;-Z, 5gC.
Warmn VAlu '3% ~
Namz\n G--uIb)b

AddrAs.lal I !. 4 l , i(T4S

cityt X State-l\^ Si I qJr

ap==

Mammon

PO# * kVt\ n-%

PROJECT # _A - \ _% -t

PROJECT NAME 14"Ift 9
EQUESTED TURNAROUND TIME )

;9QTIONeL CHARGS AYAPPLY - 7

C.

N
T
A

N
E
R
S

CONTWEF
SIZE

PLASTIC
OR

GLASS

PRESERVATIVE

1. NNO3 pHd
L I ec4C
& HaPH rg I
4. *4 2SO4 pH4
I . NW1 p4t11

-.4-

' f
'z

. e

1'

.,

M g

a g
£Z1)

4

t IC

>2 0

//A
K

/
.Siq*ture ,/ C-- /

REMMAAXS
(.L MTERED, UNFILTERED,

. GRAB, COMPOSITE)CUUr SAMEUWu DAT
SAMFIE

TMk
5AWM^

-,. - -I- ,. ......

. '-'''' -' .
- _ _. '/,

, . :-O . .= _ - _ __ /

.- 16,- ..- = =

HtELI4UW1oH uT: -- 6Z UV - LY V/Ef . U lt ' -41 0

REUNOUISHED BY: DATF n1MF .. ..AT.IM . RECEIVED BY. DATE E TIM E .

My signatur on ths chain of custody tonm idcate that I am authotIzed by the above corapny to relcai MTVe for anal. Tho cow pany agre" to pay the andrs bac upon racelpt

1 sarmple data and If is understood and agreed tht any balance canted over thhty (30) days mbs ct to a 1.5% p. mont (IS8% par armn) late charge. In th event of defaul, the oompany

becomes legally fable for any reasonabl attoney and/or coltectlon fats and al reated cas necessary to rit the andre balance to Oue Technoie1s. Ince (Outreach Laborotor4.

SAMPLE RETURNIDISPOSAL Al non-h rd samples salut be dspoed of 30 days after Issu of In report AN others Wit be retred at clent' expen*s.



SAMPLE LOGIN

Date Received: 6/28/2004 10:38:4

Sample Client
Number Sample ID

20040455-01 A K-SS-041
Gross Alpha/Beta

Lab Number:

Date
Sampled

06s25/04

20040455

Container
Type

Other

Matrix

Filter

Container
Size

N/A

Due: 6/30i2004

Custody Seal
Seal Intact

Yes Yes

-

Preservation

None

20040455-02 A
Gross Alpha/Beta

K-SS-042 Filter 06/25104 Other N/A None Yes Yes

CONTAIAUJNSPECTION

# Cooler>/ Custody Seals Broken - YIN Temperature Blue Ice / Wet Ice Radiation Survey fixed removable
SAMPLE INSPECTION

Custody Seals Broken - Chain of Custody RecoreqN Labels in TactiL Radiation Survey Completdzisl

Anomalies:

Inspected By: D)

QA or Designee Review: D.

Sample Custodian Review( L /Le, I( C r
fATE DATE~~ -2¢°

Project Notes:

Page I

I K. (
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* FIGURE D-1 Embedded Structure Location Map

* Alpha Scan MDC Calculation

* TABLE D-1 Embedded Structure Gross Alpha Scan Results

* Total Alpha Contamination Survey Data Conversion Form
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Attachment D, Figure D-1

Embedded Structure Location Map
Survey Unit Kaiser-FSS-007

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

North

Dt
Trench

Y - II
T

24" concrete pipe( - 10O long)

CZI



Alpha Scan MDC Calculation

Instrument Serial Number: 193686 Cal. Due: 5/412005
Detector Serial Number: PRI90485 Cal. Due: 514/2005

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

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

Width Efficiency Speed Countrate
(dpm) (cmn) (cpn) (cra/s) _ (cpM)(-

6/25/2004 330 11.7 0.1778 3.90 2.4 0.95

Comments:

