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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-016
Survey Unit Kaiser-FSS-016

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
Kaiscr-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
in2 . It is bounded to the south by Survey Unit Kaiser-FSS-020, to the east by Survey Unit
Kaisr-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
prop 2rty 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 concerns. 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:

* 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
gamma scan of the exposed surface soil and systematic soil sampling.

2.1.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom and side walls) 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
(cpmn) 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 m2 surface area. The results ranged from 17,219 cpm to 67,100 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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TabIle 1 - Gross Gamma Scan Results Summary
Survey Area: 2,484 m}
Number of Scan
Measurements (2-Second 3,748
Intervals)
Scan Rate: 0.33 m/s

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

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 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 DCGLW for the site). As part of the gross gamma survey, 10
biased 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
onsite in a lead cave. Results of the sample screening are presented below in Table 2. The
sample screening levels were below the DCGLW for the site.

Table 2 - Biased Soil Sample Screening Results
Cave Counter

Screening Results Std. Error MDC
Soil Sample ID (pCi/g) (pCi/g) (pCilg)
DCGLw 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 rn2 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 (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)b (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

Mininum 0.443
Maximum 3.72
Median 0.946
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K.- All 14 systematic soil sample results (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 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/a). Delta is equal to the DCGL minus the lower-bound gray region
(LB'TR) 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 ])CGL 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 using the measured variance of 0.812. The
resulting N for a standard Class 1 survey unit of 2,000 m2 is 14 (MARSSIM Table 5.3) and for a
2,46;4 m2 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-0 16.

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 pCi/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 DCGLW (3.0 pCi/g), then the survey unit meets the release
criterion. Table 4 presents a summary of the data used to complete the statistical evaluation of
the survey unit.
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Table 4 - Reference Group and Survey Unit Sample Results
Reference Sample ID Th-232 Survey Unit Sample ID Th-232

Giroup (pCi/g) Group (pCi/g)
RI 229 1.22 Si 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
R8 124 1.07 S8 K-738 1.30
R9 354 0.96 S9 K-739 0.599

RIO 109 1.27 SlO K-740 1.35
Rh1 215 1.13 Sll 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: 21 Average: 1.22
Std. Den: 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 Areas

During 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
thxa Ii m2. The following three soil samples were used to define the area:

* 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 m2 elevated area (EMC-1).

* 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).

* 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.
analytical results for the EMC-1 soil samples are presented below in Table 5.

Table 5 - EMC-1 Soil Samule Results

The

Soil Gross Th-232 Std. Error MDC Net Th-232 Net DCGL
Sample ID (pC g)(pCi/g) (pCi/g) (pCi/g) 4 (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 conservative assessment of the elevated area was performed by assuming the area extends to 1
m2 and that the result for Soil Sample K-730 represents the activity concentration of the entire 1
m2 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 m2. The following 7 soil samples were initially used to define the elevated
area:

* 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.

* 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.

* 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-2 was extended to an area of approximately 1.2 meter by 17 meters (total
area of 21 m2). 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 m2 elevated area was estimated as the straight (versus weighted by
area) 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 conservative since the lower activity samples represent larger
areas. The DCGLEMc value for 21 m2 is 8.0 pCi/g Th-232 net.

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 4.37 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

*Colmted only in the onsite Cave Counter.

Both elevated areas, EMC-1 and EMC-2 exhibited Th-232 activity concentrations below the
applicable DCGLEMc of 37.5 pCi/g (Th-232) for a 1 m 2 area and 8.0 pCi/g (Th-232) for a 21 rn2

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
Aco-ptance 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 m2 in area. This open land area,
identified as Survey Unit Kaiser-FSS-016 is considered a Class I survey unit. The survey unit is
bounded 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 Excavation Bottom/Side Wall Surface Soil 1

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:

'M 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).
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 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, elevated areas and the total dose from soil are
evaluated as follows. Analytical results of soil samples are used to complete the elevated
measurement comparison. If residual radioactivity is found in a localized area of elevated
activity--in addition to the residual radioactivity distributed relatively uniformly across the
survey unit--the Unity Rule is used to ensure that the release criterion has been met as follows:

S (& c8a X, (EMC - ) < I

DCGL X+, DCGLEmc

where:
8 = is the average concentration of Th-232 over the entire survey unit,
5EMc = the average concentration of Th-232 over the elevated area (x) within the survey
unit,
DCGL = the DCGLW for Th-232,
DCGLEMC = (area factor for elevated area x) X (DCGLw),
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x = refers to one of the elevated areas within the survey unit, and
n = the total number of elevated areas within the survey unit.

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

areas is summarized

Table 7 - Elevated Measurement Comparison and Fraction Summary
Unit / Unit Gross Net Net

S ample EMC Area Th-232 Th-232 DCGL Fraction Sample
Date unit ( (pCilg) (pCi/g) (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 3.98 8.0 0.48 K-722

3.3 Sum of Fractions for Entire Survey Unit

To evaluate 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
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
survzy 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
Surney Unit Element Units Activity Criteria Fraction
-FSS-016 Excavation Bottom Soil pCi/g 0.121 3.0 0.04
-Elevated Area EMC-I (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/lOOcmn 0 0.00
TO1AL SUM OF ERA CTIONS 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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Atbchmeot A, Figure 1
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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-016

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

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

4. Dimensions (m): Excavation Bottom - Dyroximately 27 meters x 92 meters; Area, A (m2): 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 m2 Class 1 survey unit are:

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

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

7. If the area of the Survey Unit is less than 2,000 in2, recalculate the corresponding Triangular Grid Node

Length (LI) for the Survey Unit Area (A), using the following formula: LI = (AI(0.866 x 9))I/: 16.0 in

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 L1 = (AI(0.866 x N))'": N/A

9. If A is greater than 2,000 m2 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), N: 11

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

formula: h = ((L2 (UJ2) 2)f: 13.9 In.

Q:\P4000\PA4072\FSS Repons\Volume rsurvey Unit Kaiser-FSS.Ol6WAtacment B -Soil Survey Unit Workshlts\Revised Attachment WSoil Survey Unit Worksheet No. IRdoc



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-1 6

RANDOM START POINT
3 . 0 ........... .....................

I
x axis ( Meters) y axis ( Meters)

8 1 58 1
,

lower bound
upper bound

x axis y axis

2 1 0

.O
w

North
U

(0,0) x axis
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LABORATORY ANALYTICAL RESULTS



I A - 0'Outreadc
' aboratory
lINorth Aspen

/ k~kAn Arrow, OK 7401 2
(918) 251-Z515
FAX (918) 251-0008

///OA

July 1, 2005 /;q _ (/, o 0t \-

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 S 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 within method control
limits.KQ.t
Your samples will be returned as requested.

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

ODEQ ID #9517
DEQ LIC. #27522-01

CERT. ID #OK001



Outreach
Laboratory

I North Aspen
,roken Arrow, OK 7401Z
(928) 251-2515
FAX (918) 25-0008

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

Analytical Report

Result Units DL Prep
Date

Kaiser Aluminum
Thorium Remediation

20050480
6129/05
6/22/05

1 of

Method Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050480-01
K-731
6121/052:15:00 PM
Soil

Radiochemical Analyses
HASL 300 0.921 +/- 0.090 pCi/g

Inorganics Analyses
ASTM D2216-92 11.8 %

0.368 6/22/05 SD

6/24/05 6/28/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

1T-232

Percent Moisture

20050480-02
K-732
6121/05 1:40:00 PM
Soil

Radiochemical Analyses
HASL 300 1.03 +/-0.116 pCilg

Inorganics Analyses
ASTMD2216-92 . 10.6 %

0.398 6/22/05 SD

6124/05 6128/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050480-03
K-733
6/21/05 1:48:00 PM
Soil

Radioebemical Analyses
HASL 300 0.727 +/- 0.064 pCi/g

Inorganics Analyses
ASTM D2216-92 17.0 %

0.166 6/22/05 SD

6/24/05 6/28/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

lh-232

Percent Moisture

20050480-04
K-734
6/21/05 1:55:00 PM
Soil

Radlochemical Analyses
HASL 300 1.05+/-0.115 pCi/g

Inorganics Analyses
ASTM D2216-92 13.3 %

0.365 6/22/05 SD

6124/05 6/28/05 RT

BDL = Below Detection Limit



Outreach
Laboratory
I NorWt Aspen
aken rrow, OK 7401Z

t8) 251-Z5;5
FAX (918) 25 10008

*- . ZIkvlt.

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

Thorium Remediation
20050480

6/29/05
6/22/05

2 of5

Analysis Analyst
Date

. Analytical Report
Result UnitsMethod DL Prep

Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050480-05
K-735
6/21/05 2:23:00 PM
Soil

Radiochemical Analyses
HASL 300 0.712 +/- 0.076 pCi/g

Inorganics Analyses
ASTM D2216-92 22.3 %

0.161 6/23/05 SD

6/24/05 6/28/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

. 20050480-06
K-736
6/21/05 2:30:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.724 +/- 0.056 pCi/g
Inorganics Analyses

92. 20.2 %

0.192 6/23/05 SD

" ! Percent Moisture ASTM D2216-! 6/24/05 6/28/05 - RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050480-07
K-737
6/21/05 11:42:00 AM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.555 +1- 0.131 pCifg
Inorganics Analyses

92 15.6 %

0.502 6/23/05 SD

'Percent Moistire ASTM D2216-! 6/24/05 6/28/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050480-08
K-738

.6/21/05 2:38:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

1.22 +/- 0.075 pCi/g

Inorganics Analyses
92 22.7 %

0.301 6/23/05 SD

Percent Moisture ASTM D2216-' 6/24/05 6/28/05 RT

BDL =Below Detection Limit



Outreach
Laboratory

I North Aspen
.oken Arrow, OK 7401 Z

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

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

rNwster MiumMum

Thorium Remediation
20050480

6t29/05
6/22/05

3 of

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050480-09
K-739

6/21/05 11:36:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.83 8 +/- 0.142 pCilg
Inorganics Analyses

92 12.3 %

0.423 6/23/05 SD

Percent Moisture ASTM D2216-4 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

Th-232 HASL 300
Radiochemical Analyses

1.16+/-0.116 pCilg
Inorganics Analyses

92 12.9 %

0.502 6/23/05 SD

Percent Moisture ASTM D2216-S 6/24/05 6/28/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050480-11
K-741
6/21/05 11:20:00 AM
Soil

Radiochemical Analyses
HASL 300 3.55 +/- 0.132 pCi/g

Inorganics Analyses
ASTM D2216-92 22.9 %

0.268 6/23/05 SD

6/24/05 6/28/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050480-12
K-742
6/21/05 11:10:00 AM
Soil

Radiochemical Analyses
HASL 300 0.939 +/- 0.102 pCi/g

Inorganics Analyses
ASTM D2216-92 20.4 %

0.505 6/23/05 SD

6/24/05 6/28/05 RT

BDL = Below Detection Limit



Outreach
Laboratory

Noh Aspen
L ,ken Arow. OK 74012

FA8 2918)-2515
FAX (918) 251-0008

l- t.aiem:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Raiser Alummum
Thorium Remediation

* 20050480
6/29/05
6/22/05

4of5

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

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

20050480-13
K-743
6/21/05 10:55:00 AM
Soil

Radiochemical Analyses
HASL300 0.751 +/-0.115 pCi/g

Inorganics Analyses
ASTM D2216-92 16.3 %

* Th-232

Percent Moisture

0.246 6/23/05 SD

6/24/05 6/28/05 RT

Lab ID:
Client ID:

: Date Sampled:
' Matrix:

20050480-14
K-744
6t21/05 11:05:00 AM
Soil

'Radiochemical Analyses
HASL 300 1.66 +/- 0.092 pCi/g

Inorganics Analyses
ASTM D2216-92 20.0 %

Th-232

g Percent Moisture

0.282 6/23/05 SD

'6/24/05 6/28/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:'

Th-232

Percent Moisture

20050480-15
K-746
6/22/05 9:10:00 AM
Soil

Radiochemical Analyses
HASL 300 5.76 +1- 0239 pCilg

Inorganics Analyses
ASTM D2216-92 19.1 %

0.609 6/23/05 SD

6/24/05 6/28/05 RT

Bout BDL = Below Detection Limit



Outreach
Laboratory

I Nortt Aspen
,roken Arow, OK 74012
(918) 251-2515
FAX (918) 251 -0008

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

Kaiser Aluminum

Thorium Remediation
20050480

6129105
6/22/05

5 of
%,_P'

QC Report

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

Ac228 NC 6123/05

Ac228 NC 6/23/05

* Am-241

Am-241

Co-60

Co60

Cs-137

Cs-137

Percent Moisture

89.0 91.0 2.8

99.0 89.0 1 1.5

95.0 95.0 0.0

99.0 93.0 6.6

95.0 96.0 1.0

107.0 98.0 8.9

6/23/05

6/23/05

6r23/05

623/05

6/23105

6/23105

6n2uo056.0

Lab Approval:

BDL = Below Detection Umit



.JUTREACH
LABORATORYq i%

t-o, L. 1%4

CHAIN -CUSTODY C'
ResultsTo: Company 1AMv>rt ., ) $ (L C-tti tLA,
I . Name C4A-1-1 p. -,^ainDL

Address :1j\ $' l - X1 yt M.

Bill To:

Company , la /R Foe-
NamerAN)'0 n.3bliLn 1^X

el
Address 14') C^e. 1- t d v

311 Nort Aspen
Broken Arrow, OK 74012
Phone: (918) 251-2515
Fax: (918) 251-0008 C3 0'1 I

City 4r -ASA State-0 > Zip-741...

Phone7' -9'1' i Y3I Fax#0q1 tM -*3I 1 City A -11 A State 0 Zip'i ' I S,-
-mw--

*1L=
PO #
PROJECT # -. % LI " 7 L
PROJECTNAME Rt (-)CM

REQUESTPD.TURNAROUNDTIME C N Al -t. A '

(ADDITIONtL CHARGES MAXAPPLY)

SAMPLER Am~ Cj4 \>C) Y

C
0
N
T
A

N
E
R
5

SIZE

PLASTIC
OR

GLASS

dA. - !(

1.
2.
3.
4.
S.

CONTAINER PRESERVATIVE
#

HNO3 pHI-
lce .4'C
MCI pHd
H2SO4 PHd
NsON p1611

Cl)

1cJ

-I

A.!11
,0 ,
-j 4

.I)-'a .d
t Q

o -

-0'

.. '
RI

/ .E.FLTER
GRAB,

V-_NP,,& Rgna~ee\s'^hWt}/ ) EMARKS
ED, UNFILTERED,
COMPOSiTE)k jI WENT SAAUII

ID
DATEI

SU'tE 1
TIME

SAMPtfD Mm

+s + . l s- ' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __| Xfl X r e l

I~3 -'1% A"Cl1l -- t _V xrll<l % 1- I I I v _
.!pSo A '. _____________z _ 1 _

h-1 -b -? ___91R <uf1Xxqi E-l.--IL23

-1 ' .I I I v _ _ =-e X
-i, .M, 21-4__ X X X

) , I a)- I. -_ . I '. . . X - -.

V\~v ______r

_7A

I ! t / / II I - -= -

IV> IMd....RECEIVED BY'DATE*A____ME _IREL- ___ __

DATE TIME. RECEIVED 8Y:_________ _ DATE__ME_
My signature on tIls chain of custody form IndIcates tat I am authorized by the above company to release samples for anayIs. The company agrees to pay the entIre balance upon jceipt
of sample data and it Is understood and agreed that any bilance canried over thirty (30) days Is subject to a 1.5% per month (1 8% per annum) fate charge. In the event o default hecompany
becomes legally Pable for any reasonable attorney and/or collection fees and ial related coats necefsary to remIt the entire balance to Outreach Techndolges, Inc. (Outreach Laborstory).

" ^." .u I' n .fifi.^al rswt. AN othei win be returned atcelrinra expense.



e' OUTREACH
LABORATORY

CHAIN Or CUSTODY
Results To: company )6AsW4-4t j 92.g Ct- rl . tbt , - rBill To: I

CompanyMA;9Wp^)Qi (16 Z #R --tic-A L. Name Ok 1Y f1! G, X YA ItL-
9 lf6 .tA i-km vJ / >A .A. IN A. .

. - - . --- -- * . ._,

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

Q7in .77-
City -AASA state61Zip 7 'LI IY qA,

Phonr _1 Yl - Fax 49L ° a L

AefratQ-flhi . C - 1-- Ak_ _ V ., "1[/I -1 --- - � - - - . - . . I -

city _S

PO#

PROJECT #

PROJECT NAME

V,11,%t1 4-:7L

q7 4ah L 4s2<
% I - AI 4a £ H% I

C
0
N
T
A

N
E
R
S

REQUESTED IURNAROUND TIME
(ADDITIONAL IRAGESMA' APPLY)

SAMPLER Ki(IuAL L
CNJ /RtaMr? L

CONTAINER
SIZE

PLASTIC
OR

GLASS

PRESERVATIVE
I

1. INO3 pH4
2. ic <4-C
3. HCipH<2
4. H2SO4 pH<2
S. NaOH pHi4tt 4,P.

.r-
It

-41
�d�

I,

. --
1I '

.C=-

-�l
1�

0
Ir

4� "
Aq

Ir-

-a-

Va

-I-

r

C)
-I

1�I
REMARKS

(.E. FILTERED, UJNFITERED,
GRAB, COMPOSITE)-. ._ y - . t I ---

VIlEuo SAMWU
ID SZUIP SAMPUfD MATX

, -.J~ 1E _v- _ _ __ _ _

-. =A ' I

v-? t. J / N_. . / . /

[ I 1S E I 11''5

' ~. f/l_ ,

I -GaatI : l 11 Z_IIIr1 -~II Ir. .a AsS.

|R B:TIME RECEIVED DATYq.DA~i-ME152-

BY D ATE TIMEi RECEIVED BY: DATE- TiMEi_-

My signature on this chain of custody form indicates that I am authorized by the above company to release rmplebs for analysIs. The company agrees to pay the entire balance upon receipt

of sample data and It Ixt 'nderstood and agreed that any balance carried over thirty (30) days Is subject to a 1.5% per month (18% per annum) late chare. In the vnt of deaul te company

becomes legally iist( -y reasonable attorney and/or collection fees and all related costs necessary to remit the entire balance to t h Technologies, Inr. (Outreach Laboratory).

SAMPLE RETURt L- JSAL All non-hazardous sample shall be disposed oi 30 days after issue of inal report Al others will be r( J at cloet's expense.



/C
SAMPLIL7 .IN 4?

Date Received: 6/22/05 3:48.25 P. Lab Number: 20050480

* Sample
Number

Client
Sample ED

Date
Sampled

Container
Type

Container.
Size

Due: 6123105

Custody Seal
Seal IntactMatrix Preservation

2OurU45U-U1 A &-73i
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil -i. I.u
Unto YOU) Plastic iooz None IN ±' M u

20050480-02 A K-732
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

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

Soil

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

Th-232 by Gamma Spec

Soil

06/21/05 Plastic

06121/05 Plastic

06/21/05 Plastic

06/21/05 Plastic

06/21/05 Plastic

16oz

16oz

16oz

16oz

16oz

None

None

None

None

None

No No

No No

No No

No No

No No

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

Soil

Soil

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

Soil 06/21/05 Plastic 16oz None No No

20050480-08 A K-738
Percent Moisture (LOD)

Th-232 by Gamma Spec

20050480-09 A K-739
Percent Moisture (LOD)

I Th-232 by Gamma Spec

Soil

Soil*

06/21/05 Plastic

06121/05 Plastic

16 oz

16oz

None No No

NoNone No

20050480-10 A I-740 Soil 06121105 Plastic 16 oz None No No

Page I



rercenm ure (Lvu)

Th-232 .,iamma Spec

20050480-11 A K-741
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 06/21/05 Plastic

06/21/05 Plastic

16oz

16 oz

None

None

No No

No No20050480-12 A K-742
Percent Moisture (LOD)
Ih-232 by Gamma Spec

Soil

20050480-13 A K-743
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil 06)o21/05 Plastic

06/21/05 Plastic20050480-14 A K-744
Percent Moisture (LOD)
Th-232 by Gamnma Spec

Soil

16oz

16 oz

16oz

None No

None No

No

No

No20050480-15 A K-746
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 06n22/05 Plastic None No .

20050480-16 A K-750
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil 06/22/05 ' Plastic 16oz None No No

1.

C C ( . dge 2



C-%PT11A 2f7- 1V
Overl rtIN .U~rrl m 1enJII

# Coolers Custody Seals Broken Temperature Blue Ice / Wet Ice Radiation Surey Rafixed removable

SAMPLE INSPECTION o *eH

Custody Seals Broken - 01Chain of Custody Recor&IN Labels in Tact ;N Radiation Survey CompletI/N

Anomalies:

Inspected By: DATE 4- 22i<

QA or Designee Review: D ATE>-~~

Sample Custodian Review: / A _0S

Project Notes:

Page 3



Client:

Client Project:

Lab Number:.

Date Reported:
Date Received:

Page Number:

Kaiser Aluminum

Thorium Remediation

20050480

6/29/05
6/22/05

I of
v11

Outreach
'aboratory

I North Aspen
broken Arrow, OK 74012
(918) 251-2515
FAX (918) 251-0008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:

Client ID:

Date Sampled:
Matrix:

Th-232 (91 IKEV)

20050480-01

K-731

6121/05 2:15:00 PM
Soil

Radiochemical Analyses
0.902 +/- 0.142 pCi/gHASL 300 0.368 6/22/05

Lab ID:

Client ID:

Date Sampled:
Matrix:

20050480-02

K-732
6/21/05 1:40:00 PM

Soil
Radiochemical Analyses

0.927 +/- 0.153 pCi/gTh-232 (91 1KEV) HASL 300 0.398 6/22/05 SD

Lab ID:

Client ID:

. .. Date Sampled:

Matrix:

*Th-232 (91 IKEV)

20050480-03

K-733

6/21/05 1:48:00 PM

Soil

Radiochemical Analyses
0.749 +/- 0.078 . pCilgHASL 300 .0.166 6/22/05 SD

Lab ID:
Client ID:
Date Sampled:

-Matrix:

Th-232 (91 IKEV)

20050480-04

K-734

6121/05 1:55:00 PM

Soil
Radiochemical Analyses

1.09 +/- 0.157 pCVgHASL 300 0.365 6/22/05 SD

Lab ID:

Client ID:

Date Sampled:

Matrix:

20050480-05

K-735

6/21/05 2:23:00 PM

Soil
Radlochemical Analyses

0.822 +/- 0.094 pCi/gTh-232 (91 IKEV) HASL 300 0.161 6/23/05 SD

BDL- Below Detection Limit



FI

Outreach
laboratory

I,, .North Aspen
_ Aoken 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

20050480
6/29/05
6/22/05

2of4

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

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

20050480-06
K-736
6/21/05 2:30:00 PM
Soil

Radiochemical Analyses
0.874 +/- 0.096 pCi/gTh-232 (91IKEBV) HASL 300 0.192 6/23/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232 (91 1KEV)

20050480-07
K-737
6/21/05 11:42:00 AM
Soil

Radiochemical Analyses
0.443 +/- 0.201 pCi/gHASL 300 0.502 6/23/05 SD

Lab ID:
Client ID:

J Date Sampled:
Matrix:

Th-232 (91IKE.V)

20050480-08
K-738
6/21/05 2:38:00 PM
Soil

Radiochemical Analyses
1.30 +/- 0.109 pCi/gHASL 300 0.301 6/23/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232 (91 IKE:V)

20050480-09
K-739
6/21/05 11:36:00 PM
Soil

Radiochemical Analyses
0.599 +/- 0.328 pCi/gHASL 300 0.832 6/23/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232 (91 IKE:V)

20050480-10
K-740
6/21/05 11:30:00 AM
Soil

Radiochemical Analyses
1.35 +/- 0.216 pCi/gHASL 300 0.502 6/23/05 SD

VN ; 1 BDL Below Dlection Limit



Client:

Client Project:
Lab Number:

Date Reported:
Outreach Date Received:

'aboratory Page Number:
i North Aspen

oroken Arrow. OK 74012
(918) 251-2515
FAX (918) 251 A0008

Kaiser Aluminum
Thorium Remediation

20050480
6129105
6/22/05

3 of<,

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232 (91IKEV)

20050480-11
K-741
6/21105 11:20:00 AM
Soil

Radiochemical Analyses
3.72 +/- 0.214 pCfgHASL 300 0.268 6/23/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050480-12
K-742
6121/05 11:10:00 AM
Soil

Radiochemical Analyses
0.965 +/- 0.191 pCi/gTh-232 (91 IKEV) HASL 300 0.505 6/23/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050480-13
K-743
6t21/05 10:55:00 AM
Soil

Radiochemical Analyses
1.42 +/- 0.247 pCi/gTh-232 (911IKEV) HASL 300 0.246 6/23/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050480-14
K-744
6/21/05 11:05:00 AM
Soil

Th-232 (91 IKEV)
Radiochemical Analyses

1.93 +/-0.163 pCilgHASL 300 0.282 6/23/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050480-15
K-746
6122/05 9:10:00 AM
Soil

Radiochemical Analyses
6.04+/-0.388 pCi/gTh-232 (91 IKEV) HASL 300 0.609 6/23105 SD

BDL = fBclow Detection Limit



Outreach
Laboratory

1 North Aspen .eiken Mow, OK 74012~-t18) 251-2515
FAX (918) 251-0008

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

* Kaisfr Alumiinum
Thorium Remediation

.20050480
6/29/05
6/22/05

4of4

QC Report

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

Ac22S

Ac228

Am-241

Am-24 1

Co-60

Co-60

Cs-137

Cs-137

Peacnt Moistie

NC

NC

89.0

99.0

95.0

99.0

95.0

107.0

91.0

89.0

95.0

93.0

96.0

98.0

2.8

11.5

0.0

6.6

1.0

8.9

6123/05

6/23105

6123105

6123/05

6123/OS

6123105

6123/05

6123/05

6128/056.0

Lab Approval:

BDL = Bclow Detection Limit



Outreach
kaboratory

I Nofth Aspen Jue1720
-okenAOK7401 June 17, 2005
(918) 251-2515 - f ,j -/2
FAX (918) 251-0008

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

Project: Kaiser Thorium Remediation PA-40004072
OUTREACH LAB ID: 20050453

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples 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. L>

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.

Labo oct

ODEQ ID #9517
DEQ LIC. #27522-01

CERT. ID #OKOO1

K-y



Outreach
laboratory

,l NorthAspen
a IJjken Anow. OK 74012
(918) 251-2515
FAX (918) 25140008

Client:
*Client Project:

Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050453
6/17/05
6/16/05

1 of 2

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050453-01
K-717
6/15105 11:30:00 AM
Soil

Radiochemical Analyses
7.60 +/- 0.270 pCi/g* Th-232

Percent Moisture

HASL 300

ASTM D2216-!

0.452 6116/05 SD

92
Inorganics Analyses

22.6 % 6/16/05 6/17/05 RT

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

Th-232

Yi Percent Moisture

20050453-02
K-719
6115/05 11:40:00 AM
Soil

R-,
UASL 300

ASTM D2216-92

idiochemical Analyses
1.75 +/- 0.153 pCi/g

Inorganics Analyses
12.3 %

0.378 6/16/05 SD

6/16/05 6/17/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050453-03
K-722
6/15/05 11:55:00 AM
Soil

Th-232 HASL 300
Radiochemical Analyses

8.46 +1- 0.345 pCi/g

Inorganics Analyses
92 20.8 %

0.590 6/16/05 SD.

Percent Moisti re ASTM D2216-! 6/16/05 6/17/05 RT

I-

,, DL Below IDetection Limit



Outreach
'aboratory

I North Aspen
broken Arrow. OK 7401Z
(918) 251-2515
FAX (918) 251-0008

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

Kaiser Aluminum
Thorium Remediation

20050453
6/17/05
6/16/05

2'of ,.

QC Report

Parameter Blank LCS LCSD DUP NIS MISD Date
%REC %REC RPD RPD %REC %REC RPD

Ac22. 10.5 6116/05

Am-241

Co-60

*Cs-137

Percent Moisture

24.0 101.0

100.0 100.0

99.0 100.0

6.8

0.3

1.3

6116/05

6/16/05

6/16/05

6/17/052.5

Lab Approval:

* BDL= Below Detection Limit



OUTREACH CHAIN'--. CUSTODY _

TResults To: Company 1Y r, :yht Bill To:LABORATORY L-tAL-ql .N Company )trfAt}/a R -
leAddrss I14. M V7rZ-T Namre A S~1! IT-W&44 IRAN Aa--311 North Aspen C tAa ez Address 1 ,4fl ,

Broken Arro~,0OK 74012 * 7 A1 I
Phone: (918) 251-2515 1 60C 7 co '- -ity r4A Statep-Q i Rdc Li Mtyv a.H AAs S . .. lZ 271 /Y
Fax: (918) 251-0008 |PhOnI7!!: 1'3rl Fax City . State oG zip7ILyX

_ - Dh gS

PO# 14 A%'SR. ttX 7C CONTAINER PRESERVATIVE
C SIZE N

PROJECT# PiA b M- ,. . 0 1. HN03pH<d

PROJECTNAME _ _ Z__i T PLASTIC 3. NClpHd/
A OR 4. H2SO4 PH4 JtREQUESTED URNAROUND TIME tS. NAOR pHJ11/

W(ADDIIO tze ttI f1 A2=

(ADTOA ES MAY AkP Y) N A71

E 4. 4)
SAMPLER reR REMARKS

r S '//

S . (I;0, .E. FILTERED, UNFILTERED,
WEJ5 MI~ UNT SAR! DATE TIME ~ tGRAS, COMPOSITE

ID SAMpLED SAMPLD MAtIX .

WNW IP71 -1 I-i I,- Ihc- Is - Ic-' ptrS
, 1 -6 _'% _ 7_

/*t _., _ .

DAT 9 1_ Yt iME~rECEIVED BY DATE//4i1M .. JZ $

My signature on tinis chain of custody torm Ind'cates tha 1 am authordzed by tho above ComPany to release samples for anaysis. The company agr es to pay the enire balane upon recept ; D*t*>X¢
ot sample data andIt Is understood and agreed that any balance carried over tllrty (30) dayspb sublect to a 1.5%#perrmnt (18%per annum) lat, charge. In the evnt oidefut uithe company ireg>s ;

.becomes tegaity liable for any reasonable attorney and/or collection tees and ail related costs necessary to remit the entire balance to Outreach TechnologIes, Inr. (Otreach Labor tory) .Efi .=
ae^-. nM-A nclsm<vsAL Al non-hazardous samoles shall be disposed of 30 days alterlIssue of final report. Allothers wIll be returned at clienra expense. -

.4. - ,J



SAMPLE 1 A1N

Date Received: 6/16/05 7:52:17.A

Sample Client
Number Sample ID

20050453-01 A K-717
Percent Moisture (LOD)
Th-232 by Gamma Spec

Lab Number:

Date
Sampled

06/15/05

20050453

Container
Type

Plastic

Due: 6/23105

Custody Seal
Seal IntactMatrix

. Soil

* Container
Size

16 oz

Preservation
-

None No No

20050453-02 A K-719
Percent Moisture (LOD)

Th-232 by Gamma Spec

20050453-03 A K-722
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil 06/15/05 Plastic

06/15/05 Plastic

16 oz

16oz

None

None

No No

No NoSoil

CONTAINEa INSPECTION i}
4 Coolers L Custody Seals Broken - Temperature 4 Blue Ice / Wet Ice Radiation Survey fixed removable

SAMPLE I SPECTION

Custody Seals Broken Chain of Custody Recor43N Labels in Tac'N Radiation Survey Completg N

Anomalies:

InspectedBy: DATE (-e LI -0S
QA or Designee Review: a DATE aL/

Sample Custodian Review:

Project Notes:

C ,C ( _ge I



Outreach
Laboratory

I North Aspen
i , _ken Arrow. OK 74012

FAX (918) 251-0008
June 7, 2005

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

I91 t /7 15byj - //a~ 5-

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050390

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
May 25, 2005. Three 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. Preliminary results were faxed May 27,
2005.

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

Your samples will be returned as requested.

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

Laboratory.
r

ODEQ ID #9517
DEQ LIC. #27522-01 < ERT D

CERT. II) #OK001
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Outreach
Iaboratory

1 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

20050390
6/6/05

5/25/05
1 of

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050390-01
K-728
5/24105 3:20:00 PM
Soil

Radiochemical Analyses
HASL 300 2.00 +1- 0.122 pCVg

Inorganics Analyses
ASTM D2216-92 18.9 %

0.452 5/25/05 SD

5/25/05 5/26/05 MD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050390-02
K-729
5/24/05 3:35:00 PM
Soil .

Radiochemical Analyses
0.777 +/- 0.045 pCi/gTh-232 HASL 300 0.280 5/25/05 SD

Inorganics Analyses
ASTM D2216-92 19.5 %Percent Moisture 5/25/05 5/26/05 MD

Lab ID: 20050390-03
Client ID: K-730.
Date Sampled: 5/24/05 3:45:00 PM
Matrix: Soil

Th-232 HASL 300
Radiochemical Analyses

11.3 +/- 0.461 pCi/g
Inorganics Analyses

92 34.1 %

0.410 5/25/05 SD

Percent Moisture ASTM D2216-! 5/25/05 5/26/05 MD

BDL - Below Detection Limit



4-=3 W

i*4w
Outreach

kaboratory
' al North Aspen

( ken Arrow. OK 74012
18) 251-2515

FAX (918) 25140008

%,11VIIL.

Client Project:

Lab Number:

Date Reported:

Date Received:

Page Number:

Naiser Aiummum
Thorium Remnediation

20050390

6/6/05

5125/05

2of2

QC Report

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

Ac-228 14.8 5125/05

Am-241

CO-60

Cs-137

Percent Moisture

96.0

94.0

97.0

91.0

95.0

94.0

5.3

0.3

3.0

5/25105

5/25/OS

5125/05

5/26/050.9

Lab Approval:

(MI

BDL - Below Detection Limit



4. dUTREACH
LABORATORY

CHAIN 6) CUSTODY

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

Results To: Company "¢AN2 - AIAPA CN t .S

\4t( ;; NamebAP\b . \AikI4
O'A( Address;31\ s . 1'\-. t;*.

C- \ ____State__Zip 7

>9° 7ne724?L -5l8 f? Fax#5 t-3%14 Z) -

Bill To:

Company 1A;9QeL P f(tI

Name NAJ1 F. A15 ). VNA

AddressQ\ 8, 1S P~i7SX
I

Cit -tNJA . State-&h1 zip-7)q3t
.. _.

PO#

PROJECT #

PROJECT NAME

? , )A - ~E6c, - I±221
C
0
N
T
A

N
E
R
S

CONTAINER
SIZE'

PRESERVATIVE
U

1. HNO3 pH<d
2. Ic <4'C
3. HCI pH4
4. H2SO4 pH<2
5. N8OH plbttREQUESWOJ TURNAROUND TIME 1 I hn I

(ADDITIONAV CHfGES MAY APPLY)

SAMPLE R. t AG A _

PLASTIC
OR

GLASS

-I

.- I ('_½£ zz

I

I,--

5 6

'CI

0

.. '
t2C

I

rwj

WA

N I

- 'S

c'S 11
/

/

rC_, .jd:'--a%~-- j -
REMARKS

(.E. FILTERED, UNFILTERED,
GRAB, COMPOSITE),N SAMF.U I CLtINT SAMPLE

ID
TIME

SAMPLED MATRIX

-7;2 I- i I -14-c, 1~ ><fx- XH2- *- - .

T L X ~ ~ I1_ _ _ ,_ _ _ = = _ _ _ _ - _ _ _ _ _ _ _ _

_=7 *

N.* V
9N " , '--

|R ATE'ZS-TIM8PRECEIVED B 'DI'IME- |

BIA .a1 4 , `1 che-l n1 Q- l%~
RELINOUISHED BY._ DATE TiME. RECEIVED BY: DATF_.TME_ _

My Vgnature on this chain of custody form Indicates that Iam authorized by the abov company to release samples for anaysis. The company agrees to pay the entire balance upon receipt

of sample data and Inhs understood and agreed that any balance carded overthirty (30days Is subjectto a 1.5% permonth (18% per annum) late charge. ItIhe event Do default, th company

becomes Jegally lia]C ny reasonable attorney and/o6o'lectlon fees and all related ctist necessary to remit the entire balance to( o h Technologies, Inc. (Outreach Laboratory).

SXMPLE RETURNt_ JSAL Aii non-hazardous sampieA shal be cdsposed of 30 days ater Issu of fin report Af othenors i be r., .i st ctents expens. j '



.,I
SAMPLE - AN rVt~

Date Received: 5/25/05 8:47:03A

Sample Client
Number Sample ED

20050390-01 A K-728
Percent Moisture (LOD)
Th-232 by Gamma, Spec

Lab Number.

Date
Matrix Sampled

Soil 05/24/05

20050390

Container
Tvye

Due: 611/05

Custody Seal
Seal Intact

Container
Size Preservation

Plastic 16 oz None No No

20050390-02 A K-729
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 05/24/05 Plastic 16 oz None No No

20050390-03 A K-730 Soil
Percent Moisture CLOD)
Th-232 by Gammna Spec

05/24/05 Plastic 16 oz None No No

CONTAINERINSPECTIO Aid

# Coolers ,t Custody Seals Broken - Temperature AL Blue Ice JVet Ice Radiation Surn

SAMPLE INSPECTIO

Custody Seals Broken - Y Chain of Custody Record9N Labels In Tact ON Radiation Survey Complete@/

Anomnalles:

eye 3 00 fixed removable

Inspected By: i raj DATEP y/95 05
f-A or Designee Review :D

Sample Custodian Review

Project Notes:

Page 1



ATTACHMENT D
TABLE OF CONTENTS

* FIGURE D-1 Elevated Areas

* FIGURE D-2 Elevated Area EMC-1

* FIGURE D-3 Elevated Area EMC-2

* Elevated Measurement Comparison Workshect

Q:\P4000\PA4072\FSS ReportsWolume \Srwvey Unit Kais-FSS-016\Attachmcnt Devised Attdmnmt D\ttachment D tocRdoc
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FIGURE D-1
ELEVATED AREAS

SURVEY UNIT KAISER - FSS-016
FINAL STATUS SURVEY

THORIUM REMEDIATION PROJECT
TULSA, OKLAHOMA FACILITY

PREPARED FOR

KAISER ALUMINUM & CHEMICAL CORPORATION
- TULSA, OKLAHOMA

APPROVAW DED 12/ 2/0
CHECKEI19 f2 -5. 0(S
DRAWN DEB 12/12/05

DRAWING NUMBER

PA4072047B
I ''1'- Penn E&R

Environmental & Remediation. Inc.



0 0
Attachment D, Figure D-2

Elevated Area EMC-1
Survey Unit Kaiser-FSS-016

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Company

20,000 cpm

1

0

U-w

20,000 cpm
z

0

co

Co

U-0
All

11 r
- I -ME

A.Front View Looking South North FSS-016
Elev. Area

Excavation is - 3 feet South Under Concrete
Gross Gamma Background = 22,204 cpm

CPM I min CPM 1 min
contact @ 1 meterMaterial

Soil
Soil
Soil

25,081
20,000
62,000

22,204
22,204
22,204

Q:AP4000\PA4072\FSS Reports\Volume I\Survey Unit Kaiser-FSS-1 6\Attachment D\Revised Attachment D\FSS-016 Figures D\D-2
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Attachement D, Figure D-3

Elevated Area EMC-2
Survey Unit Kaiser-FSS-016

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

SPECIFIC SYSTEMS PROPERTY

0

4

,,~<7meters\_1. 5, meters I 5 mtn#rc
v.4 pi-1- Is .. -V*G o -1

N

Original dimension of elevated area
5

Extended portions of elevated area based on results of samples.

