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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-016, an open land area (pond parcel excavation bottom) resulting from the removal

of radiologically-affected soil from the eastern portion of the Retention Pond area. Survey Unit

" . Kaiser-FSS-016 is considered a Class 1 survey unit with an approximate surface area of 2,484
-m? It is bounded to the south by Survey Unit Kaiser-FSS-020, to the east by Survey Unit
. Kaiszr-FSS-014 and the Specific Systems property, to the north by Survey Unit Kaiser-FSS-017,

and to the west by Survey Units Kaiser-FSS-018 and Kaiser-FSS-019 (Figure 3).

Survey Unit Kaiser-FSS-016 consists of an excavation bottom surface soil with two side walls
(east wall and south wall). The excavation continued beyond (east and south) the Kaiser
property line, beneath the Specific Systems concrete roadway. Two elevated areas (greater than
net 3.0 pCi/g Th-232) were left in place beneath the concrete roadway due to structural
integrity/safety concemns. These two elevated areas were evaluated using the elevated
measurement comparison (EMC) as presented in the DP for the project. No embedded
“structures” were encountered during the removal of the radiologically-affected soil.
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2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the following physical
features or elements of Survey Unit Kaiser-FSS-016:

o Excavation bottom surface soil including the east wall and south wall surface soil.
» Elevated soil areas located along the east wall and south wall of the survey unit.
2.1 Excavation Bottom/Side Wall Surface Soil

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

2.1.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom and side walls) was

- surveyed through a 100 percent coverage gamma scan to confirm acceptable radiological

conditions and identify any elevated areas. During the scanning of the soil, the detector was held
close: to the ground surface (1 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 within the survey unit. The statistics for the 30 background measurements are
provided below in Table 1. Background measurements ranged from 19,431 counts per minute
(cpm) along the southwestern survey unit boundary to 39,094 cpm along the northern survey unit
boundary. The elevated background measurements identified along the northern boundary were .
the result of shine from radiologically-affected material (BCM) located immediately north of the
survey unit.

Similar results were obtained for the gross gamma scan of the survey unit’s surface area. A total
of 3,748 measurements of gross count rate were made at two second intervals across the survey
unit’s 2,484 m? surface area. The results ranged from 17,219 cpm to 67,100 cpm. A statistical
sumunary 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

esults Summary:

Survey Area: 2,484 m*
Number of Scan

Measurements (2-Second 3,748
Intervals)

Scan Rate: 0.33m/s
(Swinging the detector a width (MARSSIM recommends
f 1-meter side to side)

(3 3

i 3 e et
Background (Gross cpm)

Minimum 19,431 17,219
Maximum 39,094 67,100
Average 27,523 26,297
Standard Deviation 5,183 3,646
Median 26,197 25,899

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 on the

- excavation bottom (above the DCGLy for the site). As part of the gross gamma survey, 10

biaszd soil samples were collected at locations exhibiting the highest scan rates on the excavation
bottom and side walls (Figure A-2, Attachment A). The biased soil samples were screened

sample screening levels were below the DCGLw for the site.

~_Table 2 — Biased Soil Sample Screening Results

Cave Counter
Screening Results Std. Error MDC
Soil Sample ID (pCi/g) (pCi/g) (pCi/g)
DCGLy 3.0
Site Background 1.1 0.3
K-751 0.320 0.807 1.50
K.752* 0.625 0.063 0.205
K-753 0.321 0.872 1.50
K-754 0.371 0.778 1.50
K-762 0.286 1.09 1.50
K-763 1.03 1.22 1.50
K-764 0.434 1.20 1.50
K-765 0.355 1.20 1.50
K-766 -0.358 0.982 1.50
K-767 1.54 0.979 1.50

*Sample K-752 was also analyzed by Outreach. The lab data are presented in the table.
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Two confirmed areas of elevated activity were identified, one along the excavation’s east wall
and one along the excavation’s south wall. These elevated areas are discussed in Section 2.2.

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 default Class 1 Survey Unit area of 2,000 m? along with the N of 9 were
used to calculate the Triangular Grid Node length (L) of 16.0 meters and the height of the
equilateral triangle (h) of 13.9 meters. Since A was greater than 2,000 m’, the number of
samples (N;) was recalculated (11) 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-3 contained in Attachment A.
The soil sample locations were demarcated in the field using a GPS unit. A total of 14 soil
samples (identified as K-731 through K-744) 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.

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-731 0.902 0.142 0.368 0 3.0
K-732 0.927 0.153 0.398 0 3.0
K-733 0.749 0.078 0.166 0 3.0
K-734 1.09 0.157 0.365 0 3.0
K-735 0.822 0.094 0.161 0 3.0
K-736 0.874 0.096 0.192 0 3.0
K-737 0.443 0.201 0.502 0 3.0
K-738 1.30 0.109 0.301 0.20 3.0
K-739 0.599 0.328 0.832 0 3.0
K-740 1.35 0.216 0.502 0.25 3.0
K-741 3.72 0.214 0.268 2.62 3.0
K-742 0.965 0.191 0.505 0 3.0
K-743 1.42 0.247 0.246 0.32 3.0
K-744 1.93 0.163 0.282 0.83 3.0
Average 1.22
Standard Dev. 0.812
Minimum 0.443
Maximum 3.72
Median 0.946
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All 14 systematic soil sample results (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 3.72 pCi/g. The average gross Th-232 activity concentration was 1.22 pCi/g.