Survey Unit Kaiser-FSS-007, 24" Concrete Pipe in S. Wall of Excavation

Prepared By. Date:

David B. Weyant 6/26/04

Reviewed By-. Date:

AndrewtJ. Lombardo 6

Notes:
'd JVm i6 V~rot. scan MDC

I,
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Attachment D, Table D-1

Embedded Structure Gross Alpha Scan Results
Survey Unit Kaiser-FSS-007

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

Q

Survey Number: KAISER-FSS-007 Instrument Serial Number: 193686 Cal. Due: 5/4/2005

Tech:DBW Detector Serial Number: PR190485 Cal. Due: 5/4/2005

Structure/Location Area Date Scan weighted Bgrd Average
cpm cpm cpm cpm (dpmfOOcm 2 )

I min max ave (5 mi) net

I/S Concrete Pipe 6/25/2004 0 0 0 2.4 0

Notes:

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

the surveyor determines the "weighted average".

2. The acceptance criteria for Total Contamination is 944 dpm/1OOcm 2. 10 cpm Is approximately 150 dpm/1OOcm 2.

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

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

O:-P4(WOPA472\FSS RepaftsVolurm !MSrve UnIt KaiserFSS-007%Wtachmnnt MTabie 01 FSS-007 9futwufe alpha scans



Total Alpha Contamination
Survey Unit Kaiser-FSS-007

Survey Data Conversion Form
Form ESCIHPM/M-3-2-2

Date of Survey, 5/2312004 Type of Radiation: Alpha

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

Detector Serial #: PRI90485 Calibration Due Date: 5/4/2005

Es (Surface Efficiency): 0.25 E1 (In'sturment Efficiency): 0.1778

BKG Counts: 12 BKG Count Time (min) 5

Active Area of Detector Probe (cm2) 126 MDC (dpm/ OOcm 2): 68.3

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

Location (min) (cts) (cpM) (CpM) (dprnllOOcr 2 ) (dpMl1OOcm 2)

Concrete-Pipe-US-Bottom 5 30 6.00 3.60 64.3 45.4

Concrete-Pipe-I/S-Top 5 13 2.60 0.20 3.57 35.0
Comments:

Concrete Pipe

Prepared By. Date:

David B. Weyant 6/26/2004

Reviewed By. Date:

Andrew J. Lombardo 6/26/2004
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-008
Survey Unit Kaiser-FSS-008

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation
March 22, 2006

1.0 BACKGROUND

This sub-report documents the results of pond parcel excavation bottom final status survey
activities completed as part of the Thorium Remediation Project at the Tulsa, Oklahoma facility
(Figure 1). Specifically, this technical report addresses the final status survey of Survey Unit
Kaiser-FSS-008, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the southwestern corner of the Retention Pond area. Survey
Unit Kaiser-FSS-008 is considered a Class 1 survey unit with an approximate surface area of 424
m2. It is bounded to the south by Survey Units Kaiser-FSS-001, Kaiser-FSS-002, and Kaiser-
FSS-005, to the east by Survey Unit Kaiser-FSS-007, to the north by Survey Unit Kaiser-FSS-
009, and to the west by the former freshwater pond non-impacted area (Figure 3).

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

QW400A40727SS RepoitiVolume rs urUnk Kai-FSS-MWSS.OOSTvd.doc 1 Revision 0
3/22/06

I.



2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the excavation bottom and
western side wall surface soil of Survey Unit Kaiser-FSS-008. The final status survey consisted
of a gross gamma scan of the exposed surface soil of the survey unit and systematic soil
sampling.

2.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom and western side wall)
was surveyed through a 100 percent coverage gamma scan to confirm acceptable radiological
conditions and identify any elevated 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 13 approximately equal-
distant locations in the survey unit. The statistics for the 13 background measurements are
provided below in Table 1. Background measurements ranged from 13,499 counts per minute
(cpm) to 15,477 cpm.

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
* of 1,276 measurements of gross count rate were made at one second intervals across the survey

unit's 424 tie area. The results ranged from 11,501 cpm to 19,078 cpm. A statistical summary
.of the 100 percent coverage gamma scan of the survey unit is provided below in Table 1.