Front View Looking East

Location
I
2
3
4
5
6
7

Sample

K-716
K-717
K-718
K-719
K-720
K-721
K-722

CPM 1 min CPM I min
contact @ 1 meter
36345 24438
49490 24237
35530 24552

23K to 28K -

23K to 29K -
30541 21835
49490 24237

Q:\P4000\PA4072\FSS Reports\Volume l\Survey Unit Kaiser-FSS-016\Attachment D\Revised Attachment D\FSS-016 Figures DOD-3
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Attachment D
Elevated Measurement Comparison Worksheet

Survey Unit Kaiser-FSS-016
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum and Chemical Corporation

DCGLEc = Area Factor * DCGLw

Table 2-2 - Area Factors

Area Factors
Radio- Im2 j3n2 10 m 30 m2 100 m2 300 m2 1,000 m2 3,000 m2 1 0,000 m2

nucd2 1( I ft2) (32 ft2) (108 M2) (323 fl2) (1,076 ft2) (3,229 2) (10,764 ft2)(32,292 M2) (107,639 M2
lh-232 12.5 6.2 3.2 2.3 1.8 l. . I

Table 2-3 - DCGLEMC Values for Open Land Areas

- - - ~~~DCGLEmc (pCilg) ______

Radio- I n2 3 r 10Om2 30 m2 I00m2 300rm2 1,OOOm2 3,000nm2 10,OOOrn2

nuclide (II fM2) (32 M2) (108 fM2) (323 fi2) (1,076 fM2) (3,229f2) (10,764 f12) (32,292 f2) (107,639 f2)
Th-232 37.5 18.6 9.6 6.9 5A 4.5 3.3 3 3

S (4unc - 3) where:
+ I l• A I S = 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,
DCGLEMC = (area factor for elevated area x) X (DCGL or DCCL),

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

Unit / Area Th-232 Th-232 DCGL Fraction Notes
Date EMC unit (i 2) ) (pCig) (pCi/g) (pCi-g) Samples

6/21/2105 FSS-016 2,484 1.22 0.12 3.0 0.04 K-731 through K-744
5/24/2(05 EMC-1 1 11.3 10.1 37.5 0.27 K- 730
6115/2005 EMC-2 21 5.20 3.98 8.0 0.48 K-716 through K-722

Sum of Fractions: 0.79

Q:\P4000\PA4072\FSS Reports\Volume t\Survey Unit Kaiser-FSS-16\Attachment D\Revised Attachment D\FSS-016 EMCworksheet



SUB-REPORT

SURVEY UNIT KAISER-FSS-017



TABLE OF CONTENTS

Page

1.0 13ACKGROUND

2.0 SURVEY ACTIVITIES AND RESULTS

,'.1 Gross Gamma Scan
2.2 Systematic Soil Sampling - Excavation Bottom/Side Wall Surface Soil
2.3 Wilcoxon Rank Sum (WRS) Testing

3.0 SUMMARY OF FINDINGS

3.1 Excavation Bottom/Side Wall Surface Soil
3.2 Sum of Fractions for Entire Survey Unit

ATTACHMENTS

I

2

2
3
4

6

6
6

ATTACHMENT A:

ATTACHMENT B:

A¶TTACHMENT C:

Figure A-1 Gross Gamma Background and Scanning Survey Rcsults
Figure A-2 Gross Gamma Survey - Biased Soil Sampling Locations
Figure A-3 Systematic Soil Sampling Locations

Soil Survey Unit Worksheet No. 1
Soil Survey Unit Worksheet No. 2

Laboratory Analytical Results
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-017
Survey Unit Kaiser-FSS-017

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-017, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the northwestern corner of the former Reserve Pond area.
Survey Unit Kaiser-FSS-017 is considered a Class I survey unit with an approximate surface
area of 2,230 m2. It is bounded to the south by Survey Units Kaiser-FSS-016 and Kaiser-FSS-
018, to the east by Survey Units Kaiser-FSS-014 and Kaiser-FSS-015, to the north by Fulton
Creek, and to the west by Survey Unit Kaiser-FSS-021 (Figure 3).

Survey Unit Kaiser-FSS-017 consists of an excavation bottom surface soil with one side wall
(north 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:\P4oO(TA4o72\FSS Repos\Volume I\Surey Unit Kaiser.FSS-17\FSS-17 Tex.doc I Revision 0
3/22/06



2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the excavation bottom and
northern side wall surface soil of Survey Unit Kaiser-FSS-017. 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 northern 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 24 approximately equal-
distant locations in the survey unit. The statistics for the 24 background measurements are
provided below in Table 1. Background measurements ranged from 17,974 counts per minute
(cpmn) to 28,163 cpm moving east to west within the survey unit. The scan results increase as the
surveyor moves closer to impacted material located to the west/southwest of the survey unit.

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 8,230 measurements of gross count rate were made at one second intervals across the survey
unit's 2,230 me surface area. The results ranged from 13,441 cpm to 54,641 cpm. A statistical
sumrmary 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: 2,230 rn'
Number of Scan
Measurements (1-Second 8,230
Intervals)
Scan Rate: 0.27 m/s
(Swinging the detector a width (MARSSIM recommends
of 1-meter side to si.5

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 17,974 13,441
Maximum 28,163 54,641
Average 22,075 21,134

Standard Deviation 2,948 4,107
Median 21,331 20,388

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). As part of the gross gamma survey, 3 biased soil samples were collected at
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locations exhibiting the highest scan rates on the excavation bottom (Figure A-2, Attachment
A). The biased soil samples were screened on-site in a lead cave. Results of the sample
screening are presented below in Table 2. The sample screening levels were below the DCGLw
for the site.

Table 2 - Biased Soil Sample Screening Results
Cave Counter

Screening Results Std. Error MDC
Soil! Sample ID (pCi/g) (pCi/g) (pCi/g)
DCGLw 3.0
Background 1.1 0.3
K-799 0.56 0.39 0.61
K-800 0.24 0.38 0.61
K-801 0.70 0.41 0.61

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
(Atftachment B). The default Class 1 Survey Unit Area (A) of 2,000 me 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 (N') was recalculated (10) 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 sampling locations were demarcated in the field using a GPS unit. It should be noted
that the sampling locations as marked in the field were based on a L of 12.0 meters and a h of
10.0 meters thereby allowing for a total of 17 soil sampling locations. The soil samples
(identified as K-774 through K-790) 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) (pCifg) (pCi/g)

K-774 0.819 0.224 0.518 0 3.0
K-775 0.824 0.115 0.479 0 3.0
K-776 1.19 0.100 0.350 0.09 3.0
K-777 0.977 0.111 0.409 0 3.0
K-778 0.952 0.101 0.343 0 3.0
K-779 0.890 0.056 0.351 0 3.0
K-780 1.29 0.110 0.410 0.19 3.0
K-781 0.993 0.109 0.408 0 3.0
K-782 1.37 0.304 0.887 0.27 3.0
K-783 0.895 0.100 0.402 0 3.0
K-784 0.774 0.091 0.325 0 3.0
K-785 0.944 0.059 0.328 0 3.0
K-786 0.747 0.174 0.548 0 3.0
K-787 0.873 0.171 0.567 0 3.0
K-788 0.837 0.105 0.370 0 3.0
K-789 0.948 0.162 0.472 0 3.0
K-790 1.73 0.086 0.452 0.63 3.0

Average.00 .
Stvrndard Dev. 0.255

Minimum 0.747
Maximum 1.73 .-

Median 0.944

All 17 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 1.73 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 1.00 pCi/g. The
standard deviation of the 17 equal-distant samples was 0.255, 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 ithe difference (1.16 pCi/g) between the maximum survey unit soil sample activity
concentration (1.73 pCi/g) and the minimum reference background area soil sample activity
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concentration (0.57 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 84 0.79 S1 K-774 0.819
R2 300 0.67 S2 K-775 0.824
R3 234 0.57 S3 K-776 1.19
R4 4 0.61 S4 K-777 0.977

R5 76 0.97 S5 K-778 0.952
R6 364 1.31 S6 K-779 0.890

R7 37 0.86 S7 K-780 1.29

R8 89 0.87 S8 K-781 0.993

R9 246 1.46 S9 K-782 1.37

RIO 197 1.52 S10 K-783 0.895

Rll 335 1.11 Sll K-784 0.774

R12 152 1.27 S12 K-785 0.944

R13 50 0.97 S13 K-786 0.747

R14 232 1.25 S14 K-787 0.873

R15 5 0.90 S15 K-788 0.837

R16 302 1.16 S16 K-789 0.948

R17 52 1.63 S17 K-790 1.73

Average 1.05 Average 1.00
Std. Dev. 0.32 Std Dev. 0.255

Minimum 0.57 Minimum 0.747
= __ Maximum 1.63 Maximum 1. 73

Median 0.97 Median 0.944

I
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the northwestern comer of the former Reserve
Pond area resulted in an open land area consisting of an excavation approximately 2,230 m? in
area. This open land area, identified as Survey Unit Kaiser-FSS-017 is considered a Class 1
survey unit. The survey unit is bounded to the south by Survey Units Kaiser-FSS-016 and
Kais r-FSS-018, to the east by Survey Units Kaiser-FSS-014 and Kaiser-FSS-015, to the north
by Fulton Creek, and to the west by Survey Unit Kaiser-FSS-021 (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-017 consisted of a gross gamma scan of the exposed
surface soil of the survey unit (excavation bottom and north 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 17 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 Surn of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSS-017 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 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.
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Table 5 - Fraction of Applicable Acceptance Criteria per survey Unit Element
Average

Net Acceptance
Surtey Unit Element Units Activity Criteria Fraction

-FS',-017 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/lOOcmZ 0 _ ___ 0.00
TOTAL SUM OF FRACTIONS I I ___I 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-017 meets the
DP acceptance criteria.
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Alachment A, Figure A-1
Gross Gamma Background and Scanning Survey Results

Survey Unit KAISER-FSS-017

CPM Nal # 7
56000
54000
52000
50000
46000 -
-4E000

84000
43000
40000
32000

34000
:32000
30000 -

26000
24000
22000
20000
18000
I e6000
1 4000

i 12000

Scanning readings are recorded at I second intervals.



Attachment A, Figure A-2
Gross Gamma Survey - Biased Soil Sample Locations

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

Survey Unit: Kaiser-FSS-017
Area: 2.230 M2

North Grid: lom x lom

A B C D E F

ME

c0J

* K-799 - Biased soil sampling location based on the results of the gross gamma scan.
O K-800 - Biased soil sampling location based on the results of the gross gamma scan.
* K-801 - Biased soil sampling location based on the results of the gross gamma scan.
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FIGURE A-3
SYSTEMATIC SOIL SAMPLING LOCATI
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Soil Survey Unit Vork Sheet No. 1
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum and Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-017

2. Description: Reserve Pond Area. West of Survey Unit Kaiser-FSS-015

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

4. Dimensions (m): Excavation Bottom - Approx. 60 meters x 37 meters; Area, A (m2): 2.230

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

Average: 20.000 Minimum: 10.000 Maximum: 50.000

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

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

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

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

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

7. If the area of the Survey Unit is less than 2,000 m2, recalculate the corresponding Triangular Grid Node

Length (LI) for the Survey Unit Area (A), using the following formula: LI = (AI(O.866 x 9))"2: N/A

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 m2 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), NI: 10

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

:Formula: h = ((L2 - (L2)2 )l 13.9 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-1 7

RANDOM START POINT

I
x axis ( Meters) y axis (Meters)

_ 13 34 lower bound
upper bound

x axis y axis

0 40

North
-a

( 0, 0) x axis
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Worksheet No. 2
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Outreach
Laboratory

I Normh Aspen
!kden Arrow OK 74012
8) 251-2515

;,X8(918) 251-0008

C� II/ I J

July 21, 2005

7/ >,/l 7., 3
David Weyant
Kaiser Aluminum & Chemical
7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium Remediation PA4000-4072
OUTREACH LAB ID: 20050539

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
July 12, 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 7/18/05.

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.

Lab orat

ODEQ ID #9517
DEQ LIC. #27522-01

0

CERT. ID #OKOOI



Client:

Client Project:

Lab Number:

Date Reported:

Date Received:

Page Number:

Kaiser Aluminum

Thorium Remediation

20050539

7/18/05
7/12/05

I offs

Outreach
Laboratory

A I North Aspen
broken Arrow. OK 74012
(918) 25 1-25 15
FAX (918) 251-0008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050539-01
K-777
7/8/05 1:45:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.977 +1- 0.111 pCi/g

Inorganics Analyses
92 18.4 %

0.409 7/14/05 SD

Percent Moisture ASTM D2216- 7/13/05 7/15/05 RT

Lab ID:

Client ID:
Date Sampled:
-Matrix,'

Th-232

Percent Moisture

20050539-02
K-788

7/8/05 2:40:00 PM
Soil

Radiochemical Analyses
0.837 +/- 0.105 pCi/gHASL 300

ASTM D2216-!

0.370

92
Inorganics Analyses

7.5 %

.7/14/05 SD

7/15/05 RT

i,1

7/13/05

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050539-03

K-780

7/8/05 2:00:00 PM
Soil

Radiochemical Analyses
1.29+/-0.110 pCi/gTh-232 HASL 300 0.410 7/14/05 SD

* Inorganics Analyses
ASTM D2216-92 7.5 %Percent Moisture 7/13/05 7/15/05 RT

Lab ID:

Client ID:

Date Sampled:

Matrix:

20050539-04

K-778

7/8/05 1:50:00 PM

Soil

Th-232 HASL 300
Radiochemical Analyses

0.952 +/- 0.101 pCilg
Inorganics Analyses

)2 8.5 %

0.343 7/14/05 SD

Percent Moisture ASTM D2216-! 7/13/05 7/15/05 RT

BDL Below Detection Limit



Outreach
Laboratory

I INorth Aspen
4L'ken Arow. OK 74a 12

\FAXJ198) 251-050 5

Lilem:
Client Project:

Lab Number:

Date Reported:

Date Received:
Page Number:

Kaiser Aluminum

Thorium Remediation

20050539

7/18/05
7/12/05

2of4

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Lab ID:

Client ID:
Date Sampled:

Matrix:

20050539-05

K-781

7/8/05 2:05:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.993 +1- 0.109 pCi/g
Inorganics Analyses

92 10.2 %

0.408 7/14/05 SD

Percent Moisture ASTM D2216-! 7/13/05 7/15/05 RT

Lab ID:
Client ID:

Date Sampled:
Matrix:

Tb-232

Percent Moisture

20050539-06

K-779

7/8/05 1:55:00 PM
Soil

Radiochemical Analyses
HASL 300 0.890 +/- 0.056 pCi/g

Inorganics Analyses
ASTM D2216-92 12.1 %

0.351 7/14/05 SD

7/13/05 7/15/05 RT

Lab ID:

Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moistur.-

20050539-07

K-776
7/8/05 1:40:00 PM
Soil

Radiochemical Analyses
1.19 +/-0.100 pCi/gHASL 300

ASTM D2216-!

0.350 7/14/05 SD

92
Inorganics Analyses

14.2 % 7/13/05 7/15/05 RT

Lab ID:
Client ID:
Date Sampled:

Matrix:

20050539-08

K475
7/8/05 1:35:00 PM

Soil

Radiochemical Analyses
0.824+/-0.115 pCi/g. Th-232

* Percent Moisture

HASL 300

ASTM D2216-!

0.479

92
Inorganics Analyses

8.2 %

7/14/05

7/13/05 7/15/05

SD

RT

BDL = Below Det:ction Limit
* \eV



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

20050539

7/18/05
7/12/05

3 of\ ,

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:

Client ID:
Date Sampled:

Matrix:

20050539-09

K-790

7/8/05 2:50:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

1.73 +/- 0.086 pCi/g

Inorganics Analyses
92 10.3 %

0.452 7/14/05 SD

Percent Moisture ASTM D2216-' 7113/05 7/15/S5 RT

Lab ID:

Client ID:
Date Sampled:
Matrix:

20050539-10
K-784

7/8/05 2:20:00 PM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.774 +/- 0.091 pCi/g

Inorganics Analyses
92 13.0 %

0.325 7/14/05 SD

Percent Moisture ASTM D2216-! 7/13/05 7/15/05 RT

Lab ID:

Client ID:

Date Sampled:
Matrix:

20050539-11

K-785
7/8/05 2:25:00 PM
Soil.

Th-232 HASL 300
Radiochemical Analyses

0.944 +/- 0.059 pCi/g

Inorganics Analyses
92 1.3 %

0.328 7/14/05 SD

Percent Moisture ASTM D2216-! 7/13/05 7/15/05 RT

Lab ID:

Client ID:
Date Sampled:

Matrix:

20050539-12

K-783

7/8105 2:15:00 PM

Soil

Th-232 HASL 300
Radiochemical Analyses

0.895+/-0.100 pCi/g

Inorganics Analyses
92 11.3 %

0.402 7/14/05 SD

Percent Moisture ASTM D2216-5 7/13/05 7/15/05 RT

-- � kI
BDL = Below Detection Limit
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Outreach

Iaboratory
I I North Aspen

£ ken Arow. OK 740: 2
'40;,8) 251-2515

FAX (918) 251.0008

WIIVIIL.

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

Kaiser Aluminum
Thorium Remediation

20050539
7/18/05
7/12/05

4of4

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:

Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture.

20050539-13
K-792
7/8/05 4:45:00 PM
Soil

Radiochemical Analyses
HASL 300 19.3 +/- 0.428 pCi/g

Inorganics Analyses
ASTM D2216-92 9.8 %

0.699 7/14/05 SD

7/13/05 7/15/05 RT

QC Report

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

Ac228 24.1 7114/05

.Am-241

Co-60

Cs-137

Percent Moisture

93.0

93.0

91.0

99.0

101.0

98.0

6.9

9.0

7.3

7/14105

7/14/05

7/14/05

7/15/054.2

Lab Approval:

BDL = Below Detection Limit
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DutreAch
yjborato1)6y

311 Nonh Aspe
frokenArrow.OK7401Z December 14,2005
(9183 251.2515
FAX (918) 231-0008

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

Project: Kaiser Thornum Remediation PA4000-4072
OUTREACH LAB ID: 20050995

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
December 09, 2005 for the above captioned project. Ten soil samples were received in
good condition and analyzed by Gamma Spectroscopy without drying and grinding and
Percent Moisture with an expedited 5-work day turn. Results were faxed early on
12/14/05.

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

linlits.

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 Diector

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

CERT. ID #OKOO1



Ouxtreach
Laboratory
311 Nonh Aspen
broken Amrow, OK 7401Z
(918) 251'Z515
FAX (918) 251-0008

Client:
Client Project:

Lab Number:

Date Reported:

Date Received:

Page Number:

Waiser Aluminum
Thorium Remediation

20050995
12/14/05

12/9

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Date Date

jab IP:
Client ID:
Date Sampled:
Matrix:

20050995-01
K-506
2/11410 9:50:00 AM

Soil

Radiochendcal Analyses
HASL 300 0.760 +1- 0.172 pCilg

Inorganics Analyses
ASTM D2216-92 20.3 %

Thorium 232

Percent Moisture

0.294 12/9/05 SI)

12/9/05 12/14/05 RT

Lab ID:
Client ID:
Iate Sampled:

Matrix;

20050995-02
K-552
3/8/05 2:00:00 PM

Soil

Thorium 232

Percent Moisture

HASL 300

ASTM D2216-S

Radiochemical Analyses
0.811+/- 0.141 pCiJg 0.641 12/9/05 SD i I

92
Inorganics Analyses

8.1 % 12/9/05 12/14/05 RT

LxabtD:
Client ID;
Pate Sampled.,
Matrix:

20050995-03

K-619
4/25/03 2:40:00 PM

Soil
Radiochemical Analyses

HASL 300 0.932 +- 0.188 pCi/g
Inorganics Analyses

ASTM D2216-92 11.9 %

Thorium 232

Percent Moisture

0.509 1219/05 SD

12/9/05 12/14/05 RT

Lab ID:

Client 1:

Date Sampled;
Matrix:

2006099"04
K-774
7/8/05 1;30;00 PM
Soil

Radiochemical Analyses
HASL 300 0.8 19 +/- 0.224 pCi/g

Inorganics Analyses
ASTM D2216-92 10.9 %

Thorium 232

Percent Moisture

0.318 12/9/05 SD

12/9/05 12/14/05 RT

lJAb ID:
Client ID:
Date Sampled:
Matrix:

20050995-05

X-782
7/8105 2:10:00 PM
Soil

Radlochemlcal Analyses

DPI.. - DElow Dcetction Limit
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Client:
Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Yaiser Aluminum
Thorium Remediation

20050995
12/14/05

12/9/OS
2of3

Outeach
' abomtory

~4N1 North Aspen
Broken Arrow. OK 740 12
(918) 251-2515
FAX (918) 251-0008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Thorium 232

Percent Moisture

}HASL 300 1.37 +/- 0.304 pCi/g
Inorganics Analyses

6-92 7.8 %

0.887 12/9/05 SD

ASTM P221 12/9/05 12/14/05 RT

Lab ID:
Client D):
Pate Sampled:
Matrix:

Thorium 232

Percent Moisture

20050995-06
K-786
7/8105 2:30:00 PM
Soil

Radiocheanlcal Analyses
1-ASL 300 0.747 +/- 0.114 pCVg

Inorgapics Analyses
ASTM D2216-92 42 %

0.548 12/9/05 SD

12/9/05 12/14/05 RT

Lab ID:
Client ID:
Date Sampled:

i4b) ~Matrix:

20050995-07
K-787
7/8/05 2:35:00 PM
Soil

Thorium 232

Percznt Moisture

Radiochemical Analyses
HASL 300 0.873 t/- 0.171 pCi/g

Inorganics Analyses
ASTM D2216-92 7.2 %

0.567 12/12/05 SD

1219/05 12/14/05 RT

Lab ID:
Client ID:
Date Sampled;
Matrix:

20050995S08
K-789
7/8/05 2:45:00 PM
Soil

Radiochemical Analyses
HASL 300 0.948 +/- 0.162 pCi/g

Inorganics Analyses
ASTM D2216-92 9.3 %

Thorium 232

Percent Moisture

0.472 12/12/05 SD

12/9/05 12/14/05 RT

Lab ID:
Client ID:
Date Sampled;
Matrix:

20050995-09
K-965
8119105 9:35:00 AM
Soil

Radiochemical Analyses
HASL 300 1.07 +/ 0.234 pCilg

Inorganics Analyses
ASTM D2216-92 18.4 %

Thorium 232

Percent Moisture

0.594 12/12/05 SD

12/9/05 12/14/05 RT

BDL - Bcow Ectection Limit



,utreach
Zaboratory

31 t North Aspen
broken Arrow, OK 74012
(9181 Z51.Z515
FAX (918) Z5 -0008

Client:

Client Project:
Lab Number:

Date Reported:

Date Received:

Page Number:

Kaiser Aluminum

Thorium Remnediation
20050995

12/14/05
12/9t

3 &._-,r

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Lab ID:
Client ID:
Date Sampled;
Matrix:

Thorium 232

Percent Moisture

20050995-10
K-969
8/191/0 9:40;00 AM
sail

Radlochenicat Analyses
HASL 300 0.286 +/- 0.051 pci/g

Inorganics Analyses
ASTM D2216-92 17.6 %

0.133 12/12/05 iSD

12/9/05 12/14/05 RT

QC Report

Parameter Blank LCS LCSD DUP MS MSD Date
%RLC %,REC TPD RrD %MC %REC "PD

Ac-222 NC 1219/05 I,

Am-241

Co-60

Cs-137

PCTt4ct Moisturn

94.0

93.0

94.0

94.0 0.0

95.0 2.2

94.0 0.7

1219/05

12"9S

19105

121141051.1

Lab Approyal:

BDL - Melow Detctiofi Limit
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SAMPLE LO6-

Date Received: 1219/05 8:44:38 A Lab Number: 20050995

Sample
Number

Client
Sample ID

Date
Matrix Sampled

Container
Type

Container
Size

Due: 12116/05

Custody Seal
Seal IntactPreservation

20050995-01 A. K-506
Gamma Spec - Thorium 232

Percent Mosture (LOD)

20050995-02 A K-552

Gumuna Spec - Tborium 232

Percent Moisture (LOD)

20050995-03 A K-619
Gamma Spec - lborium 232

Percent Moisture (LOD)

20050995-04 A K-774
Gamrna Spec -Thorium 232

Percent Moisture (LOD)

20050995-05 A K-782
Gamma Spec - lhorium 232

Percent Moisture (LOD)

20050995-06 A K-786
Gamma Spec-Thorium 232

Percent Moisture (LOD)

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

02/14/05 Plastic

03/08/05 Plastic

04/25/05 Plastic

07/08/05 Plastic

07108105 Plastic

07/08/OS Plastic

07/08/05 Plastic

07/08/05 Plastic

08/19105 Plastic

08911905 C_.c

16oz

16 z

16oz

16oz

16cz

16 oz

160Z

16 oz

I6oz

None Yes Yes

None Yes Yes )

None Yes

None Yes

None Yes

None Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
-. ..

20050995-07 A, K-787
Gamma Spec - Thorium 232
Percent Moistre (LOD)

20050995-48 A K-789
Gamma Spec - horium 232

Percent Moisture (LOD)

2005099549 A K-965
Gamma Spec- Thorium 232
Percent Moisture (LOD)

20050995-10(7 K-969

Norte Yes

None Yes

None Yes

Son 16 oz None Yes



Gammar Thorium 232

Perent Mo?.nure (LOD)) c C

CONTAINER INSPECTION

N Coolers 1 Custody Seals Broken

SAMPLE INSPECTION
Sample Seal Broken NA Chailn

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

Sub-Report EB-018
Survey Unit Kaiser-FSS-018

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-018, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the eastern-central portion of the Retention Pond area.
Survey Unit Kaiser-FSS-018 is considered a Class 1 survey unit with an approximate surface
area of 1,582 m2. It is bounded to the south by Survey Unit Kaiser-FSS-019, to the east by
Survey Unit Kaiser-FSS-016, to the north by Survey Unit Kaiser-FSS-017, and to the west by
Survey Units Kaiser-FSS-023 and Kaiser-FSS-028 (Figure 3).

Survey Unit Kaiser-FSS-018 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:\P4003\PA4072\FSS Reports\VohueI Survey Uni Kaiser-MSS-1SSS-018 Text.doc | 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
surface soil of Survey Unit Kaiser-FSS-018. 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 tD 2 inches) and moved in a serpentine pattern. Background measurements were obtained at
1-meter above the ground surface at 12 approximately equal-distant locations in the survey unit.
The statistics for the 12 background measurements are provided below in Table 1. Background
measurements ranged from 19,724 counts per minute (cpm) to 24,651 cpm moving southeast to
northwest within the survey unit. The scan results increase as the surveyor moves closer to
impacted material located to the west /northwest of the survey unit.

Similar results were obtained for the gross gamma scan of the survey-unit's surface area. A total
of 2,017 measurements of gross count rate were made at two second intervals across the survey
unit's 1,582 m2 surface area. The results ranged from 15,000 cpm to 31,940 cpm. A statistical
surrmmary of the 100 percent coverage gamma scan of the survey unit is provided below in Table
1.

Table 1 - Gross Gamma Scan Results Summary
Survey Area: 1,582 mn
Number of Scan
Measurements (2-Second 2,017
Intervals)
Detector Swing Rate:
(Swinging the detector a width 0.39 m/s
of l-meter side to side) (MARSSIM reco s 5 m/s)

Adz I 111_JU I -
Results Summary: Background (Gross cpm) Scan (Gross cpm)

Minimum 19,724 15,000
Maximum 24,651 31,940
Average 21,742 22,571

Stand Deviation 1,645 2,496
Median 21,427 22,509

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, 2 biased soil samples were collected at
locations exhibiting the highest scan rates on the excavation bottom (Figure A-2, Attachment
A). The biased soil samples were screened on-site in a lead cave. Results of the sample
Q:\P403OPA4072\FSS Reports\Volume \SrwoUn i Kai=-FSS-1I8\FSS-IS Text.doc 2 Revision 0

3/22/06
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screening are presented below in Table 2. The sample screening levels were below the DCGLW
for the site.

Table 2 - Biased Soil Sample Screening Results
Cave Counter

Screening Results Std. Error MDC
Soil Sample ID (pCi/g) (pCi/g) - (pCi/g)
DCGLW 3.0
Background 1.1 0.3
K-945 0.204 0.368 0.614
K-946 .0.616 0.366 0.614

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 1,582 m2 along with the
N of 9 were used to calculate the Triangular Grid Node Length (L) of 14.2 meters and the Height
of the Equilateral Triangle (h) of 12.3 meters. A random start point was generated using the
random number feature of Excel and documented on Soil Survey Unit Worksheet No. 2
(Attachment B).

A layout of the soil sampling locations is provided on Figure A-3 contained in Attachment A.
The soil sample locations were demarcated in the field using a GPS unit. A total of 10 soil
samples (identified as K-959 through K-968) 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.
Anzlytical 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 (pCig) (pCi/g) (pCi/g) (pCi/g) (pCi/g)

K-959 0.491 0.043 0.142 0 3.0
K-960 1.32 0.106 0.441 0.22 3.0
K-961 0.491 0.055 0.175 0 3.0
K-962 0.703 0.085 0.471 0 3.0
K-963 0.536 0.044 0.121 0 3.0
K-964 0.980 0.137 0.525 0 3.0
K-965 1.07 0.234 0.594 0 3.0
K-966 0.872 0.059 0.235 0 3.0
K-967 0.445 0.053 0.206 0 3.0
K-968 0.423 0.050 0.167 0 3.0

Average 0.733
Standard Dev. 0.312

Minimum 0.423
Maximum 1.32

Median - 0.620
Q.\?400\PA4072\FSS Rcpots\Volumc I\Swvey Unit Kaixr-FSS-018\FSS-018 Text.doc 3 Revision 0

3/22/06



All 10 systematic soil sample results (gross and net) were below the open land area surrogate
value of 3.0 pCi/g net Th-232 activity concentration (DCGLw). The maximum gross Th-232
activity concentration was 1.32 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 0.73 3 pCi/g. The
standard deviation of the 10 equal-distant samples was 0.312, 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 (0.40 pCi/g) between the maximum survey unit soil sample activity
concentration (1.32 pCi/g) and the minimum reference background area soil sample activity
concentration (0.92 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 (Pcilg) Group (pCi/g)
RI 33 0.92 S1 K-959 0.491
R2 306 1.41 S2 K-960 1.32
R3 311 1.42 S3 K-961 0.491
R4 340 1.10 S4 K-962 0.703
R5 73 1.09 S5 K-963 0.536
R6 124 1.07 S6 K-964 0.980
R7 172 1.07 S7 K-965 1.07
R8 310 1.42 S8 K-966 0.872
R9 205 1.05 S9 K-967 0.445
RIO 15 1.11 SlO K-968 0.423

Average 1.17 Average 0.733
Standard Standard
Dev. 0.18 Dev. 0.312
Minimum 0.92 Minimum 0.423
Maximum 1.42 Maximum 1.32
Median 1.10 Median 0.620

Q:AP400(APA4072\FSS ReportsVolume T\Survey Unit Kaiser-FSS0I S\mSSo1S Tcxt.doc 4 Revision 0
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the eastern-central portion of the Retention
Pond resulted in an open land area consisting of an excavation approximately 1,582 m2 in area.
This open land area, identified as Survey Unit Kaiser-FSS-018 is considered a Class 1 survey
unit. The survey unit is bounded to the south by the Survey Unit Kaiser-FSS-019, to the east by
Survey Unit Kaiser-FSS-016, to the north by Survey Unit Kaiser-FSS-017, and to the west by
Survey Units Kaiser-FSS-023 and Kaiser-FSS-028 (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-018 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:

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

* All 10 systematic soil sample results (gross and net) were below the open land area
surrogate value of 3.0 pCi/g net Th-232 activity concentration (DCGLw).

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

4 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-018 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 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-018 Excavation Bottom Soil pCi/g 0 3.0 0.00
-ElevHated Areas (None Left In-Place) pCi/g 0 0.00
-E nbedded Structures (None Encountered) dpm/100cm' 0 0.00
TOTAL SUM OF FRA CTIONS _ 0.00

QA\P400(fkPA4072\FSS RepoFs\VoluMe iSurvey Unit Kais-r-FS I S\FSS-0 I S Text.doc 5 Revision 0
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Th. 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-0 18 meets the
DP acceptance criteria.

Q:i4OOOPA4072\SS Reports\VolumetSurveyUnmt Xcaie-Fss.WSUS-O1tel Tdoc 6 Revision 0
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AMachment A, Figure A-1
Gross Gamma Background and Scanning Survey Results

Survey Unit KAISER-FSS*018
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Attachment A, Figure A-2
Gross Gamma Survey - Biased Soil Sample Locations

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

Survey Unit: Kaiser-FSS-018
Area: 1 582 m

North Grid: 1Gm x 1Om

A B C

in

g .. D i --. g i . [- S
. , .0 .f .. .. S :: V 0

. . . .

0 : S : N : V X,

D; A.0. . 03 S L . 1. Q ;,..
: 0, . : : fl : j f S . f A., S:

.. . X . .. i .fi 2. | a
. S. S k . . . -. : 0 . f.

.. . , 0 ; . ...
: .: p? . . . :. . :

: . .. i, . ........ ...
\S R. E S 2 . . \ i u j X f t j§f b- E T .

: 70 SC:.200 St,? : ., .: t., A :f f:
2 . f i .

: : 0.0 .2 = 9 :' ' 0 . 2 0 .; X .

, d: fTS'' 0 0' _ ,,.: f X, 0 ('.0" X f
X : ' :0d,: S . 'tu00 03 ,. ' S ;

: S ! . S: '' i,, :L.: A ,, 0, ,, ::j, ,,, ,, \.
| S : t Q w :' . ' ('C'f': g ................... q ty t? 0 ....

i 0 X ' 0 .: d'. . ' fi d g

X ' Ca'090y' . 0 f f., ,l 0 . .' . ': 0
a: . :

;S C: '' : I ': :: '' '.:

f 0 . ., 9 S. . ,0 :
. :;.0 . , u . a.,2 5 . S $ , . f S

Q 'SEy . . f. ' i
. f ;; g ._.;;_'- '. :: ' ,,0 X L 0

: E S ".1:' 7,,, hE0 ............. SS ,,0 ... ... } , .t,,

aS' 0 .'00 0.," :,> "''' A., " . i,'.,X' .','',l '' R ::
: : . : f :'.' " q " . & t. ': ,. ' ' . 0 : .

' : ': . . )d 0' . . . i, d: > :. X, .

. S 0 '' j,, ,, ' '. , ''id; d:: ',0 0' 0 ''S C,:
a,, t , d' 0 , .4H,'

: .: . j :HS . 'i" ' ..
. 0 t" ', ft . ' :' " ,'sUN' .......... ' u' : ' S
. , .". '' A.) .. , ',: ,:: ....

g ' '' ' ,,,,,, . I . :., <'j i .', ,, j ' ' - AD (' 4 ............................ i ': a S .... A

... ,S, b StmD W. ,. ,f,05....:j >,'.. @<' '; Fi, Wi.Agg?'' 0
0 D: . 0 04 0 . A 0 ,. 0 S . $

D',?fiD,.:y,'SSS.'',r' ':jU.'X''lS''S.g"D'' ';,'''tS',4"u'X'

CN

* K-945 - Biased soil sampling location based on the results of the gross gamma scan.
O K-946 - Biased soil sampling location based on the results of the gross gamma scan.
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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-018

2. Description: Retention Pond Area. West of Survey Unit Kaiser-FSS-016

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

4. Dimensions (m): Excavation Bottom - 33.5 meters x 47.2 meters; Area, A (m2):i1,58

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 a2 Class I survey unit are:

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

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

7. If the area of the Survey Unit is less than 2,000 m2, recalculate the corresponding Triangular Grid Node
Length (LI) for the Survey Unit Area (A), using the following formula: LI = (A/(0.866 x 9))"2: 14.2 In

8. If N is greater than 9 and the A is other than 2,000 n 2, 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 n2 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), N,: 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 - (LJ2)2)"2: 12.3 m.

Q:.\P40 XNIA407ZTSS Reports\VolumeT'SurveyiUnI Kaiser-FSS-O5IS\Atcmuet B.-Sai Survey Unh WorksreetsSoU Survey Unit Workbct No. I.doc



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-FSS01 8

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

16 | 3 0 lower bound
upper bound

x axis y axis

33 47

North
x axis(0,0)

O:)P4000\PA4072FSS ReportsWVourne IMSurvey Unit Kaiser4-SS.l8\tachnment B - Soil Survey Unit Worksheets\Soll Survey Unit Worksheet No. 2



ATTACHMENT C

LABORATORY ANALYTICAL RESULTS



Outreach
~)oratory

Lo Airr K 7401Z August 26, 2005
(918) 251-2515
FAX (918) 25 -0008

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

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050664

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
- August 19, 2005 for the above captioned project. Seven soil samples were received in

good condition and analyzed by Gamma Spectroscopy without drying and grinding and
Percent Moisture with an expedited 5-work day turn. Results were faxed on 8/26/05.

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

Your samples will be returned as requested.

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

Laboratory Dire r

Ij ACCO~,7

ODEQ ID #9517
DEQ LIC. #27522-01 '>t'

CERT.ID #OKOOI



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

Outreach
X -boratory

Aspen
b.jKifl Arow. OK 74012
(918) 251-2515
FAX (918) 25140008

r~aibuz tiUuaunzuzu1

Thorium Remediation
20050664

8/26/05
8/ 19/05

1 of3

hi
Ad

Analysis Analyst
Date

Analytical Report

Result UnitsMethod * DL Prep
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

20050664-01
K-959
8/18/05 9:10:00 AM
Soil

Radiochemical Analyses
0.491 +/-0.043 pCilgHASL 300 0.142 8/22105 SD

Inorganics Analyses
ASTMD2216-92 22.1 %Percent Moisture 8/23/05 8124105 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050664-02
K-960
8/18/05 9:20:00 AM
Soil

Radiochemical Analyses
TIASL 300 1.32 +/-0.106 pCi/g

Inorganics Analyses
ASTM D2216-92 19.6 %

0.441 8/22/05 SD

RT K)8/23/05 8/24/05

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050664-03
K-961
8/18/05 9:30:00 AM

Soil
Radiochemical Analyses

0.491 +/-0.055 pCi/gTh-232

*Percent Moisture

Lab ID:

Client ID:

Date Sampled:

Matrix:

HASL 300

ASTM D2216-!

0.175 8/22/05 SD

92
Inorganics Analyses

15.6 % . 8/23/05 8/24/05 RT . . II
. J

. . A
. . i
. . i20050664-04

K-962

8/18/05 9:40:00 AM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.703 +/- 0.085 pCi/g
Inorganics Analyses

92 14.9 %

0.471 8/22/05 SD-

Percent Moisture ASTM D2216-! 8/23/05 8/24/05 RT

BDL = Below Dctection Limit



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

: Outreach
' b)OIatOry
bi ,rth Aspen
b~hEArrow. OK 74012
(918) Z51-25s5
FAX (918) Z51-0008

Thorium Remediation
20050664

8/26105
8/19/05

2of3

Analysis Analyst
Date

Analytical Report
Result UnitsMethod DL Prep

Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050664-05
K-963
8/18/05 9:50:00 AM
Soil

Radiochemical Analyses
HASL 300 0.536 +/- 0.044 pCifg

Inorganics Analyses
ASTM D2216-92 23.8 %

0.121 8/22/05 SD

8123/05 8/24/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

* 20050664-06
K-964
8/18/05 10:00:00 AM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.980 +/- 0.137 pCi/g
Inorganics Analyses

92 .13.0 %

0.525 8/22/05 SD

pi,?ercent Moisture ASTM D2216-! 8/23/05 8/24/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050664-07
K-967
8/18/05 10:10:00 AM
Soil

Radiochemical Analyses
HASL 300 0.445 +/- 0.053 pCilg

Inorganics Analyses
ASTM D2216-92 15.0 %

0.206 8/22/05 SD

8/23/05 8/24/05 RT

BDL = Below Del:ection Limit



Client Project:

. .Lab Number:

Date Reported:

Outreach Date Received:
boratory Page Number:
* rth Aspen

broken Arrow, OK 74012
(918) 251-2515
FAX (918) 25t-0008

.1-- ._ ....

Thorium Remediation
20050664

*826/05

8/19/05

3 of 3

QC Report

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

Ac228 NC 8/22/05

Am-24 L

Co-60

Cs-137

Percent Moisture

93.0 93.0 0.0

93.0 94.0 0.3

96.0 96.0 0.0

* 8/22/05

8/22/05

812105

8/24/054.7

' 1

Lab Approval: __

K.

BDL = Below Detection Limit

' . .
..I.
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44' Results Tc

LABORATORY slts ToL

311 North Aspen .
Broken Arrow, OK 74012

Phone: t91-)251-2ns
Fax: (918) 251-0008

PO #

PROJECT# PA 4 -

PROJECT NAME kAv,2 8

REQUESTEP-jRNAROUNDTIME
(ADDITIONA4 2 ~GSMAYAPP

SAMPE .
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CONTAINER
SIZE

PLASTIC
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GLASS

PRESERVATIVE
i

1. HNO3 pH<2
2. le <4'C
3. MC pH2
4. H2SO4 pHd4
S. NtOH pH>11
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MATlR
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~A e-__ __nz a<

-Cj 4_7_o I = = t

== ===

(
_ _ _ __ I ± I- ._ ., .- . _ . L.

I RELINQ Ec BY. DO-1fM TIBEY:

RELINOUISHED BY: DATE TMFE RECEIVED BY:_ _AT._ TIME -

My signature on this chain of custody form Indicates that I am authorized by the above company to release samples for Analysis. The company agrees to pay the entire balance upon receipt
of sample data and It Is understood and agreed that any balance carried over thirty (30) days to subject to a 1.5% per month (It% per annum) late charge. In the event of default, the company
becomes legally gable for any reasonable attorney and/or collection fees and all related costs necessary to remit the entIre balance to Outreach Technolog9s, Inc. (Outreach Laboratory).

SAMPLE RETURNDISPOSAL Al non-hazardous samples shall be disposed of 30 days alter Issue of il reporL All othen wil be retumed at cient's epense.
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Date Received: 8/19/05 11:18:32 Lab Number: 20050664

Date Container Container
Matrix Sampled Type Size

Due: 8/26(05

Sample
Number

Client
Sample ID

Custody Seal
Seal IntactPreservation

20050664-01 A K-959
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 08/18/05 Plastic Lg Zip Bag None No No

20050664-02 A K-960
Percent Moisture (LOD)
Th-232 by Gamma-Spec

Soil 08/18/05 Plastic 16 oz None Yes Yes

20050664-03 A K-961
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 08/18/05 Plastic

20050664-04 A K-962
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil 08/18/05 Plastic

16 oz

16 oz

16 oz

None Yes

None Yes

Yes

Yes

Yes20050664-05 A K-963
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 08/18/05 Plastic None Yes

20050664-06 A K-964
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 08/18/05 Plastic 16 oz None Yes Yes

20050664-07 A K-967
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 08/18/05 Plastic 16 oz None Yes Yes

( Oage I
(1' CI



* CONTIG i R INSPECTION C
# Coolers . Custody Seals Broken -Yf Temperature __I___Bl ce / Wet Ice Radiatlon Survey fixed removable

SAMPLE INSPECTION J7

Custody Seals Broken - Chain of Custody RecoraIN Labels in Tab/N Radiation Survey CompleteZN

Inspected By: 4; DATE & 9 0E
QA or Designee Review: AT

Sample Custodian ew:

Project Notes:

Page 2



Dutreadh
Laboratory
311 Nordh Aspen
BSO(en Arroe OK 740IZ
(9218 251-2515
FAX (9t18) 2Z51-008B

P-_
December 14, 2005

C, I a 6
David Weyant
Kaiser Aluminum & Chemical
7311 E. 41st Street
Tulsa, OK 74145

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050995

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
December 09, 2005 for the above captioned project Ten soil samples were received in
good condition and analyzed by Gamma Spectroscopy without drying and grinding and
Percent Moisture with an expedited 5-work day turn. Results were faxed early on
12/14/05.