The standard deviation of the 14 equal-distant samples was 0.812, which fell above the estimated
standard deviation of 0.42 used to calculate the minimum number of samples required. 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
0.812 to ensure enough samples were taken, as follows:

Paramount to determining the minimum number of samples is the determination of the relative
shift, delta over sigma (A/G). Delta is equal to the DCGL minus the lower-bound gray region

(LBGR) value. The LBGR value is arbitrarily set at one-half the DCGL value to start the
~determination. Sigma is an estimate of the variability in a set of sample analysis results from a

survey unit. In the DP, the estimate of sigma used was based on the standard deviations in
Th-232 activity measured in survey units during the FSS sampling of the adjacent land
remediation final survey (0.42). The net Th-232 activity concentration of 3.0 pCi/g was used as
the DCGL and A was equal to 3.0 - 1.5, or 1.5. Delta divided by the sigma of 0.42 resulted in a
relative shift of 3.57 which is rounded to 3.5 for the purpose of determining the required number
of samples. The number of samples was then looked up in Table 5.3 of MARSSIM 9 for
selected alpha and beta error rates of 0.05).

“Using the original net DCGL value of 3.0 pCi/g, a recalculation of N results in a delta of (3 —

1.5) of 1.5 and a relative shift of (1.5/0.812) of 1.8 usmg the measured variance of 0.812. The

resultmg N for a standard Class 1 survey unit of 2,000 m? is 14 (MARSSIM Table 5.3) and for a

2,464 m* survey unit (FSS-016) the number is increased to 18. 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 18 for the 20% buffer results in a minimum number of samples
required of 14, the number taken in Survey Unit Kaiser-FSS-016.

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 criterion based on
the first statistical test as described below.

If the difference (2.77 pCil/g) between the maximum survey unit soil sample activity

concentration (3.72 pCi/g) and the minimum reference background area soil sample activity
concentration (0.95 pCi/g) is less than DCGLyw (3.0 pCi/g), then the survey unit meets the release
criterion. Table 4 presents a summary of the data used to complete the statlstxcal evaluation of
the survey unit.
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Table 4 — Reference Group and Survey Unit Sample Results

Reference Sample ID Th-232 Survey Unit Sample ID Th-232

Group (pCi/g) Group (pCi/g)
R1 229 1.22 S1 K-731 0.902
R2 90 1.37 S2 K-732 0.927
R3 161 1.20 S3 K-733 0.749
R4 28 1.18 S4 K-734 1.09
R5 187 1.30 S5 K-735 0.822
R6 148 1.37 S6 K-736 0.874
R7 105 0.95 S7 K-737 0.443
RS 124 1.07 S8 K-738 1.30
R9 - 354 0.96 S9 K-739 0.599
R10 109 1.27 Si0 K-740 1.35
Ril 215 1.13 SIt K-741 3.72
R12 88 1.46 S12 K-742 0.965
R13 356 1.45 S13 K-743 1.42
R14 219 1.01 S14 K-744 1.93
Average: 1.21 Average: 1.22

Std. Dev.: 0.17 Std. Dev.: 0.812

Minimum: 0.95 Minimum: 0.443
Maximum: 1.46 Maximum: 3.72

Median: 1.21 Median: 0.946

2.2 Elevated Arecas

' Dﬁxing the remediation of Survey Unit Kaiser-FSS-016, two areas adjacent to the Specific

Systems property were encountered where the additional excavation of impacted material was
not possible due to structural integrity/safety issues. These two areas were evaluated using the
EMC criteria.

The: first area, EMC-1, was located on the south wall of the survey unit at the northwest corner of
the Specific Systems property (Figure D-1, Attachment D). The total area of EMC-1 was less
thaa 1 m2. The following three soil samples were used to define the area:

o Sample K-730 — A biased soil sample taken at the highest gross gamma scan
measurement location (approximately 62,000 cpm on contact). The sample was
analyzed by Outreach and represents a conservative estimation of the Th-232 activity
concentration within the 1 m? elevated area (EMC-1). _

e Sample K-728 — A biased soil sample also taken within EMC-1 corresponding to a scan
measurement of approximately 25,000 cpm on contact. The Outreach result for this
sample was not used to estimate the activity concentration of the elevated area
(conservative).

e Sample K-729 — A composite soil sample taken to bound the elevated area.
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Figure D-2, Attachment D shows the soil sampling locations for this elevated area. The
analvtical results for the EMC-1 soil samples are presented below in Table 5.

Table 5 - EMC-1 Soil Sample Results

Soil Gross Th-232 Std. Error MDC Net Th-232 | Net DCGL
Sample ID (pCi/g) _(pCi/g) (pCilg) (pCi/g) (pCi/g)
K-728 2.00 0.122 0.452 0.90 37.5
K-729 0.777 0.045 0.280 0 3.0
K-730 11.3 0.461 0.410 10.2 37.5

. A conservatlve assessment of the elevated area was performed by assuming the area extends to 1

m? and that the result for Soil Sample K-730 represents the activity concentration of the entire 1
m? elevated area.