Table 1 - Gross Gamma Scan Results Summary
Survey Area: 424 mn ll

Number of Scan
Measurements (1-Second 1,276
Intervals)
Scan Rate: 0.33 m/s
(Swinging the detector a width (MARSSIM recommends
of 1-meter side to sid 0.5

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 13,499 11,501
Maximum 15,477 19,078
Average 14,559 15,258

Standard Deviation 589 1,091
Median 14,567 15,354

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

Q:\PW400.PA4072\FSS ReportsWolune t\Swvay Upn Kaisa-FSS-OOS\?SS-05Text.doc 2 Revision 0
3/22/06
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2.2 Systematic Soil Sampling - Excavation BottomlSidc Wall Surface Soil

The final status survey also consisted of systematic soil sampling based on a random start point
and an equal-distant triangular grid. The Minimum Number of Samples Required (N) based on
the scan MDC was determined to be 9 as documented on Soil Survey Unit Worksheet No. 1
(Attachment B). Once N was determined, the Survey Unit Area (A) of 424 m2 along with the N
of 9 were used to calculate the Triangular Grid Node Length (L) of 7.4 meters and the Height of
the Equilateral Triangle (h) of 6.4 meters. A random start point was generated using the random
number feature of Excel and documented on Soil Survey Unit Worksheet No. 2 (Attachmcnt B).

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

Table 2-Systematic Soil Sample Results
Net

Soil Gross Th-232 Std. Error MDC Net Th-232 DCGL
Sample ID (pCi/g) (pCi/g) (pCi/g) (pCi/g) (Pcilg)

K-098 1.12 0.116 0.409 0.02 3.0
K-099 0.892 0.148 0.445 0 3.0
K-100 0.988 0.164 0.402 0 3.0
K-101 0.725 0.139 0.450 0 3.0
K-102 0.757 0.160 OA98 0 3.0
K-103 0.568 0.072 0.190 0 3.0
K-104 0.889 0.125 0.449 0 3.0
K-105 1.06 0.157 0.340 0 3.0
K-106 0.961 0.140 0.338 0 3.0

Average 0.884
Standard Dep. 0.175

Minimum 0.568
Maximum 1.12
Median 0.892

All 9 systematic soil sample results (gross and net) were below the open land area surrogate
value of 3.0 pCi/g net Th-232 activity concentration (DCGLw). The maximum gross Th-232
activity concentration was 1.12 pCi/g, which fell slightly above the background Th-232 activity
of 1.1 pCi/g for the site. The average gross Th-232 activity concentration was 0.8 84 pCi/g. The
standard deviation of the 9 equal-distant samples was 0.175, which fell below the estimated
standard deviation of 0.42 (based on the adjacent land final status survey results) used to
calculate the minimum number of samples required.

QNP40OD\'A4072\FSS RepousWoahime Ic uvey Lini Kaisr-FSSOO- SS-STcxt.doc 3 Revision 0
3/22/06
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2.3 Wilcoxon Rank Sum (NVRS) Testing

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

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

Table 3 - Reference Group and Survey Unit Sample Results
Reference Th-232 Survey Unit Th-232

Group Sample ID (pCiKg) Group Sample ID (pCifg)
RI 346 0.84 S1 K-098 1.12
R2 123 0.57 S2 K-099 0.892
R3 369 1.21 S3 K-100 0.988
R4 355 0.96 S4 K-101 0.725
R5 236 1.14 S5 K-102 0.757
R6 330 1.22 S6 K-103 0.568
R7 81 1.25 S7 K-104 0.889
R8 372 1.06 S8 K-105 1.06
R9 36 0.41 S9 K-106 0.961

Average 0.96 Average 0.884
Std. Dev. 0.30 Std. Dev. 0.175
Minimum 0.41 Minimum 0.568
Maximum 1.25 Maximum 1.12
Median 1.06 Median 0.892