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

Your samples will be returned as requested.

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

Laboratory Di ector

ODEQ ID #9517
DEQ LIC. #27522-01

CERT. ID tfOK001

0 a



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

Kaiset Aluminum

Thorium Remediation
20050995

12114/05

12/9/05
1 of 3

Oufteach
Q~aboratory

311 Nonh Aspen
broken Arrw, OK 74012
A9g8) 251 00515

FAX (918) 2S I 0008 Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050993-01

K-506
2/14/0 9:S0:00 AM
Soil

Radiochemical Analyses
HASL 300 0.760 +/- 0.172 pCi/g

Inorganics Analyses
ASTM D2216-92 20.3 %

Thorium 232

Percent Moisture

0.294 12/9/05 SI)

12/9/05 12/14/05 RT

Lab ID:
Client ID:
Date Sampled:

l Matrix;

20050995-02
K-552
3/U05 2:00:00 PM
Soil

Radiochemical Analyses
HASL300 0.811+/ 0.141 pCi/g

Inorganics Analyses
ASTM D)2216-92 8.1 %

Thorium 232

Percent Moisture

0.64) 12/9/05 SD

1219/05 12/14/05 RT

Lab ID:
Client ID;
Date Samplei!
Matrix:

20050995-03
'(-619
42s/os 2:40:00 PM
Soil

Radlothemical Analyses
HASL 300 0.932 +/- 0.188 pCi/g

Inorganics Analyses
ASTM D2216-92 11.9 %

Thorium 232

Percent Moisture

0.509 12/9/05 SD

12/9/05 12/14/05 RT

Lab ID:

Client II:

Date Sampltd;

Matrix:

20050995-04
IC-774
7/8/0S 1:30:00 PM
Soil

Radiochemical Aualyses
HASL 300 0.8 19 +I- 0.224 pCl/g

Inorganics Analyses
ASTM D2216-92 10.9 %

Thorium 232

Percent Mohture

0.318 12I9105 SD

1219105 12/14/05 RT

Lab ID:
J Client JD:

Date Sampld:
. Matrix:

20050995-05
X'-782
7/8/05 2:10:00 PM
Soil

Radlochemical Anstlyses

WXD - Selosf Dcecstion Limit



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

Kaiser Aluminum
Thorium Remediation

20050995
12114/OS

12/9/'X2 6kroutreach
_abomtory

311 NorV) Aspen
Wroken Anrow. OK 74012
(918) 2S1.25S
FAX (918) 25t10008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Date

Thorium 232

Percent Moiswre

HASL 300 1.37 t/- 0.304 pCi/g 0.887 1219/1S SD

Inorganics Analyses
ASTM D2216-92 7.8 % 1219/05 1214/05 RT

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

Thorium 232

Percent Moisture

20050995-06
K-786
7/8105 2:30:00 PM
Soil

Rxdiochemical Analyses
HASL 300 0.747 +1- 0.174 pC/g

Inorganics Analyses
ASTM D2216-92 42 %

0.548 12/9/05 SD

12J9/O5 12114105 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050995-07
K-787
7/8/05 2:3500 PM
Soil

Radiochemical Analyses

HASL 300 0.873 +1- 0.171 pC/g
Inorganics Analyses

ASTMD2216-92 7.2 %

I Ij

Thorium 232

Percent Moisture

0.567 12/12/OS SD

12/9/05 12V14/05 RT

Lab ID:
Client ID:
Date Sampled;
Matrix:

2005099-08
IC-789
7/8/05 2:45:00 PM
Soil

Radiochemical Analyses
HASL 300 0.948 +/- 0.162 pCi/g

Inorganics Analyses
ASTM D2216-92 9.3 %

Thorium 232

Percent Moisture

0.472 12/12/05 SD

1219/05 12114/05 RT

lAb ID:
Client ID:
Date Sampled;
Matrinx

2005099S 09
K-965
8/19/05 9:3S:00 AM
Soil

Radiochemical Analyses
J-ASL 300 1.07 +/- 0.234 pCi/g

Inorganics Analyses
ASTM D2216-92 18.4 %

Thorium 232

Percent Moisture

0.594 12/12/05 SD

12/14/OS RT12/9/05

BDL = Bclow Dctccion Limit



Client:
Client Project:
Lab Number:
Date Reported:

k Date Received:
Page Number:

outreach
(,.,aborury

. Nort Ase
broken Arrow, OK 74012
(918) 251-25Is
FAX (91 8) Z51 0008

Kaiser Alumiaum
Thorium Remediation

20050995
12/14/05

12/9105
3 of 3

Analysis Analyst
Date

Analytical Report
Rtsult UnitsMethod DL Prep

Date
Date

Lab ID:

Client ID:
Date Sampled;
Matrix:

20050995-10

K-969
8/19/OS 9:40:00 AM
Soil

Radlochemical Analyses
HASL 300 0.286 +/- 0.051 pCi/g

Inorganics Analyses
ASTM D2216-92 17.6 %

Thorium 232

Percent Moisture

0.133 12/12/05 SD

12/9/05 12/14/05 RT

QC Report

Parameter BWank LCS LCSD DUP MS MSD Date
%REC %R C: RPD RPD %REC %REC PD

Ac222 NC 12/9S
Ii' -jJ

' W' AM-241

Co-60

Cs- 137

PCrciit Moisture

94.0 94.0

93.0 95.0

' 0.0

2.2

I_ 2/9wV
12/9/05

1219/05

12/14/OS
94.0 94.0 0.7

1.1

Lab Approval;

BDL - Below Dtectio Lirnit
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C SAMPLE LOU
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Date Received: 12/905 8:44:38A Lab Number: 20050995

Date Container Container
Matrix Sampled Type size

Due: 12116/05

Custody Seal
Seal Intact

Sample
Number

Client
Sample ID Preservation

200509"5-01 A K-S06
Gamma Spec - Thorium 232

Percent Moisture (LOD)

Soil

20050995-02 A K-SS2
Gamma Spec - Iborium 232
Percent Moisture (LOD)

Soil

20N50995-03 A K-619
Gamma Spec - horium 232
Percent Moisture (LOD)

Soil

20050995-04 A K-774
Gamma Spec - Thorium 232

Percent Moisture (LOD)

Soil

02114/05 Plastic

03108105 Plastic

0425/05 Plastic

07/08/05 Plastic

07/08105 Plastic

07/08/05 Plastic

07108/05 Plastic

07/08/O5 Plastic

16oz

16 oz

16oz

16oz

16 oz

l6oz

16oz

16 oz

None

None

None

None20050995-S05 A K-782
Gamma Spec -Ihorum 232

Percent Moisture (LOD)

None Yes

Soil

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

20H50995-06 A K-786
Gamma Spec -Thorium 232
Percent Moisture (LOD)

Soil

20050995-07 A K-787
Gamma Spec- Thorium 232
Percent Moisturc (LOD)

Soil

None

None

None20050995-08 A K-789
Gamma Spec -Thorium 232
Percent Moisture (LOD)

Soil

20050995-09 A K-965
Gamma Spec -lnorium 232

Percent Moisture (LOD)

Soil 08/19105 Plastic 16oz None Yes Yes

20050995-10 A K-969 Soil 08/19/05 Plastic 16 oz None Yes Yes
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-019
Survey Unit Kaiser-FSS-019

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-019, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the eastern-central portion of the Retention Pond area.
Sunrey Unit Kaiser-FSS-019 is considered a Class 1 survey unit with an approximate surface
area of 1,582 m2. It is bounded to the south by Survey Unit Kaiser-FSS-029, to the east by
Survey Unit Kaiser-FSS-016, to the north by Survey Unit Kaiser-FSS-018, and to the west by
Sunrey Unit Kaiser-FSS-028 (Figure 3).

Sunrey Unit Kaiser-FSS-019 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:\P40CO\M4072\FSS Reports\Vokme rSurvey Unit Kaiser-FSM-19\FSS-O19 Text.doc 1 Revision 0
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2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the excavation bottom
surface soil of Survey Unit Kaiser-FSS-019. 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 12 approximately equal-distant locations in the survey unit.
The statistics for the 12 background measurements are provided below in Table 1. Background
measurements ranged from 16,016 counts per minute (cpm) to 20,057 cpm moving east to west
within the survey unit. The scan results increase as the surveyor moves closer to impacted
material located to the west and south of the survey unit.

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 2,162 measurements of gross count rate were made at two second intervals across the survey
unit's 1,582 mr surface area. The results ranged from 15,596 cpm to 29,375 cpm. A statistical
summary of the 100 percent coverage gamma scan of the survey unit is provided below in Table
1.

Table 1 - Gross Gamma Scan Results Summary
Survey Area: 1,582 m'
Number of Scan
Measurements (2-Second 2,162
Intervals):
Detector Swing Rate:
(Swinging the detector a width 0.37 m/s
of 1 -meter side to side) (MARSSIM recommends 0.5 m/s)

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 16,016 15,596
Maximum 20,057 29,375
Average 17,776 19,299

Stand Deviation 1,102 1,840
Median 17,523 18,963

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 excavation bottom (Figure A-2, Attachment
A). The biased soil samples were screened on-site in a lead cave. Results of the sample

Q:.\P4OCDOPA4072\FSS Repots\Volume IMSurvey Unk Ka=-FSS-019\FSS-019 Text.doc 2 Revision 0
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screening are presented below in Table 2. The sample screening levels were below the DCGLw
for the site.

Table 2-Biased Soil Sample Screening Results
Cave Counter

Screening Results Std. Error MDC
Soil Sample ID (pCi/g) (pCi/g) (pCilg)
DCGLW 3.0 _

Site Background 1.1 0.3
K-941 0.972 1.10 1.56
K-942 1.71 0.809 1.56
K-943 0.454 0.966 1.56
K-944 0.081 1.08 1.56

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 1,582 M2 along with the
N of 9 were used to calculate the Triangular Grid Node Length (L) of 14.2 meters and the Height
of the Equilateral Triangle (h) of 12.3 meters. A random start point was generated using the
random number feature of Excel and documented on Soil Survey Unit Worksheet No. 2
(Attachment B).

A layout of the soil sampling locations is provided on Figure A-3 contained in Attachment A.
The soil sample locations were demarcated in the field using a GPS unit. A total of 10 soil
samples (identified as K-969 through K-978) were collected at the excavation bottom surface (0-
6-inch depth interval) level using a clean, decontaminated sampling auger or sharpshooter
shovel. The samples were forwarded to Outreach for analysis of Th-232 activity concentration.
Analytical results are provided below in Table 3. Analytical data reports are contained in
Attachment C.
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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) (pCig) (pCi/g) (pCgCi/g) (Paig)

K-969 0.286 0.051 0.133 0 3.0
K-970 0.591 - 0.050 0.191 0 3.0
K-971 0.563 0.077 0.227 0 3.0
K-972 0.574 0.062 0.194 0 3.0
K-973 0.547 0.041 0.248 0 3.0
K-974 0.509 0.034 0.216 0 3.0
K-975 0.856 0.074 0.224 0 3.0
K-976 1.10 0.087 0.238 0 3.0
K-977 0.796 0.047 0.241 0 3.0
K-978 0.784 0.097 0.327 0 3.0

__4yerage 0.661
Standard Dev. 0.227

Minimum 0.286 _ _

Maximum .10
Median 0.583

All 10 systematic soil sample results (gross and net) were below the open land area surrogate
value of 3.0 pCi/g net Th-232 activity concentration (DCGLw). The maximum gross Th-232
activity concentration was 1.10 pCilg, which is equal to the background Th-232 activity of 1.1
pCi/g for the site. The average gross Th-232 activity concentration was 0.661 pCilg. The
standard deviation of the 10 equal-distant samples was 0.227, 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 (0.40 pCi/g) between the maximum survey unit soil sample activity
concentration (1.10 pCi/g) and the minimum reference background area soil sample activity
concentration (0.70 pCi/g) is less than DCGLw (3.0 pCi/g), then the survey unit meets the release
criterion. Table 4 presents a summary of the data used to complete the statistical evaluation of
the survey unit.
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Table 4 - Reference Group and Survey Unit Sample Results
Reference Th-232 Survey Unit Th-232

Group Sample ID (pCi/g) Group Sample ID (pCilg)
RI 126 1.29 Si K-969 0.286
R2 139 0.70 S2 K-970 0.591
R3 74 0.87 S3 K-971 0.563
R4 231 1.38 S4 K-972 0.574
R5 131 1.26 S5 K-973 0.547
R6 162 1.00 S6 K-974 0.509

R7 59 0.96 S7 K-975 0.856
R8 273 0.84 S8 K-976 1.10
R9 164 1.88 S9 K-977 0.796

RIO 27 1.24 SlO K-978 0.784
_ Average 1.14 Average 0.661

Standard Standard
Dev. 0.34 Dev. 0.227
Minimum 0.70 Minimum 0.286

= Maximum 1.88 Maximum 1.10
Median 1.12 Median 0.583
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the eastern-central portion of the Retention
Pond resulted in an open land area consisting of an excavation approximately 1,582 m2 in area.
This open land area, identified as Survey Unit Kaiser-FSS-019 is considered a Class 1 survey
unit, The survey unit is bounded to the south by the Survey Unit Kaiser-FSS-029, to the east by
Sunrey Unit Kaiser-FSS-016, to the north by Survey Unit Kaiser-FSS-018, and to the west by
Survey Unit Kaiser-FSS-028 (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-019 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 10 systematic soil sample results (gross and net) were below the open land area
surrogate value of 3.0 pCi/g net Th-232 activity concentration (DCGLw).
The analytical results meet the DP statistical criterion based on the first statistical
evaluation of the data (WRS Test procedure).

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

3.2 Sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSS-019 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 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

-FS'S'-019 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0.00
-Embedded Structures (None Encountered) dpm/l00cm 0 0.00
TO'AL SUM OF ERA CTIONS 0.00
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The Sum of Fractions provides a conservative assessment of the survey unit without backfill.
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-019 meets the
DP acceptance criteria.
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Attachment A, Figure A-1
Gross Gamma Background and Scanning Suvey Results

Survey Unit KAISER-FSSO19
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Attachment A, Figure A-2
Gross Gamma Survey - Biased Soil Sample Locations

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

Survey Unit: Kaiser-FSS-019
Area: 1.582 M2

North Grid: lom x lom

iI A B C

is

co)

_ _ _ _ _ *

* K-941 -
* K-942 -
O K-943 -

AK-944 -

Biased soil sampling location based on the results of the gross gamma scan
Biased soil sampling location based on the results of the gross gamma scan
Biased soil sampling location based on the results of the gross gamma scan
Biased soil sampling location based on the results of the gross gamma scan
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Soil Survey Unit Work Sheet No. 1
Final Status Survey

Thorium Rernediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-019

2. Description: Retention Pond Area. West of Survey Unit Kaiser-FSS-0 16

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

4. Dimensions (m): Excavation Bottom - 33.5 meters x 47.2 meters: Area, A (m 2):_,5

5. Estimated 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 uilt are:

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

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

7. If the area of the Survey Unit is less than 2,000 m2, recalculate the corresponding Triangular Grid Node

Length (LI) for the Survey Unit Area (A), using the following formula: LI = (A/(0.866 x 9))"2: 14.2 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))n: NIA

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

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 - (IJ2)2)1': 12.3 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-01 9

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

16 16 lower bound
upper bound

x axis y axis

3 1 0

CU

(0,0)
North

x axis

QO\P4000PA4072\FSS Reports\Volume I\Survey Unit Kaiser-FSS-01 9NAttachment B - Soil Survey Unit Worksheets\Soil Survey Unit
Worksheet No. 2
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Outreach
I -bomatory

O 74012 August 26, 2005
(918) 251-2515
FAX (918) 25ag-o0

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

Project: Kaiser Thorium Remediation PAA0004072
OUTREACH LAB ID: 20050669

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
August 19, 2005 for the above captioned project. Eleven 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 8/26/05.

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

Your samples will be returned as requested.

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

Laboratory Di ctor

ODEQ ID #9517
DEQ LIC. #27522-01

c d oX

CERT. ID #OK001



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

Outreach
.)Oratory

.4orth Aspen
Broken Arrow. OK 74012
(918) ZS1-2515
FAX (918) 25140008

&aiser Aiuminum
Thorium Remediation

20050669
8/26/05 ;
8/22/05 :

lof4 4

: I

. ..

Analysis Analyst
Date

Analytical Report

Result UnitsMethod DL Prep
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050669-01
K-966
8/19/05 9:25:00 AM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.872 +/- 0.059 pCi/g
Inorganics Analyses

92 37.4 %

0.235 8/23/05 SD

Percent Moisture ASTM D2216-! 8/22/05 8/23/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050669-02
K-968
8/19/05 9:30:00 AM
Soil

Radiochemical Analyses
HASL 300 0.423 +/- 0.050 pCi/g

Inorganics Analyses
ASTM D2216-92 15.1 %

. . A

.I

..

0.167 8/23/05 SD

8/22/05 8/23/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050669-03
K-970
8/19/05 9:45:00 AM
Soil

Th-232 HASL 300
Radiochemical Analyses

0:59i +/- 0.050 pCi/g
Inorganics Analyses

92 . 20.8 %

0.191 8/23/05 SD

Percent Moisture ASTM D2216-! 8/22/05 8/23/05 RT

Lab ID:
* Client ID:

Date Sampled:
Matrix:

Th-232

Percent Moisture

20050669-04
K-971
8/19/05 9:50:00 AM
Soil

Radiochemical Analyses
HASL 300 0.563 +/- 0.077 pCi/g

Inorganics Analyses
ASTM D2216-92 17.2 %

0.227 8/23/05 SD

8/22/05 8/23/05 RT

BDL = Below Detection Limit
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Client Project:
Lab Number:
Date Reported:
Date Received:
Page Number:

Thorium Remediation
20050669

8/26/05
8/22/05

2of4
Outreach

Y -boratory
,*-~4.Airz K74012
(918) 251-2515
FAX (918) 251.0008 Analytical Report

Result UnitsMethod . DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050669-05
K-972
8/19/05 9:55:00 AM
Soil

Th-232 HASL 300
Radiochemical Analyses

0.574 +/- 0.062 pCilg
Inorganics Analyses

92 29.3 %

0.194 8/23105 SD

Percent Moisture ASTM D2216-! 8/22/05 8/23/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

P Oercent Moisture

20050669-06
K-973
8/19/05 9:59:00 AM
Soil

Radiochemical Analyses
0.547 +/- 0.041 pCi/gHASL 300

ASTM D2216-!

0.248 8/23105 SD

92
Inorganics Analyses

* 17.1 % 8/22105 8/23/05 RT

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

Th-232

Percent Moisture

20050669-07
K-974
8/19/05 10:05:00 AM
Soil

Radiochemical Analyses
HASL 300 0.509 +/- 0.034 pCi/g

Inorganics Analyses
ASTM D2216-92 20.3 %

0.216 8/23/05 SD

8/22/05 8/23/05 RT

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

Th-232

Percent Moisture

20050669-08
K-975
8/19/05 10:09:00 AM
Soil

R.
HASL 300

ASTM D2216-92

adiochemical Analyses
0.856 +/- 0.074 pCi/g

.inorganics Analyses
21.6 %

0.224 8/23/05 SD

8/22/05 8/23/05 RT. .

BDL = Below Dctection Limit



Client Project:

Lab Number:

Date Reported:

Date Received:
Page Number:

Outreach
X -boratory

.orft Aspen
.en Arrow, OK 74012

(918) Z51-2515
FAX (918) Z5 I.0008

Thorium Remediation

20050669

8/26/05

8/22/05
3 of 4 ,

i

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

I

Lab ID:

Client ID:

Date Sampled:

Matrix:

Th-232

20050669-09

K-976

8/19/05 10:15:00 AM

Soil

Radiochemical Analyses
1.10+/-0.087 pCi/gHASL 300 8/23/050.238 SD

Inorganics Analyses
24.5 %Percent Moisture ASTM D2216-92 8/22/05 8/23/05 RT

:

Lab ID:

Client ID:
Date Sampled:
Matrix:

20050669-10

K-977
8/19/05 10:20:00 AM
Soil

Radiochemical Analyses
0.796 +1= 0.047 pCi/g1Th-232 HASL 300 0.241

Percent Moisture ASTM D2216-92
Inorganics Analyses

11.3 %

8/23105 SD

8/23/05 RT8t22/05

Lab ID:

Client ID:

Date Sampled:

Matrix:

Th-232

Percent Moisture

20050669-11

K-978

8/19/05 10:25:00 AM

Soil

Radiochemical Analyses
0.784 +/- 0.097 pCilgHASL 300

ASTM D2216-'

0.327

92
Inorganics Analyses

22.2 %

8/23/05 SD i

.8 // 0
8/22/05 8/23/05 RT i

* .
.4

BDL= Bclow Detection Limit



Outreadc
! tlboratory

Arrow, OK 74012
(918) 251-Z515
FAX (918) 251I0008

Client Project:

Lab Number:

Date Reported:
Date Received:

Page Number:

1~"8J3' IU UII*IIAIUIt

Thorium Remediation

20050669
8/26/05

8/22/05

4of4

QC Report

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

Ac228

Ac22S

Am-241

Am-241

Co-60

Co.60

Cs-137

Cs-137

Percent Moisture

NC

NC

93.0

89.0

93.0

91.0

96.0

93.0

93.0 0.0

94.0

94.0

93.0

96.0

95.0

5.4

0.3

2.0

0.0

2.3

8/22/05

83105

8/22/05

8n3/05

8/22/05

r23/05

8/22/05

8/23/05

8/23/05

q

4.8

Lab Approval: . I

. . , , s

BDL = Below Detcction Limit
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Date Received: 8/22/05 10:18:56

aNuLmbrJ. .205ll669

Lab Number: 20050669 Due: 8/26105

Custody Seal
Seal Intact

Sample
Number

Client
Sample ID

Date
* Sampled

Container
Type

Container
SizeMatrix Preservation

20050669-01 A K-966
Percent Moisture (LOU)
Th-232 by Gamma Spec

Soil 08/19/05 Plastic 16oz . None

N

'None

No No

20050669-02 A K-968
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil 08/19/05 Plastic 16 oz Yes Yes

20050669-03 A. K-970
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 08/19/05 Plastic 16oz

16oz20050669-04 A K-971
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 08/19/05 Plastic

20050669-05 A K-972
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050669-06 A K-973
Percent Moisture (LOD)

Th-232 by Gamma Spec

20050669-07 A K-974
Percent Moisture (LOD)

Th-232 by Gamma Spec

20050669-08 A K-975
Percent Moisture (LOD)

*Th-232 by Gamma Spec

Soil

Soil

Soil

Soil

08/19/05 Plastic

08/19/05 Plastic

08/19/05 Plastic

16oz

16oz

16 oz

16oz

16 oz

16 oz

None

None
Non

None

None
None

None

None

:None

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes.

Yes

Yes

Yes

Yes

Yes

Page I

08/19/05 Plastic

20050669-09 A K-976
Percent Moisture (LOD)

Th.232 by Gamma Spec

08/19/05 Plastic

08119/05 Plastic

Yes

20050669-10 A- . K-977 Soil Yes



T1 * v Gamma Spec

20050669-11 A K-978
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 08/19/05 Plastic t6oz None Yes Yes

CONTAINER INSPECTION

#f Coolers Custody Seals Broken - Y/N Temperature Blue Ice / Wet Ice Radiation Sufixedrma

SAMPLE INSPECTIO

Custody Seals Broken - ha of Custody Record4N Labels in Tac;Ž3/N Radiation Survey CompleteN

Anomalies:

Inspected By:

QA or Designee Review: ATE

Sample Custodian Review:iewtD ATE

Project Notes:

C' C ( age 2



-3utreach
k~aboratory-

311 NorthAspen % P )
B'o4enArrow. OK 74012 December 14,2005
(918) ,251.2515 * J
FAX (918) 251 -0006 i, X

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

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050995

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
December 09, 2005 for the above captioned project. Ten soil samples were received in
good condition and analyzed by Gamma Spectroscopy without drying and grinding and
Percent Moisture with an expedited 5-work day turn. Results were faxed early on
12/14/05.

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

limits.

Your samples will be returned as requested.

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

Laboratory Di ector

ODEQ ID #9517
DEQ LIC. #27522-01

CERT. ID #OK00I

K J')



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

Kaiser Aluminum
Thorium Remediation

20050995
12/14/05

12/9/'
oI ',-

Outzeach
Labomtory
311 Nord Aspen
broken Arrow, OK 7401Z
(918) 251-Z515
FAX (918) 251-0008

Analytical ]Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Date Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050995301
K-506
2/14/05 9:50:00 AM
Soil

Radiochetnical Anslyses
HASL 300 0.760 +1- 0.172 pCi/g

Inorganics Analyses
ASTM D2216-92 20.3 %

Thorium 232

Percent Moisture

0.294 12/9/05 SP

12/9105 12/14/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix;

20050995-02
K-552
3/8/05 2:00:00 PM
Soil

Radiochemical Analyses
HASL 300 0.811 +/- 0.141 pCi/g

Inorganics Analyses
ASTM D2216-92 8.1 %

Thborium 232

Percent Moisture

0.641 12/9105 SD - I

12/9/05 12/14/05 RT

Lab ID:
Client ID;
Date Sampled:
Matrix:

20050995-03
(-619

4/25/s 2:40:00 PM
Soil

Radiochemical Analyses
HASL 300 0.932 +-- 0.188 pCi/g

Inorganics Analyses
ASTM D2216-92 11.9 %

Thorium 232

Percent Moisture

0.509 12/9105 SD

12/9/05 12/14/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

2005099504
K-774
7/8/05 1;30:00 PM
Soil

Radiochemical Analyses
HASL 300 0.819 +1- 0.224 pCl/g

Inorganics Analyses
ASTM D2216-92 10.9 %

Thorium 232

Percent Moisture

0.318 12/9/05 SD

12/9105 12/14/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

2005099S-05
I-782
7/8/05 2:10:00 PM
Soil

Radlochemical Analyses
BDL - Below Dctcection Limit



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

Kaiser Aluminum
Thorium Remediation

20050995
12/14/05

12/9/05
2of3

ixtleach
abraory

11ei Nor% Aospen
Broken Arrow. OK 74012
(918) 25125-S
FAX (918) 251.0008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Date
Thorium 232

Percent MoistUre

HASL 300 1.37 +/- 0.304 pCilg
Inorganics Analyses

ASTM P2216-92 7.8 %

0.887 12/9105 SD

12/9/05 12/14/05 RT

Lab ID:
Client ID:
bate Sampled:
Matrix:

20050995-06
K-786
7/8/05 2:30:00 PM
Soil

Radiochemical Anulyses
HASL 300 0.747 +/- 0.174 pCi/g

Inorganiua Analyses
ASTMD2216-92 42 %

Thorium 232

Percent Moisture

0.548 12/9/05 SD

12/9/05 12/14/05 RT

Lab ID:
Client ID:
Date Sampled:

t,; dMatrix:

20050995-07
K-787
7/05 2:35:00 PM
Soil

Radiochemical Analyses
HASL 300 0.873 +/- 0.171 pCi/g

Inorganics Analyses
ASTM D2216-92 7.2 %

Thorium 232

Percent Moisture

0.567 12/12/OS SD

12/9/05 12/14/05 RT

Lab ID:
Client ID:
Date Sampled:

Matrix:

20050995-08
IK-789
7/8105 2:45:00 PM
Soil

Radiochemical Analyses
HASL 300 0.948 +/- 0.162 pCi/g

Inorganies Analyses
ASTM D2216-92 9.3 %

Thorium 232

Percent Moisture

OA72 12/12/05 SD

12/9/05 12/14/05 RT

Lab ID:
Client ID:
Date Sampled;
Matrix:

200099S-09
K-965
8/19/05 9:3S:00 AM
Soil

Radiochemical Analyses
HASL 300 1.07 +/. 0.234 pCi/g

Inorganics Analyses
ASTM D2216-92 18.4 %

Thorium 232

t^,&Jv Percent Moisture

0.594 12/12/05 SD

1219/05 12/14/OS RT

BDL = Below DMtccdon Limit



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

Kaiser Aluminum
Thorium Remediation

20050995
12/14/05
1. 2/gr

3 oli

Outreach
-aboratory

3 1t North Aspen
broken Arrow, OK 74012
(918) 251.2515
FAX (918) 251-0008

Analytical Report
Result UnltsMethod DL Prep

Date
Analysis
Date

Analyst

Lab ID:
Client ID:
Date Sampled;
Matrix:

20050995-10

K-969
U19/05 9:40;00 AM
Soil

Radlochemical Analyses
HASL 300 0.286 +/- 0.051 pCi/g

Inorganics Analys
ASTM D2216-92 17.6 %

Thorium 232

Percent Moisture

0.133 12/12105 SD

12/9/05 12/14/05 RT

QC Report
Parameter P eank LCS LCSD

%REC %BJIC RPD
DUP
RPD

MS
%REC

MSD
%REC 1lD

Date

-

Ac-228

Am-241

Co-60

Cs-137
Percznt Mols=re

NC

94.0

93.0

94.0

94.0

95.0

94.0

0.0

2.2

0.7

1219/05

12/9105

2ViXs

12/9/05

IV14/051.1

Lab Approval;

BDL - Below Detection Limit
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SAMPLE LOu.

Date Received: 1219/05 8:44:38 A Lab Number: 20050995 Due: 12(16/05

Custody Seal
Seal Intact

Sample
Number

Client
Sample ID

Date Container Container
Matri& Sampled Type Size Preservatlon

20050995-01 A K-506
Garrma Spec - Thorium 232

Percent Misture (LOD)

Soil

20050995-02 A K-SS2
Gamma Spec. Tborium 232
Pcrcent Moisture (LOD)

Soil

20050995-03 A K-619
Gamma Spec - borium 232

Percent Moisture (LOD)

Soil

20050995-04 A K-774
Gamma Spec - Thorium 232

Percent Moistre (LOD)

Soil

20050995-05 A K-782
Gamma Spec - Thornum 232

Percent Moisture (LOD)

Soil

02/14105 Plastic

03/08105 Plastic

04,2S105 Plastic

07/08/05 Plastic

07t08105 Plastic

07/08/05 Plastic

07/08/05 Plastic

07/08/05 Plastic

08119105 Plastic

08119/05 (7

16oz

16oz

16 oz

16oz

16 Cz

16 oz

160z

16 oz

16oz

None Yes

None Yes

None Yes

None Yes

None Yes Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

20050995-06 A K-786
Gamma Spec-Thorium 232
Percent Moisture CLOD)

Soil None Yes

20050995-07 A K-787
Gamma Spec - Thorium 232
Percent Moisture (LOD)

Soil None Yes

2005099548 A K-789
Gamma Spec -lhorium 232

Percent Moisture (LOD)

Soil None Yes

2005099549 A K-965
Gamma Spec - lhorium 232

Percent Moisture (LOD)

2 0050 99 5-loQ. K-969

Soil None Yes

Soil 16oz None Yes



GCTmmaaFr borium 232

Percent hiaurc (LOD)
C C

CONTAINER INSPECTION

1 Coolers 1 Custody Seals Broken al Temperature

SAMPLE INSPECTION
Sample Seal Broken NA Chaln of Custody Record 3

Anomalies

Ice Radiation Survey. <00 cpm

Radiation Survey Complete 2Labls in Tat i

Inspected By: /Jtit

QA or Designee Review:

Sample Custodian Reviev

Project Notes:
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-020
Survey Unit Kaiser-FSS-020

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 confpleted 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
Kaiscr-FSS-020, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the former Flux Building area. Survey Unit Kaiser-FSS-020
is considered a Class 1 survey unit with an approximate surface area of 1,570 m2. It is bounded
to the south by the Union Pacific Railroad right-of-way, to the east by the Specific Systems
property, to the north by Survey Unit Kaiser-FSS-016, and to the west by Survey Unit Kaiser-
FSS-029 (Figure 3).

Survey Unit Kaiser-FSS-020 consists of an excavation bottom surface soil with one side wall
(east wall). The excavation continued beyond (east) the Kaiser property line, beneath the
Specific Systems concrete roadway. One elevated area (greater than net 3.0 pCi/g Th-232) was
left in-place beneath the concrete roadway due to structural integrity/safety concerns. The
elevated area was evaluated using the elevated measurement comparison (EMC) as presented in
the I)P for the project. No embedded "structures" were encountered during the removal of the
radiologically-affected soil.

Q:\P40OC\PA4072\FSS ReportsWolume rswMey Unit aiser-FSS-020FSS.020 Tet.doc I Revision 0
3/22/06



2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the following physical
features or elements of Survey Unit Kaiser-FSS-020:

* Excavation bottom surface soil including the east wall surface soil.
* Elevated soil area located along the east 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.

2.1.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom and 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 (I to 2 inches) and moved in a serpentine pattern. Background
measurements were obtained at I-meter above the ground surface at 9 approximately equal-
distant locations within the survey unit. The statistics for the 9 background measurements are
provided below in Table 1. Background measurements ranged from 11,450 counts per minute
(cpm) along the southwestern survey unit boundary to 14,670 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 4,321 measurements of gross count rate were made at two second intervals across the survey
unit's 1,570 m2 surface area. The results ranged from 9,082 cpm to 29,000 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: 1,570 m`
Number of Scan Measurements
(2-Second Intervals) 4,321
Scan Rate: 0.18 m/s

(Swinging the detector a width (MARSSIM recommends
of 1-meter side to side t .5m/s)

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 11,450 9,082
Maximum 14,670 29,000
Average 12,8434,515

Standard Deviation 931 2,073
Median 12,986 14,111

Q:\P40O0\PA4072FS Rcports\Volume \Survey Unk KAis-FSS-202PSS020 Tezt.doc 2 Revision 0
3/22/06



Contour maps of the gross gamma background and final (as-left condition) scanning survey
results are presented on Figure A-1 contained in Attachment A. The 100 percent coverage
gross gamma scan did not indicate the presence of small areas of elevated activity on the
excavation bottom (above the DCGLw for the site). As part of the gross gamma survey, 12
biased soil samples were collected at locations exhibiting the highest scan rates on the excavation
bottcm and eastern side wall (Figure A-2, Attachment A). The biased soil samples were
screened onsite in a lead cave. Results of the sample screening are presented below in Table 2.
The sample screening levels were below the DCGLw for the site.

Table 2 - Biased Soil Sample Screening Results
Cave Counter Screening Std. Error MDC

Soil Sample ID Results (pCi/g) (pCi/g) (pCi/g)
DCGLw 3.0
Site Background 1.1 0.3
K-1058 2.78 0.855 1.56
K-1059 1.88 0.898 1.56
K-1163 0.826 1.06 1.53
K-1164 0.037 1.15 1.53
K-1203 1.87 1.20 1.56
K-1204 1.66 1.21 1.56
K-1205 0.320 1.06 1.55
K-1206 1.13 1.16 1.54
K-1207 0.256 1.15 1.54
K-1208 0.826 0.782 1.54
K-1209 1.13 1.00 1.54
K-1210 1.71 1.04 1.54

One area of elevated activity was identified along the excavation's east wall.
is discussed in Section 2.2.

This elevated area

2.1.2. Systematic Soil Sampling - Excavation Bottom/Side Wall Surface Soil

The final status survey also consisted of systematic soil sampling based on a random start point
and an equal-distant triangular grid. The Minimum Number of Samples Required (N) based on
the scan MDC was determined to be 9 as documented on Soil Survey Unit Worksheet No. 1
(Attachment B). Once N was determined, the Survey Unit Area (A) of 1,570 m2 was used to
calculate the Triangular Grid Node Length (L) of 14.2 meters and the Height of the Equilateral
Triangle (h) of 12.3 meters. A random start point was generated using the random number
feature of Excel and documented on Soil Survey Unit Worksheet No. 2 (Attachment B).

A layout of the soil sampling locations is provided on Figure A-3 contained in Attachment A.
The soil sample locations were demarcated in the field using a GPS unit. A total of 9 soil
samples (identified as K-1165 through K-1173) 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
Q:\P401O)\PA4072\FSS Reports\Vohume I\Smzvy UnkI Kaisw-FS-2O\FSS-020 Text.doc 3 Revision 0
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conocentration. 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 NetMT-232 DCGL
Samnple ID (pCi/g) (pCi/g) (Pci/g) (pCi/g) Pi9

K-165 0.774 0.089 0.217 0 3.0
.K- 1166 0.622 0.167 0.237 0 3.0
K-1 167 1.12 0.208 0.250 0.02 3.0
:K- 1168 0.680 0.131 0.176 0 3.0
:K-1 169 0.941 0.178 0.286 0 3.0
K-1 170 0.943 0.190 0.204 0 3.0
K-1 171 0.606 0.098 0.214 0 3.0
K -1172 0.475 0.138 0.265 0 3.0
K-1 173 0.838 0.156 0.237 0 3.0

Aveag 0.778__ _ _ _ _ _ _ _ _ _

Standard Dev. 0.203 __ __ _ _ ____

M inimum 0.475 _ _ _ _ _ _ _ _ _ __ _ _ _ _

Max4imum 1.12 _ _ _ _ _ _ _ _ _ __ _ _ _ _

M edian 0.774 _ _ _ _ _ _ _ _ _ _ _ _

All 9 s ystematic 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 1.12 pCilg. The average gross Th-232 activity concentration was
0.77:3 pCilg. The standard deviation of the 9 equal-distant samples was 0.203, which fell below
the estimated standard deviation of 0.42 (based on the adjacent land final status survey results)
used to calculate the minimum number of samples required.

2.1.23 Wilcoxon Rank Sunm (W*RS) 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 thie difference (0.31 pCilg) between the maximum survey unit soil sample activity
concentration (1.12 pCilg) and the minimum reference background area soil sample activity
concentration (0.81 pCi/g) is less than DCGLw (3.0 pCi/g), then the survey unit meets the release
criterion. Table 4 presents a summary of the data used to complete the statistical evaluation of
the survey unit.
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Table 4 - Reference Group and Survey Unit Sample Results
Reference Sample ID Th-232 Survey Unit Sample ID Th-232

(Group (pCi/g) Group (pCi/g)
RI 338 1.04 S1 K-1165 0.774
R2 224 1.59 S2 K-1166 0.622
R3 182 1.16 S3 K-1167 1.12
R4 209 0.90 S4 K-1168 0.680
R5 205 1.05 S5 K-1169 0.941
R6 233 1.20 S6 K-1170 0.943
R7 183 0.81 S7 K-1171 0.606
R8 27 1.24 S8 K-1172 0.475
R9 323 0.87 S9 K-1173 0.838

Average 1.10 Average 0.778
Standard Standard
Dev. 0.24 Dev. 0.203
Minimum 0.81 Minimum 0.475

= Maximum 1.59 Maximum 1.12
Median 1.05 . Median 0.774

2.2 Elevated Area

During the remediation of Survey Unit Kaiser-FSS-020, one area adjacent to the Specific
Systems property was encountered where the additional excavation of impacted material was not
possible due to structural integrity/safety issues. This area was evaluated using the EMC criteria.
The elevated area was located just east of the former Flux Building footer bordering the Specific
Systems property. The total area of the elevated area was conservatively estimated as 2 m . The
following 7 soil samples were used to define the area:

* Sample K-1050 - A biased soil sample taken at the highest gross gamma scan
measurement location (29,008 cpm on contact) within the elevated area. The sample
was analyzed by Outreach and re resents a conservative estimation of the Th-232
activity concentration within the 2 m elevated area (EMC-1).

* Sample K-1051 - A composite soil sample taken right of EMC-1 to bound the elevated
area (19,000 cpm on contact).

* Sample K-1052 - A biased soil sample taken below EMC-1 to bound the elevated area
(20,354 cpm on contact).

* Sample K-1053 - A biased soil sample taken left of EMC-1 to bound the elevated area
(19,878 cpm on contact).

* Sample K-1054 - A biased soil sample taken above EMC-1 to bound the elevated area
(24,026 cpm on contact).

* Sample K-1055 - A biased soil sample taken below Sample K-1052 (19,246 cpm on
contact).

* Sample K-1056 - A biased sample taken left of Sample K-1053 (15,420 cpm on
contact).

Q:P4O\PA407SS Repofs\Volume \Swvey Unh Yais-FSS-020FSS-020 Tc.nMC 5 Revision 0
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Figure D-1, Attachment D shows the soil sampling locations for this elevated area. The
analytical 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

Samuple I D(Pi/g) (pCi/g) (pCi/) Pig)_ (pCi/g)
K-1050 5.90 0.439 0.460 4.80 26.4
K-1051 1.26 0.138 0.254 0.16 3.0
K-1052 1.85 0.122 0.217 0.75 3.0
K-1053 1.05 0.146 0.257 0 3.0
K-1054 1.80 0.271 0.315 0.70 3.0
K-1055 0.662 0.184 0.332 0 3.0
K-1056 0.796 0.196 0.386 0 3.0

A conservative assessment of the elevated area was performed by assuming the area extends to 2
m2 and that the result for Soil Sample K-1050 represents the activity concentration of the entire 2
m2 elevated area.