The second elevated area, EMC-2 was located on the east wall of the survey unit bordering the
Specific Systems property (Figure D-1, Attachment D). The total area of EMC-2 was
approximately 21 m?. The following 7 soil samples were initially used to define the elevated
area:

. o Samples K-716, K-717 and K-718 — Biased soil samples taken in an approximate 0.3
meter by 7 meter area to initially define the elevated area.
.o Samples K-719 and K-720 - Composite soil samples taken above and below the original
0.3 meter by 7 meter area to bound the elevated area.
e Samples K-721 and K-722 — Biased soil samples taken to the right and to the left of the
original area to bound the elevated area.

‘Based on the results of the initial 7 soil samples and supporting scan measurements, the
boundary of EMC-Z was extended to an area of approximately 1.2 meter by 17 meters (total
area of 21 m?). Subsequent biased soil samples (K-747 and K-749) were taken to confirm the
adjacent areas were below the general DCGLw value of 3.0 pCi/g Th-232 net. The activity
concentration within the 21 m? elevated arca was estimated as the straight (versus weighted by
arca) average of the initial 7 samples (K-716 through K-722). The average of the 7 samples
(5.20 pCi/g Th-232 gross) is conservatxve since the lower activity samples represent larger
areas. The DCGLgmc value for 21 m? is 8.0 pCi/g Th-232 net. o

Figure D-3, Attachment D shows the soil sampling locations for this elevated area. The
analytical results for the EMC-2 soil samples are presented below in Table 6.
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Table 6 — EMC-2 Soil Sample Results

Soil Gross Th-232 Std. Error MDC Net Th-232 | Net DCGL
Sample ID (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
K-716* 3.70 0.944 1.57 2.60 8.0
K-717 7.60 0.270 0.452 6.50 8.0
K-718* 5.47 1.04 1.57 437 8.0
K-719 1.75 0.153 0.378 0.65 8.0
K-720* 4.72 1.22 1.57 3.62 8.0
K-721* 4.70 1.21 1.57 3.60 8.0
K-722 8.46 0.345 0.590 7.36 8.0
K-747* 0.59 1.01 1.54 0.0 3.0
K-749* -0.60 1.02 1.54 0.0 3.0

*Counted only in the onsite Cave Counter.

Both elevated areas, EMC-1 and EMC-2 exhibited Th-232 activity concentrations below the
applicable DCGLgyc of 37.5 pCi/g (Th-232) for a 1 m? area and 8.0 pCi/g (Th-232) for a 21 m?
area respectively. An elevated measurement comparison (sum of fractions) was completed for
Survey Unit Kaiser-FSS-016 with a resulting sum of fractions of 0.79 compared to the
Acceptance Criteria of 1.0. The elevated measurement comparison is presented in the Section
3.2 of this report and the Elevated Measurement Worksheet is contained in Attachment D.
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the Retention Pond area resulted in an open
land area consisting of an excavation approximately 2,484 m? in area. This open land area, -
identified as Survey Unit Kaiser-FSS-016 is considered a Class 1 survey unit. The survey unit is
bournded to the south by Survey Unit Kaiser-FSS-020, to the east by Survey Unit Kaiser-FSS-
014 and the Specific Systems property, to the north by Survey Unit Kaiser-FSS-017, and to the
west by Survey Units Kaiser-FSS-018 and Kaiser-FSS-019 (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 ixcavation 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-016 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:

-0 The 100 percent coverage gamma scan indicated the presence of two elevated areas (one
on the east side wall and one on the south side wall) which were left in-place due to
structural integrity/safety issues associated with a neighboring property concrete drive.
Elevated measurement comparisons were required for these two areas (presented in
Section 3.2). _

o All 14 systematic soil sample results (net) were below the open land area surrogate value
of 3.0 pCi/g net Th-232 activity concentration (DCGLy).

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

3.2 Elevated Measurement Comparisons

Consistent with the MARSSIM and the DP, clevated areas and the total dose from soil are
evaluated as follows. Analytical results of soil samples are used to complete the clevated
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:

) +2 (6EMC 5)
DCGL DCGLEMC

where:
0 = is the average concentration of Th-232 over the entire survey unit,
demc = the average concentration of Th-232 over the elevated area (x) within the survey

unit,
DCGL = the DCGLy, for Th-232,
DCGLEgmc = (area factor for elevated area x) X (DCGLw),
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x = refers to one of the clevated areas within the survey unit, and
n = the total number of elevated areas within the survey unit.

The calculation for Survey Unit Kaiser-FSS-016 including two elevated areas is summarized
below in the Table 7.

Table 7 - Elevated Measurement Comparison and Fraction Summary

Unit / Unit Gross Net Net
Sample EMC Arca Th-232 | Th-232 | DCGL | Fraction | Sample
Date unit m? | @Cilg) | @Cilg) | (pCilg) ) Number
K-731
through
6/21/2005 | FSS-016 | 2,484 1.22 0.121 3.0 0.04 K-744
5/24/2005 | EMC-1 1 11.3 10.1 37.5 0.27 K-730
K-716
. through
6/15/2005 | EMC-2 21 5.20 398 | 8.0 0.48 K-722

3.3 Sum of Fractions for Entire Survey Unit

To e¢valuate the status of Survey Unit Kaiser-FSS-016 prior to backfill with below criteria
material (BCM), as a whole (excavation bottom/side wall surface soil, elevated areas, and
embzdded 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 8. As previously mentioned, no embedded structures
were: encountered within the survey unit.