Q,%Y4OO0PA4077ZPSS RepoftsVolume rSurvey Unit KiAe-FSS.OOt8TSS.COText.doC 4 Revision 0
3122/06
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the southwestern corner of the Retention Pond
area resulted in an open land area consisting of an excavation approximately 424 m2 in area.
This open land area, identified as Survey Unit Kaiser-FSS-008 is considered a Class I survey
unit. The survey unit is bounded to the south by Survey Units Kaiser-FSS-001, Kaiser-FSS-002,
and Kaiser-FSS-005, to the east by Survey Unit Kaiser-FSS-007, to the north by Survey Unit
Kaiser-FSS-009, and to the west by the former freshwater pond non-impacted area (Figure 3).
This section of the sub-report presents a summary of the final status survey findings and an
overall summation of fractions for the survey unit.

3.1 Excavation Bottoml/Side Wall Surface Soil

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

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

Table 4 - Fraction of Applicable Acceptancc Criteria per Survey Unit Element
Average

Net Acceptance
Survey Unit Element Units Activity Criteria Fraction

-FSS-008 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 0.00
-Embedded Structures (None Encountered) dpm/l00cm' 0 0.00
TOTAL SUM OFFRAC7IONS 0.00

Q \e40A4072TSSRepofNVoblme u\Survcy Wnt K-rF5SS-CFSSOOSTcv.doc 5 Revision 0
3/22/06

I'



The Sum of Fractions provides a conservative assessment of the survey unit without backfill.
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-008 meets the
DP acceptance criteria.

Q.TP400PAt40 SS Keponi"Vokume IwSwy Uank Yaw-FSSOOT'SSOSTeml.doc 6 Revision 0
3122106
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Attachment A, Figure A-1
Gross Gamma Background and Scanning SuNey Results

SuNey Unit Kaiser*FSS*008
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Backgrounds are 1 minute readings.
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FIGURE A-2
SYSTEMATIC SOIL SAMPLING LOCATIONS
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Soil Survey Unit %Vork Sheet No. 1
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-008

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

3. Net Th-232 Acceptance Criteria (pCilg): 3.0

4. Dimensions (m): Excavation Bottom - Approx. 62 meters x 7 meters: Area, A (m2):42A4

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 (pCilg): 4.0

* Minimum Number of Samples (N): 9 Triangular Grid Node Length (L): 16.0 n

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 = (AI(0.866 x 9))"2: 7.4 mn

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))1j: N/A

9. If A is greater than 2,000 m.2 and N is equal to 9, recalculate the minimum number of samples (N1)

corresponding to a Triangular Grid Node Length (L) of 16 In using the following formula N1 = 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

formula: h = ((L2 - (/2) 2)1 : 6.4 m.

Q;UP400A4072MSS Repons\VotImc irvey Unik Kaer-FS54n00Inacmcnt B. - SoU Survey Unit Worksht\Soi1 Survey Unit Work~ect No. I .doc
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Soil Survey Unit Worksheet No. 2
Random Number Generator for Start Point

Final Status Survey
Thorium Remedlation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

SURVEY UNIT: KAISER-FSS-008

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

0 7 lower bound
upper bound 62 l7

(0, 0)
North

x axis

OC\P4000\PA4072TSS ReportslVolne f-Sevrey Unit Kaiser-FSS-Q08Wtadncent B -Soil Survey Unit WorksheetsSodl Survey Uit Worksheet No. 2
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LABORATORY ANALYTICAL RESULTS



Outreach
Laboratory

4 I Nort Aspeny ?ken Arrow OK 7401Z
_ 8)2515I5

FAX (918) 25140008
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lv�.-�'o
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a
July 19, 2004

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

Project: Kaiser Thorium Remediation PA-40004072
OUTREACH LAB ID: 20040509

Dear Mr. Weyant:

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

Eight soil samples were received in good condition 'and analyzed for Th-232 by Gamma
Spec and Percent Moisture without drying and grinding with a 2 work day turn per Paul
Handa. Gamma Spec results were faxed on'time.