The elevated area (EMC-I) exhibited Th-232 activity concentration below the applicable
DCGLEMc of 26.4 pCi/g (Th-232) for a 2 m2 area. An elevated measurement comparison (sum
of fractions) was completed for Survey Unit Kaiser-FSS-020 with a resulting Sum of Fractions
of 0. 19 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 area of the Flux Building resulted in an
open land area consisting of an excavation approximately 1,570 m2 in area. This open land area,
identified as Survey Unit Kaiser-FSS-020 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 by the Specific
Systems property, to the north by Survey Unit Kaiser-FSS-016, and to the west by Survey Unit
Kaiscr-FSS-029 (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 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-020 consisted of a gross gamma scan of the exposed
surface soil of the survey unit (excavation bottom and eastern 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) indicated the presence of
an elevated area on the east wall which was left in-place due to structural integrity/safety
issues associated with a neighboring property concrete drive. An elevated measurement
comparison was required for this area (presented in Section 3.2).

* 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).

3.2 Elevated Measurement Comparison

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

a E (AC < -6)I
DCGL x DCGLEmc

where:
8 = is the average concentration of Th-232 over the entire survey unit,
5EMC = the average concentration of Th-232 over the elevated area (x) within the survey
unit,
DCGL = the DCGLW for Th-232,
DCGLEMc = (area factor for elevated area x) X (DCGLw),
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x = refers to one of the elevated areas within the survey unit, and
n = the total number of elevated areas within the survey unit.

The calculation for Survey Unit Kaiser-FSS-020 is summarized below in the Table 6.

Table 6 - Elevated Measurement Co parison and Fraction Summary
Unit / Unit Gross Net Net

Sample EMC Area Th-232 Th-232 DCGL Fraction Sample
Date unit (m2) (pCi/g) (pCi/g) (Pcilg) Number

K-1 165
through

10/3/2005 FSS-020 1,570 0.778 0.0 3.0 0.0 K-1 173
9/8/2005 EMC-1 2 5.90 5.12 26.4 0.19 K-1050

3.3 'sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSS-020 prior to backfill with clean import borrow
material, as a whole (excavation bottom/side wall surface soil, elevated areas, and embedded
structures), the fraction of each survey element's average net activity divided by the applicable
acceptance criteria is calculated for inclusion in the Sum of Fractions for the entire survey unit.
The Total Sum of Fractions for surface soil, elevated areas, and embedded structures respectively
is presented below in Table 7. As previously mentioned, no embedded structures were
encountered within the survey unit.

Table 7 - Fraction of Applicable Accepta ce Criteria per Survey Unit Element
Average

Net Acceptance
Survey Unit Element Units Activity Criteria Fraction
-FS';-020 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Area EMC-I (Soil) pCi/g 5.12 26.4 0.19
-Embedded Structures (None Encountered) dpm/lOOcm' 0 0.00
TOIAL SUMOFFACTIONS 0.19

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-020 meets the
DP acceptance criteria.
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Soil Survey Unit Work Sheet No. 1
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

1. Soil Survey Unit: KAISER-FSS-020

2. Description: Flux Building Area. South of Survev Unit Kaiser-FSS-016

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

4. Dimensions (m): Excavation Bottom - aDproximately 24.5 meters x 64 meters; Area, A (n2): 1.570

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 i 2 Class 1 survey unit are:

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

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

7. If the area of the Survey Unit is less than 2,000 m2, recalculate the corresponding Triangular Grid Node

Length (LI) for the Survey Unit Area (A), using the following formula: LI = (A/(0.866 x 9))"2: 14.2

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

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

9. If A is greater than 2,000 n2 and N is equal to 9, recalculate the minimum number of samples (NI)

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/: 12.3 im.
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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-020

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

8 56 lower bound
upper bound

x axis v axis

24.5 64

x

(0, 0)
North

x axis
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LABORATORY ANALYTICAL RESULTS
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Outreach

'Coratory
r OK74012

(918) Z51-2515
FAX (918) 251.0008

October 17, 2005

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

I0/ o7/ .

Project: Kaiser Thorium Remediation PAA0004072
OUTREACH LAB ID: 20050788

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
October 4, 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.

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.

LaboDiector

ODEQ ID #9517
DEQ LIC. #27522-01

CERT. ID #OKOOI



Client:
*Client Project:

Lab Number:
Date Reported:
Date Received:
Page Number:

Kaiser Aluminum
Thorium Remediation

20050788
10/17/05

10/4/05'
1 0'

I o10
Outreach

"oratory
Broken Ano OK 74012
(918) 251-2515
FAX (918) 251-0008 Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050788-01
K-I 165
10/3/05 10:40:00 AM
Soil

Radiochemical Analyses
HASL 300 0.774 +/- 0.089 pCilg

Inorganics Analyses
ASTM D2216-92 20.0 %

0.217 10/15/05 SD

10/6/05 10/7/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050788-02
K-1166
10/3/05 10:45:00 AM
Soil

Radiochemical Analyses
HASL 300 0.622 +/- 0.167 pCi/g

Inorganics Analyses
ASTM D2216-92 19.6 %

Th-232

'ercent Moisture

0.237 10115/05 SD

.10/6105 10/7/05 RT

Lab ID:
-Client ID:
Date Sampled:
IVMatrix:

20050788-03
K-1167
10/3/05 10:50:00 AM
Soil

Th-232 FIASL 300
Radiochemical Analyses

1.12+/-0.208 pCi/g
Inorganics Analyses

92. 19.0 %

0.250 10/15/05 SD

Percent Moisture ASTM D2216-' 1016(05 10/7/05 RT

Lab ID:
* Client ID:

Date Sampled:
Matrix:

* Th-232

.Percent Moisture

20050788-04
K-1168
1013/05 10:55:00 AM
Soil

Radiochemical Analyses
HASL 300 0.680 +/- 0.131 pCi/g

Inorganics Analyses
ASTM D2216-92 15.6 %

0.176 10/15/05 SD

10/6/05 10/7/05 RT

BDL- BElow Detection Limit

I



Client:

Client Project:
Lab Number:

Date Reported:
Date Received:

Page Number:

Kaiser Aluminum
Thorium Remediation

20050788

10/17/05

10/4/05

2of3
Outreach

boratory
74012

(9 18) 251-2515
FAX (918) 251-0008 Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:

Client ID:

Date Sampled:

Matrix:

20050788-05

K-1169

10/3/05 11:00:00 AM

Soil

Th-232 HASL 300
Radiochemical Analyses

0.941 +/- 0.178 pCi/g

Inorganics Analyses
92 12.6 %

0.286 10/15/05 SD

Percent Moisture ASTM D2216-' 1016/05 10/7/05 RT

Lab ID:

Client ID:
Date Sampled:

Matrix:

20050788-06

K-1 170
10/3/05 11:05:00 AM
Soil

Radiochemical Analyses
HASL 300 0.943 +/- 0.190 pCi/g

Inorganics Analyses
ASTM D2216-92 17.0 %

Th-232

KeJ.Percent Moisture

0.204 10/15/05 SD

10/6/05 o/7/05 RT

Lab ID:

* Client ID:
*Date Sampled:

Matrix:

20050788-07

K-1171

10/3/05 11:10:00 AM
Soil

Th-232 HASL 30(
Radiochemical Analyses

0.606 +/- 0.098 pCi/g
Inorganics Analyses

216-92 17.3 %

0.214 10/15/05 SD

Percent Moisture ASTM D2 10/6/05 1o/7/05 RT

Lab ID:

Client ID:
Date Sampled:

Matrix:

20050788-08

K-1172

10/3/05 11:15:00 AM
Soil

Radiochemical Analyses
HASL 300 0.475 +/- 0.138 pCi/g

Inorganics Analyses
ASTM D2216-92 21.9 %

.Th-232

Percent Moisture

0.265 10/15/05 SD

10/6/05 10/7/05 RT

BDL= Below Detection Limit

y)



Outreach
)oratory

* a r. orth Aspen
Broken Arrow. OK 74012
(918) 251-2515
FAX (918) ZS7. 0008

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

Analytical Report

Result Units DL Prep
Date

Kaiser Aluminum
Thorium Remediation

20050788
10/17/05

10/4/05
3 of

Method Analysis Analyst
Date

Lab ED:

Client ID:

Date Sampled:

Matrix:

Th-232

Percent Moisture

20050788-09

K-1173

10/3/05 11:20:00 AM

Soil

Radiochemical Analyses
HASL 300 0.838 +/- 0.156 pCi/g

Inorganics Analyses
ASTM D2216-92 23.3 %

0.237 10/15/05 SD

10/6/05 1O0//05 RT

QC Report

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

Ac228 NC 10115105 ,

Am-241

Co-60

Cs-137

Percent Moisture

98.0

91.0

83.0

94.0

96.0

98.0

3.4

5.1

17.4

10115105

10115105

10/15/05

lomos2.9

P A ........... . . .Lab Approval:

BDL - Below Detection Limit
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SAML .E LOGIN

Date Received: 10/4/05 9:31:43 A

Sample
Number

Client
Sample ID

Lab Number: 20050788

Date Container
Sampled Type

Container
Size

Due: 10/11/05

Custody Seal
Seal IntactMatrix 'Preservation

20050788-01 A K-I 165
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil

20050788-02 A K-1 166
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050788-03 A K-1 167
Percent Moisture (LOD)

Th.232 by Gamma Spec

Soil

20050788-04 A K-1 168

Percent Moisture (LOD)

Th-232 by Gamma Spec

'Soil

10/03/05

10/03/05

10/03/05

10/03/05

10/03/05

10/03/05

10/03/05

10/03/05

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

Plastic

16oz

16oz

16 oz

16 oz

16 oz

16 oz

16 oz

16 oz

None

None

None

None

None

None

None

None

No No

No . No

No No

No No

No No

No No

No No

No No

20050788-05 A K-1 169
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050788-06 A K-1 170
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050788-07 A K-1 171
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050788-08 A K-1 172
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050788-09 A

C

K-1 173 Soil 10/03/05 Plastic 16 oz None No No

Page I
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Q :nt Moisture (LOD)

Th-232 by Gamma Spec
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Custody Seals Broken- UnChain of Custody Recordgi Labels in TactOIN Radiation Survey Complete4N

Anomalies:

Inspected By: | .LLL 4 DATE /0 0'-f OSS

QA or Designee Review: DATE

SampleCustodianReview:l 1D ATE

Project. Notes:
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Gutreadh
boratory

.4h Aspe
Broken Arrow. OK 74012
(918) 251-Z515
FAX (918) 251-0008

October 7, 2005

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

Project: Kaiser Thorium Remediation PA-40004072
OUTREACH LAB ID: 20050776

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
September 30, 2005 for the above captioned project. Seven soil samples were received
in good condition and analyzed by Gamma Spectroscopy without drying and grinding
and Percent Moisture with a standard 20-work day turn. Results were faxed early on
10110105.

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.

Labo tor

ODEQ ID #9517
DEQ LIC. #27522-01

CERT. ID #OK001

K-4# /



Outreach
-*boratory

74012
(918) 251-2515
FAX (918) 251-0008

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

Kaiser Aluminum
Thorium Remediation

20050776
107(05
9/30105

I of 3

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis
Date

Analyst

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

20050776-01
K-1050

9n610s 3:10:00 PM
Soil

Radiochemical Analyses
5.90 +/- 0.439 pCi/gIHASL 300 0.460 1013105 SD

Inorganics Analyses
ASTM D2216-92 28.5 %Percent Moisture 9/30/05 10/3/05 RT

Lab ID: . 20050776-02
Client ID: K-1051
Date Sampled: 9/;6105 3:15:00 PM
Matrix: Soil

HASL 300
Radiochemical Analyses

1.26 +/- 0.138 pCi/g
Inorganics Analyses

6-92 18.0 %

0.254 10/3/05 SD

Percent Moisture ASTM D221 9/30/05 10/3/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Tl-232

Percent Moisture

20050776-03
K -1052
9t.26/05 3:20:00 PM
Soil

Radiochemical Analyses
1.85 +/- 0.122 pCi/gHASL 300

ASTM D2216-!

0.217 10/3/05 SD

92
Inorganics Analyses

21.2 % 9/30/05 10/3/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Pe.rcent Moisture

20050776-04
K-1053
9126/05 3:25:00 PM
Soil

Radiochemical Analyses
1.05+/-0.146 pC/gHASL 300

ASTM D2216-'

0.257 10/3/05 SD

92
Inorganics Analyses

19.9 % 9/30/05 10/3/05 RT

BDL = Below Detection Limit



Outreach
,kboratory

4orth Aspen
broken Arrow. OK 74012
(918) 251-2515
FAX (918) 251-0008

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

Kaiser Aluminum
Thorium Remediation

20050776

10/7/05
9/30/05

2of3

Ia

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050776-05
K-1054
9/26/05 3:30:00 PM
Soil

Radiochemical Analyses
1.80 +/- 0.271 pCi/gTh-232

-Percent Moisture

HASL 300

ASTM D2216-

0.315 10/3/05 SD

92
Inorganics Analyses

19.3 % 9/30/05 10/3/05 RTJ

Lab ID:
Client ID:

Date Sampled:
Matrix:

.2

Percent Moisture

20050776-06
K-1055
926/05 3:35:00 PM

Soil

Radiochemical Analyses
0.662 +/- 0.184 pCi/gHASL 300

ASTM D2216-!

0.332 10/3/05 SD

92
Inorganics Analyses

24.9 % 9130/05 10/3/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

20050776-07
1056
9/26/05 3:40:00 PM
Soil

Radiochemical Analyses
0.796 +/- 0.196 pCi/gHASL 300 0.386 10/3/05 SD

Inorganics Analyses
ASTM D2216-92 18.7 %Percent Moisture 9/30/05 10/3/05 RT

BDL = Below Detection Limit



Outreach
' Aboratory

en ,)Arro. = 7401 2
(918) 151-Z515
FAX (918) Z51 0008

Client:

Client Project:

Lab Number:
Date Reported:

* Date Received:
Page Number:

Kaiser Aluminum

Thorium Remediation

20050776

10/7/05

* 9/30/05
3 of3

QC Report

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

Am-241 112.0 101.0 10.1 1016/05
CO-60

Cs-137

Percent Moisture

100.0 94.0

99.0 95.0

6.5

4.5

10/6/05

10/6105

101/3050.1

JIFLab Approval:

BDL =Below Dctcction Limit
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311 North Aspen
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r. A 1- r

'SAMIPLE LOGIN

Date Received: 9/30/05 9:28:13 A Lab Number: 20050776

Date Container
Sampled Type

Due: 10/28105

Sample
N'nmher

Client
samr!e in

Container
SizeIt fft 1

IuAA Lr Preservation
Custody Seal
Seal Intact

20050776-01 A K-1050

Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050776-02 A K-1051
Percent Moisture (LOD)

Th.-232 by Gamma Spec

20050776-03 A K-1052
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

09/26/05 Plastic

09126/05 Plastic

09/26/05 Plastic

16oz.

16 oz

16oz

None

None

None

No No

No No

No NoSoil

20050776-04 A K-1053
Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

20050776-05 A K-1054

Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil

09/26/05 Plastic

09/2610S Plastic

09/26/05 Plastic

16oz

16 oz

16oz

None

None No

No No

No

No20050776-06 A K-lO55

Percent Moisture (LOD)

Th-232 by Gamma Spec

Soil None No

20050776-07 A K-1056 Soil

Percent Moisture (LOD)

Th-232 by Gamma Spec

09/26/05 Plastic 16oz None No No

Page I
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QA or Designee Review: ATE________
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c c
Attachment D, Figure D-1

Sample Locations - Elevated Area
Survey Unit Kaiser-FSS-020

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum and Chemical Company

Specific Systems Property - Looking East

3 meters r

6

Contact
Sample cpm
K-1 050 29,008
K-1051 19,000
K-1052 20,354
K-1053 19,878
K-1054 24,026
K-1055 19,246
K-1056 15,420

2 meters

15 -16

18 -19 kepm

1 meter
K-1056

Background @ Im - 14, 852 cpm Old Flux Building Footer

Q:\P4000\PA4072\FSS ReportsWolume Murvey Unit Kalser-FSO2OMAttachment D\Rev AKt D\Flgure D-1 FSS-020 EMC R



Attachment D
Elevated Measurement Comparison Worksheet

Survey Unit Kaiser-FSS-020
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum and Chemical Corporation

DCGLINc = Area Factor * DCGLW

Area Factors
Radio- Im2 3 m2 l0rn2 30 m2 ;00m2 300 m2 1,000 m2 3,000 m2 10,000 rn2

nuclide (11 ft2) (32 fl2) (108 fi2) (323 fl2) (1,076 fR2) (3,229 fl2) (10,764 ft2) (32,292 fR2) (107,639 fi2
1?-232 12.5 6.2 3.2 2.3 1.8 1.5 1.1 I I

DCGLEMC (pCilg)
Radio- I m2 3 m2 10nm2 30 m2 100 m2 300 m2 1,000 m2 3,000 m2 10,000 n2

nuclide (11 ft2) (32 ft2) (108 f12) (323 ft2) (1,076 fl2) (3,229 ft2) (10,764 ft2) (32,292 ft2) (107,639 fl2
Th-232 37.5 18.6 9.6 6.9 5.4 4.5 3.3 3 3

S +E (&ic (&,)C

DCGL, x+ DCGLric

where:
= = is the average concentration of Th-232 over the entire survey unit,

8EMC = the average concentration of Th-232 over the elevated area x within the survey unit,
DCGL:= the DCGLw or DCCL for Th-232,
DCGLEMc = (area factor for elevated area x) X (DCGL or DCCL),

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

Elevatcd Measurement Compa rison s
Unit Gross Net

Sample Unit / Area Th-232 Th-232 DCGL Fraction
Date EMC unit (m2) (pCng) (pCig) (pCig) (-)

10/3/2C105 FSS-020 1570 0.778 0 3 0.00
9/28/2105 EMC unit 2 5.90 5.12 26.4 0.19

Sum of Fractions: 0.19

(2:\P4000\PA4072\FSS Reports\Vofume I\Survey Unit Kaiser-FSS-020\Attachment D\Rev Att D\FSS-020 EMC vwrksheetR
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-021
Survey Unit Kaiser-FSS-021

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-021, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the north-central portion of the Retention Pond area. Survey
Unit Kaiser-FSS-021 is considered a Class 1 survey unit with an approximate surface area of
1,985 in2 . It is bounded to the south by Survey Unit Kaiser-FSS-023, to the east by Survey Unit
Kaiser-FSS-017, to the north by Fulton Creek, and to the west by Survey Unit Kaiser-FSS-022
(Figure 3).

Survey Unit Kaiser-FSS-021 consists of an excavation bottom surface soil with one side wall
(north 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.

QA\P4OOePA4072\FSS RepoMVolc rSmvcy Ut Kaisff-FSS-021\FSS.021Textdoc 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 and
northern side wall surface soil of Survey Unit Kaiser-FSS-021. 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 northern 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 12 approximately equal-
distant locations in the survey unit. The statistics for the 12 background measurements are
provided below in Table 1. Background measurements ranged from 15,959 counts per minute
(cpm) to 21,250 cpm moving north to south within the survey unit. The scan results increase as
the surveyor moves closer to impacted material located to the south of the survey unit.

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 3,811 measurements of gross count rate were made at two second intervals across the survey
unit':s 1,985 rn2 surface area. The results ranged from 13,197 cpm to 32,181 cpm. A statistical
summary of the 100 percent coverage gamma scan of the survey unit is provided below in Table
1.

Table 1 - Gross Gamma Scan Results Summary
Survey Area: 1,985 ml
Number of Scan
Measurements (2-Second 3,811
Intervals)
Detector Swing Rate:
(Swinging the detector a width 0.26 m/s
of I -meter side to side) (MARSSIM recommends 0.5 m/s)

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 15,959 13,197
Maximum 21,250 32,181
Average 18,342 18,938

Stand Deviation 1,805 2,363
Median 17,796 18,437

Contour maps of the gross gamma background and final (as-left condition) scanning survey
results are presented on Figure A-1 contained in Affachment A. The 100 percent coverage
gross gamma scan did not indicate the presence of small areas of elevated activity (above the
DC GLw for the site). As part of the gross gamma survey, 4 biased soil samples were collected at

Q AP4OOO0PA4072\FSS ReportsVohmc MSunvy Unit KFair-FSS-02 I\FSS-02 IText.doc 2 Revision 0
3/22/06



locations exhibiting the highest scan rates on the excavation bottom and northern side wall
(Figure A-2, Attachment A). The biased soil samples were screened on-site in a lead cave.
Res;ults of the sample screening are presented below in Table 2. The sample screening levels
were below the DCGLw for the site.

Table 2 - Biased Soil Sample Screening Results
Cave Counter

Screening Results Std. Error MDC
Soil Sample ID (pCi/g) (pCi/g) (pCi/g)
DC'GLw 3.0
Sit! Background 1.1 0.3
K-1 057 1.71 1.10 1.55
K-1 061 2.30 1.17 1.55
K-1062 2.51 1.23 1.55
K-1063 2.05 1.13 1.55

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 1,985 m2 along with the
N of 9 were used to calculate the Triangular Grid Node Length (L) of 16 meters and the Height
of the Equilateral Triangle (h) of 13.9 meters. A random start point was generated using the
randoom number feature of Excel and documented on Soil Survey Unit Worksheet No. 2
(Attachment B).

A layout of the soil sampling locations is provided on Figure A-3 contained in Attachment A.
The soil sample locations were demarcated in the field using a GPS unit. A total of 9 soil
samples (identified as K-1041 through K-1049) 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
con.-entration. Analytical results are provided below in Table 3. Analytical data reports are
contained in Attachment C.

Q:\P400"PA4072\FSS ReportsWohnmetSurvey Unit Kaiw-FSS-021\FSS-02lTextdoc 3 Revision 0
3/22/06



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-1041 0.744 0.127 0.221 0 3.0
K-1042 0.928 0.244 0.409 0 3.0
K-1043 0.748 0.194 0.304 0 3.0
K-1044 0.886 0.188 0.305 0 3.0
K-1045 0.663 0.211 0.373 0 3.0
K-1046 0.764 0.223 0.262 0 3.0
K-1047 0.743 0.137 0.179 0 3.0
K-1048 1.35 0.193 0.266 0.25 3.0
K-1049 1.13 0.223 0.331 0.03 3.0
Averae 0.884

Standard Dev. 0.224 .
Minimum 0.663
Maximum .35

Median 0.764

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 0.884 pCi/g. The
standard deviation of the 9 equal-distant samples was 0.224, 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
Tesi). 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 (0.88 pCi/g) between the maximum survey unit soil sample activity
concentration (1.35 pCilg) and the minimum reference background area soil sample activity
concentration (0.47 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.

QAP40ONPA4072\FSS ReportsWolume I\Sur^y Unk KaLr-FSS.02 I\FWSS-02ITc.doc 4 Revision 0
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Table 4 - Reference Group and Survey Unit Sample Results
R eference Th-232 Survey Unit Th-232

Group Sample ID (pCi/g) Group Sample ID (pCi/g)
RI 182 1.16 Si K-1041 0.744
R2 168 1.30 S2 K-1042 0.928
R3 362 1.18 S3 K-1043 0.748
R4 361 0.47 S4 K-1044 0.886
R5 192 1.32 S5 K-1045 0.663
R6 149 0.98 S6 K-1046 0.764
R7 149 0.98 S7 K-1047 0.743
R8 353 0.79 S8 K-1048 1.35
R9 274 1.37 S9 K-1049 1.13

= Average 1.06 Average 0.884
Standard Standard
Dev. 0.29 . Dev. 0.224

= Minimum 0.47 Minimum 0.663
_ Maximum 1.37 Maximum 1.35

Median 1.16 Median 0.764

Q\P4COO\PA407rPSS Reports\Volwme PSwuvey Uni Itaiscr-FSS.021\FSS-42IText.doc 5 Revision 0
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the north-central portion of the Retention Pond
area resulted in an open land area consisting of an excavation approximately 1,985 m2 in area.
This open land area, identified as Survey Unit Kaiser-FSS-021 is considered a Class 1 survey
unit. The survey unit is bounded to the south by the Survey Unit Kaiser-FSS-023, to the east by
Survey Unit Kaiser-FSS-017, to the north by Fulton Creek, and to the west by Survey Unit
Kaiser-FSS-022 (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-021 consisted of a gross gamma scan of the exposed
surface soil of the survey unit (excavation bottom and northern 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-021 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 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.
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Table 5-Fraction of Applicable Acceptance Criteria per Survey Unit Element
Average

Net Acceptance
Suivey Unit Element Units Activity Criteria Fraction

-FSS-021 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0 . 0.00
-Emrbedded Structures (None Encountered) dpni/l00cm2  0 0.00
TOTAL SUM OFFRACTIONS I 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-021 meets the
DP acceptance criteria.
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Attachment A, Figure A-1
Gross Gamma Background and Scanning SuNey Resullts
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Attachment A, Figure A-2
Gross Gamma Survey - Biased Soil Sample Locations

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation
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* K-1 061 - Biased soil sampling location based on the results of the gross gamma scan
* K-1062 - Biased soil sampling location based on the results of the gross gamma scan
< K-1 063 - Biased soil sampling location based on the results of the gross gamma scan
AK-1057 - Biased soil sampling location based on the results of the gross gamma scan

Q:\P4000\PA4072\FSS Reports\Volume l\Survey Unit Kaiser-FSS-021\Attachment A - Soil Survey Results\GRID Worksheets\TableA-3

C i9?-



N
r - ----------------- - n

L - - - - - - - - - - - - - - - - -

-_I

L

h

N = 9
L = 16m
h = 13.9m
AREA = 1,985m2

SCALE - FEET
030 30

9 0
SCALE - METERS

9

K-1042
* SYSTEMATIC SOIL SAMPLING LOCATION

BASED ON RANDOM START POINT AND
AN EQUAL DISTANT TRIANGULAR GRID

FIGURE A-3
SYSTEMATIC SOIL SAMPLING LOCATIONS

SURVEY UNIT KAISER - FSS-021
FINAL STATUS SURVEY

THORIUM REMEDIATION PROJECT
TULSA, OKLAHOMA FACILITY

PREPARED FOR

KAISER ALUMINUM & CHEMICAL CORPORATION
TULSA, OKLAHOMA

* RANDOM START POINT

APPROVEMI; -3 - 3
CHECKE5-D a,- -

DRAWN DEB 9/28/05
DRAWING NUMBER

PA4072026a
A Pen ESR

E-nvkwnmerfl & ftemedkdw Inc

r, t2.



AITACEMENT B
TABLE OF CONTENTS

* Soil Survey Unit Worksheet No. 1

* Soil Survey Unit Worksheet No. 2

Q:P4000\PA4072\FSS Repols\Votume M\Survey Unt K Un-FSS O2ltachment B - Soil Swvey Unit Workshects\Anchment B ioc.doc



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-021

2. Description: Retention Pond Area. West of Survey Unit Kaiser-FSS-017

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

4. Dimensions (m): Excavation Bottom - approximately 44 meters x 45 meters Area, A (m2):1.985

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 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: 16.0 m

B. 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 = (AI(0.866 x N))"2: N/A

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

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 _ (U2) 2 )12: 13.9 In.
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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-021

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

0 39

x axis y axis

lower bound
upper bound I 1 I

45 1 49 l

V)

North
a(0,0) x axis
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ATTACHMENT C

LABORATORY ANALYTICAL RESULTS



Outreach
')oratory

> iyOK= 74012 October 7, 2005
(918) 251-Z515
FAX (918) 251-0008

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

Project: Kaiser Thorium Remediation.PA40004072
OUTREACH LAB ID: 20050775

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
September 30, 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 10/7/05.

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.

Labo 7or

ODEQ ID #9517
DEQ LIC. #27522-01

:C &ZS=

CERT. ID #OK001



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

Kaiser Aluminum
Thorium Remediation

20050775
10/7/05
9/30/05

I of 3
Outreach

I)oratory
_.4oft Aspen
Broken Arrow. OK 74012
(918) 251-2515
FAX (918) 251-0008 Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date--

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050775-01
K-1041
9/29/05 10:15:00 AM

Soil
R:

HASL 300

ASTM D2216-92

adiochemical Analyses
0.744 +/- 0.127 pCi/g

Inorganics Analyses
14.7 %

0.221 10115105 SD

9/30/05 10/3/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050775-02
K-1042
9/29/05 10:20:00 AM
Soil

Radiochemical Analyses
0.928 +/- 0.244 pCi/gTh-232 HASL 300 0.409

Inorganics Analyses
ASTM D2216-92 12.4 %

10/3/05 SD
/

9/30/05 10/3/05 RT - ~.eercent Moisture

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

20050775-03
K-1043
9/29/05 10:25:00 AM
Soil

Th-232

Percent Moisture

Radiochemical Analyses
0.748 +/- 0.194 pCi/gHASL 300

ASTM D2216-

0.304 10/3/05 SD

92
Inorganics Analyses

12.6 % 9/30/05 10/3/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050775-04
K-1044
9129105 10:30:00 AM

Soil

Radiochemical Analyses
HASL 300 0.886+/-0.188 pCi/g

Inorganics Analyses
ASTM D2216-92 14.1 %

0.305 10/3/05 SD

9/30/05 10/3/05 RT

T ab ID:

lient ID:
Date Sampled:
Matrix:

20050775-05
K-1045
9129/05 10:35:00 AM

Soil

Radiochemical Analyses

BDL = Below Detection Limit



Client:
Client Project:
Lab Number:
Date Reported:

Outreach Date Received:
boratory Page Number:
i o Aspen

BbWen Arrow, OK 74012
.(918) 251-2515
FAX (918) 251-0008 A

Kaiser Aluminum
Thorium Remediation

20050775
10/7/05
9/30/05

2 of 3

Result UnitsMethod DL Prep
Date

Analysis
Date

Analyst

Th-232 HASL 300 0.663 +/- 0.211 pCi/g
Inorganics Analyses

9.4 %

0.373 10/3/05 SD

Percent Moisture ASTM D2216-92 9/30/05 1013/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050775-06
K-1046
9t29/05 10:40:00 AM

Soil

Th-232 HASL 300
Radiochemical Analyses

0.764 +/- 0.223 pCi/g
Inorganics Analyses

0.262 10/3/05 SD

Percent Moisture ASTM D2216-92 14.6 % 9/30/05 10/3/05 RT

Lab ID:
Client ID:
Date Sampled:

k,. >4atrix:

Th-232

Percent Moisture

20050775-07
K-1047
9/29105 10:45:00 AM

Soil
Radiochemical Analyses

HASL 300 0.743 +/-0.137 pCi/g
Inorganics Analyses

ASTM D2216-92 10.1 %

0.179 10/3/05 SD

9130/05 10/3/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Th-232

Percent Moisture

20050775-08
K-1048
9/29/05 10:50:00 AM
Soil

Radiochemical Analyses
HASL 300 1.35 +/-0.193 pCi/g

Inorganics Analyses
ASTM D2216-92 8.5 %

0.266 10/3/05 SD

9/30/05 10/3/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050775-09
K-1049
9/29/05 10:55:00 AM

Soil

Th-232 HASL 300
Radiochenical Analyses

1.13 +/-0.223 pCi/g
Inorganics Analyses

92 10.4 %

0.331 10/3/05 SD

K tl'ercent Moisture ASTM D2216-' 9/30/05 10/3/05 RT

BDL= Below Detcstion Limit



Client:
1040. -Client Project:

Lab Number:

Date Reported:

Outreach Date Received:
>boatory Page Number:

orth Aspen
BrowKen Arrow. OK 74012
(918) 25t-Z51S
FAX (918) Z51-0008

Kaiser Aluminum

Thorium Remediation

20050775

I10/5
9/30/05

3 of ?
'.

QC Report

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

Ac228 NC 10llsloS
* Am-241

Am-241

Co-60

Co-60

.Cs-137

Cs-137

Percent Moisture

98.0

112.0

91.0

100.0

83.0

99.0

94.0

101.0

96.0

94.0

98.0

95.0

3.4

10.1

5.1

6.5

17A

4.5

10115/05

1016105

10115105

1016105

101o/s05

10/6/05

10/3/050.1

,> ,ILab Approval:

BDL - Below Dete~tion Limit



OUTREACH CHAII( CUSTODY .
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SAMPLE LOGIN

Date Received: 9/30/05 9:28:03 A Lab Number: 20050775

Date Container Contalner
Sampled Type Size

Sample
Number

Client
Sample ID

Due: 10/7/05

Custody Seal
Seal IntactMatrix Preservation

20050775-01 A K-1041
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil 09/29/05 Plastic

09/29/05 Plastic

16 oz

16 oz

None

None

No No

No No20050775-02 A K-1042
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil

20050775-03 A K-1043 . Soil
Percent Moisture (LOD)
Th-232 by Gamma Spec

09/29/05 Plastic 16 oz None No No

20050775-04 A K-1044 Soil
Percent Moisture (LOD)
Th-232 by Gamma Spec

09/29/05 Plastic 16 oz None No -No

20050775-05 A K-1045 Soil
Percent Moisture (LOD)
Th-232 by Gamma Spec

09/29/05 Plastic 16 oz None No No

20050775-06 A K-1046
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil

20050775-07 A K-1047
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Soil

09/29/05 Plastic

09/29/05 Plastic

09/29/05 Plastic

16 oz

. 16oz

60oz

None

None

None

No No

No No

No No20050775-08 A K-1048
Percent Moisture (LOD)
Th-232 by Gamma Spec

Soil

20050775-09 A

c

K-1049 Soil 09/29/05 Plastic . 16 oz None No No.
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-022
Survey Unit Kaiser-FSS-022

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-022, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the north-central portion of the Retention Pond area. Survey
Unit Kaiser-FSS-022 is considered a Class 1 survey unit with an approximate surface area of
1,84') m2. It is bounded to the south by Survey Unit Kaiser-FSS-024, to the east by Survey Unit
Kaiser-FSS-021, to the north by Fulton Creek, and to the west by Survey Unit Kaiser-FSS-006
(Figure 3).

Survey Unit Kaiser-FSS-022 consists of an excavation bottom surface soil with one side wall
(north 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.

A concrete weir associated with Fulton Creek is located just outside of the survey unit, in a non-
impacted area. Measurements of total and removable alpha contamination were made to verify
the status of the weir as non-impacted (by radioactive material from the site).
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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
northern side wall surface soil of Survey Unit Kaiser-FSS-022. The final status survey consisted
of a gross gamma scan of the exposed surface soil of the survey unit and systematic soil
sampling. A separate survey of a structure located just outside of the survey unit (concrete weir)
was completed to verify it's classification as non-impacted. This verification survey is also
presented in this section of the report.

2.1 Gross Gamma Scan

The exposed surface soil of the Class 1 survey unit (excavation bottom and northern 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 15 approximately equal-
distant locations in the survey unit. The statistics for the 15 background measurements are
provided below in Table 1. Background measurements ranged from 16,834 counts per minute
(cpni) to 21,465 cpm moving north to south within the survey unit. The scan results increase as
the surveyor moves closer to impacted material located to the south of the survey unit.

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 4 657 measurements of gross count rate were made at two second intervals across the survey
unit's 1,840 m2 surface area. The results ranged from 12,465 cpm to 26,587 cpm. A statistical
summary of the 100 percent coverage gamma scan of the survey unit is also provided below in
Table 1.

Table 1 - Gross Gamma Scan Results Summary
Survey Area: 1,840 mt
Number of Scan
Measurements (2-Second 4,657
Inteivals):

Detector Swing Rate:
(Swinging the detector a width 0.20 m/s
of -meter side to side) (MARSSIM recommends 0.5 m/s)

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 16,834 12,465
Maximum 21,465 26,587
Average 19,082 19,264

Stand Deviation 1,403 1,760
Median 18,663 19,065

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
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DCGLW for the site). As part of the gross gamma survey, 7 biased soil samples were collected at
locations exhibiting the highest scan rates on the excavation bottom and northern side wall
(Figure A-2, Attachment A). The biased soil samples were screened on-site in a lead cave.
Results of the sample screening are presented below in Table 2. The sample screening levels
were below the DCGLW for the site.

Table 2 - Biased Soil Sample Screening Results
Cave Counter Screening Std. Error MDC

Soil Sample ID Results (pCi/g) (pCi/g) (pCi/g)
DCGLW 3.0
Site Background 1.1 0.3
K-1238 1.25 1.17 1.57
K-1 239 2.56 0.862 1.57
K-12,40 2.39 1.20 1.57
K-1241 1.72 1.21 1.57
K-1242 1.74 1.31 1.57
K-12'.43 2.49 1.29 1.55
K-1244 0.592 1.32 1.55

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 1,840 m2 along with the
N of 9 were used to calculate the Triangular Grid Node Length (L) of 15.4 meters and the Height
of the Equilateral Triangle (h) of 13.3 meters. A random start point was generated using the
random number feature of Excel and documented on Soil Survey Unit Worksheet No. 2
(Attachment B).

A layout of the soil sampling locations is provided on Figure A-3 contained in Attachment A.
The soil sample locations were demarcated in the field using a GPS unit. A total of 9 soil
samples (identified as K-1219 through K-1227) 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) (ci/g) (pCi/g) (pCi/g)

K-1219 0.955 0.215 0.458 0 3.0
K-1220 1.17 0.237 0.335 0.07 3.0
K-1221 0.724 0.203 0.326 0 3.0
K-1222 0.809 0.212 0.350 0 3.0
K-1223 1.19 0.247 0.345 0.09 3.0
K-1224 0.972 0.171 0.305 0 3.0
K-1225 0.947 0.167 0.312 0 3.0
K-1226 0.953 0.194 0.264 0 3.0
K-1227 1.11 0.092 0.278 0.01 3.0

v0erage.981
StandardDev. 0.156

Minimum 0.724
Maximum .19 _

Median 0.955

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 0.981 pCi/g. The
standard deviation of the 9 equal-distant samples was 0.156, 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) Tcsting

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 tie difference (0.55 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 (0.64 pCi/g) is less than DCGLw (3.0 pCi/g), then the survey unit meets the release
criterion. Table 4 presents a summary of the data used to complete the statistical evaluation of
the survey unit.
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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 216 0.64 S1 K-1219 0.955
R2 148 1.37 S2 K-1220 1.17
R3 204 1.35 S3 K-1221 0.724
R4 17 0.91 S4 K-1222 0.809
R5 227 2.25 S5 K-1223 1.19
R6 17 0.91 S6 K-1224 0.972
R7 263 1.54 S7 K-1225 0.947
R8 230 1.31 S8 K-1226 0.953
R9 85 1.18 S9 K-1227 1.11

= Average 1.27 Average 0.981
Standard Standard
Dev. 0.46 Dev. 0.156
Minimum 0.64 Minimum 0.724
Maximum 2.25 Maximum 1.19

= Median 1.31 Median 0.955

2.4 'Verification Survey of Concrete Weir
As previously noted, a concrete weir (16 m2 of surface area) associated with Fulton Creek is
located just outside of the survey unit in a non-impacted area. Measurements of total and
removable alpha contamination were made to verify the status of the weir as non-impacted (by
radioactive material from the site). This structure was surveyed and sampled in-place.

The supporting documentation for survey of the concrete weir is contained in Attachment D and
includes the following:

o Figure D-1 depicts the non-impacted concrete weir structure
Ad Alpha Scan MDC Calculation

Table D-1, Gross Alpha Scan Survey Data Summary
o Total Alpha Contamination - Non-Impacted Concrete Weir, Survey Data Conversion

Form

Static counts<to determine total alpha contamination were taken systematically (Figure D-1,
Attachment D). Smear samples of removable alpha contamination were also taken (K-SS-197
through K-SS-209 as indicated on Figure D-1). The results of the static counts and the smear
samples are presented below in Table 5. The results confirm the classification of the weir as
non-impacted.
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Q
Tab-le 5 - Concrete Weir Total and Removable Alpha Contamination Results

DCGL-GA Alpha Std. Error MDC
Grid/Sample ID (dpml1OOcm2) (dpm/l00cm2) (dpm/100cm2 ) (dpm/l00ccm 2)

Total
Contamination

A-1-4 944 133 78.1 84.2
BI 944 35.3 48.9 84.2
B2 944 35.3 48.9 84.2
B3 944 114 73.2 84.2
B4 944 94.2 67.9 84.2
Cl 944 104 70.6 84.2
C2 944 64.7 59.2 84.2
C3 944 114 73.2 84.2
C4 944 241 101 84.2
D2 944 310 113 84.2
D3 944 84.4 65.1 84.2
D4 944 133 78.1 84.2

IPemovable
Contamination

AIK-SS-197 94.4 0.487 0.712 0.631
BI./K-SS-198 94.4 0.487 0.712 0.631
BJ!/K-SS-199 94.4 0.219 0.644 0.631
B3/K-SS-200 94.4 0.308 0.668 0.631
B4/K-SS-201 94.4 0.665 0.754 0.631
C]./K-SS-202 94.4 0.665 0.754 0.631
C,'/K-SS-203 94.4 0.665 0.754 0.631
C 3/K-SS-204 94.4 1.20 0.867 0.631
C4/K-SS-205 94.4 3.08 1.18 0.631
DI/K-SS-206 94.4 0.487 0.712 0.631
D,!/K-SS-207 94.4 0.665 0.754 0.631
D3;/K-SS-208 94.4 0.665 0.754 0.631
D4/K-SS-209 94.4 0.576 0.733 0.631
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the north-central portion of the Retention Pond
resuIted in an open land area consisting of an excavation approximately 1,840 m2 in area. This
open land area, identified as Survey Unit Kaiser-FSS-022 is considered a Class 1 survey unit.
The survey unit is bounded to the south by the Survey Unit Kaiser-FSS-024, to the east by
Survey Unit Kaiser-FSS-021, to the north by Fulton Creek, and to the west by Survey Unit
Kaiser-FSS-006 (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-022 consisted of a gross gamma scan of the exposed
surface soil of the survey unit (excavation bottom and northern side wall) and systematic soil
sampling. The results of the final status survey activities were as follows:

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

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

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

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

3.2 'sum of Fractions for Entire Survey Unit

To evaluate the status of Survey Unit Kaiser-FSS-022 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 element's average net activity divided by the
applicable acceptance criteria is calculated for inclusion in the Sum of Fractions for the entire
survey unit. The Total Sum of Fractions for surface soil, elevated areas, and embedded
structures respectively is presented below in Table 6. As previously mentioned, no embedded
structures were encountered within the survey unit and no elevated areas were left in-place for
the survey unit.