Table 8 — Fraction of Applicable Acceptance Criteria per Survey Unit Element

Average
Net Acceptance

Survey Unit Element Units Activity Criteria Fraction
-FS5-016 Excavation Bottom Soil pCi/g 0.121 3.0 0.04
-Elevated Area EMC-1 (Soil) pCi/g 10.1 37.5 0.27
-Elevated Area EMC-2 (Soil) pCi/g 3.98 8.0 0.48 - |
-Embedded Structures (None Encountered) | dpm/100cm’. 0 0.00
TOTAL SUM OF FRACTIONS 0.79

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-016 meets the
DP acceptance criteria. '
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Soil Survey Unit Work Sheet No. 1
Fina] Status Survey
Thorium Remediation Project
Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-016

2. Description: __ Retention Pond Area, North of the Flux Building Area

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

4. Dimensions (m): Excavation Bottom — approximately 27 meters x 92 meters; Area, A (m?); 2,484

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

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

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

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

7. If the area of the Survey Unit is less than 2,000 m?, recalculate the corresponding Triangular Grid Node
Length (L,) for the Survey Unit Area (A), using the following formula: L; = (A/(0.866 x 9))"?: __16.0m

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

9.If A is greater than 2,000 m? and N is equal to 9, recalculate the minimum number of samples (N;)
corresponding to a Triangular Grid Node Length (L) of 16 m using the following formula N, = A / (0.866 x
16), N;: 11

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

formula: h= (L2 - (L/2))"%: 13.9 m.

Q:\P4000\PA4OT2\FSS Reports\Volume I\Survey Unit Kaiser-FSS-016\Attachment B - Soil Survey Unit Worksheets\Revised Attachrent BSo.il Survey Unit Worksheet No. 1Rdoc



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

SURVEY UNIT: KAISER-FSS-016
RANDOM START POINT
x axis ( Meters) y axis ( Meters) X axis y axis
8 58 lower bound 0 0
) ' upper bound 27 92

W

0
=
©
>
North
(0,0) X axis

QAPA000\F'A40T2\FSS Reports\Volume RSurvey Unit Kaiser-FSS-016\Altachment B - Soil Survey Unit Worksheets\Revised Attachment B\Soil Survey Unit Worksheet No. 2R
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'Outreach
b aboratory
t‘w leoken Arrow, OK 74012

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

%@ B ros
. 11108

July 1, 2005 | - ,},_ (/Ba/o\"

David Weyant

Kaiser Aluminum & Chemical
7311 E. 41st Street

Tulsa, OK 74145

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050480

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
June 22, 2005, 2005. Fifteen soil samples were received in good condition and analyzed
for Thorium-232 by Gamma Spectroscopy without drying and grinding and percent
moisture with an expedited 5 work-day turn. In addition, at your request, we reported

“Th-232, the 911 KEV peak, on a separate report.

"~ All Quality Control for the requested analyses is reported on the analytical report. The

laboratory control standard and duplicates for all analyses were w1th1n method control

" limits.

Your samples will be returned as requested.

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

Laboratory Djigégtor

ODEQ ID #9517
DEQ LIC. #27522-01

CERT.ID #OKOOI



Client:

Kaiser Aluminum

@; Client Project: Thorium Remediation
‘ s Lab Number: 20050480
Date Reported: 6/29/05
Outreach Date Received: 6/22/05
Laboratory Page Number: tof
1 North Aspen p—
token Arrow, OK 74012 ]
Ak .
Analytical Report
Method Result Units DL Prep Analysis  Analyst
Date Date
Lab ID: 20050480-01
Client ID: K-731
Date Sampled:  6/21/05 2:15:00 PM
Matrix: Soil
. Radiochemical Analyses
. Th-232 HASL 300 0.921 +/-0.090 pCi/g 0.368 6/22/05 SD
Inorganics Analyses
Percent Moisture ASTM D2216-92 118 % 6/24/05 6/28/05 RT
-Lab ID: 20050480-02
- Client ID: K-732
Date Sampled:  6/21/05 1:40:00 PM
Matrix: Soil
Radiochemical Analyses :
Th-232 HASL 300 1.03 +/-0.116 pCi/g 0.398 6/22/05 SD P
. : o Inorganics Analyses k_/-'
- Percent Moisture ASTM D2216-92 106 % 6/24/05 6/28/05 RT
LabID: 20050480-03
Client ID: K-733
Date Sampled:  6/21/05 1:48:00 PM
Matrix: Soil .
Radiochemical Analyses
Th-232 HASL 300 0.727 +/-0.064 pCi/g 0.166 6/22/05 SD
Inorganics Analyses
Percent Moisture ASTM D2216-92 170 % 6/24/05 6/28/05 RT
LabID: 20050480-04
~ Client ID: K-734
- Date Sampled:  6/21/05 1:55:00 PM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 1.05+/-0.115 pCi/g 0.365 6/22/05 SD
Inorganics Analyses .
Percent Moisture ASTM D2216-92 133 % 6/24/05 6/28/05 RT
-