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

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

Laboratory Ditned -
----

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

CERT. ID IOK001

. ... # :I

.... .- I



Outreach
Laboratory

I North Aspen
.roken 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 PA4000-4072

20040509

7116/2004
*.7/1610

l of 3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040509-01
K-098
7/15/2004 7:40:00 AM
Soil

Th-232

Percent Moisture

Radiochemical Analyses
HASL 300 1.12 +/- 0.116 pCi/g

Inorganics Analyses
LOD 11.3 %

0.409 7/16/2004 SD

7/16/2004 7/16/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040509-02
K-099
7115/2004 7:45:00 AM
Soil

Radiochemical Analyses
HASL 300 0.892 +/- 0.148 pCi/g

Inorganics Analyses
LOD 18.1 %

Th-232

Percent Moisture

0.445 7/16/2004 SD

7/16/2004 7/16/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040509-03
K-100
7/15/2004 7:50:00 AM
Soil

Th-232 HASL 300
Radlochemical Analyses

0.988 +/- 0.164 pCi/g
Inorganics Analyses

10.2 %

0.402 7/16/2004 SD

Percent Moisture LOD 7/16/2004 7/16/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

T1-232

Percent Moisture

20040509-04
K-101

7/15/2004 8:00:00 AM
Soil

HASL 300

LOD

Radlochemical Analyses
0.725 +/- 0.139 pCi/g

Inorganics Analyses
15.6 %

0.450 7/16/2004 SD

7/16/2004 7/1612004 RT

BDL- Below Detection Limit



Outreach
'Iaboratory

'1 North Aspen
Xen A(row OK 74012008

ff68) 251-2515
FAX (918) 25140008

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

Kaiser Aluminum

Thorium Remediation PA4000-4072
20040509
7/16/2004

- 7/16/04
2 of 3

Analytical Report
Result Units -- DLMethod Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID: I
Date Sampled: --
Matrix:

Th-232

Percent Moisture

20040509-05
K-102
7/15/2004 8:10:00 AM
Soil

HASL300

LOD

Radiochemilcal Analyses
0.757 +1- 0.160 pCi/g

Inorganics Analyses
10.0 %

,. .

12

0.498 7/16t2004 SD

7/16/2004 7/16/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

)J Th-232

Percent Moisture

20040509-06
K-104
7/1512004 8:20:00 AM
Soil I.

Radiochemical Analyses
HASL 300 0.889 +/- 0.125 pCi/g 0.449 7/16/2004 SD

LOD
Inorganics Analyses

11.6 % 7/16/2004 7/16/2004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20040509-07
K-105
7/1512004 8:28:00 AM
Soil

Th-232 HASL 300
Radiochemical Analyses

1.06 +/- 0.157 pCitg
Inorganics Analyses

20.6 %

0.340 7/162004 SD

Percent Moisture LOD 7/16t2004 7/1612004 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20040509-08
K-106
7/15/2004 8:35:00 AM
Soil

HASL 300

LOD

Radiochemical Analyses
0.961 +/- 0.140 pCi/g

Inorganics Analyses
14.0 %

0.338 7/16/2004 SD

7/16/2004 7116/2004 RT

BDL - Below Detection ULmit

I



Outreach
'.aboratory

. I North Aspen
iSroken Arrow. OK 7401Z
(918) Z51-ZSIS
FAX (918) 25l-0008

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

Kaiser Aluminum
Thoriun Remediation PA4000-4072

20040509
7/16/O2V

7/1630f3

3of 3

QC Report

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

Am-241 92.0 89.0 2.7 7116/2004

CO60

Cs-137

Percent Stoistr

Ith-232

95.0

98.0

92.0 3.5

97.0 1.3

7V16/2004

711612004

7/16/2004

71162004

9.2

NC

r,
Lab Approval:

BDL Below Detection Limit
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0 .. ,
- .10 JUTREACH

LABORATORY

CHAIN cr. USTODY C

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

Results To: .

.LCALq

C-tt.14 -
CEAl -6' 1

Name..A~3= 4e 1) PV4%0, IR . N A U A A4

Address:~ W ~1. '41 1L %b7j( h~iA - -,__ -

Company 1AuA!~ M~r ~ 3~XL Bill To: . .