Table 6-Fraction of Applicable Acceptance Criteria per Survey Unit Element
Average

Net Acceptance
Survey Unit Element Units _tit Criteria Fraction

-FSER-022 Excavation Bottom Soil pCi/g 0 3.0 0.00
-Elevated Areas (None Left In-Place) pCi/g 0.00
-Embedded Structures (None Encountered) dpm/l00cm7 0 0.00
TOTAL SUM OF ERA CTIONS 0.00
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The Sum of Fractions provides a conservative assessment of the survey unit without backfill.
The results of the Sum of Fractions assessment show that Survey Unit Kaiser-FSS-022 meets the
DP acceptance criteria.
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Attachment A, Figure A-1
Gross Gamma Background and Scanning Survey Results
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Attachment A, Figure A-2
Gross Gamma Survey - Biased Soil Sample Locations

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

Survey Unit: Kaiser-FSS-022
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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-022

2. Description: Retention Pond Area. West of Survey Unit Kaiser-F-SS-021

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

4. Dimensions (m): Excavation Bottom - approximately 48 meters x 38 meters; Area, A (m2):;_^40

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

Average: 20,000 Minimum: 10.000 Maximum: 50.000

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

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

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

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

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

7. If the area of the Survey Unit is less than 2,000 n2 , recalculate the corresponding Triangular Grid Node

Length (LI) for the Survey Unit Area (A), using the following formula: LI = (A/(0.866 x 9 ))'2: 15.4 m

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

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

5'. If A is greater than 2,000 n2 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

1.62), NI: N/A

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

formula: h = (([! - (1J2)2)112: 13.3 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-022

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

38 1 9 lower bound
upper bound

x axis y axis

48 38
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*Outreach
b -oratory

K orth AspeK4en Andrrow, 740 t:L
(918) ZsI Z5t5
FAX (918) 251-0008

+if
/1 4 -Ž/o

I PI f/ Oq '\November 1,'2005

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

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20050874

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
October 25, 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 11/01/05.

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.

Laboratoxy D_

6'

ODEQ ID #9517
DEQ LIC. #27522-01

CERT. ID #OKOOI



Outreach
"' boratory

4obih Aspen
-oken Afrow. OK 74012
(918) 251-2515
FAX (918) 251 0008

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

Kaiser Aluminum
PA4000-4072

20050874
/11/105

10/25/05 .0,i

I of 3

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050874-01
K-1219
10/24/05 9:30:00 AM
Soil

Thorium 232 HASL 300
Radiochemical Analyses

0.955 +/- 0.215 pCi/g
Inorganics Analyses

0.458 10/27/05 SD

Percent Moisture ASTM D2216-92 6.7 % 10/26/05 10/27/05 RT

Lab ID:
Client ED:
Date Sampled:
Matrix:

Thorium 232

Percent Moisture

20050874-02
K-1220
10/24/05 9:35:00 AM
Soil

Radiochemical Analyses
HASL 300 1.17+/-0.237 pCi/g

Inorganics Analyses
ASTM D2216-92 5.9 %

0.335 10/27/05 SD 'Jo

10/26/05 10/27/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Thorium 232

Percent Moisture

20050874-03
K-1221
10/24/05 9:40:00 AM
Soil

Radiochemical Analyses
HASL 300 0.724 +/- 0.203 pCi/g

Inorganivs Analyses
ASTMD2216-92 5.1 %

0.326 10/27/05 SD

10/26/05 10/27/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Thorium 232

Percent Moisture

20050874-04
K-1222
10/24/05 9:45:00 AM
Soil

Radiochemical Analyses
0.809 +/- 0.212 pCi/gHASL 300

ASTM D2216-!

0.350 10/27/05 SD

92
Inorganics Analyses

7.0 % 10/26/05 10/27/05 RT

BDL= Below Detection Limit



9utreach
. boratory

j, 4ftAspen
, Arrow OK 74012

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

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

Kaiser Aluminum
PA40004072

20050874
11/1105
o0n25/o5

2of3

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050874-05
K-1223
10/24/05 9:50:00 AM
Soil

Radiochemical Analyses
lASL 300 1.19+/-0.247 pCi/g

Inorganics Analyses
ASTM D2216-92 25.3 %

Thorium 232

Percent Moisture

0.345 10/27/05 SD

10/26/05 10/27/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050874-06
K-1224
10/24/05 9:55:00 AM
Soil

Radiochemical Analyses
0.972 +/- 0.171 pCilgitihorium 232

Percent Moisture,

HASL 300

ASTM D2216-'

0.305 10/27/05 SD

92
Inorganics Analyses

7.3 % 10/26/05 10/27/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050874-07
K-1225
10/24/05 10:00:00 AM
Soil

Radiochemical Analyses
0.947 +/- 0.167 pCi/gThorium 232

Percent Moisture

HASL 300

ASTM D2216-'

0.312 10/27/05 SD

92
Inorganics Analyses

5.9 % 10/26/05 10/27/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050874-08
K-1226
10/24/05 10:05:00 AM
Soil

Radiochemical Analyses
HASL 300 0.953 +1- 0.194 pCi/g

Inorganics Analyses
ASTM D2216-92 10.5 %

Thorium 232

Percent Moisture

0.264 10/27/05 SD

10/26105 10/27/05 RT

BDL = Below DI)fection Limit



4
Outreach

I laboratory
4orth Aspen

,Ken Arrow. OK 7401Z
W9I8) Z51-2515
FAX (918) 251-0008

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

Kaiser Aluminum
PA-4000-4072

20050874
3Io/f/03

1 0125/(J _;4

3of 3

Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050874-09

K-1227

10t24/05 10:10:00 AM

Soil

Radiochemical Analyses
HASL 300 1.11+-0.092 pClig

Inorganics Analyses
ASTM D2216-92 11.5 %

Thorium 232

-Percent Moisture

0.278 10t27105 SD

10126/05 10127/05 RT

QC Report

Parameter Blank LCS LCSD
%REC %REC RPD

DUP
RPD

MS MSD
%REC %REC RPD

Date

J
Ac228

Am-241

CO-60

Cs-137

Percent Moisture

NC

87.0

95.0

94.0

100.0

100.0

100.0

14.2

4.9

6.5

10/27/05

n1027o05

10o27/05

10n27/05

10n27o056.7

Lab Approval:

BDL = Below Detection Limit
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SAMPLE. 'TI N

Date Received: 10/25/05 11:07:30 Lab Number: 20050874

Sample
Number

Client
Sample ID

Date
Matrix . Sampled

Container'
Type

Container
Size

Due: 11/1/05

Custody Seal
Seal IntactPreservation

20050874-01 A K-1219
Gamma Spec - Thorium 232

Percent Moisture (LOD)

20050874-02 A K-1220
Gamma Spec - Thorium 232

Percent Moisture (LOD)

20050874-03 A K-1221
Gamma Spec - Thorium 232

Percent Moisture (LOD)

20050874-04 A K-1222
Gamma Spec - Thorium 232

Percent Moisture (LOD)

20050874-05 A K-1223

Gamma Spec - Thorium 232

Percent Moisture (LOD)

20050874-06 A K-1224
Gamma Spec - Thorium 232

Percent Moisture (LOD)

20050874-07 A K-1225
Gamma Spec - Thorium 232

Percent Moisture (LOD)

20050874-08 A K-1226
Gamma Spec - Thorium 232

Percent Moisture (LOD)

20050874-09 A K-1227
Gamma Spec - Thorium 232

Percent Moisture (LOD)

10/24/05 Plastic Sm Zip Bag None Yes Yes

Sm Zip Bag None No No/ Plastic

Swipe

Swipe

* Swipe

Swipe

Swipe

Swipe

Swipe

10/24/05 Plastic

10/24/05 Plastic

Sm Zip Bag None

Sm Zip Bag None

Sm Zip Bag None

Sm Zip Bag None

No No

No No

No No

No No

10/24/05 Plastic

10/24/05 Plastic

10/24/05 Plastic

10/24/05 Plastic

10/24/05 Plastic

Sm Zip Bag None

Sm Zip Bag None

Sm Zip Bag None

No No

No No

No No

0
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North Aspen

broken Arrow. OK 74012
(918) 251-2515
FAX (918) Zs 1-0008

October 24, 2005
0-

. 11 - /P/ 0 �

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

Project: Kaiser Thorium Remediation PA40004072
OUTREACH LAB ID: 20050852

Dear Mr. Weyant,

Please find enclosed the analytical report for your samples received in our laboratory on
October 20, 2005 for the above captioned project. Fourteen swipes were received in
good condition and analyzed for Gross Alpha/Beta with a standard 20 work-day turn
time. Results were faxed on 10/25/05.

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

Your samples will be returned as requested.

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

Labo Xory Director

10N4ACCO4

C.)
C3) -4ODEQ ID #9517

NRC ODEQ LIC. #27522-01
CERT. ID# OKOO I



Outreach
Laboratory

Norith Asp
(en Arrow. OIC 7401 ;

I (912, Z51-515

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

Kaiser Aluminum
PAA0004072

20050852
10/24105
10/20/05

1 of 4

Analytical Report

Result UnitsMethod DL. Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20050852-01
K-SS-197
10/18105 10:12:00 AM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.487 +/- 0.712 DPMIF

0.688 +1- 2.43 DPMIF
0.631

2.57
10/21105 SD
10/21/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20050852-02
K-SS-198
10/18/05 10:14:00 AM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.487 +/- 0.712 DPM/F

0.883 +/- 2.44 DPMIF
0.631
2.57

10/21/05
10/21/05

SD
SD

.Tab ID:
bLm.client ID:

Date Sampled:
Matrix:

Gross Alpha
*Gross Beta

20050852-03
K-SS-199
10/18105 10:16:00 AM
Swipe

Radiochemical Analyses
EPA 900/9310 0.219+/-0.644 DPMIF
EPA900/9310 2.05 +/- 2.53 DPM/F

0.631
2.57

10/21t05 SD
10/21/05 SD

* Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
* Gross Beta

20050852-04
.K-SS-200
10/18105 10:18:00 AM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.308 +/- 0.668 DPM/F

1.27 +/- 2.47 DPMIF
0.631
2.57

10/21/05
10/21/05

SD
SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050852-05
K-SS-201
10/18/05 10:20:00 AM

. Swipe

1DL= Below Detcction Limit



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

Kaiser Aluminum
PA-4000-4072

20050852
10o24/05
10/20/05

2 of,
Outreadc

boratory
I Nordt Aspen

oroken Arrow. OK 74012
(918) 251-2515
FAX (918) 251-0008 Analytical Report

Result UnitsMethod DL Prep
Date

Analysis
Date

Analyst

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/93 i 0

Radiochemical Analyses
0.665 +/- 0.754 DPM/F

4.20 +/- 2.68 DPM/F
0.631
2.57

10/21/05 SD
10/21/05 SD

Lab ID:
* Client ID:

Date Sampled:
. Matrix:

Gross Alpha
* Gross Beta

20050852-06
K-SS-202
10/18/05 10:22:00 AM
Swipe

Radiochemical Analyses
EPA 900/9310 0.665 +/- 0.754 DPM/F
EPA 900/9310 0.493 +/-2.41 DPM/F

0.631
2.57

10/21/05 SD
10121/05 SD

* Lab ID:
Client ID:
Date Sampled:
Matrix:

20050852-07
K-SS-203
10/18/05 10:24:00AM
Swipe &,S

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.665 +/- 0.754 DPM/F

4.01 +/- 2.67 DPMIF
0.631
2.57

10121/05
10n21/05

SD
SD.

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

Gross Alpha
*Gross Beta

20050852-08
K-SS-204
10/18/05 10:26:00 AM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
1.20 +/- 0.867 DPM/F

0.493 +/- 2.41 DPM/F

* 0.631
2.57

.10/21/05 .SD
10/21/05 SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

Gross Alpha
Gross Beta

20050852-09
* K-SS-205
. 10/18/05 10:28:00 AM

Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
3.08 +/- 1.18 DPM/F
3.32 +/- 2.62 DPM/F

0.631
2.57

10121/05
10n21/05

SD
SD

BDL = Below Detection Limit



Client:
Client Project:

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

Kaiser Aluminum
PA-4000-4072

20050852
10/24/05
10/20/05
. 3of4

Outreach
--- boratory

ts._ oft Aspe
AfenArow, OK 74012.

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

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
* -Client ID:

Date Sampled:
*Matrix:

Gross Alpha
Gross Beta .

20050852-10
K-SS-206
10/18/05 10:30:00 AM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.487 +/- 0.712 DPM/F

1.57 +/- 2.49 DPMIF
0.631
2.57

10/21/05 SD
10/21/05 SD

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

Gross Alpha
Gross Beta

20050852-11
K-SS-207
10/18/05 10:32:00 AM
Swipe

EPA 900/9310
EPA 900/9310

Radiochemical Anilyses
0.665 +/- 0.754 DPM/F

0.883,+/- 2.44 DPM/F
0.631
2.57

10/21/05 SD
10/21/05 SD

i4ab ID:
Client ID:

* Date Sampled:
* Matrix:

20050852-12
K-SS-208
10/18/05 10:34:00 AM
Swipe

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.665 +/- 0.754 DPM/F

1.86 +/- 2.52 DPM/F

0.631
2.57

10/21/05
10/21105

SD
SD

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050852-13
K-SS-209
10/18/05 10:36:00 AM
Swipe

Gross Alpha
Gross Beta

EPA 900/9310
EPA 900/9310

Radiochemical Analyses
0.576 +/- 0.733 DPM/F

3.42 +/- 2.63 DPM/F
0.631
2.57

10/21/05 SD
0/21/05 SD

Lab ID:
Client ID:

* Date Sampled:
Matrix:

20050852-14
K-SS-210
10/18/05 10:38:00 AM
Swipe

4 1) BDL = Below Detection Limit



Client:

Client Project:
* Lab Number:

Date Reported:
Date Received:

Page Number:

Kaiser Aluminum

PA40004072

20050852

10/24105

10/20/05

4of
Outreach

boratory
North Aspen

avroken Arrow. OK 740 12
(918) 251-2515
FAX (918) 251-0008 Analytical Report

Result UnitsMethod DL Prep Analysis Analyst

Vale muate

Radiochemical Analyses
Gross Alpha EPA 900/9310 0.308 +/- 0.668 DPMIF 0.631 10/21/05 SD

Gross Beta EPA 900/9310 2.05 +/-2.53 DPM/F 2.57 10/21/05 SD

QC Report

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

Gross Alpha 0+1-0.6 115.0 101.0 13.5 NC 10/2W5

Gross Beta 0+/-2.4 87.0 85.0 2.7 NC 10/21/05

Lab Approval:

BDL = Below Detection Limit i,'
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Date Receiv% 10/20/05 4:44:01 Lob Numbet. - 0050852 Due: 11/17/0-

Sample
Number

Client
Sample ID

Date
Matrix Sampled

Container Container
Type Size

Plastic Sm Zip Bag

Custody
Seal

Seal
Intact

20050852-01 A K-SS-197
Gross Alpha/Beta

20050852-02 A K-SS-198
Gross Alpha/Beta

20050852-03 A K-SS-199
Gross Alpha/Beta

20050852-04 A K-SS-200
Gross Alpha/Beta

20050852-05 A K-SS-201
Gross Alpha/Beta

20050852-06 A K-SS-202
Gross Alpha/Beta

20050852-07 A K-SS-203
Gross Alpha/Beta

20050852-08 A K-SS-204
Gross Alpha/Beta

20050852-09 A K-SS-205
Gross AlphafBeta

20050852-10 A K-SS-206
Gross Alpha/Beta

20050852-11 A K-SS-207
Gross Alpha/Beta

20050852-12 A K-SS-208

C

Swipe

Swipe

Swipe

Swipe

Swipe

Swipe

10/18/05

Preservation

None
A

No No

Swipe.

10/18/05 Plastic

10/18/05 Plastic

10/18/05. Plastic

10/18/05 . Plastic

10/18/05 Plastic

10/18/05 Plastic

10/18/05 Plastic

10/18/05 Plastic

10/18/05 Plastic

10/18/05 Plastic

10/18/05 Plastic

10/18/05 P~.asvc

C,

Sm Zip Bag None

Sm Zip Bag None

Sm Zip Bag None No No

No NoSm Zip Bag

Sm Zip Bag

Sm Zip Bag

None

None No No

No No

No No

None No No

Swipe

Swipe

Sm Zip Bag None

Sm Zip Bag None

Sm Zip Bag None

Sm Zip Bag None

No No

No No

No No

No No

Swipe

Swipe

Sm Zip Bag

o .e

NoneSwipe No ' o

( we!



20050o52-(-
Gross Alpha/Beta

20050852-14 A
Gross Alpha/Beta

Swipe 1. 0/18/05 be I Pastic Sm Zip Bag No V.K-SS-209 None

K-SS-210 Swipe 1 0/18/05 Plastic Sm Zip Bag None No No

CONTAINER IN ECTION A
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A l

! Ice Radiation SurveyJ).°s fixed removable
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Attachment D, Figure D-1
Non-Impacted Concrete Weir Structure

Located Outside of Survey Unit Kaiser-FSS-022
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

North Towards Fulton Creek

Concrete Weir including: East Vertical, Top, North
Vertical, and Horizontal Ledge

1 -9 91
I1-

-6' A

B

-2'1 --5'

1 2 3 4

Q:\P4000\PA4072\FSS Reports\Volume I\Survey Unit Kaiser-FSS-022Attachnient D - Concrete WeirNFSS-022 Concrete Weir Wall Drawing
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Alpha Scan MDC Calculation

KAISEIt-FSS-022
k i Instrument Serial Number: 193686 Cal. Due: 5/5/2006

IDetctor Serial Number: PR190485 Cal. Due: 5/5/2006
Radiation Detected: Alpha IFSS-022 For < 3 count background

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

P(n '.> 2) = 1- I+

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

Width Efficiency Speed Countrate
(dpm) (Cm) (cm/s) (c .pm) (L)

10/18/2005 359 11.7 0.1618 3.90 N/A 0.95

Comments:

Prepared By: David B. Weyant Date: 10/18/05

Reviewed By: Andrew J. Lombardo Date: 10/18/05

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

Q:\P400t0\PA4072\FSS Reports\Volume I\Survey Unit Kaiser-FSS-022\Attachment D - Concrete Weir~alpha scan MDC FSS-022



Attachment D, Table D-1
Gross Alpha Scan Data Summary

Non-Impacted Concrete Weir Structure
Survey Unit Kaiser-FSS-022

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

ID Smear# Date Tech Rad. Min Max Weighted Ave Instr. Min Max Weighted Ave
Type (cpm) (cpm) (cpm) Used (dpm) (dpm) (dpm)

A-1-4 K-SS-197 10/18105 DWD alpha 0 10 0 #4 -24 173 -24

B-1 K-SS-198 10/18/05 DWD alpha 0 10 0 #4 -24 173 -24

B-2 K-SS-199 10/18/05 DWD alpha 0 10 0 #4 -24 173 -24

B-3 K-SS-200 10/18/05 DWD alpha 0 10 0 #4 -24 173 -24

B-4 K-SS-201 10/18/05 DWD alpha 0 10 0 #4 -24 173 -24

C-I K-SS-202 10/18/05 DWD alpha 0 10 0 #4 -24 173 -24

C-2 K-SS-203 10/18/05 DWD alpha 0 10 0 #4 -24 173 -24

C-3 K-SS-204 10/18/05 DWD alpha 0 10 0 #4 -24 173 -24

C-4 K-SS-205 10/18/05 DWD alpha 0 10 0 #4 -24 173 -24

D-2 K-SS-207 10/18/05 DWD alpha 0 10 0 #4 -24 173 -24

D-3 K-SS-208 10/18/05 DWD alpha 0 10 0 #4 -24 173 -24

D-4 K-SS-209 10/18/05 DWD alpha 0 10 0 #4 -24 173 -24

QaP4000\PA4072\FSS ReportsVolurne I\Survey Unit Kalser-FSS-022NAWtachment D 0 Concrete Wet'KAISER-FSS-022 Scans Concrete Weir Wall



Total Alpha Contamination - Non-Impacted Concrete Weir
Survey Data Conversion Form

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

Date of Survey: 10/18/2005 Type of Radiation: Alpha

Instrument Serial #: 193686 Calibration Due Date: 5/5/2006

Detecto. Serial #: PR190485 Calibration Due Date: 5/5/2006
E. (Surface Efficiency): 0.25 E, (Insturment Efficiency): 0.1618

BKG Counts: 12.0 BKG Count Time (min): 10

Active Area of Detector Probe (cm" I: 126 MDC (dpm/1 O : 84.2

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

FSS Number (min) (cts) (cpm) (cpm) (dpmli OOcm 2) (dprn/lO0cm2)

A-14 2 16 8 7 133 78.1

B-1 2 6 3 2 35.3 48.9

B-2 2 6 3 2 35.3 48.9

B-3 2 14 7 6 114 73.2

_BA4 2 12 6 5 94.2 67.9

C-1 2 13 7 5 104 70.6

C-2 2 9 5 3 64.7 59.2

C-3 2 14 7 6 114 73.2

C4 2 27 14 12 241 101

D-2 2 15 8 6 124 75.7

D-3 2 34 17 16 310 113

DA 2 1 1 6 4 84.4 65.1
Comments: Concrete Weir located north of Survey Unit Kaiser-FSS-022

Surface Area is approximately 6 square meters

Prepared By: Date:

David B. Weyant 10/20/2005

Reviewed By: Date:

Andrew J. Lombardo 10/20/2005

1' ,

QO\P4000\PA4072FSS ReportsVotume I\Survey Unit Kaiser-FM-022%Attach ment D - Concrete WeirFSS-022 Concrete Weir Wall Total Contamination Results



SUB-REPORT

SURVEY UNIT KAISER-FSS-023
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-023
Survey Unit Kaiser-FSS-023

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-023, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the north-central portion of the Retention Pond area. Survey
Unit Kaiser-FSS-023 is considered a Class 1 survey unit with an approximate surface area of
1,750 in2. It is bounded to the south by Survey Units Kaiser-FSS-027 and Kaiser-FSS-028, to
the east by Survey Units Kaiser-FSS-017 and Kaiser-FSS-018, to the north by Survey Units
Kaiser-FSS-021 and Kaiser-FSS-022, and to the west by Survey Unit Kaiser-FSS-024 (Figure
3).

Sunrey Unit Kaiser-FSS-023 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:\P4WOC\PA4072\FSS Reponls\Volunm r\Survy Unt Kaier-FSS-23\FSS-023 Text.oc 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
surfiace soil of Survey Unit Kaiser-FSS-023. 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 15 approximately equal-distant locations in the survey unit.
The statistics for the 15 background measurements are provided below in Table 1. Background
measurements ranged from 16,127 counts per minute (cpm) to 23,802 cpm moving northeast to
southwest within the survey unit. The scan results increase as the surveyor moves closer to
impacted material located to the south-southwest of the survey unit.

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 3,130 measurements of gross count rate were made at two second intervals across the survey
unit's 1,750 m2 surface area. The results ranged from 13,674 cpm to 23,818 cpm. A statistical
summary of the 100 percent coverage gamma scan of the survey unit is also provided below in
Table 1.

Table 1 - Gross Gamma Scan Results Summary
Survey Area: 1,750 mrz
Number of Scan
Measurements (2-Second 3,130
Intelvals):
Detector Swing Rate:
(Swinging the detector a width 0.28 m/s
of 1 -meter side to side) (MARSSIM recommends 0.5 m/s)

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 16,127 13,674
Maximum 23,802 23,818
Average 19,119 18,603

Standard Deviation 1,991 1,803
Median 18,927 18,501

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, 6 biased soil samples were collected at
locations exhibiting the highest scan rates on the excavation bottom (Figure A-2, Attachment
A). The biased soil samples were screened on-site in a lead cave. Results of the sample

Q:\P4(CO\PA4072\SS Reots\volume rsurvcy uniKa -FSs-o23\FSS-3Ttdoc 2 Revision 0
3/22/06



screening are presented below in Table 2. The sample screening levels were below the DCGLw
for the site.

Table 2 - Biased Soil Sample Screening Results
Cave Counter Screening Std. Error MDC

Soil Sample ID Results (pCi/g) (pCi/g) (pCi/)
DCGLw 3.0
Site Background 1.1 0.3
K-1340 1.44 0.973 1.50
K-1341 1.78 1.06 1.50
K-1342 2.26 1.03 1.50
K-1 ;43 1.90 1.18 1.50
K-13,44 2.69 0.878 1.50
K-1345 1.90 0.750 1.50

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 1,750 m2 along with the
N of 9 were used to calculate the Triangular Grid Node Length (L) of 15.0 meters and the Height
of the Equilateral Triangle (h) of 13.0 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 10 soil
samples (identified as K-1258 through K-1267) were collected at the excavation bottom surface
(0-6-inch depth interval) level using a clean, decontaminated sampling auger or sharpshooter
shovel. The samples were forwarded to Outreach for analysis of Th-232 activity concentration.
Analytical results are provided below in Table 3. Analytical data reports are contained in
Attachment C.
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Table 3 - Systematic Soil Sample Results
Net

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

K-1258 0.881 0.122 0.372 0 3.0
K-12590.890 0.167 0.186 0 3.0
:K-1260 0.882 0.109 0.342 0 3.0
K-1261 1.04 0.175 0.204 0 3.0
K-1262 1.18 0.254 0.698 0.08 3.0
K-1263 0.774 0.126 0.353 0 3.0
:K-1264 0.681 0.172 0.242 0 3.0
K-1265 0.581 0.095 0.359 0 3.0
]K-1266 1.32 0.200 0.490 0.22 3.0
K-1267 0.522 0.149 0.180 0 3.0

07_erage.8875
Standard Dev. 0.253

Ainimum 0.522
AMaximum 1.32
Median0.882

All 1 0 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 1.32 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 0.875 pCi/g. The
standard deviation of the 10 equal-distant samples was 0.253, 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 Vilcoxon 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 (0.86 pCi/g) between the maximum survey unit soil sample activity
concentration (1.32 pCi/g) and the minimum reference background area soil sample activity
concentration (0.46 pCi/g) is less than DCGLW (3.0 pCi/g), then the survey unit meets the release
criterion. Table 4 presents a summary of the data used to complete the statistical evaluation of
the survey unit.
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Table 4 - Reference Group and Survey Unit Sample Results
Reference Th-232 Survey Unit Th-232

GIroup Sample ID (pCi/g) Group Sample ID (pCilg)
RI 291 1.29 Si K-1258 0.881
R2 312 1.26 S2 K-1259 0.890
R3 307 1.02 S3 K-1260 0.882
R4 263 1.54 S4 K-1261 1.04
R5 14 1.13 S5 K-1262 1.18
R6 222 1.19 S6 K-1263 0.774
R7 142 1.36 S7 K-1264 0.681
R8 357 0.94 S8 K-1265 0.581
R9 339 0.46 S9 K-1266 1.32
RIO 38 1.02 SlO K-1267 0.522
. Average 1.12 Average 0.875

Standard Standard
Dev. 0.29 Dev. 0.253

= _ Minimum 0.46 Minimum 0.522
Maximum 1.54 Maximum 1.32

_ Median 1.16 Median 0.882
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the north-central portion of the Retention Pond
resulted in an open land area consisting of an excavation approximately 1,750 m2 in area. This
open land area, identified as Survey Unit Kaiser-FSS-023 is considered a Class 1 survey unit.
The survey unit is bounded to the south by Survey Units Kaiser-FSS-027 and Kaiser-FSS-028, to
the east by Survey Units Kaiser-FSS-017 and Kaiser-FSS-018, to the north by Survey Units
Kaiser-FSS-021 and Kaiser-FSS-022, and to the west by Survey Unit Kaiser-FSS-024 (Figure
2). 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-023 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 10 systematic soil sample results (gross and net) were below the open land area
surrogate value of 3.0 pCi/g net Th-232 activity concentration (DCGLw).

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

* No elevated areas were left in-place, therefore, no elevated 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-023 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 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.
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Table 5 - Fraction of Applicable Acceptan ce Criteria per Survey Unit Element
Average

Net Acceptance
Survey Unit Element Units Actiity Criteria Fraction

-FSS,-023 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) dpni/l00cm2  0 0.00
T0144L 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-023 meets the
DP acceptance criteria.
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* FIGURE A-3 Systematic Soil Sampling Locations

Q:'P4000\PA4072\FSS Reports\Volume I'Survey Unit Kaiser-FSS-23\Attachment A\Attachment A toc.doc



,�\-14

Aftachmet A, Figurep 1
Gross Gamma Background and Scaririg Suqey Results

SuNey Urit Kaiser*FSS.023
Backgrounds are 1 minute readings.

N

. -- Md&L

Scanning readings are recorded at 2 second intervals.

-1 JI3 000~CO D

-1 0 0 0 > DOC

-1-& 3C30 t)