BDL = Below Detection Limit



LG,

NARCL ATl

. ‘;‘:‘f Client Project: Thorium Remediation
. ‘ S Lab Number: 20050480
- Date Reported: 6/29/05
Outreach Date Received: 6/22/05
Laboratory Page Number: 20f5
l\l s’k?.?‘i"na‘é’?"é‘x 74012 :
A
. Analytical Report
Method Result Units DL Prep Analysis  Analyst
' Date - Date
Lab ID: 20050480-05
Client ID: K-735
Date Sampled:  6/21/05 2:23:00 PM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 0.712 +/- 0.076 pCi/g 0.161 6/23/05 SD
Inorganics Analyses
Percent Moisture ASTM D2216-92 223 % 6/24/05 6/28/05 RT
Lab ID: . 20050480-06
* Client ID: K-736
" Date Sampled:  6/21/05 2:30:00 PM
Matrix; Soil ¢
Radiochemical Analyses
Th-232 HASL 300 0.724 +/-0.056 pCi/g 0.192 6/23/05 SD
Inorganics Analyses
Lwi,,r Percent Moisture ASTM D2216-92 . 202 % 6/24/05 6/28/05- RT
Lab ID: 20050480-07 .
"Client ID: K-737
Date Sampleci:  6/21/05 11:42:00 AM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 0.555 +/-0.131 pCi/g 0.502 - 6/23/05 SD
: ' Inorganics Analyses
" Percent Moisture ASTM D2216-92 156 % 6r24/05  6/28/05 RT
Lab ID: 20050480-08
Client ID: K-738
Date Sampled: . 6/21/05 2:38:00 PM -
Matrix: Soil )
A Radiochemical Analyses
Th-232 HASL 300 1.22 +/-0.075 pCilg 0.301 6/23/05 SD
Inorganics Analyses '
Percent Moisture ASTM D2216-92 6/24/05 6/28/05 RT

“u vu BDL = Below Detection Limit
w :

227 %



‘,’ CACHLL NAISEr Aluminum
;';::;; Client Project: Thorium Remediation
‘ 29 Lab Number: 20050480
. Date Reported: - 6/29/05
L(a)ll;grri?g;y Date Received: 6/22/05
{ North Aspen . Page Number: 3of L
.oken Arrow, OK 74012
{918) 251-2515
FAX (918) 251-0008
Analytical Report
Method Result Units DL Prep Analysis  Analyst
Date Date .
Lab ID: 20050480-09
Client ID: K-739
‘Date Sampled:  6/21/05 11:36:00 PM
Matrix: Soil '
: Radiochemical Analyses
Th-232 HASL 300 0.838 +/-0.142 pCi/g 0.423 6/23/05 SD
Inorganics Analyses
Percent Moisture ASTM D2216-92 123 % 6/24/05 6/28/05 RT
‘Lab ID: 20050480-10
~ Client ID: K-740
Date Sampled:  6/21/05 11:30:00 AM
Matrix: Soil '
. Radiochemical Analyses
Th-232 HASL 300 1.16 +/-0.116 pCi/g 0.502 6/23/05  SD
- Inorganics Analyses . P
Percent Moisture ASTM D2216-92 - ' 129 % 6/24/05 6/28/05 RT i
LabID: 20050480-11
Client ID: K-741
Date Sampled:  6/21/05 11:20:00 AM
- Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 3.55+/-0.132 pCi/g 0.268 6/23/05 SD
Inorganics Analyses
Percent Moisture ASTM D2216-92 229 % 6/24/05 6/28/05 RT
Lab ID: 20050480-12
Client ID: K-742
Date Sampled:  6/21/05 11:10:00 AM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 0.939 +/-0.102 pCi/g 0.505 6/23/05  SD
Inorganics Analyses
Percent Moisture ASTM D2216-92 ° 204 % 6/24/05 6/28/05 RT
BDL = Below Detection Limit (-



. !’ - oleny Kaiser Aluminum
"{Q“‘f Client Project: Thorium Remediation
4‘ 3> Lab Number: 20050480
Date Reported: 6/29/05
Outreach Date Received: 6/22/05
Laboratory Page Number: 40f5
{ North Aspen
k Sken Arow, OK 74012
*18) 251-2515
FAX (918) 251-0008
‘ Analytical Report
Method Result Units - DL Prep Analysis  Analyst
Date Date
Lab ID: 20050480-13
Client ID: K-743
Date Sampled:  6/21/05 10:55:00 AM
Matrix: Soil
_ Radiochemical Analyses
Th-232 HASL 300 0.751+/-0.115 pCi/g 0.246 6/23/05 SD
. Inorganics Analyses )
Percent Moisture ASTM D2216-92 163 % 6/24/05 6/28/05 RT
_ LabID: 20050480-14
Client ID: K-744
. Date Sampled:  6/21/05 11:05:00 AM
* Matrix: Soil
' "Radiochemical Analyses
Th-232 HASL 300 1.66 +/- 0.092 pCi/g 0.282 6/23/05 SD
. Inorganics Analyses
‘\%y’ Percent Moisture ASTM D2216-92 200 % '624/05 6/28/05 RT
“Lab ID: 20050480-15
Client ID: K-746
Date Sampled:  6/22/05 9:10:00 AM
Matrix:’ Soil
Radiochemical Analyses
Th-232 HASL 300 5.76 +/- 0239 pCi/g 0.609 6/23/05 SD
Inorganics Analyses
Percent Moisture ASTM D2216-92 19.1 % 6/24/05 6/28/05 RT