Com panyny ), )ftA Xam

Name ONA-t) (. A.! 0 gA1rA
Address.M ! 4 -W 7%z=
city \AA -State-,rW ZiP:7 9 1

Cittv -'rL t Qftot r%' 71,, ~--l4 4v.r

Phone1Z37.2w a# aI6~kL u

Ihil

PO# i Y 7 2
PROJECT# eA- -

PROJECT NAME,

REQUESTEDTURNAROUND TIME
(ADDITION PPLY S

SAMPLER

#
C
0
N
T
'A

N
E
R
S

CONTAINER
sIZE

PLASTIC
oUnC

GLASS

ml t1S.

PRESERVh
1. ttNO~p

2. Ice cftC.
.3. HCIpl~d
4. 1`211O41#412
3. N*0O1pWll

; I-

0-.r

t I
0i �.j

60

I

� '%d
It �f

it -j

t _j

�171
�A'

. C

a-01

-1

Signature
LI =.. ... 1 I I I

JEmARK '
L FITEMR. UNTERD.
. GRAB, COMPOSIME

- i5
ID

DAllM SAKWUD. MX

!~~~~~~~ -r k- qI-%- 7ts n*9t Xp

. , ,~~~~-IS .(%-I -zvSww vv

iN ow , 5 _1!! 0%: 06__1_ . I C __-. l- ;

7- . _____ _ ______y 5 7 7 ___ _ _ _ _ _ _ _ _ _

0A. W4< .A -7 -~z I _-I Ih" . 0z !E ==

. . .- a .
i r_ _ _ _ -_ Ir _ _ _ _ _ _ _ _ _ _ _

i '... _ , , , v_ /- _ z z z +
;h. ^ ~~i >.,0

_.- ,,~,. - I ________I ________ I .- I - 9 1,10- - - - _ - - - -

REUNUISHED HED D A AE/J RECEiVED B . DMF E

RELINQUISHED BY: DATE TIME. RECEIVED BY, . ,DATE. TIMF_

My signature on this dchan of custody form Indicates that I am autthrIzed by the above company to release samples fod analys The cpeny agrees to pay the entir balance upon recelpt

of sample data and ft Is underto'd and agreed that any balance canted over thIrty (30) days Is subject to a 1.5% per month (18% per arnum) late hrge". In th evernt of ddfat the company

becomes legally geable for any reasonable attomey and1or colledIon fees and all related costs necessary to remit the ere* bala to Oi~treachTecvdn oIogbes. Inr (Outrech Laboratory:

I R;BiA.4'A

- . .- - ... -_ I-- - ~ k t.. J~ 4 .. ~M&lm4ASetaawl ~ftmda let ~one
II AM I'L t MtIUMN/U UbALZPJI nr1W --r'a oa . ..... S * -



SAMPLE LOGIN

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

Sample
Number

Client
Sample ID

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

Lab Number: 20040509

Date Container
Matrix Sampled Type

Soil 07/15104: Plastias.

Soil 07115104; Plastic-

Container
size Preservation

Due: 7/16/2004

Se-Il Intact

Yes Yes16 oz

16 oz20040509-02 A K-099
Percent Moisture
Th-232 by Gamma Spec

20040509-03 A' K-100
Percent Moisture
Th-232 by Gamma Spec

20040 509-04 A K-101
Perce nt Moisture
Th-232 by Gamma Spec

20040509-05 A K-l12
*Percent Moisture
Th-232 by Gamma Spec

20.040509-06 A K-104
*Percent Moisture
Th-232 by Gamma Spec

20040509-07 A K-105
*Percent Moisture
Tfi-232 by Gamma Spec

Soil : ' 97/15/0

V.I

PI :5

.... .... -

I
I q, ::...

oz .1

:. .. ' f.:

. f '

. .:..' V.