I-F

r-
C14

N
N
Co
CN

___J
~~~~~~~~~~~~~~~~--- - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I

F--

CD4
N

Ld

N': 409353
K-1340
- 0

K- 1343
0

K- 1344

0 K-1342

I
I
I

K- 1341

K- 1345 0
I
I
I

I
I
I
I
I
I
I
I
I
I
I

I

N 409253

SCALE - FEET
030 30

Nowswoff ------

9 0
SCALE - METERS

9

K- 1340
0 BIASED SOIL SAMPLING LOCATION

BASED ON GROSS GAMMA SCAN RESULTS

FIGURE A-2
GROSS GAMMA SURVEY BIASED SOIL SAMPLING LOCATIONS

SURVEY UNIT KAISER - FSS-023
FINAL STATUS SURVEY

THORIUM REMEDIATION PROJECT
TULSA, OKLAHOMA FACILITY

PREPARED FOR

KAISER ALUMINUM & CHEMICAL CORPORATION
TULSA, OKLAHOMA

APPRT Y~ :3. Z'. °(
CHECKE4,3= -=?- 6
DRAWN DEB 2/20/05

DRAWING NUMBER

PA4072036C
/)I Penn E&R- Environmental & Remediation, Inc.

___________ ___________________________________________________________________________________________ .5.



II

r-

LO)
CN
N
CD

Li0---

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

rfl

CN

w~

-I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

K-1265 K-1266 K-1267 I

N 409253

.:
_ ,=

.S.

.

X

;
.S.X

..-

.S.

..-

.X
:S.

HS...

.S.

..-

.S.

..-

X

.S.
HS

.:
E

.S.

..-

.S.

..-

;
.S.

ONS
2
.W t

NTION :.
_ S w

bon, 1 zw

f tflq X

L

I

N = 9 (1 0 COLL
L = 1 5.Om
h = 13.Om
AREA = 1,750m2

_ECTED)

SCALE - FEET
030 30

9 0
SCALE - METERS

9

K-1259
* SYSTEMATIC SOIL SAMPLING LOCATION

BASED ON RANDOM START POINT AND
AN EQUAL DISTANT TRIANGULAR GRID

* RANDOM START POINT

FIGURE A-3
SYSTEMATIC SOIL SAMPLING LOCATI(

SURVEY UNIT KAISER - FSS-02
FINAL STATUS SURVEY

THORIUM REMEDIATION PROJECT
TULSA, OKLAHOMA FACILITY

PREPARED FOR

KAISER ALUMINUM & CHEMICAL CORPORA
TULSA, OKLAHOMA

APPR O V 3 ; 3- O-
CHECkEl!29, w3 3 , 3 (O
DRAWN DEB 10/18/05

DRAWING NUMBER

PA4072036B
A Penn E&?

1:5 Envowrmffnla b Rerrmlia

a a



i Pi

ATTACHMENT B
TABLE OF CONTENTS

* Soil Survey Unit Worksheet No. I

* Soil Survey Unit Worksheet No. 2

(?:\P4000\PA4M72\FSS Repoi\Volunic 1\Svy Unt Kaishr-FSS-023\Attachmrnt B- Soil Survey Unh Worksbee\Attadunrnt B toc.doc



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-023

2. Description: Retention Pond Area, South of Survey Unit Kaiser-FSS-021

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

4. Dimensions (m): Excavation Bottom - approximatelv 50 meters x 35 meters; Area, A (m2):i2_Q

5. Estimated 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

G"rid Node Length) for a standard 2,000 n 2 Class 1 survey unit are:

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

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

7. If the area of the Survey Unit is less than 2,000 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 ))'2: 15.0 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 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

1 62), NI: N/A

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

formula: h = ((L2 - (/ 2)2)mn: 13.0 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-023

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

.9 30 lower bound
upper bound

x axis y axis

0 0
50 35

co00

( 0,0)
North

x axis

O:\P4000\PA4072FSS Reports\Volurne MSurvey Unit Kaiser-FSS-023ttachmrnent B - Soil Survey Unit Worksheeis\Soll Survey Unit Worksheet No. 2
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Outreach
boratory

m Wrth Aspen
Bke.4n Arrow. OK 74012
(918) 251-2515
FAX (918) 251 -0008

i; - I JJ 6D4& Y

December 13, 2005

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

Project: Kaiser Thorium Remediation PA4000-4072
OUTREACH LAB ID: 20050985

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
December 06, 2005 for the above captioned project. Ten soil samples were received in
good condition and analyzed by Gamma Spectroscopy without drying and grinding and
Percent Moisture with an expedited 5-work day turn. Results were faxed early on
12/13/05.

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.

ODEQ ID #9517
DEQ LIC. #27522-01

CERT. ID #OK00 I



Outreach
boratory

311 North Aspen
Broken Arrow OK 74012
(918) 251-2515
FAX (918) 251 -0008

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

Analytical Report
Result Units DL Prep

Date

Kaiser Aluminum

Thorium Remediation
20050985

12/13/05
12/6/05

I of 3

Method Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050985-01
K-1258
12/2/05 2:20:00 PM
Soil

Radiochemical Analyses
HASL 300 0.881 +1-0.122 pCi/g

Inorganics Analyses
ASTM D2216-92 8.3 %

Thorium 232

Percent Moisture

0.372 12/7/05 SD

1216/05 1217/05 RT

* Lab ID:
Client ID:
Date Sampled:
'Matrix:

Thorium 232

Percent Moisture

20050985-02
K-1259
12/2/05 2:25:00 PM
Soil

Radiochenuical Analyses
HASL 300 0.890 +/- 0.167 pCilg

Inorganics Analyses
ASTM D2216-92 15.5 %

0.186 1217/05 SD

12/6/05 12/7/05 IRT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050985-03
K-1260
12/2/05 2:30:00 PM
Soil

Radiochemical Analyses
HASL 300 0.882 +1- 0.109 pCilg

Inorganics Analyses
ASTM D2216-92 25.0 %

Thorium 232

Percent Moisture

0.342 12/7/05 SD

12/6/05 12/7/O5 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Thorium 232

Percent Moisture

20050985-04
K-1261
1212/05 2:35:00 PM
Soil

HASL 300
* Radiochemical Analyses

1.04 +/- 0.175 pCilg
Inorganics Analyses

6-92 21.4 %

0.204 12/7/05 SD

ASTM D221 12/6/05 1217/05 RT

Lab ID:

Client ID:
Date Sampled:
Matrix:

20050985-05
K-1262
1212/05 2:40:00 PM
Soil

Radiochemical Analyses

BDL = Below Detection Limit



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

Kaiser Aluminum
Thorium Remediation

20050985
12/13/05

12/6105

2of3

Outreach
i boratory
`4~orth Aspen
Broken Arrow, OK 74012
(918) Z51-2SI5
FAX (918) 2S 1-0008

Analytical Report
Result UnitsMethod DL Prep

Date
Analysis
Date

Analyst

Thorium 232

Percent Moisture

HASL 300

ASTM D2216-92

1.18 +/- 0.254 pCi/g

Inorganics Analyses
7.5 %

0.698 12/7/O5 SD

12/6/05 12/7/05 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20050985-06
K-1263
12t2/05 2:45:00 PM

Soil
Radiochemical Analyses

HASL 300 0.774 +/- 0.126 pCi/g
Inorganics Analyses

ASTM D2216-92 10.9 %

Thorium 232

Percent Moisture

0.353 12/7/05 SD

12/6/05 12t7/05 RT

Lab ID:
Client ID:

q).9 ate Sampled:

Matrix:

Thorium 232

20050985-07
K-1264
12t2/05 2:50:00 PM
Soil

Radiochemical Analyses
0.681 +1- 0.172 pCi/gHASL 300 0.242 12/7105 SD

Inorganics Analyses
ASTM D2216-92 15.9 %Percent Moisture 12/6/05 12/7/05 RT

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

20050985-08
K-1265
12t2/05 2:55:00 PM
Soil

Radiochemical Analyses
HASL 300 0.581 +/- 0.095 pCi/g

Inorganics Analyses
ASTMD2216-92 18.5 %

Thorium 232-

*Percent Moisture

0.359 12/7/05 SD

12/6/05 12/7/05 RT

* Lab ID:
Client ID:
Date Sampled:
Matrix:

20050985-09
K-1266
12/2/05 3:00:00 PM
Soil

Radiochemical Analyses
HASL 300 1.32 +/- 0.200 pCi/g

Inorganics Analyses
ASTM D2216-92 13.0 %

Thorium 232

. Percent Moisture:

0.490 12/8/05 SD

12/6/05 12/7/05 RT

* BDL= Below D:Iection Limit



Outreach
Aboratory

North Aspen
Broken Arrow, OK 74012
(918) 251-2525
FAX (918) 251 -0008

Client:
Client Project:

Lab Number:

Date Reported:
Date Received:

Page Number:

I

Analytical Report

Result Units DL Prep
Date

rAaabw1 uUIhIluuuisl

Thorium Remediation

20050985
12/13/05

12/6/05

3of3,

Method Analysis
Date

Analyst

Lab ID:
Client ID:
Date Sampled:

Matrix:

20050985-10
K-1267

12/2/05 3:05:00 PM
Soil

Radiochemical Analyses
HASL 300 0.522 +/- 0.149 pCi/g

Inorganics Analyses
ASTM D2216-92 12.9 %

Thorium 232

Percent Moisture

0.180 12/8/05 SD

12/6/05 1217/05 RT

QC Report

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

Ac228 NC 12/7/OS

Am-241

Co-60

Cs-137

Percent Moisture

57.0

96.0

86.0

95.0

94.0

97.0

50.0

1.9

12.0

12/7/05

12/7/05

12/7/05

127/O05

.11~1

9.4

Lab Approval: _ __ _

f

BDL = Below Detection Limit
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SAMPLE Lf N
v

Date Received: 12/6/05 11:33:01 Lab Number: 20050985

Sample
Number

Client
Sample ID

Date .
Matrix Sampled

Soil - 12/02/05

Container
Type

Due: 12/13/05

Custody Seal
Seal Intact

Container
Size Preservation

20050985-01 A K-1258
Gamma Spec - Thorium 232
Percent Moisture (LOD)

Plastic 16 oz None Yes'. Yes

20050985-02 A K-1259
Gamma Spec - Thorium 232
Percent Moisture (LOD)

Soil 12/02/05 Plastic'

20050985-03 A K-1260
Gamma Spec - Thorium 232.
Percent Moisture (LOD)

Soil 12/02/05 Plastic

16 oz

16 oz

16 oz

None

None Yes

Yes Yes

Yes

Yes20050985-04 A K-1261
Gamma Spec - Thorium 232

Percent Moisture (LOD)

Soil 12/02/05 Plastic None Yes

20050985-05 A K-1262
Gamma Spec - Thorium 232

Percent Moisture (LOD)

Soil 12/02/05

12/02/05

Plastic

Plastic

16oz

16oz

None Yes Yes

Yes20050985-06 A K-1263
Gamma Spec - Thorium 232

Percent Moisture (LOD)

Soil None Yes

20050985-07 A K-1264
Gamma Spec -Thorium 232
Percent Moisture (LOD)

Soil

20050985-08 A K-1265
Gamma Spec - Thorium 232

Percent Moisture (LOD)

Soil

12/02/05 Plastic

12/02/05 Plastic

12/02/05 Plastic

16 oz

16 oz

16oz

None Yes

None Yes Yes

Yes

Yes20050985-09 A K-1266
Gamma Spec - Thorium 232

Percent Moisture (LOD)

Soil None Yes

20050985-10 A I- K-1267 Soil 12/02/05 PC' -^ 16oz None . Yes .Yes (

Pai Pi1



Percent f ; (LOD)

CONTAINER INSPECTION

# Coolers 0 Custody Seals Broken

SAMPLE INSPECTION
Sample Seal Broken NA Chair

Anomalles

?O

O Temperature Ice

Labels in Tact R

Radiation Survey: <300 cpm

Radiation Survey Complete 1I of Custody Record bM

Inspected By: LDATE /;U /0 /

QA or Designee Review: /- za/t

Sample Custodian Review v ( ,

I Project Notes:

Page 2
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SURVEY UNIT KAISER-FSS-024
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Final Status Survey Report
Volume I - Pond Parcel Excavation Bottom

Sub-Report No. EB-024
Survey Unit Kaiser-FSS-024

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
Kai s3r-FSS-024, an open land area (pond parcel excavation bottom) resulting from the removal
of radiologically-affected soil from the north-central portion of the Retention Pond area. Survey
Unit Kaiser-FSS-024 is considered a Class 1 survey unit with an approximate surface area of
1,454 m2. It is bounded to the south by Survey Unit Kaiser-FSS-025, to the east by Survey Unit
Kaiser-FSS-023, to the north by Survey Unit Kaiser-FSS-022, and to the west by Survey Units
Kaiser-FSS-006 and Kaiser-FSS-011 (Figure 3).

Survey Unit Kaiser-FSS-024 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
radioalogically-affected soil.
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2.0 SURVEY ACTIVITIES AND RESULTS

This section of the sub-report presents the final status survey data for the excavation bottom
surface soil of Survey Unit Kaiser-FSS-024. 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 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 16,831 counts per minute (cpm) to 21,495 cpm moving northeast to
southwest within the survey unit. The scan results increase as the surveyor moves closer to
impacted material located to the south-southwest of the survey unit.

Similar results were obtained for the gross gamma scan of the survey unit's surface area. A total
of 2,376 measurements of gross count rate were made at two second intervals across the survey
unit's 1,454 m2 surface area. The results ranged from 15,438 cpm to 25,970 cpm. A statistical
sumnnary of the 100 percent coverage gamma scan of the survey unit is also provided below in
Tablte 1.

Table 1 - Gross Gamma Scan Results Summary
Survey Area: 1,454 mn
Nurnber of Scan
Measurements (2-Second 2,376
Intervals):
Detector Swing Rate:
(Swinging the detector a width 0.31 m/s
of 1-meter side to side) (MARSSIM recommends 0.5 m/s)

1 ~ ~ ~~~ - M.O..p
V.,,...o: .XW M'-'.~-.'. : , , ;Wt 'ir?:

Results Summary: Background (Gross cpm) Scan (Gross cpm)
Minimum 16,831 15,438
Maximum 21,495 25,970
Average 18,844 19,202

Standard Deviation 1,392 1,661
Median 18,573 18,980

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
DCG-;LW for the site). As part of the gross gamma survey, 3 biased soil samples were collected at
locations exhibiting the highest scan rates on the excavation bottom (Figure A-2, Attachment
A). The biased soil samples were screened on-site in a lead cave. Results of the sample

Q.\P400C\FA4072ZPSS Repots\Volume PS qM Unit Kaisw-FSS-024\FS-024 Text.&c 2 Revision 0
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screening are presented below in Table 2. The sample screening levels were below the DCGLw
for the site.

Table 2 - Biased Soil Sample Screening Results
Cave Counter Screening Std. Error MDC

Soil Sample ID Results (pCi/g) (pCi/g) (pCi/g)
DGC(rw 3.0
Site Background 1.1 0.3
K-1408 1.40 0.856 1.51
K-1458 0.474 1.22 1.51
K-1459 1.89 0.914 1.51

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 1,454 m2 along with the
N of 9 were used to calculate the Triangular Grid Node Length (L) of 13.7 meters and the Height
of the Equilateral Triangle (h) of 11.8 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-3 contained in Attachment A.
The soil sample locations were demarcated in the field using a GPS unit. A total of 10 soil
samples (identified as K-1438 through K-1447) were collected at the excavation bottom surface
(0-6-inch depth interval) level using a clean, decontaminated sampling auger or sharpshooter
shovel. The samples were forwarded to Outreach for analysis of Th-232 activity concentration.
Analytical results are provided below in Table 3. Analytical data reports are contained in
Attachment C.
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Table 3 - Systematic Soil Sample Results
Net

Soil Gross Th-232 Std. Error MDC Net Th-232 DCGL
ample ID) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
K-1438 1.21 0.175 0.191 0.11 3.0
K-1439 0.660 0.174 0.371 0 3.0
K-1440 1.07 0.075 0.188 0 3.0
K-1441 1.03 0.200 0.512 0 3.0
K-1442 0.792 0.208 0.370 0 3.0
K-1443 0.638 0.088 0.318 0 3.0
K-1444 1.05 0.181 0.404 0 3.0
K-1445 0.907 0.058 0.178 0 3.0
K-1446 1.47 0.225 0.303 0.37 3.0
K-1447 0.872 0.186 0.398 0 3.0

_ __4 g A 0.970
StandardDev. 0.254

Minimum 0.638
kaximum 1.47
Median 0.969 .

All :10 systematic soil sample results (gross and net) were below the open land area surrogate
value of 3.0 pCi/g net Th-232 activity concentration (DCGLw). The maximum gross Th-232
activity concentration was 1.47 pCi/g, which fell slightly above the background Th-232 activity
of 1.1 pCi/g for the site. The average gross Th-232 activity concentration was 0.970 pCi/g. The
standard deviation of the 10 equal-distant samples was 0.254, 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 WVilcoxon 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 ihe difference (1.12 pCi/g) between the maximum survey unit soil sample activity
concentration (1.47 pCi/g) and the minimum reference background area soil sample activity
concentration (0.35 pCi/g) is less than DCGLw (3.0 pCi/g), then the survey unit meets the release
criterion. Table 4 presents a summary of the data used to complete the statistical evaluation of
the survey unit.
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Table 4 -Reference Group and Survey Unit Sample Results
Reference Th-232 Survey Unit Th-232

Group Sample ID (pCi/g) Group Sample ID (pCi/g)
RI 350 1.16 S1 K-1438 1.21
R2 217 1.28 S2 K-1439 0.660
R3 268 2.32 S3 K-1440 1.07
R4 298 1.38 S4 K-1441 1.03
R5 248 1.63 S5 K-1442 0.792
R6 165 0.54 S6 K-1443 0.638
R7 17 0.91 S7 K-1444 1.05
R8 281 1.39 S8 K-1445 0.907
R9 199 0.66 S9 K-1446 1.47
RIO 3 0.35 S1O K-1447 0.872

Average 1.16 Average 0.9 70

Std. Dev. 0.58 Std. Dev. 0.254

Minimum 0.35 Minimum 0.638

Maximum 2.32 _ _ Maximum 1.47

Median 1.22 Median 0.969
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3.0 SUMMARY OF FINDINGS

The removal of radiologically-affected soil from the north-central portion of the Retention Pond
resulted in an open land area consisting of an excavation approximately 1,454 m2 in area. This
open land area, identified as Survey Unit Kaiser-FSS-024 is considered a Class 1 survey unit.
The survey unit is bounded to the south by Survey Unit Kaiser-FSS-025, to the east by Survey
Unit Kaiser-FSS-023, to the north by Survey Unit Kaiser-FSS-022, and to the west by Survey
Units Kaiser-FSS-006 and Kaiser-FSS-01 1 (Figure 3). This section of the sub-report presents a
sutru-nary of the final status survey findings and an overall summation of fractions for the survey
uniL.

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-024 consisted of a gross gamma scan of the exposed
surflace 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 10 systematic soil sample results (gross and net) were below the open land area
surrogate value of 3.0 pCi/g net Th-232 activity concentration (DCGLw).

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

i' 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-024 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 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.
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Tablie 5 - Fraction of Applicable Acceptan ce Criteria per Survey Unit Element
Average

Net Acceptance
Survey Unit Element Units Activity Criteria Fraction
-FSS.-024 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 1 0.00
TOTAL SUM OF FRACTIONS I 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-024 meets the
DP acceptance criteria.

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

Survey Unit Kaiser-FSS-024

Backgrounds are 1 minute readings.

Scanning readings are recorded at 2 second intervals.

C1at



N

r(N

(NJr-)

("I

t0
(-N"

U.1]

C' I

C' 1
C~j
('D
("I

L *

r--------------------_______---

/ .-.-. , -- , ..
I

I
/ !

I

I

I

0 409353

/ I

o K-1458

/

/

K-1459 0

I
L- -.

K-1408 *
i

t-J '0925.3

SCALE - FEET
030 30

9 0
SCALE - METERS

9

_ .

K-1458
G BIASE:D SOIL SAMPLING LOCATION BASED

GROSS GAMMA SCAN RESULTS

FIGURE A-2
GROSS GAMMA SURVEY BIASED SOIL SAMPLING LOCATIONS

SURVEY UNIT KAISER - FSS-024
FINAL STATUS SURVEY

THORIUM REMEDIATION PROJECT
TULSA, OKLAHOMA FACILITY

PREPARED FOR

KAISER ALUMINUM & CHEMICAL CORPORATION
,1-, TULSA, OKLAHOMA

APPROE 5 t5
CHECKED':1) 5- - C
DRAWN DEB 2/16/06

DRAWING NUMBER

PA4072037B

rd Penn E&R
Environmental & Remediation, Inc.



N

K-143

/

,'K-1445 \

z X i : K- 1447
L__ ___________ - - - - - - - - - - - - - - - - - - - - - -

L

T
h

N = 9 (COLLECTED
L = 13.7m
h = 11.8m
AREA = 1,454m2

10)

SCALE - FEET
030 30

9 0
SCALE - METERS

9

Y

K- 1438
* SYSTEMATIC SOIL SAMPLING LOCATION

BASED ON RANDOM START POINT AND
AN EQUAL DISTANT TRIANGULAR GRID

FIGURE A-3
SYSTEMATIC SOIL SAMPLING LOCATIONS

SURVEY UNIT KAISER - FSS-024
FINAL STATUS SURVEY

THORIUM REMEDIATION PROJECT
TULSA, OKLAHOMA FACILITY

PREPARED FOR
KAISER ALUMINUM & CHEMICAL CORPORATION

TULSA, OKLAHOMA

* RANDOM START POINT

APPROVE 3 *i °.0

CHECKEE JE ' 3 -'
DRAWN DEB 10/18/05

DRAWING NUMBER

PA4072037A
A Penn E&RII Environmental & Remdain, Inc.

--- -- - ---
_-_- I



ATTACHMENT B
TABLE OF CONTENTS

* Soil Survey Unit Worksheet No. 1

* Soil Survey Unit Worksheet No. 2

QM:P4000\PA4072\SS ReportiVohurne Isurvey Unit dscr-FSS-024\Attahnm B -Sol Survey Unit Worksheds\Attachmirn B toc.doc



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-024

2. Description: Retention Pond Area. West of Survey Unit Kaiser-FSS-023

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

.4. Dimensions (m): Excavation Bottom - approximately 45 meters x 33 meters; Area, A (m2): 1.454

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

Average: 20,000 Minimum: 10,000 Maximum: 50.000

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

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

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

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

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

7. If the area of the Survey Unit is less than 2,000 in2 , recalculate the corresponding Triangular Grid Node

Length (L,) for the Survey Unit Area (A), using the following formula: LI = (A/(0.866 x 9 ))'2: 13.7 m

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

Length (LI) using the following formula LI = (A/(0.866 x N))1R: N/A

9. If A is greater than 2,000 n 2 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 = ((L - (L/2)2)1 : 11.8 m.
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Soil Survey Unit Worksheet No. 2
Random Number Generator for Start Point

Final Status Survey
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

SURVEY UNIT: KAISER-FSS-024

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

22 2 2 lower bound
upper bound

x axis y axis

45 33

North
x axis(0,0)
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ATTACHMENT C

LABORATORY ANALYTICAL RESULTS



Outreach
boratory

t sGrth se
81Mn A=owOK 74012 February 2, 2006
(918) 251-2515
FAX (918) 251-0008

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

Project: Kaiser Thorium Remediation PA-4000-4072
OUTREACH LAB ID: 20060071

Dear Mr. Weyant:

Please find enclosed the analytical report for your samples received in our laboratory on
January 26, 2005 for the above captioned project. Ten 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 212/06.

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 with the exception of the Am-241 LCSD % REC and RPD. Results were not
affected in any way.

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 or

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

CERT. ID #OK001



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

Kaiser Aluminum
Thorium Remediation

20060071
2t2/06

1t26/06 .
I of 3 i_;,>

Outreach
boratory

311 North Aspen
Broken Arrow, OK 74012
(918) 251-2515
FAX (918) 251-0008 Analytical Report

Result UnitsMethod DL Prep
Date

Analysis Analyst
Date

Lab ID:
Client ID:
Date Sampled:
Matrix:

20060071-01
K-1438
1/25/06 11:00:00 AM
Soil

Radiochemical Analyses
HASL 300 1.21 +1- 0.175 pCi/g

Inorganics Analyses
ASTM D2216-92 7.4 %

Thorium 232

Percent Moisture

0.191 1127/06 SD

1126/06 1/30/06 RT

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

20060071-02
K-1439
1/25/06 11:05:00 AM
Soil

Thorium 232

Percent Moisture

Radiochemical Analyses
0.660 +1- 0.174 pCi/gHASL 300

ASTM D2216-i

0.371

92
Inorganics Analyses

9.4 %

1127/06 SD

1126/06 1/30/06 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20060071-03
K-1440
1/25/06 11:10:00 AM
Soil

Thorium 232

Percent Moisture

Radiochemical Analyses
HASL 300 1.07 +/- 0.075 pCi/g

Inorganics Analyses
ASTM D2216-92 13.2 %

0.188 1127/06 SD

1/26106 1/30/06 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

20960071-04
K-1441
1125/06 11:15:00 AM
Soil

Radiochemical Analyses
HASL 300 1.03 +/- 0.200 pCig

Inorganics Analyses
ASTM D2216-92 14.6 %

Thorium 232

Percent Moisture

0.512 1127/06 SD

1126/06 1130/06 RT

ab ID:
jient ID:

Date Sampled:
Matrix:

20060071-05
K-1442 t
1125/06 11:20:00 AM
Soil

Radiochemical Analyses
BDL = Below Detection Limit



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

Kaiser Aluminum
Thorium Remediation

20060071
2/2/06

1/26/06
2 of 3

Outreach
')oratory

Lrth Aspen
Broken Arrow, OK 74012
(918) 251-2515
FAX (918) 251-0008 Analytical Report

Result UnitsMethod DL Prep
Date

Analysis
Date

Analyst

Thorium 232

Percent Moisture

HASL 300 0.792 +/- 0.208 pCi/g
Inorganics Analyses

ASTM D2216-92 12.9 %

0.370 1/31/06 SD

1/26/06 1/30/06 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Thorium 232

Percent Moisture

20060071-06
K-1443
1/25/06 11:25:00 AM
Soil

Radiochemical Analyses
HASL 300 0.638 +/- 0.088 pCi/g

Inorganics Analyses
ASTM D2216-92 13.7 %

0.318 1/31/06 SD

1/26/06 1/30/06 RT

Lab ID:
Client ID:
)ate Sampled:

MLatrix:

Thorium 232

Percent Moisture

20060071-07

X-1444
]t/25/06 11:26:00 AM
.,oil

Radiochemical Analyses
HASL 300 1.05 +/-0.181 pCi/g

Inorganics Analyses
. ASTMD2216-92 16.9 %

0.404 1/31/06 SD

1/26/06 1/30/06 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Thorium 232

Percent Moisture

2.0060071-08
IC-1445
1/25/06 11:30:00 AM
Soil

Radiochemical Analyses
HASL 300 0.907 +/- 0.058 pCi/g.

Inorganics Analyses
ASTM D2216-92 11.5 %

0.178 1/31/06 SD

1/26/06 1/30/06 RT

Lab ID:
Client ID:
Date Sampled:
Matrix:

Thorium 232

4AILoLrcent Moisture

:0060071-09.
K- -1446
1,125/06 11:34:00 AM
S Dil

R.
HASL 300

ASTM D2216-92

adiochemical Analyses
1.47 +/- 0.225 pCi/g

Inorganics Analyses
24.2 %

0.303 1/31/06 SD

1/26/06 1/30/06 RT

IBDL - Below Detection Limit



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

Page Number:

Kaiser Aluminum

Thorium Remediation
20060071

2/2/06

1/26/06

3of3 \.,.
Outreach

lboratory
311 North Aspen
Broken Arrow, OK 74012
(918) 251-2515
FAX (918) 251-0008 Analytical Report

Method Result Units DL Prep
Date

Analysis
Date

Analyst

Lab ID:

Client ID:

Date Sampled:

Matrix:

20060071-10

K-1447

1/25/06 11:37:00 AM

Soil

Radiochemical Analyses
0.872 +/- 0.186 pCi/gThorium 232

Percent Moisture

HASL 300

ASTM D2216-'

0.398

92
Inorganics Analyses

18.4 %

1/31/06 SD

1/30/06 RT1126/06.

QC Report

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

,228 NC 1/27/06 'I
^m-241

Co-60

Cs-137

Percent Moisture

81.0 60.0 29.2

93.0 95.0 2.2

95.0 87.0 9.7

1/27/06

1/27/06

1/27/06

1/30/067.2

Lab Approval:

BDL= Below Detection Limit
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Date Received: 1/26/06 11:07:56 Lab Number: 20060071 Due: 2/2/06

Custody Seal
Seal Intact

Sample
Number

* Client
Sample ED

Date
Matrix Sampled

Soil 01/25/06

Container
Type

Container
Size Preservation

20060071-01 A K-1438
Gamma Spec - Thorium 232
Percent Moisture (LOD)

Plastic

20060071-02 A K-1439
Gamma Spec - Thorium 232
Percent Moisture (LOD)

Soil

20060071-03 A. K-1440
Gamma Spec -Thorium 232
Percent Moisture (LOD)

Soil

20060071-04 A K-1441
Gainma Spec - Thorium 232

Percent Moisture (LOD)

20060071-05 A K-1442
Gamma Spec - Thorium 232

Percent Moisture (LOD)

Soil

Soil

Soil

01/25/06 Plastic

01/25/06 Plastic

01/25/06 Plastic

01/25/06 Plastic

01/25/06 Plastic

16 oz

16 oz

16 oz

16 oz

60oz

16 oz

None

None

None

None

None

None

No No

No No

No No

No No

No No

No No20060071-06 A K-1443
Gamma Spec - Thorium 232
Percent Moisture (LOD)

20060071-07 A K-1444
Gamma Spec - Thorium 232

Percent Moisture (LOD)

Soil 01/25/06 Plastic 16oz None No No

20060071-08 A K-1445
Gamma Spec - Thorium 232
Percent Moisture (LOD)

Soil 01/25/06 Plastic

01/25/06 Plastic

16 oz

16 oz

None

None

No No

No No20060071-09 A K-1446
Gamma Spec - Thorium 232

Percent Moisture (LOD) .

Soil

20060071-10 A

...c
K-1447 Soil 01/25/06 Plastic. 16oz NaOH, pH > 11 No No -LI



CUN rwAlNtm SPECTION

# Coolers 0 Custody Seals Broken

SAMPLE INSPECTION
Sample Seal Broken No Chain

Anomalies

°E Temperature:

L

C tce A-

Labels in Tact

C-
Radiation Survey: <300 cpm

Radiation Survey Complete Rn of Custody Record 2

Inspected By: _ DATE

QA or Designee Review:D A TE O/ - lee

Sample Custodian Review: , i I I

Project Notes:

Page 2
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SURVEY INSTRUMENTATION QA/QC



APPENDIX A-1

SURVEY UNIT KAISER-FSS-OO1



Appendix A-1, Table A-1-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-001
Thorium Remediation Project

Tulsa. Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Detector Instrument Serial Detector Serial Survey Unit Kaiser-

Model/Type Number Number Calibration Period FSS-001 Usage

Field analysis, high-energy gamma detection -
Ludlum 2221 Scaler/ Rate Instrument was used to evaluate remediation

Meter with 44-10 2" X 2" Nal progress and scan land areas for the Final Status
Scintillation Gamma Detector 206873 PR211675 05/17/04 to 05/17/05 05/22/04 Survey.

Ludlum 2360 Alpha-Beta
Scaler /Rate Meter with 43-68 Simultaneous alpha-beta counting and

100cm2 Gas Proportional discrimination - Instrument was used to survey
Alpha-Beta Detector 193686 PR190485 05/04/04 to 05/04/05 05/24/04 embedded structures.

Page 1



APPENDIX A-1-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 206873 (meter) and PR211675 (detector)



ITF.El CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

A-

Customer: Enercon Services Inc. Order No.N/A-

Mfg.:
Cal D,

L.udlum Model 2221 Serial No.:2068730
ite: 05117/04 _ Cal Due Date: 05/17/05_Cal. Interval 12 mo.'s Meterface 202-159 _

Check mark (2 applies to applicable instruments and/or detector lAW Mfg. Spec. T 76.1_°F RH 44 % Alt. 1120 Ft.

g New Instrument Instrument Received OWithin Toler 4I-10/O 0 0-20% O0ut of Tol. ORequiring Repair O0ther-See Comment
OMechanical Ck. MMeter Zeroed OBackground Subtract [Slnput Sens. Linearity

a FIS Rcsp. OK CgReset Ck. NWindow Operation [ZGeotropism

5Audio. Ck. [Alarm Setting Ck. RBatt. Ck. (Min. Volt) 6.2 VDC

VCalibrated in accordance with ECL 205-1 Rev. 0 1/23/03

InstrumentVoltSet 900V InputSens. 10 MV
Det. Oper. N/A V at N/A mV Threshold Dial Ratio 10 = 100-

EIHV Readout (2 points) Ref/lnst. 669 /670 V Ref./lnst. 995 / 1000_

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Gamma C0dibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RA.NGE/ REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CAL POINT "AS FOUND READING" READING*

XIK 400 Kcpm - 395000 cpm 395000 cpm
XIK 100 kcpm 100000 cpm 100000 cpm

'C100 40 Kcpm 39500 cpm 39500 cpm
X100 10 Kcpm 10000 cpm 10000 cpm
X10 4 Kcpm 3950 cpm 3950 cpm
X10 I Kcpm 1000 cpm 1000 cpm
Xi 400 cpm 400 cpm 400 cpm
x1 100 cpm 00 cpm IGO cem

*Uncertlinty within ±20%
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING _ CAL POINT RECEIVED METER READING

Digital Log
Readout 400 tpm 38 cpm 38cpm Scale 50 cpm 60 cpm 60 cpm

400 Kcpm 39116 cpm 39116 tpm _ 500 Kcpm 500000 cpm 500000 cpm
40 Kcpm 3917 cpm 3917 cpm 50 Kcpm 50000 cpm 50000 cpm
4 Kcpm 392 cpm 392 cpm 5 Kcpm 5000 cpm 5000 cpm
40 cpm 4 cpm 4 cpm 500 cpm 475 cpm 475cpm

ENERCON Services, inc. certified that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology or to the
ealibratior. facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type otcalibration technology. The calibration system conforms to the requirements of ANSINCSL Z540-1-1994 and ANSI N323-1978.

Refercttee Instruments and/or Sources:
Cs-137GammaS/N 06205GF
0 Alpha SIN El Beta S/N Q]Other C(c!.? /~Y A.4 f

' M 500/SN 187460 QOscilloscope S/N OMultimeter S/N 020513278

Calibrated By

Reviewrvd By:
R. Shank Date: 05/17/04

Date: _ I

AC Inst. [ Passed Dielectric (hi-Pot) and Continuity

Only E Failed



1---

PLATEAU

instrument:
Model No,
Serial No.

Probe:
Serial No.

Ludlum
2221

206' 8S yt
44-10

PR 211675

DATE:
Source:

Serial no.
Strength:

5117/2004
Cs137
2485
I uci

:�n_
,zs�-%

111s�-

1
2
3
4
5

.6
7
8
9
10
11
12

Background
Count (cpm)

4777
5385
5517
5600
5675
5832
5680
5849
6073
5782
N/A
N/A

Source
Count (cpm)

95849
98961
104186
108132
108795
109020
111082
111402
112078
115675

N/A
NIA

H.V.

700
750
800
850
900
950
1000
1050
1100
1150
1200
1250



Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: . Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
+ 41 -

Acceptable Range:
(Refer to Penn E&R/IHPMM-2-1-1)

232,512 + 2a 11238.680 + 3a11
41 II *I

Calibration Due: 51705 IICONTACT 207,841 - 2a 11 201.672 -3a I
l_ . __ ___ . _ U . . . ._ ~. ___ Ii _I U _I , _ _ I

) Background I Source INet Source Batt check
I Date I Count Rate Count Rate Count Rate Technician WIIN +1- 2a (volts) WIN +/- 3a

1 7:22 5/22/2004 ) 9,353 1 227,706 218,353 DBW I YES 6.1 YES

Comments: Background 5 minute count. Source count 1 minute.

Recalibrated by Enercon to Cs-137.



Form HPMIM-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected:

Acceptable Range:
(Refer to Penn E&RFHPMIM-2-1-1)

gamma
1- II

8,206 + 20 11 8.347 + 3a 11
II 11 * 1I

Calibration Due: 5/17/05 11 6 INCHES 7,637 - 2a 1l 7.495 - 3a 1lI . I ..E Background | Source INet Source Battcheck
t Co e j Count Rate Count Rate Technician WMIN +/- 2a (volts) WMIN +/- 3a

I7:22 l 5/22/2004 1 9,353 J 17,505 8,152 DBW YES 6.1 YES

Comments: Background 5 minute count. Source count 1 minute.

Recalibrated to Cs-137 by Enercon.

Page 1



APPENDIX A-1-2

Ludlum Model 2360 Alpha-Beta Scaler/Rate Meter
with Model 43-68 100 cm2 Gas Proportional Alpha-Beta Detector

Serial Nos. 193686 (meter) and PR190485 (detector)



Designer and Manufocturerii L I clenrncof
! Scintific and Industrbl

__ Instruments

C i.STOMER KAISER ALUMINUM

CERTIFICATE OF CALIBRATION

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER, TEXAS 79556. U.SA

_ ORDER NO. 215373/281348
4^. / -W I P

( / Ludlum Measurements. Inc. Model 2360 Serial No. I Y % L 5 tz'
iA. Ludlum Measurements. Inc. Model 43-68 Seriol No. -I i OcL
Cal. Date 4-May-04 Cal Due Date 4-May-05 Cal. Interval 1 Year Meterface 202-855

heck mark gapplies to applicable Instr. and/or detector LAW mfg. spec. T. 75 °F RH 28 % Alt 705.8 mm Hg
[ New Instrument Instrument Recelved [2`WithIn Toler. +-10% 0]10-20% []Out of Tol. []Requirlng RepaIr []Other-See comments

[¢ Mechanical ck. 7 Meter Zeroed f Background Subtract [] Input Sens. Unearity
F/S Resp. ck [3' Reset ck. ( Window Operation [ Geotropism

6g Audio ck. [ Alarm Setting ck. Pr Batt. ck. (Min. Volt) .. 2.2..VDC
[2Caiibrated In accordance with LMI SOP 14.8 rev 12/05/89. 0 Calibrated In accordance with UMI SOP 14.9 rev 02/07/97.

strument Volt Set IJ5 .7Z v
f HV Readout (2 points) Ref./lnst. 50 / q .. I V Ref./lnst. 1500 / | 4i. 2 V

FIrmwore Version: 39t `O (EEPROM Settings)
Alpha Threshold: fQ), - User lime:
:Beta Threshold: Alpha Alarm:
Beta Window: SO,> Beta Alarm:
Overload e(,- a.... ... t1 -j . . .•t A/BAlarm: .
Instrument calibrated with a 5j" cble. Model 2360 Dzte:
High voltage set with detector Calibration Date Due: In

~1OMMENTS:

E~. C0~-T3~4e~4% 2~ ~a~cck roc cou't~l MIp Sorce cou",1+ t/fpi ~w~~/ 5 ~n

r.'__~\for r 77 V qe o %~ z ; I c k3 rounofcouMrv 73 p,!Larce~c"~4 6&'5cpm ) <orce-a5e./'VKeAZ10cprm
racn GM defectors posboed peupe t rlo sow c xceplt Iorr V 9 in wtdch th fat of pdbe [ae soe

RANGE/MULTIPUER
xl000
xl000
xl00
xlO00
xlO
xlO
xl
xl

REFERENCE
CAL POINT

400kcpm
100kcpm
40kcpm
10kcnm

INSTRUMENT REC'D
"AS FOUND READING"

slOO

If W
I

1400
too

INSTRUMENT
METER READING*

&;n

gmoIfy)
urn

/OD

4kcnm
lkcpm

LIO0kcpm
100kcpm

'Uncertaintywittntn I DX C.F.wttint20% All Range(s) Calibrated ElectronIcally
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING CAL POINT RECEIVED METER READING'

,adout 400kcpm us -l __ _ WV_ _ _ Scale
40kcpm _?

40Ocpm 7 ''d
lurn Measwmenkt. hIc ceries that he above Irsimment has boon caltirated by ttoncdrds traceabe to the Ntln Iklute od Stocidrds and Tednoly. or to the cdbtratton foets d
ef hntefnatlor Stondaofds Org0nztton mebrrs. or hove been detved hran occepted voes of natrol phys coritxonts aohove been denved by the ratio tpe of co-bron ted
coltbration sfem cooms to the recq.bements o AN9/NCSL Z540-1-1994 aod ANSS N3Z3-1978 State of Texas Calibration Lcense No. L0-1 963

eforence Instruments and/or Sources:
s-137GamrnaS/N ]1162 E0G112 O[M565 05105 O]T100 O1T879 OE552 OE551 5720 5734 01616

. loha S/N.Ti 23( 61Q-&3/ J 24 1 t TaS/N To (??. m I Vr- 5 Other _t

O Neutron Arn-241 Be S/N T-304

Vi l4 I . f
,dl' .. , 500 S/N ....50800 - OI;)scilioscope S/N W Multimeter S/N 83S

Calibrated By: A 4/ _ / Date 4 ft L 0 V

?90502

?evIewed By: _ / L I
Date

n is cetLfcfe shd not be reprodkced except hI fut, %-Athout the written opprovol of Ludkyn Moastrements. hwc- I Arind M I



3i Designer and Monufacturer
of

Scientific and Industriol
Instruments

,I- POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER, TEXAS 79556, U.SA.

Bench Test Data For Detector

Detector 43-68 Serial No.- 8Q_ 2I &5

Customer KAISER ALUMINUM

Order #. 215373/281348

Alpha Input Sensmilvity L/2.0 mV

Beta Input Sensitivity 3. S mV

Beta Window 5 2 C) mV

. Counter 2360 Serial No.

Count lime 1 Minute

IsC3 LGAG

Other Distance Source to Detector - 5�, 1: LC,�

* High
* Voltage

Background

Alpha Beto

Isotope _1I.2 30
Size e) rf

Aklha Beta

Isotope 7if 3
Size _13cfinm

Akft Beta

Isotope T 2
Size t/O,0 ,7

Alpha Beta

I G 22 1 3 2, 1 7 qq 1 q It 1 -5 S / 95-0 73 1
I 1r O 12q 1116, I Un 47 1 127 Q OL

I.5 7_ I P 13 /036, I, q q.1 I
L6n) 2 .203 -IC2G L£2 - J(o( I , i 7q7L
2,2 O Q 2 17 1I LF23 5 9287 1Il kG2I2

.
I.

I. -II .

"'Gas Proportlonao detector count rote decreased S 10% after 15 hour static test using 39" cable.

[J Gas proportional detector count rate decreased S 10% after 5 hour static test using 39" cable and alpha/beta counter.

... ...

-Signature Z J�4- A Date 4 l>
r _ _ _ s - t_-k__56 _- sr - s-w r

FORM C4B Q4/0912cJ3
* Serving The Nuclear Industry Since 1962 -



C(-

Form HPMIM-2-8-1
Daily Check Log for Ludlum Model 2360 with 43-68 Detector

Instrument 2 Alpha

InstrumentJSN: Ludlum Model 2360 193686 Check Source(s) Used: Th-230, SIN 5053-03
Detector/SN: Model 43-68 /PR190485 I I I
EFF %: ca= 17.78 % 4, source check acceptance criteria a_