\/ BDL=BelowDxtéction Limit



Client: Kaiser Aluminum

Client Project: - Thorium Remediation
Lab Number: _ 20050480
O ch Date Reported: : 6/29/05
Lall;trea' Date Received: ) 6/22/05
' oratory Page Number: N ) 5 of
1 North Aspen B
_roken Arrow, OK 74012
(918) 251-2515
FAX (918) 251-0008
QC Report
" Parameter * Blank LCS LCSD DUP MS MSD Date
. “REC wREC RPD RPD  %REC  oRpc RPD
Ac228 NC 623105
Ac228 ) NC "6123/05
. Am-241 89.0 91.0 238 623/05
Am-241 99.0 89.0 115 6123/05
Co-60 95.0 95.0 0.0 6123105
Co-60 ‘ 99.0 93.0 6.6 6/23/05
. Cs-137 95.0 96.0 1.0 . 6/23/05
Cs-137 : 1070 980 89 6n3n0s
Percent Moisture L 6.0 628/05

Lab Approval:

BDL = Below Detection Limit
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> ‘«’ Results To: ©  Company_\ApiMW . Ao § (him TAL, Bill To:
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My s!gnature on this chaln of custody form Indicates thnt 1 am authorized by the above company to release samples for analysis. The company agrees to pay the entire balarce uponmolpt
of sample data and it Is understood and agreed that any balance carried over thirty (30) days is subject to a 1.5% per month (18% per annum) fate charge. In the event of default, the‘company
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OUTREACH
” LABORATORY

311 North Aspen

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

CHAIN Or CUSTODY -

Results To:
Latal s,

Qi ~ I6Y,2:
Ox66

Celv, 72 -
7Q(‘L- m\"‘!\‘

Company. hA) in AL,MEQ o~ T '
Name, D‘N\!\ C'v \MA&L

Biil To:
Company\'?)s W\ o )Pz‘,v* (QQK

KT essm Y2 57
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: || Name

AddressTal_ & Y=k
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PO # \;\ Mg 2!2 Vi3 # | CONTAINER| PRESERVATIVE "% 1
c SRE 2 é - +
PROJECT # G’A - 0 1. HNOjpH< & a*-& N .
. N 2. ke<a"C
PROJECT NAME YRAYS: r 3 s g | T | pusmels S“CQ:MM < —d=d | <
* . ) 2 -
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~
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\

.
s

LINQUISHED BY: DATE,

oaf§-2? - o XTIME] Saw_RECEIVED BY:

TIME

My signature on this chain of custody fo
of sample data and it I« 1inderstood and agreed th
becomes legally fla 1y reasonabla attomey

RECEIVED BY:,

m Indlcacu that | am authorized by the above company to releass samples for analysis. The company agrees to pay the entire balnnco upon recseipt
at any balance carried over thirty (30) days is subject to a 1.5% per month (18% per annum) {ate chergs. in the event of defautt, the company

and/or collection fees and all related costs necessary to remit the entire balance to

SAMPLE RETURN/L - USAL: All nor-hazardous samples shall be disposed of 30 days after issue of final repost. At others will be

h Technologles, Inc. (Outreach Laboratory).

{

J at cllent’s expense,
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Date Received: 6/22/05 3:48:25P .

- Sample Client

Number . SampleID

Matrix

Date
Sampled

- .
SAMPLEF_ SIN

Lab Number: 20050480

Container
Type

Confainer-
Size

Preservation

Due:

Seal

c

6/23/05
Custody Seal

Intact

20050480-01 A K-731
Percent Moisture (LOD)
Th-232 by Gamma Spec

20050480-02 A K-732
Percent Moisture (LOD)
Th-232 by Gamma Spec

20050480-03 A K-733
Percent Moisture (LOD)
Th-~232 by Gamma Spec

20050480-04 A K-734
Percent Moisture (LOD)

Th+232 by Gamma Spec

20050480-05 A - K-735
Percent Moisture (LOD)
Th-232 by Gamma Spec

20050480-06 A K-736 -

" Percent Moisture (LOD)
Th-232 by Gamma Spec

20050480-07 A K-737
Percent Moisture (LOD)
Th-232 by Gamma Spec

20050480-08 A K-738
Percent Moisture (LOD)
Th-232 by Gamma Spec

20050480-09 A K-73§
Percent Moisture (LOD)
» Th-232 by Gamma Spec

20050480-10 A K-740

Soii

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil -

Soil

nn - tn -

Uo/LLiv

06/21/05
96/21/05
06/21/05
06/21/05

06/21/05

06/21/05

06/21/05

06/21/05

06/21/05

Fiastic

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

i6oz

16 0z

" 160z
16 oz

16 0z

160z
16 oz
i6 oz
16 oz

16 0z

ar
none

None

None

None

None

None

None

None

None

None

o
No

No

No
No
No

No

No

No

.o
N

No

No

No

No
No*

No

No
No

No

Page 1



rereent ure (L)
Th-232 | samma Spec

20050480-11 A K-741 Soil . 06/21/05 Plastic 160z _  None " No No
Percent Moisture (LOD)
Th-232 by Gamma Spec