* .None:

None-

None

. % 1

I

Soil .*07/15/04- Plastic *. 16 oz None

* Soil .07/15/04. :.Pastic' 16 oz ~ None-

* Soil, 07/15/04 Plastic '16 oz None.

Yeg

*YeO

Yes

Ycs

.Yes

I .

: I.

I I
j

Yes

Yes

,Yes

f

20040509-08 A K- 106

.1.,...
.. I.... ./:

*1.I

Page I

( (



C
Percent Moisture
Th-232 by Gamma Spec

C C

CONTAINER INSPECTION

# Coolers . Custody Seals Broken - Y/N

SAMPLE INSPECTION

Temperature AI4,I"'IBlue Ice/ Wet Ice Radiation Survey <34 6_fixed removable

Custody Seals Broken - Y/N - Chain of Custody Recor IN Labels in Tact Y/N Radiation Survey Complet IN

Antamalle:
_- ... . .

: :. :- i
.- ., .

I . s

Inspected By: ----'-DATE

QA or Designee Review: AZ6
Sample Custodian Review i a

Project Notes: -

2, DATE 6 7//G /uSy

t IATE <7 // t /^X>(S0 ! I.^r

* . . '1 °g l;.,
: ' * ,Xj.-.'

5f. ;-.

,, * I @ z .'.s *,

* - * a
, . s.,

* f} t*.

;* . .. r:
* . - ',:, ' i' .. - ;.;w

'} . ,_ . ' ' 5.' 1t.l, ;,
* * - * 4 P *

@ . . I ^

' ' ,. . ' - ;':'.-.1.

. t * i
.. *..

- . ! ? 2:.
.. . . -.

*:: : -#.

! . r,'.

- , \
. , - .

'. ' . .:'
. . .

. . I . . .
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* ** I.
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* IS
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* I S.

)
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I I
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. . . .
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... .
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Outreach
Laboratory

I North Aspen
.roken Arrow. OK'74012

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

-I4J 0 00l
Ir.S(to I .g

\&,_ \V'k _. 1I

July 21, 2004

David Weyant
'Kaiser Aluminum & Chemical

7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium Remediation PA-40004072
OUTREACH LAB ID: 20040508

Dear Mr. Weyant:

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

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

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

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

Laborato ry

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

CERT. ID #OK00I



Outreach
aboratory

{ ' NoffiAspen
*( =nomo OK 74012
-i18) 251-7515 -1

FAX (918) 251-0008

:

.'. . .

Client:
Client Project:
Lab Number:
Date Repl*ted:
Date Received:
Page Num6ber:

1Z..,.

ical Report
Result -Units -. DL

Kaiser Aluminmn
Thorium Remediation PA4000-4072

20040508
7/20/04
7/15104

l'of 1

A Analyti
I . .

Analysis Analyst
.Date

Method- Prep
Date

Lab ID: 20040508-01

Cllent ID: K-103
Date Sampled: 7114/04 1:00:00 PM
Matrix: Soil

Radlochemlcal Analyses
Th-232 HASL300 0.568 +/- 0.072 pCi/g .'! 0.190

Inorganlcs Analyses
Percent Moisture - LOD 14.2 %

7/15/04 SD '

7/16104 REB

Lab ID: -

I Client ID:
Date Sampled:

Matrix:

j

20040508-02 - -. ---

K-108 ;
. . .

7/14104,
Soil

(U-h-232

Percent Moi

! A

.

isture i

2:00:00 PM

Radlochemical Analyses
HASL 300; ; 1.20 +/- 0.139 jCi/g - 0.422

Inorganics Analyses

LODI 16.2%

I . . I. 1.

I . I

7/15104 ~' SD - -

7/16/04 RE
t

- . I Z . :

Parameter

Am-241

'C6-60

Cs-137

Pecent Moisture

T232

. * . .

. .

!

.. . . .

* ' ' ' .' Bih
* j | '; I

I : :

, , - , , . _ .

. , . .

. . . .

i , ', (

_ _, ... ... .. ..

,

I

e ,' ,

i i; I vj
* { 4

: - - : j f

* , 1 * ,

; i; i "; '
. 1. a z f - , .