CALIB. SOURCE USED: Th-230 Average (NCPML 2.564
DATE OF CALIB.: 514/2004 +2 sigma: 2,655
CALIB. DUE DATE: 51412005 *2 sigma: 2,474
PERFORMED BY: Ludlum Measurements Inc. +3 sigma: 2,700

*3 sigma: 2,429

TECHNICIAN'S ALPHA/ RESPONSE 60 min I min 1 min
NAME BETA CHECK DATE TIME Bkgrd (cpm) gross (cpm) net (cpm) within +/-2 sigma within +/-3 sigma <10% drop
DBW 1 Alpha SAT 5/24/2004 14:01 1.12 2,629 2,628 YES YES NA
DBW 2 Alpha SAT 5/24/2004 18:00 0.83 2,570 2,569 YES YES YES

Page 1



APPENDIX A-2

SURVEY UNIT KAISER-FSS-002



C
I

C
Appendix A-2, Table A-2-1

Final Status Survey Instrument Summary
Survey Unit Kaiser-FSS-002

Thornum Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

l-

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector ModellType Number Number Calibration Period FSS-002 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -
Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 157032 PR206809 03/03/04 to 03/03/05 05/23/04 to 05/26/04 Survey.

Page 1



APPENDIX A-2-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 157032 (meter) and PR206809 (detector)



sl

I "CERTIFICATE OF CALIBRATION

Customer: Enercon Services Inc.

Mfg.: Ludlum Model 2221 Sen

Cal Date: 03/03/04 Cal Due Date: 03/03/05 Cal. Interval

ENERCON Services, Inc.
650-I Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930 7~k

Order No.N/A
ial No.:1570321

12 mo.'s Meterface 202-159_

Check mark El applies to applicable instruments and/or detector lAW Mfg. Spec. Temp. 68.9_°F RH 27 % Alt 1120 Ft.

E]NcwInstrument InstrumentReceived OWithinToler+/-10%/o 00-20°/. QOutof`Tol. 0 RequiringRepair QO)ther-SccComment

[ Mechanical Ck. 1OMeter Zeroed []Background Subtract Rinput Sens. Linearity

't]F/S Resp. OK 2]Reset Ck. ""Window Operation 'E1Geotropism

VAudio. Ck. [:Alarm Setting Ck. 9Batt. Ck. (Min. Volt) 5.2_ VDC

[]Calibrated in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set 1000 V Input Sens. 10 MV

Det. Oper. N/A V at N/A mV Threshold Dial Ratio 10 100
EHV Readout (2 points) Re£l/lnst. 1500 1 1500 V Re£/InsLt 1000 / 1000 V.

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.
Zero button sticks

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGE/ REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CAL POINT "AS FOUND READING" READING*

XIK 400 Kcpm 400 Kcpm 400 Kcpm
XIK 100 kcpm 100 Kcpm 100 Kcpm
X100 40 Kcpm 40 Kcpm 40 Kcpm
X100 10 Kcpm 10 Kcpm 10 Kcpm
X10 4 Kcpm 4000 cpm 4000 cpm
X10 I Kcpm 900 cpm 900 cpm
xi 400 cpm 400 cpm 400cpm
Xi 100 cpm_ I00 cpm 100 cpm

'Uncertainty within ±201%
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT

_ CAL POINT RECEIVED METER READING* CAL. POINT RECEIVED - METER READING
Digital Log

Readout 400 cpm 39 cpm 39 cpm Scale 50 cpm 50 cpm 50 cpm
400 Kcpm 39618 cpm 39618 cpm 500 Kcpm 500 Kcpm 500 KR cpm
40 Kcpm 3962 cpm 3962 cpm 50 Kcpm 50 Kcpm 50 Kcpm
4 Kcpm 397 cpm 397 cpm _ _ 5 Kcpm 5 Kcpm 5 Kcpm
40 cpm 4 cpm 4 cpm 500 cpm 450 cpm 450 cpm

ENRC~iON cTvicCsg inc. cerrtic that wbe 500e instrument nas been e caiorarea br aandaras Iraceabie to rae NationaI Institute of 3tandards and Techsnology or to the

calibration facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or hve been derived by the
ratio type of calibration technology. Tbe calibration system conforms to the requirements of ANSI /NCSL Z540-1.1994 and ANSI N323-197S.

Reference Instruments and/or Sources:
Cs-137 Gamma S/N [06205GF
O Alpha S/NEl Beta S/N .OOther

M 500 S/N 187460 [Oscilloscope S/N tMultimetcr S/N 020513278

I-

Calibrated Byr R Sh k .

Reviewed By: }&e - -- 1
Datc: 03/03/04

)ate: 6 /O V SO C

AC Inst. [ Passed Dielectric (hi-Pot) and Continuity,, v
/

j

Only E Failed



PLATEAU

Instrument: Ludlum
Model No, 2221
Serial No. 157032

Probe: 44-10
Serial No. PR206809

Voltage

DATE: 312912004
Source: Cs137

Strength: 1.0uci

TEMP.: 67
R.H.: 34%

-.64-
, r.- %

S.N.
2485

I
2
3
4
5
6
7
8
9
10
11
12
13
14
15

600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200
1250
1300

Background
Count
(cpm)
N/A
N/A
1791
2001
2075
2132
2187
2150
2061
2132
2375
2723
N/A
N/A
N/A

Source
Count
(cpm)
N/A
NIA

174173
179682
190450
195749
195411
197763
199119
199591
211691
283180

NIA
N/A
NIA



/I-

Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 2

* Instrument Model: 2221

Instrument S/N: 157032

Detector Model: 44-10

Detector S/N: PR206809

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
9 *4l�

Acceptable Range:
(Refer to Penn E&R/HPMtM.2.1 -1)

241,361 + 2a I1 257.378 + 3a
41 41

Calibration Due: 3/3/05 CONTACT 177,299 - 2a 11 16 1.28 - 3a

I

2

3

4

5

6

_ _ _ _ _ ___ _ _ ._ _ __ __ _ _ _ _ _ __.............. _ . _ _ _ _ _ _ ____ __ _ .11 _ _ _ _ _ * _ * __

| Background | Source INet Source| Batt check
D Time l! _Date Count Rate Count Rate Count Rate Technician WIIN +1- 2a (volts) WIN +/- 33a

8:40 5/23/2004 9,569 222,844 213,275 DBW YES 5.6 YES

20:20 5/23/2004 9,611 221,330 211,719 DBW YES 5.5 YES

8:10 5/24/2004 9,624 222,263 212,639 DBW YES 5.5 YES

18:30 5/24/2004 9,482 223,653 214,171 DSB YES 5.4 YES

16:05 5/25/2004 9,640 224,336 214,696 DBW YES 5.5 YES

16:55 5/25/2004 9,668 234,858 225,190 DBW YES 5.5 YES

Comments: Moved cource check location to furnace room (lower background). Background 5 min. count.

Source check 1 minute count.

Page 1



09C
Form HPM/M-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 2

Instrument Model: 2221

Instrument S/N: 157032

Detector Model: 44-10

Detector S/N: PR206809

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: aamma-4. II -

Acceptable Range:
(Refer to Penn E6RIHPMIM-2-1 -1)

8.597 + 2a 8.731 + 3a II
._I I II

Calibration Due: 3/3/05 6 INCHES 8,061 - 2a 7,927 - 3a

I

4

1 Background 1 Source [NetSource| Batt check
Time | Date Count Rate | Count Rate ICount Rate Technician WIN +/- 2a (volts) W/IN +1- 3a

8:40 5/23/2004 9,569 17,731 8,162 DBW YES 5.6 YES
20:20 5/23/2004 9,611 17,678 8,067 DBW YES 5.5 YES
8:10 5/24/2004 9,624 17,735 8,111 DBW YES 5.5 YES

18:40 5/24/2004 9,688 17,869 8,181 DSB YES 5.4 YES
16:05 5/25/2004 9,640 17,988 8,348 DBW YES 5.5 YES

r A _4 . . .. .... .... , ........ _ -.Poo_ ....t4 ^ ......._.. , .. Zo .^I.omments: Moved cource cnecK location to tumace room tiower DacKgrounU). nacKgrounU a min. count.
Source check 1 minute count

Page 1



APPENDIX A-3

SURVEY UNIT KAISER-FSS-003
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Appendix A-3, Table A-3-1

Final Status Survey Instrument Summary
Survey Unit Kaiser-FSS-003
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

C

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector Model/Type Number Number Calibration Period FSS-003 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -

Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 172053 PR206815 01/07/04 to 01/07/05 06/11/04 to 06/12/04 Survey.

Page 1



APPENDIX A-3-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 172053 (meter) and PR206815 (detector)



CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

Customer: Enercon Services Inc. . Order No.NlA -

Mfg.: Ludlum Model 2221 Serial No.:1720537
Cal Date: 01/07/04_Cal Due Date: 01/07/05_Cal. Interval: 12 mo.'s Meterface : 202-159_

Check mark [f applies to applicable instruments and/or detector lAW Mfg. Spec. T 71.1_F RH -27% Alt. 1120. Ft.

0 New Instrument Instrument Rceived OWithin Toler +/-10X a0-200/ [OUt otfTol. ORequining Repair tOther-ee Comment
ElMechanical Ck - Meter Zeroed QBackground Subtract put Sens. Linearity
[JF/S Resp. OK 0Reset Ck. E[fWindow Operation 09Geotropism
EgAudio. Ck. []Alarm Setting Ck I2Batt. Ck (Min. Volt) _ 5.2 VDC
d'Calibrated in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set 902 V Input Sens. 10 MV
Det. Oper. NIA Vat N/A mV ThresholdDialRatio 10 = 100
[HV Readout (2 points) RefAnst. 1500 /1500 V Ref/lnst.903 / 902

* l

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.
Replaced Window switch knob.
Repaired audio control switch. Re-soldered wires.

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces sW=rce

RANGEI REFERENCE INSTRUMENT REC'D INSTRUMENT MEFER
MULTIPLER CAL. POINT "AS FOUND READING" READING*

XIK 400 Kcpm 400 Kcpm 400 Kcpm
XIK 100 kcpm 100Kcpm 100Kepm
X100 40 Kcpm 40 Kcpm 40 Kcpm
X100 10 Kcpm 10 Kcpm I K=cpm
X10 4 Kcpm 4 Kcpm 4 Kcpm
X10 I Kcpm luO0 cpm lO cpm
Xl 400 cpm 400 cpm 400 cpm
xi 100 cpm 100 cpm 100 cpm

*Uncertainty within ±20%/.

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING' . CAL POINT RECEIVED METER READING

Digital Lo)g
Readout 400 cpm. 40 cpm _ 40 cpm Scale 50 cpm 50 o^^m .50 cpmn

400 Kcpm 39729 cpm 39729 cpm 500 Kcpm 500 IKcpm 500 Kcpm
. 40 Kcpm 3972 cpm 3972 cpm . _. 50 Kcpm 52000 cpm 52000 cpm

4 Kcpm 397cpm 397cpm 5 Kcpm 5500 cpm 550v cpm

A. 1 0cp 4 cpm Ij 4 CpM I __ __ 5 O cpm 1 475 cpm __ 475 cpm I_
ENERCON Scrices, inc. certified that the above instrurnent has been elibrated by stadards traceable to the National institute of Standrds and Technology or to the
calibration facility other tnternational Standards Orgnization sembers, orhave been derived from accepted values or natural physical eonstraints or have been derived by the
ntio type ofcalibration techology. The calibration systea confonns to the requiremeits of ANSI /NCSL Z540l1-1994 and ANSI N323-1973.

Reference Instruments and/or Sources:
Cs-137 Gamma S/N 06205GF

0l Alpha S/N j//A 0 Beta S/N . QOther 11,11A

[lM50oS/N 187460 DOscilloscope S/N A.//11A OMultimeterSS/N 020513278

Calibrated By: R. Shan k 72 ! W'

Reviewed By: 44� 1) 4Z �� 4 A-
Z/I( e4z';ecl t��

Date:0107/04

-Date: - I/:?/ 16

AC Inst. 0 Passed DielIctric (hi-Pot) and Continuity

Only E Failed



PLATEAU
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* Instrument: Ludlum
Model No, 2221
Serial No. 172053

Probe: 44-10
Serial No. PR 206815

DATE:
Source:

Strength:

3/29/2004
Cs137
I.Ouci

S.N.
2485

TEMP.: 69.5
RH.: 32%

Voltage

I
.2
3
4
5
6
7
8
9
10
11
12
13
14
15

600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200.
1250
1300

Background
Count
(cpm)

N/A
N/A
N/A
NIA
1942
2085
2106
2135
2279
2342
2149
2488
2662
N/A
N/A

Source
Count
(cpm)

N/A
N/A
N/A

178420
185365
194623
196757
199112
199343
201764
200173
224774
319364

N/A
* N/A



C
Form HPM/M-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 1

/I-

Instrument Model: 2221

Instrument S/N: 172053

Detector Model: 44-10

Detector S/N: PR206815

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected:

Acceptable Range:
(Refer to Penn E&R/HPM/M-2-1 .1)

gamma
1� I? -

228.802 +2a | 231.927 + 3a |1
ii :I

Calibration Due: 1/7/05 CONTACT 216,297 - 2a 1 213.171 - 3cT 11

I

2

3

4

,, I . ,,

Background I Source INet Source I Batt check
Tim Date I Count Rate Count Rate J Count Ratel Technician WIIN +/- 2a l (volts) WIN +1- 3a

7:50 6/11/2004 9,519 230,396 220,877 DBW YES 5.8 YES

. 17:30 6/11/2004 9,382 227,955 218,573 DBW YES 5.7 YES

7:20 6/12/2004 9,338 233,372 224,034 DBW YES 5.7 YES

I40 6/12/2004 9,521 231,228 221,707 DBW YES 5.7 YES

IComments: Background 5 minute count. Source check 1 minute count.

Page 1



C
Form HPM/M-2-6-1

Daily Check log for Ludlum Model 2221 with 44.10 Detector
Instrument I

Instrument Model: 2221

Instrument S/N: 172053

Detector Model: 44-10

Detector S/N: PR206815

Source S/N: Cs-1 37 sn: 547

Source DPM: N/A

Radiation Detected: gamma
I II

Acceptable Range:
(Refer to Penn E&RIHPMIM-2-1 -1)

8.924 + 2a Al 9.088 + 3a
II ___________________ -

Calibration Due: 1/7/05 6 INCHES 8,263 - 2a || 8.098 - 3a

I

2

3
4

r | Background j Source ]Net Source Batt check

Tme Date jCount Rate Count Rate jCount Ratel Technician W/IN +/- 2a (volts) WIIN +/- 3a

7:50 6/11/2004 - 9,519 17,978 8,459 DBW YES 5.8 YES

17:20 6/11/2004 9,382 17,679 8,297 DBW YES 5.7 YES

7:20 6/12/2004 9,338 17,618 8,280 DBW YES 5.7 YES

16 :0 6/12/2004 9,521 17,891 8,370 DBW YES 5.7 YES

IComments: Background 5 minute count. Source check 1 minute count.

Page 1
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SURVEY UNIT KAISER-FSS-004
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Appendix A-4, Table A-4-1
Final Status Survey Instnument Summary

Survey Unit Kaiser-FSS-004
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiserl
Detector ModelType Number Number Calibration Period FSS-004 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -

Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 172053 PR206815 01/07/04 to 01/07/05 06114/04 Survey.

Page 1



APPENDIX A-4-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 172053 (meter) and PR206815 (detector)



Mr"' CERTIFICATE OF CALIBRATION

Customer: Enercon Services Inc. .

ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

Order No.N/A_ _

Mfg.: Ludlum Model 2221 SerialNo.:172053o

Cal Date: 01/07/04__Cal Due Date: 01/07/05_Cal. Interval: 12 mo.'s Meterface: 202-159_

Check mark ff applies to applicable instruments and/or detector IAW Mfg. Spec. T 71.1_°F RH 2_7_% Alt. 1120. Ft.

ONewinstrument InstrumentReeived QWithinToler+/-l0%/e 00-20% QOutofTol. ORequiringRepair fJOther-SeeComment
E3Mechanical Ck. jlMeter Zeroed []Background Subtract . put Sens. Linearity

IF/S Rcsp. OK 0Reset Ck. ETWindow Operation jGeotropism

gAudio. Ck. []Alarm Setting Ck. [3batt. Ck. (Min. Volt) _ 5.2 VDC

ffCalibrated in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set 902_ V Input Sens. 10 MV

Det. Oper. N/A V at N/A mV Threshold Dial Ratio 10 = 100

0HV Readout (2 points) RefAnst. 1500 /1500 V RefAnst.903 / 902

- 6�i_1�1�

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Replaced Window switch knob.
Repaired audio control switch. Re-soldered wires.

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGE/ REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CAL POINT "AS FOUND READING" READING*

XIK 400 Kcpm 400 Kcpm 400 Kcpm
XIK 100 kcpm 100 Kcpm 100 Kcpm
Xl00 40 Kcpm 40 Kcpm 40 Kcpm
X100 10 Kcpm 10Kcpm 10Kcpm
X10 4 Kcpm 4 Kcpm 4 Kcpm
X10 I Kcpm 1000 cpm 1000 cpm
Xl 400 cpm 400 cpm 400 cpm
xi 100 cpm I00 opm I 00 cpm

Uncertainty within ±201% _

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING* CAL POINT RECEIVED METER READING

Digital Log
Readout 400 cpm 40 cpm 40cpm Scale 50 cpm 50 cpm 50 cpm

400 Kcpm 39729 cpm 39729 cpm __ -_ 500 Kcpm 500 Kcpm 500 Kcpm
40 Kcpm 3972 cpm 3972 cpm 50 Kcpm 52000 cpm 52000 cpm
4 Kcpm 397 cpm 397 cpm _ 5 Kcpm 5500 cpm 5500 cpm
40 cpm 4 cpm 4 cpm 500 cpm 475 cpm 475 cpm

ENERCON Services, inc. certified that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology or to the
calibration facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type of calibration technology. The calibration system confonms to the requirements of ANSI /NCSL Z540-1-1994 and ANSI N323-1978.

Reference Instruments and/or Sources:
Cs-137 Gamma S/N 06205GF
0 Alpha S/N ^//A E Beta S/N "J1 .Other -11,14

O M 500 SIN 187460 OOscilloscope S/N .A(.//A OMultimeter S/N 020513278

Calibrated By: R. Shank , ;-; A k~
Reviewed By: /7..i) /JV/ AQ

/'~/( C

Date:01/07/04_

Date: ljf7/@y
AC Inst. E Passed Dielectric (hi-Pot) and Continuity

Only E Failed



PLATEAU
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Instrument: Ludlum
't ji Model No, 2221

Serial No. 172053
Probe: 44-10

Serial No. PR 206815

DATE: 3/29/2004
Source: Cs137

Strength: I.Ouci

TEMP.: 69.5
R.H.: 32%S.N.

2485

Voltage

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200
1250
1300

Background
Count
(cpm)
N/A
N/A
N/A
N/A
1942
2085
2106
2135
2279
2342
2149
2488
2662
N/A
N/A

Source
Count
(cpm)

N/A
N/A
NIA

178420
185365
194623
196757
199112
199343
201764
200173
224774
319364

N/A
N/A



Form HPM/M-2-6-1
Daily Check Log for Ludtum Model 2221 with 44-10 Detector

Instrument 1

y

Instrument Model: 2221

Instrument S/N: 172053

Detector Model: 44-10

Detector S/N: PR206815

Calibration Due: 1/7/05

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: aamma
Acceptable Range: 228,802 + 2a 231,927 + 3a1

(Refer to Penn E&RIPM/M-2-1-1) 216,297 - 2a 21 3,1 71 - 3a
CONTACT

l 1 Background I Source INet Source I Batt check
Time Date I Count Rate Count Rate Count Ratel Technician WIIN +1- 2a (volts) WIIN +I- 3a[ 106/14/2004 9,467 237,500 228,033 DBW YES 5.7 YES

17:25 6/14/2004 9,503 | 232,604 | 223,101 | DSB YES J 5.7 1 YES

I
2

IComments: Background 5 minute count. Source check 1 minute count.

Page 1
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Form HPMWM-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instnument 1

Instrument Model: 2221

Instrument S/N: 172053

Detector Model: 44-10

Detector S/N: I PR206815

Source S/N: | Cs-137 sn: 547

Source DPM: T N/A

Radiation Detected: gamma

Acceptable Range: 8,924 + 2a ||_ _ 9,088 + 3a ||
(Referto Penn E&R/PMIM-2-1-1) 8,263- 2a 8,098- 3a

Calibration Due: 1/7/05 6 INCHES
Calibration Due: 117/05

1

2

l Background I Source INet Source | Batt check l
ITime | Date I Count Rate I Count Rate ICount Rate| Technician WIIN +I- 2a (volts) WIN +I- 3a]

11 06/14/2004 9,467 1 17,947 1 8,480 1 DBW YES 5.7 YES

417:25 6/14/2004 9,503 | 17,939 | 8,436 | DSB I YES 1 5.7 1 Y

Comments: Background 5 minute count. Source check 1 minute count.

Page 1



APPENDIX A-5

SURVEY UNIT KAISER-FSS-005
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Appendix A-5, Table A-5-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-005
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser.
Detector Model/Type Number Number Calibration Period FSS-005 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -
Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 172053 PR206815 01/07/04 to 01/07/05 06/15/04 Survey.

Page 1



APPENDIX A-5-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 172053 (meter) and PR206815 (detector)



CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-I Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

Customer: Enercon Services Inc. . Order No.N/A /
Mfg.: Ludlum Model 2221 Serial No.:1720537

Cal Date: 01/07/04_Cal Due Date: 01/07/05_Cal. Interval: 12 mo.'s Meterface: 202-159_

Check mark 0'applies to applicable instruments and/or detector IAW Mfg. Spec. T 71.1_°F RH 27_% Alt. 1120 Ft.

C New Instrument Instrument Re i ed OWithin Toler +/-10%/o 0 0-20°/ [Out of Tol. ORequiring Rcpair Q|Other-See Comment

mMechanical Ck. (fMeter Zeroed []Background Subtract . iput Sens. Linearity

IEF/S Resp. OK EfReset Ck. i(Window Operation 0?Geotropism
0fAudio. Ck. []Alarm Setting Ck. Matt. Ck. (Min. Volt) 5.2 VDC
dfCalibrated in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set 902_ V Input Sens. 10 MV
Det. Oper. N/A V at N/A mV Threshold Dial Ratio 10 = 100
[HV Readout (2 points) Ref./Inst. 1500 /1500 V Ref/nst.903 / 902

A>k
.1~6

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Replaced Window switch knob.
Repaired audio control switch. Re-soldered wires.

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGE/ REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CAL. POINT "AS FOUND READING" READING*

XIK 400 Kcpm 400 Kcpm 400 Kcpm
XIK 100 kcpm 100 Kcpm 100 Kcpm
X100 40 Kcpm 40 Kcpm 40 Kcpm
X100 10 Kcpm IO Kcpm IO Kcpm
X10 4 Kcpm 4 Kcpm 4 Kcpm
X10 I Kcpm 1000 cpm 1000 cpm
Xi 400 cpm 400 cpm 400 cpm
Xl 100 cpm 100 cpm 100 cpm

Uncertainty within ±20% _

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING' CAL. POINT RECEIVED METER READING

Digital Log
Readout 400 cpm 40 cpm 40 cpm Scale 50 cpm 50 cppm

400 Kcpm 39729 cpm 39729 cpm 500 Kcpm 500 Kcpm 500 Kcpm
40 Kcpm 3972 cpm 3972 cpm 50 Kcpm 52000 cpm 52000 cpm
4 Kcpm 397 cpm 397 cpm 5 Kcpm 5500 cpm 5500 cpm
40 cpm 4 cpm 4 cpm 500 cpm 475 cpm 475 cpm

k.L.Ur4 beriveS*5 InC. Cerililf a x t nt nohtaove mnstrumemn a s tveen calloratco by standa traceable to the National Institute of s tanad and Technology or to the

calibration facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type of calibration technology. The calibration system conforms to the requirements of ANSI /t4CSL Z540-1-1994 and ANSI N323-1978.

Reference Instruments and/or Sources:
Cs-137 Gamma S/N O6205GF
0 Alpha S/N - l/Aq 0 Beta S/N "A'4 DOther 41

0 M S00 S/N 187460 OOscilloscopC SIN 4//A OMultimetcr S/N 020513278

* Calibrated By: R. Shank k 2 . ; K.'
Reviewed By: 4/W) OV4 A-ZW 4d:��Cl t��

Date:01/07/04

Date: i/ -7 1
AC Inst. E Passed Dielectric (hi-Pot) and Continuity

Only 0 Failed
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Instrument: Ludlum
Model No, 2221
Serial No. 172053

Probe: 44-10
Serial No. PR 206815

DATE: 3/2912004
Source: Cs137

Strength: 1.Ouci

TEMP.: 69.5
S.N. R.H.: 32%
2485

Voltage

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200
1250
1300

Background
Count
(cpm)

N/A
N/A
N/A
N/A
1942
2085
2106
2135
2279
2342
2149
2488
2662
N/A
N/A

Source
Count
(cpm)

N/A
N/A
N/A

178420
185365
194623
196757
199112
199343
201764
200173
224774
319364

N/A
N/A
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Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 1

C

Instrument Model: 2221

Instrument SIN: 172053

Detector Model: 44-10

Detector SIN: PR206815

Source SIN: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma

Acceptable Range:
(Refer to Penn E&RHPMUM-2-1-1)

228,802 + 2a 231,927 + 3a11

Calibration Due: 1/7/05 CONTACT 216,297 - 2a 213,171 - 3a 11
, _ _, ,_ .. _ _ _ __ . ._ . l .l

l Background Source INet Sourcel Batt check
Time Date Count Rate Count Rate Count Ratel Technician WIIN +I- 2a (volts) WIIN +I- 3

7:30 |r6/15/2004 9,569 234,354 224,785 DBW YES | 5.7 YESl

17Oy 6/15/2004 9,600 236,893 227,293 DBW YES 5.6 YES

2

2

|Comments: Background 5 minute count. Source check 1 minute count.

Page 1
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Form HPM/M-2-6-1
Daily Check Log for Ludium Model 2221 with 44-10 Detector

Instrument 1

Instrument Model: 2221

Instrument S/N: 172053

Detector Model: 44-10

Detector S/N: PR20681 5

Calibration Due: 1/7/05

Source SIN: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: ciamma

Acceptable Range: 8,924 + 2a || 9,088 + 3a|
(Refer to Penn E&R/HP"M-2.1.1) 8,263 - 2a 8,098 - 3a

6 INCHES

Background Source Net Source Batt check
Time Date Count Rate Count Rate I Count Ratel Technician _ WIIN +/- 2a (volts) WIIN +- 3a

7:30 6/15/2004 9,568 1 17,880 8,312 DBW YES 5.7 YES

17:00 6/15/2004 9,600 | 17,863 | 8,263 DBW NO 5.6 YES
I-- - - I

2

2

lComments: Background 5 minute count. source check 1 minute count.

Page 1



APPENDIX A-6

SURVEY UNIT KAISER-FSS-006
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Appendix A-6, Table A-6-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-006
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector Model/Type Number Number Calibration Period FSS.006 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -

Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 206873 PR211675 05/17/04 to 05/17/05 07/13/04 Survey.

Page 1



APPENDIX A-6-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 206873 (meter) and PR211675 (detector)



CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

A-

Customer: Enercon Services Inc. . Order No.N/A l
Mfg.: Ludlum
Cal Date: 05/17/04

Model 2221 Serial No.:206873
_ Cal Due Date: 05/17/05 Cal. Interval 12 mo.'s Meterface 202-159 -

Check mark |I applies to applicable instruments and/or detector IAW Mfg. Spec. T 76.1_°F RH 44 % Alt. 1 120 FL

W Newinstrument InstrumentReceived OWithinToler+/-10%/o 00-20%/6 O0utofTol. ORequiringRepair QOther-SeeComment
@|Mechanical Ck. MMeter Zeroed [JBackground Subtract []Input Sens. Linearity

@IF/S Resp. OK V.Reset Ck. MWindow Operation [ZGeotropism

WJAudio. Ck. E]Alarm Setting Ck. RBatt. Ck. (Min. Volt) 6.2 VDC

OCalibrated in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set 900 V Input Sens. 10 MV
Det. Oper. N/A V at N/A mV Threshold Dial Ratio 10 = 100 -

FHV Readout (2 points) Ref./lnst. 669 /670 V Ref./lnst. 995 1 1000_

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Gamma Calibration: GM detectors positioned perpendicular to source exccpt for M44-9 in which the front of probe faces source.

RANGE/ REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CAL POINT "AS FOUND READING" READING*

XIK 400 Kcpm 395000 cpm 395000 cpm
XIK 100 kcpm 100000 cpm 100000 cpm
X100 40 Kcpm 39500 cpm 39500 cpm
X100 10 Kcpm 10000 cpm 10000 cpm
X10 4 Kcpm 3950 cpm 3950 cpm
X10 I Kcpm 1000 cpm 1000 cpm
Xl 400 cpm 400cpm 400cpm
Xi 100 cpm 100 cpm 100 cpm

*Uncertainty within +20%/

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED MET ER READING* CAL. POINT RECEIVED METER READING

Digital Log
Readout 400 cpm 3Scpm 38cpm Scale 50 cpm 60cpm 60cpm

400 Kcpm 39116 cpm 39116 cpm 500Kcpm 500000 cpm 500000 cpm
40 Kcpm 3917 cpm 3917 cpm 50 Kcpm 50000 cpm 50000 cpm
4 Kcpm 392cpm 392 cpm 5 Kcpm - 5000 cpm 5000 cpm
40 cpm 4 cpm 4 epm 500 cpm 475 cpm 475 cpm

ENERCON Services, inc. certified that the above instrument has been calibrated by standards traceable to thc National Institute of Standards and Technology or to the
calibration facility other Intemnational Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type of calibration technology. The calibration system conforms to the requirements orANSI /NCSL Z540-1-1994 and ANSI N323-1978.

Reference Instruments and/or Sources:
Cs-137 Gamma S/N 06205GF
El Alpha S/N El Beta S/N 00ther Cx./it'-- ~4I'S

'3 M500 S/N 187460 [Oscillosrope S/N _OMultimeterSfN 020513278

R-Shank. _t.i_2~rCalibrated By:

Reviewed By:

, , -

I!7dP L-k-
U

- Date: 05/17/04_

Date: 5/1 Z

AC Inst. El Passed Dielectric (hi-Pot) and Continuity

Only 0 Failed
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Instrument: Ludlum
Qj; Model No, 2221

Serial No. 172053
Probe: 44-10

Serial No. PR 206815

DATE:
Source:

Strength:

3/29/2004
Cs137
I.Ouci

TEMP.: 69.5
R.H.: :32%S.N.

2485

Voltage

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200
1250
1300

Background
Count
(cpm)

N/A
N/A
N/A
N/A
1942
2085
2106
2135
2279
2342
2149
2488
2662
N/A
N/A

Source
Count
(cpm)

N/A
N/A
N/A

178420
185365
194623
196757
199112
199343
201764
200173
224774
319364

N/A
N/A
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Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
Acceptable Range:

(Refer to Penn E&R/HPMIM-2-1 .1)
232,512 + 2a I1 238,680 + 3a ||

Calibration Due: 5/17/05 CONTACT 207,841 - 2a 11 201,672 - 3a 11
, _ _ . . .. .

1Background Source TNet Source IBatt check!
I Date I Count Rate J Count Rate JCount Rate Technician WIIN +/- 2a (volts) W/IN +/- 3a

l14:25[ 7/13/2004 | 9,237 1 229,740 1 220,503 | DBW YES 5.9 YES

Comments: Background 5 minute count. Source count 1 minute.

I Recalibrated by Enercon to Cs-137.

Page 1
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Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
Acceptable Range:

(Refer to Penn E&R/HPM/M-2-1-1)
8,206 +2a II 8,347 + 3 11

Calibration Due: 5/17/05 6 INCHES 7,637 - 2a 11 7,495 - 3a 11E._ _ _ _ . _ . - .- uJ -_ _ _ _ _ . _ _ _Z BackgroundI Source |Net Source Batt check
Date Count Rate Count Rate ICount Rate Technician WIIN +/- 2a (volts) WIIN +/- 3a

14:25 7/13/2004 | 9,237 | 17,534 | 8,297 | DBW NO 5.9 YES
Comments: Background 5 minute count. Source count 1 minute.

Recalibrated to Cs-137 by Enercon.

Page 1



APPENDIX A-7

SURVEY UNIT KAISER-FSS-007
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Appendix A-7, Table A-7-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-007
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Detector Instrument Serial Detector Serial Survey Unit Kaiser-

Model/Type Number Number Calibration Period FSS-007 Usage
Field analysis, high-energy gamma detection -

Ludlum 2221 Scaler/ Rate Instrument was used to evaluate remediation
Meter with 44-10 2" X 2" Nal progress and scan land areas for the Final Status
Scintillation Gamma Detector 157032 PR206809 03/03/04 to 03/03/05 06/23/04 to 7/6/04 Survey.

Ludlum 2360 Alpha-Beta
Scaler /Rate Meter with 43-68 Simultaneous alpha-beta counting and

100CM2 Gas Proportonal discrimination - Instrument was used to survey
Alpha-Beta Detector 193686 PR190485 05/04/04 to 05/04/05 06/25/04 embedded structures.

Page 1



APPENDIX A-7-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 157032 (meter) and PR206809 (detector)



CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-I Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

Customer: Enercon Services Inc. . OrderNo.N/A -

Mfg.: Ludlum Model 2221 Serial No.:1 57032-
Cal Date: 03/03/04_Cal Due Date: 03/03/05 Cal. Interval 12 mo.'s Metetface 202-159._

Check mark 0applies to applicable instruments and/or detector LAW Mfig.Spec. Temp. 68.9_°F RH 2_7_°/ AILt 11 20 Ft.

[]NewfInstrument InstrumcntRcceived []WithinTolcr+/-100/. [0-20°/9 -'0utoffol. ERequiringRcpair []Other-SecConunent

2|Melchanical Ck. 10Mctcr Zeroed [:Background Subtract O;}nput Sens. Linearity

'1F/S Resp. OK glRes et Ck. t| Window Operation 'R Geotropism
[]di.Ck Alarm Setting Ck. I Rat. Ck. (Min. Volt) 5.2_ VDC

[lCalibrated in accordance with ECL 205-1 Rev. 0 1/23/03

Instrument Volt Set 1000_ V Input Sens. ' 10 MV

Det. Oper. N/A -V at N/A___mV Threshold Dial Ratio 10 = 100 _

0HV Readout (2 points) Ref.lln5L. 1500 / 1500 V Ref./lnst. 1000 1 1000 V.

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.
Zero button sticks

Gamrfna Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGE/ REFERENCE INSTRUMENT REC'D INSTRUMENTMMETR
MULTIPLER CAL~ POINT "AS FOUND READING" READING*

XIK 400 Kcpm 400 Kcpm _400 Kcpm
XIK I100 kcpm 100 Kcpm 100 Kcpm
Xl 00 40 Kcpm 40 Kcpm 40 Kcpm
X100 I10 Kcpm IO Kcpm IO Kcpm
X10 4 Kcpm 4000 cpm - 4000 cpm
X10 I Kcpm 900 cpm 900 cpim
Xl 400 cpm .400 cpm 400 cpm
Xl 100 cpm I100 cpm ioo0 cpm

*Uncertainty within 1:20¢/

REFERENCE INSTRUMENT INSTRUMENT -REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING* CAL. POINT RECEIVED METER READING

Digital Log
Readout 400 cpm 39 cpm 39 cpm Scale 50 cpm 50 cpm 50 cpm

400 Kcpm 3961S8 cpm 39618 cpm 500 Kcprn 500 Kcpm 500 K cpm
40 Kcpm 3962 cpm | 3962 cpm _50 Kcpm 50 Kcpm X50 Kepm

14 Kcpm 397 cpm 397 cpm 5 Kcpm 5 Kcpm T -5 Kcpm
40 cpm 4 cpm 4 cpm 500 pmn 450 cpmn 450 ctint

ENERCON Scrvices, inc. certified that the above instrument has been caibrated by standards trnceabke to the National Institute of Standards and Technology or to the
rcalbration facility other International Starndards Organization mernbers, or have been derived from aped values or natunal physical constraints or have been derived by the
ratio type of calibration technology. The calibration system conforms to the requirernents of ANSI /NCSL Z540-1-1994 and ANSI N323-197S.

Reference Instruments and/or Sources:
Cs-137 GamnmaS/N 0]6205GF
El Alpha SIN El Beta SIN ,ElOther

19M 500 SN 187460 []Oscilloscopc SIN tjMultimeter SIN 020513278

Calibrated By:

Reviewcd By: ,

D ate: 03/03/04-

Date: l; S/ S/ q

AC lastL El Passed Dielectric (hi-Pot) and Continuity

Only El Failed



PLATEAU

Instrument: Ludlum DATE: 3/29/2004 TEMP.: 67
Model No, 2221 Source: Cs137 S.N. R.H.: 34% ,9S
Serial No. 157032 Strength: 1.Ouci 2485

Probe: 44-10
Serial No. PR206809

Voltage Background Source
Count Count
(cpm) (cpm)

1 600 N/A N/A
2 650 NIA NIA
3 700 1791 174173
4 750 2001 179682
5 800 2075 190450
6 850 2132 195749
7 900 2187 195411
8 950 2150 197763
9 1000 2061 199119
10 1050 2132 199591
11 t 1100 2375 211691
12 1150 2723 283180
13 1200 N/A N/A
14 1250 NIA N/A
15 1300 N/A N/A
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Form HPMI/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 2

Instrument Model: 2221

Instrument S/N: 157032

Detector Model: 44-10

Detector S/N: PR206809

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: aammaI .11. - -

Acceptable Range:
(Refer to Penn E&R/HPM/M-2-1 -1)

241,361 + 2a 1I 257,378 + 3a11
Calibration Due: 3/3/05 CONTACT 177,299 - 2a 11 161,282 - 3a ||

1

2

3

4

5

6

7

1 1

12

13-

141

1 Background Source [NetSource Batt check
DtTime JCount Rate Count Rate |Count Ratej Technician W/IN +/- 2a (volts) WIIN +/- 3a

8:10 6/23/2004 9,350 232,928 223,578 DBW YES 5.4 YES
8:01 6/24/2004 9,506 228,859 219,353 DBW YES 5.4 YES
7:40 6/25/2004 9,646 226,937 217,291 DBW YES 5.3 YES

17:05 6/25/2004 9,558 230,925 221,367 DBW YES 5.3 YES
7:32 6/28/2004 9,615 225,912 216,297 DBW YES 5.3 YES

17:10 6/28/2004 9,467 229,191 219,724 DBW YES 5.3 YES
8:00 6/29/2004 9,530 228,833 219,303 DSB YES 5.3 YES

15:08 6/29/2004 9,538 232,488 222,950 DBW YES 5.2 YES
7:48 6/30/2004 9,388 230,968 221,580 DBW YES 5.3 YES

16:10 6/30/2004 9,472 233,316 223,844 DBW YES 5.2 YES
7:15 7/1/2004 9,423 222,091 212,668 DBW YES 5.2 YES
17:10 7/1/2004 9,628 232,271 222,643 DBW YES 5.1 YES
7:15 7/6/2004 9,689 231,872 222,183 DBW YES 6.0 YES

15:30 7/6/2004 9,539 225,444 215,905 DBW YES 6.0 YES

IComments: Moved cource check location to furnace room (lower background). Background 5 min. count.

Source check 1 minute count.

Page 1



Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 2

Instrument Model: 2221

Instrument S/N: 157032

Detector Model: 44-10

Detector SIN: PR206809

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: camma-I .41. -

Acceptable Range:
(Refer to Penn E&R/HPM/M-2-1. 1)

8,597 +2a II 8,731 +3a II
Calibration Due: 3/3/05 6 INCHES 8,061 - 2a 11 7,927 - 3a ||

1

2

3

14

E

I i Background Source Net Source| Batt check
|Time | Date Count Rate Count Rate Count Ratel Technician W/IN +I- 2a (volts) W/IN +1- 3a

8:10 6/23/2004 9,350 17,882 8,532 DBW YES 5.4 YES
8:01 6/24/2004 9,506 17,839 8,333 DBW YES 5.4 YES
7:40 6/25/2004 9,646 17,728 8,082 DBW YES 5.3 YES
17:05 6/25/2004 9,558 17,524 7,966 DBW YES 5.3 YES
7:32 6/28/2004 9,615 17,752 8,137 DBW YES 5.3 YES

17:10 6/28/2004 9,462 17,981 8,519 DBW YES 5.3 YES
8:00 6/29/2004 9,530 17,681 8,151 DSB YES 5.3 YES

1 15:08 6/29/2004 9,538 17,757 8,219 DBW YES 5.2 YES
I 7:48 6/30/2004 9,388 17,927 8,539 DBW YES 5.3 YES
I 16:10 6/30/2004 9,472 17,981 8,509 DBW YES 5.2 YES

7:15 7/1/2004 9,423 17,802 8,379 DBW YES 5.2 YES
17:10 7/1/2004 9,620 17,718 8,098 DBW YES 5.1 YES
7:15 7/6/2001 9,689 17,738 8,049 DBW NO 6.0 YES
15:30 7/6/2004 9,539 17,693 8,154 DBW YES 6.0 YES

IComments: Moved cource check location to furnace room (lower background). Background 5 min. count.
Source check 1 minute count.

Page 1



APPENDIX A-7-2

Ludlum Model 2360 Alpha-Beta Scaler/Rate Meter
with Model 43-68 100 cm2 Gas Proportional Alpha-Beta Detector

Serial Nos. 193686 (meter) and PR190485 (detector)



DesignerandManufocturer 0z7-1 LUDLUM MEASUREMENTS, INC.
e f d POST OFFICE BOX 810 PH.325-235-5494

IJScientscand l CERTIFICATEOFCALIBRATON 501 OAK STREET FAX NO. 325-235-4672
SWEETWATER, TEXAS 79556. U.S.A.

C' ISTOMER KAISER ALUMINUM ORDER NO. 215373/281348

* Ludlum Measurements, Inc. Model 2360 Serial No._| __________

Mtg. Ludlum Measurements. Inc. Model 43-68 Serial No. )'J- I'O) 5
Cal. Date 4-May-04 Cal Due Date 4-May-05 Cal. Interval 1 Year Meterface 202-55

heck mark [gapplies to applicable instr. and/or detector lAW mfg. spec. T. 75 IF RH 28 % Alt 705.8 mm Hg

[ New Instrument Instrument Received MiMthin ToIer. +-10% 0[10-20% [ Out of Tol. [ Requirlng Repair LI Other-See comments

[3 Mechanical ck. fg Meter Zeroed L Background Subtract [] Input Sens. Unearity
F/S Resp. ck I3 Reset ck. 7 Window Operation g Geotropism

[ Audo ck. - Alarm Setting ck. 7 Batt. ck. (Min. Volt) 2.2VDC
['Calibrated In accordance with LMI SOP 14.8 rev 12105/89. 0 Calibrated In accordance with LMI SOP 14.9 rev 02/07/97.

strument Volt Set I .J 5Z v
WHV Readout (2 points) Ref./lnst. 50 1 3t7 I V Ref./Inst. 1500 /4| i2 v

Firmware Version: c7p10 2 'f - (EEPROM Setngs)
Alpha Threshold: 1 User Tlime: n o
:Beta Threshold: Alpha Alarm: 0Q5LrtL.
Beta Wndow: BetaAlarm: 05
Overload t Ck[§-+ T e6 )- -!5 P + A/B Alarm:
Instrument calibrated with a 35 " cable. Model 2360 Date: Li

High voltage set with detector C. Calibration Date Due:

1OMMENTS:
4 r0  Tk2 3O0 35 56• 2o 2 I gackSrowti)d Ceoan lop P1so V'Ce co to + 1O3&p.Ft )Sortrce- 5'r - 92

I
0 c-om

ck nri ,% % bkfc^ cu,4f Icpm1Sorce Cocn+ 4qrrws 1Sw- c ; /35 p1rn
\for Y %2 ?; t cck roundcou'114 ?3 ,pijw5iurcecwn4  X6b5c&pm)•ourceS ze../4/oocpe,

_ .aonbG GM detedoms po d pepeuo scye ep lorM 44-9 inh e hfonlr o pobe es souroe.

RANGE/MULTIPUERI
XlOOO 4
X10OO 1
X1lOO
X10O O
x l O_ _ _ _ _

X10
.XI 4

-XI

'I frrrteintv wittyn +1 rw C-F waMhin e-

REFERENCE
CAL POINT
Okcpm
Dkcpm
lkcrnm

INSTRUMENT REC'D
"AS FOUND READINC

g49o
Icr)

q1

L400
6no

Dkcpm
dke-nm

INSTRUMENT
;" METER READING*

_ /Cx5
- gmi

A_ t/ ed

ALL. Ranage(s) Calibratedt Electronically

I kcpm
kc12m

Okcr~m

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING' CAL POINT RECEIVED METER READING'

ldout _) kcpm Cle _____ W V___ __ _

40kcpm- -Tq~F C?9<?9
4kcpm ___ 4E
40cpm 4n

k5n Measxement. hc. certifes tha the dabve hkstment has been caibrated by siadords lrosedble to he -alNod h-Isttlute o (Staxiorcs vnd TednoWoy. or to the cbrollcin frotes of
or Internotiond Standcrds O 0otion ffwrbem or hove been deived frcm accepted viues of nahtrd phrtil consaonts or have been derived by he ratio type of caibration techrde