20050480-12 A K-742 ~ Soil - 06/21/05 Plastic 16 0z None No No
Percent Moisture (LOD)
Th-232 by Gamma Spec

20050480-13 A K-743 Soil 06/21/05  Plastic 16 oz - None No No
Percent Moisture (LOD)
Th-232 by Gamma Spec

120050480-14 A  * K-744 ' Soil 06/21/05 Plastic 16 0z " None No No
Percent Moisture (LOD)
Th-232 by Gamma Spec

20050480-15 A K-746 Soil 06/22/05 Plastic 16 oz None No . - No
Percent Moisture (LOD) :

Th-232 by Gamma Spec

20050480-16 A K-750 ' Soil 06/22/05 Plastiq 16 oz None . No No
Percent Moisture (LOD) . .
Th-232 by Gamma Spec

(: | S | C -. _ _ o (\-.dgeZ



CONT4_  .INSPECTION }U ' ‘ ' % C ) 3
# Coolers _[_ Custody Seals Broken'- X/ Temperature M@ Blue Ice / Wet Ice Radiation Survey \9@ fixed removable
SAMPLE INSPECTION, . .

Custody Seals Broken - Chain of Custody Recorr@/N Labels in Tact@N Radiation Survey Complet@/N

Anomalles:

V/
Inspected By: i AL

QA or Designee Review:

Sample Custodian Review: ALY /N0 4

Project Notes:

Page 3




Client:

Kaiser Aluminum

BDL = Below Detection Limit

2 |
_ @f Client Project: Thorium Remediation
‘ S Lab Number: . 20050480
Date Reported: 6/29/05
'Outreach Date Received: 6122/05
' 'aboratory Page Number: lof
1 North Aspen e
wtoken Ammow, OK 74012
{918) 251-2515
FAX (918) 251-0008 .
Analytical Report
Method Result Units DL Prep Analysis  Analyst
Date Date
Lab ID: 20050480-01
Client ID: K-731
Date Sampled:  6/21/052:15:00 PM
‘Matrix: Soil ‘
. Radiochemical Analyses
Th-232 (911KEV) HASL 300 0.902 +/- 0.142 pCi/g 0.368 6/22/05
Lab ID: 20050480-02
Client ID: K-732
Date Sampled:  6/21/05 1:40:00 PM
" Matrix: Soil
Radiochemical Analyses
Th-232 (911KEV) HASL 300 ' 0.927 +/- 0.153 pCi/g 0.398 6/22/05  SD
"Lab ID: 20050480-03 S
_Client ID: K-733 (_
Date Sampled:  6/21/05 1:48:00 PM
Matrix: Soil
‘ Radiochemical Analyses
" Th-232 (911KEV) HASL 300 0.749 +/- 0.078 pCilg 0.166 6/220s SD
Lab ID: 20050480-04
Client ID: K-734
- Date Sampled:  6/21/05 1:55:00 PM
-Matrix: Soil ‘
Radiochemical Analyses
Th-232 (911KEV) HASL 300 1.09 +/-0.157 pCi/g 0.365 6/22/05  SD
LabID: 20050480-05
Client ID: K-735
Date Sampled:  6/21/052:23:00 PM
Matrix: Soil
Radiochemical Analyses
Th-232 (911KEV) HASL 300 ' 0.822 +/-0.094 pCi/g 0.161

6/23/05 SD



Client: ‘ Kaiser Aluminum

"" X Client Project: Thorium Remediation
‘ “«"’ Lab Number: 20050480
. Date Reported: - 6/29/05
. OUtrea(:h ) Date Received: 6/22/05
Laboratory - Page Number: 20f4
)1 North Aspen ' T
Joken Arrow, OK 74012
i B on |
Analytical Report
Method Result Units DL Prep Analysis  Analyst
Date Date
Lab ID: ~20050480-06
Client ID: K-736
" Date Sampled:  6/21/05 2:30:00 PM
Matrix: Soil
: Radiochemical Analyses .
Th-232 (911KEV) - HASL 300 0.874 +/- 0.096 pCilg 0.192 6/23/05  SD
Lab ID: 20050480-07
Client ID: K-737
Date Sampled:  6/21/0511:42:00 AM
Matrix: Soil
Radiochemical Analyses
Th-232 (911KEV) HASL 300 0.443 +/-0.201 pCi/g 0.502 6/23/05 SD
LabID: 20050480-08
Client ID: - K-738
\u. Date Sampled:  6/21/05 2:38:00 PM
Matrix: Soil
Radiochemical Analyses .
Th-232 (911KEV) HASL 300 1.30+/-0.109 pCi/g 0.301 " 6/23/05 SD
Lab ID: 20050480-09
Client ID: K-739
Date Sampled:  6/21/05 11:36:00 PM
Matrix: Soil
Radiochemical Analyses , :
Th-232 (911KEV) HASL 300 0.599+/-0.328 pCi/g 0.832 6/23/05 SD
LabID: 20050480-10
Client ID: K-740
Date Sampled:  6/21/05 11:30:00 AM
Matrix: Soil
) . Radiochemical Analyses
Th-232 (911KEV) HASL 300 1.35+/-0216 pCi/g 0.502 : 6/23/05 SD