QC Report r*

LCS LCSD DUP
. %REC REC RPD ( RPD

90.0 .1113.0 22.0

91.0 '95.0 4.5 *1
95.0 97.0 2.0

* 1FNC

Lab Appi

I I

MS MSD. Date .,
%IREC %REC. RPD- :

7 15104

7ns504
. . 7/15604

. .7115/04

-

: i

:t

BDL =Below DetedioLlmit .

_- - - .I



(' JUTREACH
LABORATORY

CHAIN Ot UUSTODY

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

Results To:

9b -3t6M -

-Iqq .0G1 I

Company -

Name . % (!, ZIA r-\/

.. 1.

Bill To:

Company XC a ;PK p ( I .,

Ar~~rm .i.C C. U '.1 iis-
P hone__ _ - -X 4 -

Qi I 5AA A. State ij ~Zip _ IY r

Phone:724 .9 M -) 'I V oFax #9 lila-41 QAU7

Namei'mAP% R 4%I INa,.%A

Address7Rt} P1 4l14 S =' "

a CltyA _4State * a_~p 7 q l _y

l~~ __ .PO # Vi,_hSdA 7_4u-11
PROJECT # r - LL _ A o ?

PROJECT NAME Y'R X)t r kc - O Apa1 ; -

REQUEED TURNAROUND TIME • IIXAz
(ADDIT@LCSMYP

SAMPEos> .94

C
0
N
T
A

N'
E

S

CONTAINER PRESERVATiVE
OI7V JA
__ I

PLASTIC
OR

GLASS

1. HNO3 pH<
2. kce 4A'C

1, HaS pl*2
4- H2&04 pH2

. N&O PH1t

4J

1.0
k_

4 %

_r 1

4

17

0

j4

a d0 O

'J.0-2

$.-.

*1

Signature
REMAKS

(I.. FIUERED, UNFILTRE,
GRAB, COMPOSIT)aC SAWPU,

ID s-SA
TM

SAMP1 MAWJX It. I

-So. - \LZ & le' a d I

.- i=-- ==
MG 'I 1' A- ' L so)- =e = = - \

-0-

RELINQUISHED a V BY Y DATE.t < _ =M .

IELN0U.SHED BY. DATETIME REC ED BY. ATE. TIME............. ,

My signature on this chain of custody fomindicates that I am authoried by the above cmpay to r aa" m for anslyule. The company agrees to pay the entire ba'a/c upon rect

of tample data and it Is understood and agreed that any balance canded over thirty (30) days is suboect to a 1.5% per month (18% per annum) Wae charge. In the event of dafatt4 tie company

becomes legally iab1r y reason~abltorneyand/or c~olctiontees ~and1related costarecaswy to ~ M nre bat -a..~to %Tectmologiea rio.(Outreah Labctaory).

SAPERETURN/L .AL, Al nan-hazardous sam;les shel be disposed of 30 days aOme Msue of "la report. Al othars wigl be ralk Al Chdflrr expense. i



C C

SAMPLE LOGIN

C

Date Received: 7/15/200410:58:4

Sample Client
Number Sample ID

Lab Number:

Date
Sampled

20040508

Container
Type

Container
Size

Due: 7122/2004

Custody Seal
Seal IntactMatrix Preservation

20040508-01 A K-103
Percent Moisture

Th-232 by Gamma Spec

Soil 07/14/04 Plastic 16oz None Yes Yes

20040508-02 A K-108
Percent Moisture

Th-232 by Gamma Spec

Soil 07/14/04 Plastic 16oz None Yes Yes

CONTAINER INSPECTION

# Cooleisles- ftf Custody Seals Broken - Ye Temperature. 2 Blue Ice I Wet Ice Radiation Survey LkIbLxed removable

SAMPLE INSPECTION

Custody Seals Broken - YD Chain of Custody Recordcq Labels in Tac1(qN Radiation Survey Complet&N

Anomalies:

QA or Designee Review:

Sample Custodian Review-,

Project Notes:

3.

Page I
.