& |/ BDL=Below Detection Limit



Client: . Kaiser Aluminum
Client Project: Thorium Remediation
Lab Number: 20050480
Date Reported: 6/29/05
Outreach Date Received: 6122105
aboratory * Page Number: .. 3 Of\_u‘
1 North Aspen
oroken Arrow, OK 74012
(918) 251-2515
FAX (918) 251-0008 :
- Analytical Report
Method Result Units DL Prep Analysis  Analyst
Date Date
Lab ID: 20050480-11
Client ID: K-741
Date Sampled:  6/21/05 11:20:00 AM
Matrix: Soil
: . Radiochemical Analyses
" Th-232 (911KEV) HASL 300 3.72+/-0.214 pCig 0.268 6/23/05 SD
~Lab ID: 20050480-12
Client ID: K-742
Date Sampled:  6/21/05 11:10:00 AM
Matrix: Soil
Radiochemical Analyses
Th-232 (911KEV) HASL 300 0.965 +/-0.191 pCi/g 0.505 6/23/05 SD
Lab ID: 20050480-13
.Client ID: K-743 (N
Date Sampled:  6/21/05 10:55:00 AM
Matrix: Soil
o . o Radiochemical Analyses
Th-232 (911KEV) HASL 300 142 +/-0.247 pCi/g 0246 .6/23/05 SD
LabID: 2005048014
Client ID: K-744
Date Sampled:  6/21/05 11:05:00 AM
Matrix: Sail '
: Radiochemical Analyses
Th-232 (911KEV) HASL 300 1.93 +/-0.163 pCi/g 0282 6/23/05 SD
LabID: 20050480-15
Client ID: K-746
Date Sampled:  6/22/05 9:10:00 AM
Matrix: Soil .
Radiochemical Analyses .
Th-232 (911KEY) HASL 300 6.04 +/-0.388 pCi/g 0.609 6/23/05 SD
BDL = Below Detection Limit N’



.= - Lent " Kaiser Aluminum

Client Project: Thorium Remediation
Lab Number: . . 20050480
Date Reported: 6/29/05
0utreach Date Received: 6/22/05
-Laboratory ' Page Number: : 4 of 4
1 North Aspen . - .. .
\ ken Aow, OK 74012 :
J18) 251-2515
FAX (918) 251-0008
QC Report
Parameter Blank LCS LCSD DUP MS MSD Date
%REC  o.REC RPD RPD %REC  ¢,REC RPD
Ac228 NC 6/23/05
Ac228 _ NC 623105
Am241 ’ 89.0 91.0 28 - 623105
- -Am-241 99.0 89.0 11.5 6/23/05
Co-60 : 95.0 950 00 ' 6123105
Co-60 : 99.0 93.0 6.6 6/23/05
Cs-137 : . 950 96.0 1.0 6/23/05
- Cs137 1070 980 89 ' 6235
Perceat Moisture - _ 69 672805
k‘h’?‘j ’ : Lab Approval:
. : o4

\ (. BDL=Below Detection Limit



- Laboratory

i North Aspen
~coken Arrow, OK 74012
(918) 251-2515 :
FAX (918) 251-0008

June 17, 2005

David Weyant

Kaiser Aluminum & Chemical
7311 E. 41st Street

Tulsa, OK 74145

. Project: Kaiser Thorium Remediation PA-4000-4072

OUTREACH LAB ID: 20050453

Dear Mr. Weyant:

* Please find enclosed the analytical report for your sa:ﬁples received in our laboratory on

June 16, 2005. One soil sample was received in good condition and analyzed for
Thorium-232 by Gamma Spectroscopy without drying and grinding and Percent
Moisture with an expedited 5 work-day turn. Results were faxed early on 6/17/05.

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

Your samples will be returned as requested.

Thank you for choosing Outreach Laboratory and if you have any questions, please call
us at 918-251-2515.
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Analytical Report
Method Result Units DL Prep Analysis  Analyst
Date Date
Lab ID: 20050453-01
Client ID: K-717
Date Sampled:  6/15/05 11:30:00 AM
. Matrix: Soil -
Radiochemical Analyses
- Th-232 HASL 300 ~ 7.60+4/-0.270 pCig 0.452 6/16/05  SD
Inorganics Analyses :
Percent Moisture ASTM D2216-92 226 % 6/16/05 6/17/05 RT
"LabID: 20050453-02
Client ID: K-719
Date Sampled:  6/15/05 11:40:00 AM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 1.75+/-0.153 pCi/g 0.378 6/16/05 SD
) Inorganics Analyses '
h‘dulr’ Percent Moisture ASTM D2216-92 123 % - 6/16/05 6/17/05 RT
Lab ID: 20050453-03
Client ID: K-722
_ Date Sampled:  6/15/05 11:55:00 AM
Matrix: Soil
Radiochemical Analyses
Th-232 HASL 300 8.46 +/-0.345 pCi/g 0.590 6/16/05 SD.
~_ Inorganics Analyses
Percent Moisture ASTM D2216-92 208 % 6/16/05 6/17/05 RT
~
BDL = Below Detection Limit
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