calibrotion sstem contafm to the re*errents of ANWINCS Z54}1-1 994 ond AlI N323-1978 . State of Texas Colbration License No. LO-1 963

eference Instruments and/ar Sources:
s-137GOnanaSlN 01162 EIG112 []MS65 [0510S EIio O]T879 OE_552 [OEV651 [720 0734 01616

Ioha SNTL 23(Z :2Q-Q PQ-BetaS/N TT [?? NT-E' V Other -

..,500 S/N 50800 [ 1scilloscope S/N , Multimeter

allbrated By: _ _ Date 4 •
?evlewed By: Date) A t,3 Date S
Ns certificate shMO not be reprocduced except I ftu without the written opprovf of Lud an Meose monts. Inc. I AC Inet n n

El Neutron Arr241 Be S/N T-304

S/N- 80M502

, 
,

.St t4

flI..t..4.J.. IP f.*,.a f.M.. --. *



3=
Designer and Monufacturer

of
Scientific and Indwztdal

lnstrumenft

,�
�07

POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER TEXAS 79556, U.S.A.

Bench Test Data For Detector

Detector 43-68 Serial No. ppJ- 12O q 35
Customer KAISER ALUMINUM

I Order #. 215373/281348

Alpha Input Sensitivity L:2.0 mV

Beta Input Sensitivity 3. 5 mv
Beta Window 5(p mv

. Counter 2360 Serial t

CountTlime 1Minute

40.

Other Distance Source to Detector _!!r r_

Isotope Ik..2 IL)
Skze 2_j 10 M. High

Voltage
Background

Aipha Beta

Isotope 11 32
Size 135 ,iM

A oha Beta

Isotope 7ac <?i
Size tq~ ocm

A pha BetaA)Dha Beta

L?256 2 dL Sq3 IL . 51 1T 9 0 6 Z3f
15 5f o0 I 12L I1111k ILZ A17 /2L{Q7 Q
IS7A I IO0YL, /I 2.S1 I 1M IR/A-l
IAt" 2 18 7q7f

ilL2 _-- ,-7 ._ -- ,-I r . . _
I 20 12e I 117q I 19.31 5S 2897 1 qq .1G722

I=- I-_I -I .
['Gas proporional detector count rate decreased < 10% after 5 hour static test using 37 calae.
[] 0Gas proportional detector count rate decreased •5 1 0% after 5 hour stalic test using 397 cable and alpha/beta counter.

.4- ASignature Date

FORM C4B 04/09/2003
* Serving The Nuclear Industry Since 1962 *



C
Form HPM/M-2-8-1

Daily Check Log for Ludlum Model 2360 with 43-68 Detector
Instrument 2 Alpha

InstrumentSN: Ludlum Model 2360 193686 Check Source(s) Used: Th-230, S/N 5053-03
DetectorlSN: Model 43-68/PR190485 I I I
EFF %: a= 17.78 % 4n source check acceptance criteria a_
CALIB. SOURCE USED: Th-230 Average (NCPI): 2,564
DATE OF CALIB.: 514/2004 +2 sigma: 2,655
CALIB. DUE DATE: 5/4/2005 *2 sigma: 2,474
PERFORMED BY: Ludlum Measurements Inc. +3 sigma: 2,700

*3 sigma: 2,429

TECHNICIAN'S ALPHA/ RESPONSE 60 min I min1 min
NAME BETA CHECK DATE TIME Bkgrd (cpm) gross (cpm) net (cpm) vithin +/-2 sigma within +/- 3 sigma <10% drop
DBW 1 Alpha SAT 6/25/2004 10:36 1.13 2.549 2,548 YES YES NA
DBW 2 Alpha SAT 6/25/2004 16:00 0.98 2,524 2,523 YES YES YES

Page 1



APPENDIX A-8

SURVEY UNIT KAISER-FSS-008
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Appendix A-8, Table A-8-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-008
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector Model/Type Number Number Calibration Period FSS-008 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -
Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 206873 PR211675 05/17/04 to 05/17/05 07/14/04 to 07/15/04 Survey.

Page 1



APPENDIX A-8-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 206873 (meter) and PR211675 (detector)



It CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

-4-
-�-Ll

11, "I--'S3

Customer: Enercon Services Inc, . Order No.N/A
Mfg.: Ludlum Model 2221 Serial No.:2068730
Cal Date: 05/17/04 _ Cal Due Date: 05/17/05_Cal. Interval 12 mo.'s Meterface 202-159

Check mark l applies to applicable instruments and/or detector lAW Mfg. Spec. T 76.1 l°F RH 44 % Alt. 1120 FL

O Newinstrument InstrumentReceived OWithinToler 41-10% 0 0-20/ COutofTol. ORequiringlRepair QOther-SeeComment
OMechanical Ck. |83Meter Zeroed OBackground Subtract [MInput Sens. Linearity

[IF/S Resp. OK WIReset Ck. (N Window Operation @ZGcotropism
R1Audio. Ck. []Alarm Setting Ck. QBatt. Ck. (Min. Volt) 6.2 VDC
RCalibrated in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set 900 V Input Sens. 10 MV

Det. Oper. N/A Vat N/A mV Threshold Dial Ratio 10 = 100
QHV Readout (2 points) Ref/lnst. 669 /670 V Ref/inst. 995 / 1000_

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGEI REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CAL POINT "AS FOUND READING" READING*

XIK 400 Kcpm 39SO00 cpm 395000 cpm
XIK 100 kcpm 100000 cpm 100000 cpm
X100 40 Kcpm 39500 cpm 39500 cpm
X100 10 Kcpm 10000 cpm 10000 cpm
X10 4 Kcpm 3950 cpm 3950 cpm
X10 I Kcpmr 1000 cpm _1000 cpm
Xi 400 cpm 400cpm 400 rpm
Xl 100 cpm 100 cpm 100 cpm

*Uncertainty within ±20_/ _
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT

._._CAL POINT RECEIVED METER READING* CAL. POINT RECEIVED METER READING
Digital Log

Readout 400 cpm 38 cpm 3S cpm Scale 50 cpm 60 cpm 60 cpm
400 Kcpm 39116 cpm 39116 cpm 500 Kcpm 500000 cpm 500000 cpm
40 Kcpm 3917 cpm 3917 cpm 50 Kcpm 50000 cpm 50000 com
4 Kcpm 392 cpm 392 cpm S Kcpm 5000 cpm 5000 cpm
40 cpm 4 cpm 4 cpm I J 500 cpm 1 475 cpm 475 cpm

ENERCON Services, inc. certified that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology or to the
calibration facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type ofcalibration technology. The calibration system conforms to the requirenents ofANSI /NCSL Z540-1-1994 and ANSI N323-1978.

* Reference Instruments and/or Sources:
Cs-137 Gamma S/N 06205GF
0 Alpha S/NEl Beta S/N QOther Cs,?~ /-1 ;4

1 Ml 500/SIN 187460 [QOscilloscope SIN OMultimeterS/N 020513278

- Calibrated By:

Reviewed By:

R. Shank r___,
� AL-A�

U

Date: 05/17104

Date: 2;// zA v
AC Inst. O Passed Dielectric (hi-Pot) and Continuity

Only 0 Failed



PLATEAU

.. Instrument:
Model No,

QJ) Serial No.
Probe:

Serial No.

Ludlum
2221

206-?a1a Ak
44-10 V

PR 211675

DATE:
Source:

Serial no.
Strength:

5/17/2004
Cs137
2485
I uci

Z�'

I
2
3
4
5
6
7
8
9

10
11
12

Background
Count (cpm)

4777
5385
5517
5600
5675
5832
5680
5849
6073
5782
N/A
N/A

Source
Count (cpm)

95849
98961

104186
108132
108795
109020
111082
111402
112078
115675

N/A
N/A

H.V.

700
750
800
850
900
950
1000
1050
1100
1150
1200
1250



Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source SIN: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma

Acceptable Range: 232,512 + 2a l|238,680 + 3a
(Refer to Penn E&R/HPM/M-2-1-1) 207,841 - 2a || 201,672 - 3aCalibration Due: 5/17/05 CONTACT

1

2

3

. 4

5

Background | Source |NetSource| Batt check
Time Date Count Rate | Count Rate ICount Ratel Technician WIIN +1- 2a (volts) W/IN +1- 3a

5:40 7/1412004 9,285 234,516 225,231 DBW YES 5.9 YES
6:30 7/14/2004 9,281 231,135 221,854 DBW YES 5.9 YES

21:22 7/14/2004 9,192 233,126 223,934 DBW YES 5.9 YES
4:30 7/15/2004 9,407 234,159 224,752 DBW YES 5.8 YES

17:00 7/15/2004 9,386 233,206 223,820 DBW YES 5.8 YES

Comments: Background 5 minute count. Source count 1 minute.

I Recalibrated by Enercon to Cs-137.

Page 1



/-

Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected:

Acceptable Range:
(Refer to Penn E&R/HPMIM-2-1-1)

gamma
¶ 1Y*

8,206 + 2a |I 8,347 + 3a

Calibration Due: 5/17/05 6 INCHES 7,637 - 2a 11 7,495 - 3a

I

2

3

4

,. l. . .

Background Source Net Sourcel Batt check
Time Date I Count Rate Count Rate Count Rate Technician W/IN +/- 2a (volts) W/IN +/- 3a

5:40 7/14/2004 9,285 17,371 8,086 DBW YES 5.9 YES

6:30 7/14/2004 9,281 17,217 7,936 DBW YES 5.9 YES

3 21:22 7/14/2004 9,192 17,443 8,251 DBW NO 5.9 YES

4:30 7/15/2004 9,407 17,368 7,961 DBW YES 5.8 YES

Comments: Background 5 minute count. Source count 1 minute.

I Recalibrated to Cs-137 by Enercon.

Page 1



APPENDIX A-9

SURVEY UNIT KAISER-FSS-009



Ir- I-

Appendix A-9, Table A-9-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-009
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector ModelrType Number Number Calibration Period FSS.009 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -
Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 206873 PR211675 05/17/04 to 05/17/05 07/13/04 Survey.

Page 1



APPENDIX A-9-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 206873 (meter) and PR211675 (detector)



0
r

CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

--k

51"I

Customer: Enercon Services Inc. . Order No.N/A

Mfg.: Ludlum Model 2221 Serial No.:2068730

Cal Date: 05/17/04 __ Cal Due Date: 05/17/05_Cal. Interval 12 mo.'s Meterface 202-159-

Check mark I applies to applicable instruments and/or detector lAW Mfg. Spec. T 76.1 IF RH 44 % Alt. 1120 Ft.

t New Instrument Instruntment Rcceived OWithin Toler +I-l0O/o 0 0-20°/e OOut of Tol. ORequiring Repair QOther-See Comment
IMechanical Ck. MMeter Zeroed [JBackground Subtract [E1nput Sens. Linearity
E!F/S Resp. OK WReset Ck. MWindow Operation [ZGeotropism
5jAudio. Ck. QAlarm Setting Ck. QBatt. Ck. (Min. Volt) 6.2 VDC
VCalibrated in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set .2900 V Input Sens. 10 MV
Det. Oper. N/A V at N/A mV Threshold Dial Ratio 10 O 100
EHV Readout (2 points) RefAnst. 669 /670 V RefJInst.995 / 1000_

!

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGE/ REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CAL POINT "AS FOUND READING" READING*

XIK 400 Kcpm 395000 cpm 395000 cpm
XIK 100 kcpm 100000 cpm 100000 cpm
X100 40 Kcpm 39500 cpm 39500 cpm
X100 10 Kcpm 10000 cpm 10000 cpm
X10 4 Kcpm 3950 cpm 3950 cpm
X10 I Kcpm 1000 cpm 1000 cpm
XI 400 cpm 400 cpm 400 cpm
Xl 100 cpm 100 cpm I00 cpm

*Uncertainty within ±20%__

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING* CAL. POINT RECEIVED METER READING

Digital Log 4
Readout 400 c_ m 3_ cpm 3_ cpm Scale S0 cvm 60 cpm 60 cpm

400 Kcpm 39116 cpm 39116 cpm 500 Kcpm 500000 cpm 500000 cpm
40 Kcpm 3917 cpm 3917 cpm 50 Kcpm 50000 cpm 50000 cpm
4 Kcpm 392 cpm 392 cpm 5 Kcpm 5000 cpm 5000 cpm
40 cpm 4 cpm 4 cpm 500 cpm 475 cpm 475 cpm

ENERCON Services, inc. certified that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology or to the
calibration facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type of calibration technology. The calibration system conforms to the requirements of ANSI tNCSL Z540-1-1994 and ANSI N323-1978.

Reference Instruments and/or Sources:
Pe~tl~n~mr-:1,tnn;r.T:



PLATEAU

Instrument: Ludlum
Model No, 2221
Serial No. 206'8STG

Probe: 44-10
Serial No. PR 211675

DATE:
Source:

Serial no.
Strength:

511712004
Cs137
2485
I uci

-;z3

I
2
3
4
5
6
7
8
9

10
11
12

Background
Count (cpm)

4777
5385
5517
5600
5675
5832
5680
5849
6073
5782
N/A
N/A

Source
Count (cpm)

95849
98961
104186
108132
108795
109020
111082
111402
112078
115675

N/A
N/A

H.V.

700
750
800
850
900
950
1000
1050
1100
1150
1200
1250



C
Form HPM/M-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected:

Acceptable Range:
(Refer to Penn E&R/HPMIM-2-1-1)

camma 4_
232,512 + 2a 11 238.680 + 3uII

Calibration Due:
11 *i 1I

5/17/05 11 CONTACT 207.841 - 2a 1l 901.672 -I3a 1l-__ -_.__ ._-_. _ .--_ ___ - -- -- . . _ . _ -_ _ _ - - 11

7 Background 1 Source INet Sourcel Batt check
I Date I Count Rate ! Count Rate I Count Ratel Technician WIN +I- 2a (volts) WIN +I- 3a

I 14:25 II 7/13/2004 | 9,237 1 229,740 | 220,503 | DBW YES 5.9 YES

Comments: Background 5 minute count. Source count 1 minute.

Recalibrated by Enercon to Cs-137.

Page 1
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Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma

6 INCHES

Acceptable Range:
(Refer to Penn E&RIHPM/M-2-1-1)

8,206 +2a 11 8,347 + 3 11
Calibration Due: 5/17/05 7,637 - 2a 11 7,9 - 3a 11

I .. _ __ -___. U ----- 1- i . .I

Background Source INet Source1 Batt check
i Date Count Rate Count Rate ICount Rate| Technician W/IN +/- 2a (volts) W/IN +/- 3a

1 14:25 7/13/2004 | 9,237 | 17,534 | 8,297 | DBW NO 5.9 YES

|Comments: Background 5 minute count. Source count 1 minute.

Recalibrated to Cs-137 by Enercon.

Page 1



APPENDIX A-10

SURVEY UNIT KAISER-FSS-O10



Appendix A- 0, Table A-10-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-010
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector ModelType Number Number Calibration Period FSS-01O Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -

Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 206873 PR211675 05/17/04 to 05/17/05 06/15/04 Survey.

Page 1



APPENDIX A-10-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 206873 (meter) and PR211675 (detector)



CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

11 "I'-51

0-.4--'ar r--ann Cnnu-n- 1-,
%_.UaLVjl1%1l. Al... .

Mfg.: Ludlumr
Cal Date: 05/17/04

Model 2221
Order No.N/A /

Serial No.:206873_
12 mo.'s Meterface 202-159___ Cal Due Date: 05/17/05_Cal. Interval

Check mark [E applies to applicable instruments and/or detector IAW Mfg. Spec. T 76.1 0F RH 44 % Alt. 1120 Ft.

0 New Instrument Instrument Reccived [OWithin Toler +/-10°/e 0-20%/0 QOut of Tol. ORequiring Repair QOther-Sec Comment
OMechanical Ck. WMeter Zeroed OBackground Subtract [MInput Sens. Linearity

@FIS Resp. OK WReset Ck. (Window Operation EGeotropism

fRAudio. Ck. QAlarm Setting Ck. 0Batt. Ck. (Min. Volt) 6.2 VDC
RCalibrated in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set 900 V Input Sens. 10 MV
Det. Oper. N/A V at N/A mV Threshold Dial Ratio 10 = 100 -

CIHV Readout (2 points) Ref.lnst. 669 /670 V RefJlnst. 995 / 1000_

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGE/ REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CAL POINT "AS FOUND READING" READING*

XIK 400 Kcpm 395000cpm 395000epm
XIK 100 kcpm 100000 Rpm 100000 cpm
X100 40 Kcpm 39500 cpm 39500 cpm
X100 10 Kcpm 10000 cpm 10000 cpm
X10 4 Kcpm 3950 epm 3950 cpm
X10 I Kcpm 1000 cpm 1000 cpm
Xl 400 epm 400cpm 400 epm
Xl 100 cpm 100 cpm 100 cpm

.Uncertainty within ±20%/o
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING _ CAL. POINT RECEIVED METER READING

Digital Log
Readout 400 cpm 38 cpm 38 cpm Scale 50 cpm 60 cpm 60 cpm

400 Kcpm 39116 cpm 39116 cpm 500 Kcpm 500000 cpm 500000 cpm
40 Kcpm 3917 cpm 3917 cpm 50 Kcpm 50000 cpm 50000 cpm
4 Kcpm 392 cpm 392 cpm S Kepm S000 cpm 5000 cpm
40 cpm 4 cpm 4 cpm 500 cpm 475 cpm 475 cpm

ENERCON Services, inc. certified that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology or to the
calibration facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type otcalibration technology. The calibration system conforms to the rquircments of ANSl INCSL Z540-1-1994 and ANSI N323-1978.
* Reference Instruments and/or Sources:

Cs-137 Gamma S/N 06205GF
0 Alpha S/N _3 Beta S/N Q0ther Irsn/J17' A Ljg$

M 500 /N 187460 [Oscilloscope S/N _OMultimeterS/N 020513278

R. Shank I r___,Calibrated By

Reviewed By: &/½7 'IP LLA
K -1. -0 - .- I - -

Date: 05/17/04

Date: - /1 >1/) V

AC Inst. 0 Passed Dielectric (hi-Pot) and Continuity

Only 0 Failed



PLATEAU

Instrument:
Model No,

IJv Serial No.
Probe:

Serial No.

Ludlum
2221

206'8
44-10 t_)

PR 211675

DATE:
Source:

Serial no.
Strength:

5117/2004
Cs137
2485
I uci

I
2
3
4
5
6
7
8
9

10
11
12

Background
Count (cpm)

4777
5385
5517
5600
5675
5832
5680
5849
6073
5782
N/A
N/A

Source
Count (cpm)

95849
98961
104186
108132
108795
109020
*111082
111402
112078
115675

N/A
N/A

H.V.

700
750
800
850
900
950
1000
1050
1100
1150
1200
1250



k/-

Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma

Acceptable Range:
(Refer to Penn E&RIHPWM-2 .1-1)

232,512 + 2a 11 238,680 + 3a

Calibration Due: 5/17105 CONTACT 207,841 - 2a 11 201,672 - 3a ||
._ _ _ _. ._ _ _ . 1! . . . . _ _ _ _ _ _ __ _ _ _ _ _ _ I.

Background n Source Net Source Batt check
Tim Date ICount Rate ICount Rate ICount Ratel Technician MIN +/- 2a7 (volts) W/IN +/- 3cr

. ..I

1i1 10:30 6/15/2004 1 9.387 225.180 215.793 1 DBW YES I 6.1 I YES lI
____________ I - .L___________ ____________ ___________ -- 1�j

Comments: Background 5 minute count. Source count 1 minute.

Recalibrated by Enercon to Cs-137.

Page 1



C
Form HPMIM-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
Acceptable Range: 8,206 + 2a l . 8,347 + 3al

(Refer to Penn E&R/HPMIM-2-1-1) 7,637 - 2a 7,495 - 3aCalibration Due: 5/17/05 6 INCHESUl . . I

| Background Source INet Source Batt check
Date I Count Rate I Count Rate I Count Ratel Technician | WIN +/- 2a (volts) WIN +/- 3a

1i1 10:30 6/15/2004 1 9.387 17.599 8,212 | DBW YES 6.1 I YES l1

Comments: Background 5 minute count. Source count 1 minute.

Recalibrated to Cs-137 by Enercon.

Page 1



APPENDIX A-li

SURVEY UNIT KAISER-FSS-Ol
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Appendix A-11, Table A-1 1-1

Final Status Survey Instrument Summary
Survey Unit Kaiser-FSS-01 I

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser.
Detector Model/Type Number Number Calibration Period FSS-011 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -

Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2' Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 206873 PR211675 05/17/04 to 05/17/05 07/23/04 to 08/02/04 Survey.

Page 1



APPENDIX A-11-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 206873 (meter) and PR211675 (detector)



CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-I Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

!-5' -

Customer: Enercon Services Inc. . OrderNo.N/AA

Mfg.: Ludlum Model 2221 Serial No.:206873__

Cal Date: 05/17/04 Cal Due Date: 05/17/05_Cal. Interval 12 mo.'s Meterface 202-159

Check mark [O applies to applicable instruments and/or detector IAW Mfg. Spec. T 76.1_ F RHI- 44 % Alt. 1120 Ft.

0 New Instrument Instrument Received EWithin Tolr +1-10% 0 0-20% O0ut ofTol. ORequiring Repair O0ther-See Comment
OMechanical Ck. 3Meter Zeroed []Background Subtract 31nput Sens. Linearity
@IFIS Resp. OK O1Reset Ck. MWindow Operation EZGeotropism
faAudio. Ck. CEAlarm Setting Ck. RBatt. Ck. (Min. Volt) 6.2 VDC
i}Calibrated in accordance with ECL 205-1 Rev. 0 1123103
Instrument Volt Set 900 V Input Sens. 10 MV
Det. Oper. N/A V at NIA mV Threshold Dial Ratio 10 = 100

OHV Readout (2 points) Ref./inst. 669 1670 V Ref£/nst. 995 1000_

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

K'~VI

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGE/ REFERENCE INSTRUMENT REC'D INSRUMENT METER
MULTIPLER CAL POINT "AS FOUND READING" READING*

XIK 400 Kcpm 395000 cpm 395000 cpm
XIK 100 kcpm l OOOOO cpm l OOOOO cpm
X100 40 Kcpm 39500 cpm 39500 cpm
X100 10 Kcpm IOOOO cpm 10000 cpm
X10 4 Kcpm 3950 cpm 3950 cpm
X10 I Kcpm lOOo cpm 1000 icnm
Xl 400 cpm 400 cpm 400 cpm
Xi 100 cpm 100 cpm 100 cpm

*Uncertainty within ±240/ _

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
Digila CAL POINT RECEIVED METER READING _ og CAL. POINT RECEIVED METER READING
Digital Log

Readout 400 cpm 38 cpm 38 cpm Scale 50 cpm 60 cpm 60 cpm
400 Kcpm 39116 cpm 39116 cpm 500 Kcpm 500000 cpm 500000 cpm
40 Kcpm 3917 cpm 3917 cpm 50 Kcpm 50000 cpm 50000 cpm
4 Kcpm 392 cpm 392 cpm 5 Kcpm 5000 cpim 5000 cpm
40 cpm 4 cpm 4 cpm 500 cpm 475 cpm 475cpm

ENERCON Services, inc. certified that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology or to the
calibration facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
-ratio type of calibration technology. The calibration system confonus to the requirements of ANSI /NCSL Z540-1-1994 and ANSI N323-1978.

* Reference Instruments and/or Sources:
Cs-137 Gamma S/N 06205GF
0 Alpha S/N_ Beta S/N Q30ther e5t-1Z/?I ) 24g3'J

1I M 5005/N 17460 QOscilloscope S/N EMultimeter S/N 020513278

R. Shank _- Calibrated By-

Reviewed By: 14" a � & L-je 1.
U

Date: 05/17/04

Date: -</,1 Zb

AC Inst. E Passed Dielectric (hi-Pot) and Continuity

Only E Failed



PLATEAU

Instrument:
Model No,

Q-.1 Serial No.
Probe:

Serial No.

Ludlum
2221

206T8Z ?1,
44-10 (9

PR 211675

DATE:
Source:

Serial no.
Strength:

5/i7/2004
Cs137
2485
I uci

I
2
3
4
5
6
7
8
9
10
11
12

Background
Count (cpm)

4777
5385
5517
5600
5675
5832
5680
5849
6073
5782
N/A
N/A

Source
Count (cpm)

95849
98961
104186
108132
108795
109020
111082
111402
112078
115675

N/A
N/A

H.V.

700
750
800
850
900
950

1000
1050
1100
1150
1200
1250



/C-

Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: camma
- -I .11

Acceptable Range:
(Refer to Penn E&RIMPM/M.2-1 1)

232,512 + 2a 11 238,680 + 3a|
It

Calibration Due: 5/17/05 CONTACT 207,841 - 2a 11 201;672 - 3aT

I

2

3

4

5

6

| Background| Source INet Sourcel Batt check
Time Date Count Rate Count Rate Count Rate Technician WIIN +/- 2a (volts) WIIN +/- 3a

7:40 7/23/2004 9,566 232,800 223,234 DBW YES 5.7 YES

17:05 7/23/2004 9,368 244,306 234,938 DBW NO 5.7 YES

12:34 7/27/2004 9,378 247,422 238,044 DBW NO 5.7 YES

16:22 7/27/2004 9,272 241,411 232,139 DBW YES 5.7 YES

11:00 8/2/2004 9,270 234,017 224,747 DSB YES 5.7 YES

18:00 8/2/2004 9,288 233,986 224,698 DSB YES 5.7 YES

|Comments: Background 5 minute count. Source count 1 minute.

Page 1



t C
Form HPM/m-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source SIN: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
l_ , ..

Acceptable Range:
(Refer to Penn E&RIHPM/M-2-1 -1)

8.206 + 2a
_,_ _ l 1 8,347 + 3a

1 7,495 - 3a0Calibration Due: 5117/05 6 INCHES 7,637 - 2a

I

2

3

7

,, _ _ ._ ._ _ _ . . ._ _ _ _ _ _ _ . .... . .... _ _ _ _. _ ..................

| Background Source [Net Source Batt check
Time Date |_Count Rate Count Rate Count Rate Technician WIN +1- 2a (volts) WIN +/- 3a

7:40 7/23/2004 9,566 17,614 8,048 DBW YES 5.7 YES
17:05 7/23/2004 9,368 17,664 8,296 DBW NO 5.7 YES
12:34 7/27/2004 9,378 17,708 9,330 DBW NO 5.7 YES
16:22 7/27/2004 9,272 17,631 8,359 DBW NO 5.7 NO
16:30 7/27/2004 9,272 17,289 8,017 DBW YES 5.7 YES
11:00 8/2/2004 9,270 17,558 8,288 DSB NO 5.7 YES
18:00 8/2/2004 9,288 17,403 8,115 DSB YES 5.7 YES

IComments: Background 5 minute count. Source count 1 minute.

Recalibratedto Cs- 37byEnercon.

Page 1



APPENDIX A-12

SURVEY UNIT KAISER-FSS-012



kiT

Appendix A-12, Table A-12-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-012
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector Model/Type Number Number Calibration Period -FSS-012 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -

Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 206873 PR211675 05/17/04 to 05/17/05 8/02/04 to 8/18/04 Survey.

Page 1



APPENDIX A-12-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 206873 (meter) and PR211675 (detector)



CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930 -5n

K>
Customer: Enercon Services Inc. . Order No.N/A /
Mfg.: Ludlum Model 2221 Serial No.:2068730
Cal Date: 05/17/04 - Cal Due Date: 05/17/05 Cal. Interval 12 mo.'s Meterface 202-159

Check mark ( applies to applicable instruments and/or detector lAW Mfg. Spec. T 76.1_°F RH 44 % Alt. 1120 Ft.

0 New Instrument Instrument Rcceived OWithin Toler +/-10 0h. O 0-20°/ QOut ofTol. ORequiring Repair QOther-See Comment
C3Mcchanicai Ck. EoMeter Zeroed EQBackground Subtract [91nput Sens. Linearity
EgF/S Resp. OK WReset Ck. M Window Operation @|Geotropism

51Audio. Ck. []Alarm Setting Ck. 21Batt. Ck. (Min. Volt) 6.2 VDC
2Calibrated in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set 900 V Input Sens. 10 MV
Det. Oper. N/A V at N/A mV Threshold Dial Ratio 10 = I00 -

DHV Readout (2 points) Ref~tnst. 669 /670 V Refilnst. 995 / 1000_

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGE/ REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CAL POINT "AS FOUND READING" READING*

XIK 400 Kcpm 395000 cpm 395000 cpm
XIK 100 kcpm 100000 cpm 100000 cpm
X100 40 Kcpm 39500 cpm 39500 cpm
X100 10 Kcpm 10000 cpm 10000 cpm
X10 4 Kcpm 3950 cpm 3950 cpm
X10 I Kcpm I OOcpm 1000cpm
Xl 400 cpm 400 cpm 400 cpm
Xl 100 cpm 100 cpm I00 cpm

Uncertainty within ±20%/.
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED MEDER READING CAL POINT RECEIVED METER READING

Digital Log
Readout 400 cpm 38 cpm 38 cpm Scale 50 cpm 60 cpm 60 cpm

400 Kcpm 39116 cpm 39116 cpm 500 Kcpm 500000 cpm 500000 cpm
40 Kcpm 3917 cpm 3917 cpm 50 Kcpm 50000 cpm 50000 cpm
4 Kcpm 392 cpm 392 cpm 5 Kcpm 5000 cpm 5000 cpm
40 cpm 4 cpm 4 cpm 500 cpm 475 cpm 475 cpm

ENERCON Services, inc. certified that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology or to the
calibration facility other International Standards Organization mtnembers. or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type of calibration technology. The calibration system conforms to the requirements of ANSI /NCSL Z540-1-1994 and ANSI N323-197S.

Reference Instruments and/or Sources:
Cs-137 Gamma S/N 06205GF
0 Alpha SIN _ _ _ _ Beta S/N QOmler Cxi.-1-;I ~4 9S

M 500 S/N 187460 [Oscilloscope S/IN _ OMultimeterS/N 020513278

*Calibrated By-

Reviewed By:

R.Shn

t~~d t ALk-
Date: 05/17104

Date: _ ?/l z
AC Inst. 0 Passed Dielectric (hi-Pot) and Continuity

Only 0 Failed



PLATEAU

Instrument: Ludlum
Model No, 2221
Serial No. 20c7 I'-T Ad

Probe: 44-10
Serial No. PR 211675

DATE:
Source:

Serial no.
Strength:

5/17/2004
Cs137
2485
I uci

Z�-
-- "�-4

11� \�'
_Sz

1
2
3
4
5
6
7
8
9

10
*11
12

Background
Count (cpm)

4777
5385
5517
5600
5675
5832
5680
5849
6073
5782
N/A
N/A

Source
Count (cpm)

95849
98961

104186
108132
108795
109020
111082
111402
112078
115675

N/A
N/A

H.V.

700
750
800
850
900
950

1 000
1050
1100
1150
1200
1250



(7
Form HPM/M-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-1 37 sn: 547

Source DPM: N/A

Radiation Detected: aamma
4. II -

Acceptable Range:
(Refer to Penn E&R/HPMIM-2-1-1)

232.512 + 2a 11 238.680 + 3a
II II*

CalibraqtionnDue: 51 7/015 CONTACT 207.841 - 2a || 201.672 - 3I

I

A

I __I __I __......._I._ L _ __ _ JL jU11 _I_ I

| Background I Source ]Net Source| Batt check
Time Date I Count Rate I Count Rate [Count Rate[ Technician W/IN +1- 2a (volts) WIIN +/- 3a

11:00 8/2/2004 9,270 234,017 224,747 DSB YES 5.7 YES
18:00 8/2/2004 9,288 233,986 224,698 DSB YES 5.7 YES
14:10 8/18/2004 9,136 244,535 235,399 DBW NO 5.7 YES

X 16:00 8/18/2004 9,238 2,339,848 2,330,610 DSB NO 5.7 YES

lComnments: Background 5 minute count. Source count 1 minute.

Page 1
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Form HPM/M-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-1 37 sn: 547

Source DPM: N/A

Radiation Detected: aamma
4 41 -

Acceptable Range:
(Refer to Penn E&RINPM/M-2-1-1)

8.206 + 2a
lI

II 8,347 + 3a

1 7,495 - 3aCalibration Due: 5/17/05 6 INCHES 7,637 - 2a

I

2

3
4

l Background Source 1Net Source I Batt check
Tim Date I Count Rate Count Rate Count Rate Technician WIIN +/- 2a (volts) WIIN +/- 3a

11:00 8/2/2004 9,270 17,558 8,288 DSB NO 5.7 YES

18:00 8/2/2004 9,288 17,403 8,115 DSB YES 5.7 YES

14:10 8/18/2004 9,136 17,420 8,284 DBW YES 5.7 YES

16:00 8/18/2004 - 9,238 17,418 j 8,180 DSB YES 5.7 YES

lComments: Background 5 minute count. Source count 1 minute.

Page 1
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APPENDIX A-13

SURVEY UNIT KAISER-FSS-013



C oe l

Appendix A-13, Table A-1 3-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-013
Thorium Remediation Project

Tulsa, Oklahoma Facility
KalserAluminum & Chemical Corporation

In-Service Period
Instrument Model and Detector Instrument Serial Detector Serial Survey Unit Kaiser-

Model/Type Number Number Calibration Period FSS-013 Usage
Field analysis, high-energy gamma detection -

Ludlum 2221 Scaler/ Rate Instrument was used to evaluate remediation
Meter with 44-10 2- X 2- Nal progress and scan land areas for the Final Status
Scintillation Gamma Detector 206873 PR211675 05/17/04 to 05/17/05 02/22/05 Survey.

Ludlum 2360 Alpha-Beta
Scaler /Rate Meter with 43-68 Simultaneous alpha-beta counting and

100cm2 Gas Proportional discrimination - Instrument was used to survey
Alpha-Beta Detector 193686 PR190485 05/04/04 to 05/04/05 1/31/05 to 03/03/05 embedded structures.

Page 1



APPENDIX A-13-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 206873 (meter) and PR211675 (detector)



Lm

CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

I 2 � ,�,

11 ",�5�1

C'.r,~~a. l at- Q-Cat -n 1- .ULLA' dt, t~U.I, t.JAi'
�-j "- IA." A.-. .

Mfg.: Ludlum
Cal Date: 05/17/04

Order No.N/A /
_Model 2221 Serial No.:2068730
5/17/05 Cal. Interval 12 mo.'s Meterface 202-159__ Cal Due Date: 0

Check mark [0 applies to applicable instruments and/or detector JAW Mfg. Spec. T 76.1_°F RH 44 % Alt. 1120 Ft.

O New Instrument Instrument Received []Within Toler +1-10% 0 0-20h/a OOut of Tol. 0 Requiring Repair QOther-See Comment

jOMechanical Ck. MMeter Zeroed OEBackground Subtract [ZInput Sens. Linearity
BF/S Resp. OK W1Reset Ck. MWindow Operation [ZGeotropism

51Audio. Ck. flAlarm Setting Ck. EBatt. Ck. (Min. Volt) 6.2 VDC
RCalibrated in accordance with ECL 205-1 Rev. 0 1/23/03

Instrument Volt Set 900 V Input Sens. 10 MV
Det. Oper. N/A V at N/A mV Threshold Dial Ratio 10 = 100

[HV Readout (2 points) Rcf./lnst. 669 /670 V Ref./Inst. 995 / 1000_

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGEI REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CALw POINT "AS FOUND READING" READING*

XIK 400 Kcpm 395000 cpm 395000 cpm
XIK 100 kcpm IO000 cpm 100000cpm
X100 40 Kcpm 39500 cpm 39500 cpm
XIO 10 Kcpm WO0 cpm 10000 cpm
X10 4 Kcpm 3950 cpm 3950 cpm
X10 I Kcpm 1000 cpm t000 cpm
Xl 400 cpm 400 cpm 400 cpm
Xi 100 cpm 100 cpm I00cpm

*Uncertainty within ±20//o
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED MD ER READING | CAL POINT RECEIVED METER READrNG

Digital N Log
Readout 400 cpm 38cpm 38cpm j Scale 50 cpm 60cpm 60cpm

400 Kcpm 39116 cpm 39116 cpm | 500 Kcpm 500000 cpm 500000cpr
40 Kcpm 3917cpm 3917 cpm _ 50 Kcpm 50000 cpm 50000 cpm
4 Kcpm 392 cpm 392 cpm 1 5 Kcpm 5000 cpm 5000 cpm

- 4 cpm 4 cpm 500 cpm 475 cpm 47Scpm
ENERCON Services, inc. certified that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology or to the
calibration facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type of calibration technology. The calibration system conforns to the requirements ofANSIlNCSLZS40-1-1994 and ANSI N323-1978.

Reference Instruments and/or Sources:
Cs-137 Gamma S/N 06205GF
0 Alpha S/N__ Beta SIN Q]Other P-s 1UJY ;)4 4

M 500 SIN 187460 0Oscilloscope S/IN _OMultimeterS/N 020513278

R. San _Calibrated By,

Reviewed By: 7 ½~t J aj 1ILF - J- A
Date: 05/17/04

Date: :/S /? V

AC Inst. a Passed Dielectric (hi-Pot) and Continuity

Only C0 Failed



PLATEAU

Instrument:
Model No,
Serial No.

Probe:
Serial No.

Ludlum
2221

206-M7 Ace1
44-10 M

PR 211675

DATE:
Source:

Serial no.
Strength:

511712004
Cs137
2485
I uci

,;.- -�j

I
2
3
4
5
6
7
8
9
10
11
12

Background
Count (cpm)

4777
5385
5517
5600
5675
5832
5680
5849
6073
5782
N/A
N/A

Source
Count (cpm)

95849
98961
104186
108132
108795
109020
111082
111402
112078
115675

N/A
N/A

H.V.

700
750
800
850
900
950
1000
1050
1100
1150
1200
1250



Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: aamma
4. II -

Acceptable Range:
(Refer to Penn E&R/HPMM.2-1 -1)

232.512 + 2a 11 238.680 + 3a ||
I II _II

Calibration Due: 5/17/05 ItCONTACT 207,841 - 2a 11 201,672 - 3|11
- _________________________ -

- U U U

|| Time
Background

Date I Count Rate
Source Net Source

Count Rate I Count Rate I
Batt check

(volts)I WIN +I- 3a |Technician W/IN +1- 2a

1 | i 2/22/2005 8,991 1 215,720 206,729 MDT I _YES_ _ 5.5 _ _YES I__ I
Comments: Background 5 minute count. Source count 1 minute.

Page 1



/I-

Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected:

Acceptable Range:
(Refer to Penn E&R/HPM/M-2-1-1)

gamma
8,206 + 2a 11 8.347 + 3u 11

I II 1 1

Calibration Due: 5/17/05 6 INCHES 7,637 - 2a || 7.495 - 3a ||
lI. I I ,, .I,

l|Background I| Source |Net Source| Batt check
me Date I Count Rate j Count Rate ICount Ratel Technician WIN +1- 2a (volts) WIIN +-3

9:55 2/22/2005 | 8,991 | 16,733 | 7,742 | MDT YES 5.5 YES

lComments: Background 5 minute count. Source count 1 minute.

Page 1



APPENDIX A-13-2

Ludlum Model 2360 Alpha-Beta Scaler/Rate Meter
with Model 43-68 100 cm2 Gas Proportional Alpha-Beta Detector

Serial Nos. 193686 (meter) and PR190485 (detector)



Designer and ManufacturerL~~I Scieificof
Scientific and Industril

_ _ Instruments

Cr ISTOMER KAISER ALUMINUM

CERTIFICATE OF CALIBRATION
LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER TEXAS 79556, U.S.A.

ORDER NO. 215373/281348
i e I f> f

Ludlum Measurements. Inc. Model 2360 Serial No. I|_5 t n- e ) (a

Ludlum Measurements. Inc. Model 43-68 Serial No. ______r__

Cal. Date 4-May-4 Cal Due Date 4-Mav-05 Cal. Interval 1 Year Meterface 2024855

heck mark gapplies to applicable instr. and/or detector lAW mfg. spec. T. 75 OF RH 28 % Alt 705.8 mm Hg

[] New Instrument InstrumentRecelved [`WlthinToler.+10% []10-20% []Out of Tol. f Requiring Repair [JOther-See comments

' Mechanical ck. 3 Meter Zeroed [ Background Subtract 0 Input Sens. Linearity
E] F/S Resp. ck [g Reset ck. 7 Window Operation Ig Geotropism
W Audio ck. - Alarm Setting ck. 3 Batt. ck. (Min. Volt) l2.2VDC

[Calibrated In accordance with LMI SOP 14.8 rev 12/05/89. E] Calibrated In accordance with LMI SOP 14.9 rev 02107/97.

strument Volt Set 1157. v
[f I Readout (2 points) Ref./Inst. .500 / IZL V Ref./lnst. 150 /..q4 2- V

Firmwore Version: Cfo I (EEPROM Settings)
Alpha Threshold: User Time: th I .
Beta Threshold: 3 Alpha Alarm:
Beta Window: Beta Alarm: 0 5
Overload , oL Ja A,;R. + eniE -5'+ A/B Alarm: . -1)
Instrument calibrated with a 35jrcable. Model 2360 D&te:
High voltage set with detector C Calibration Date Due: x_

ZOMMENTS:
- ,4CS Cr 'Tr 230 l35or 9o" 2 4 krwi ewnf Iofcfr co + O34 rc-fr 9 910e

'-A CvTh2:593%14-0o 2p; I qs~lW ~ v50l {"s~ rCe-Cox"+ ICp ec5z/6p
T -:\Porrc?? Ya,; I1 3cck,9rond co- 3 DZrc,5orcecma 4  565cpm ).50urce..'e_ 14/4'Ocprrm

. .xafei GM dedor pos-ed pepenbca to souce e fepo liM 49 i whih fte [at f probe es soe

RANGE/MUL.TIPUER
XI 000 4
Xl 000I
X1100
X1lOIO
X1l 0

IX110
XI

. XI 0

ItJ~nn,1adntv wftNn + 1O( CF wihthin ..

REFERENCE
CAL POINT
Jkcpm
Jkcpm
2kcpm
Ikcpm
4kcpm
lkcpm
)kcpm
)kcpm

INSTRUMENT REC'D
"AS FOUND READING-

14I 1

100

INSTRUMENT
METER READING*

_ X2,

_t CIO
- I/rD

Ib0
All Rancia(s) Calibrated Electrontically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING CAL POINT RECEIVED METER READING*

,aotal __400kcpm_ sq sr56g Sc\ 4g5& a~le
_40kcpm,?9 ' j 5 6c r

4kcpm no9 D tJ
400cpm Q() > SlI _

40cpm __ __

lan Meosuenenkt% hc. cO sthd that he obqove ftfnet has been cdabrated by staarcwcrs troceabe to the Nattond attute of Standcds ond Tedmroo. r to the co)bratn faclites Of
or Inhe raltn Stondords Ogcgmahtor merre or hove been detNed frc accepted voes dt nahrdi physicd constants or have been detved by the rao type dO cOlbrton tectr
c dixattan system confros to the requirements of ANSINCSL Z543.1 -1 994 and AMN N323-1978 State of Texos Caibration Lcense No. L0-1963

oference Instruments and/or Sources:
s-137GamnraSlN 01162 OG112 O1M565 05105 OTIOa3 E1T879 E1E552 OES51 0720 0734 01616 ONeutronA

* oha S/NRTA 230 -b3/1G[eaS/N T2 3'? 5AY tJT6-EV o Other

500 S/N moo800 , Cscilloscope S/N L , MultimeterS/N 831

alibrated By:.LL. _____J_ Date - e A t t G 0

Arn-241 Be SIN T-304

p90502

, w

aeviewed By:-( - Ltl, 1
(

Date-
/

gs certficote sW not bo reproduced except hi fuL f the witten approvd of Ludkn Meremonfs. hc.
MMMA 1MAPMI

I AC Inst. Fl P-, t~. _-,,r-jwor .,, -.... . T-- I



.IVII

011=
Designer and Monufocturer

of
Scentiflc and Industrial

Instrh nts

POST OFFICE BOX 810 PH. 325-235-5494
* 501 OAK STREET FAX NO. 325-235-4672

SWEETWATER, TEXAS 79556 U.S.A.

Bench Test Data For Detector

Detector 43-68 Serial No.. _k_.-l O.)L35
Customer iKASER ALUMINUM

Order #. 215373/281348

Alpha Input Sensiivity /:20 mV

Beta Input Sensitivity 3. 5 mV

Beta Window .3 () mV

. Counter 2360 Serial I Jo. IC?3 6G,
Count Time 1 Minute

Other Distance Source to Detector _< 5:L r) ce-

Isotope ILT23C)
Size 2 C? AP P

Isotope fk23a 2
Size aSrrm* High

* Voltage
Background

Isotope lcn
Size .±LIC22.pm

Alpha BetaAlpha Beta Akoha Beta Alpha Beta

-12 Is I c? ? I-?3 I ll -51 . 1S 4 7.3 I
I S r5J 211-- Yq I{JL 47 - liv 0 75Z3±
IS7i I IO36V /Aq .£L5 I

-162 - - 70 2 .) <3 q;9 5.5 D:28 7/i

1z^2G O _ 17 4S3 5S2871qQ 72

I II II

v 
.

.I

I&(Gas Proportional detector count rate decreased S
Gas proportional detector count rate decreased S

10% after 15 hour static test using 39' cable.

10% after 5 hour static test using 39' cable and alpha/beta counter.

ZI) AI Signature Date 4 §~syL5

FORM C4B 04109r203
* Serving The Nuclear Industry Since 1962 .



C
Form HPM/M-2-8-1

Daily Check Log for Ludlum Model 2360 with 43-68 Detector
Instrument 2 Alpha

Ii-

Instrument/SN: Ludlum Model 2360 193686 Check Source(s) Used: Th-230, S/N 5053-03
Detector/SN: Model 43-68 1PR190485 I I
EFF %: a- 17.78 % 4n source check acceptance criteria a
CALIB. SOURCE USED: Th-230 Average (NCP M 2,564
DATE OF CALIB.: 5/4/2004 +2 sigma: 2,655
CALIB. DUE DATE: 514/2005 -2 sigma: 2,474
PERFORMED BY: Ludlum Measurements Inc. +3 sigma: 2,700

-3 sigma:249

TECHNICIAN'S ALPHA/ RESPONSE 60 min1 minI min
NAME BETA CHECK DATE TIME Bkgrd (cpm) gross (cpm) net (cpm) vithin +/- 2 sigma within +/- 3 sigma <10% drop
DBW 1 Alpha SAT 1/31/2005 13:43 1.40 2,532 2,531 YES YES NA
DBW 2 Alpha SAT 1/31/2005 17:38 1.62 2,493 2,491 YES YES YES
DBW 3 Alpha SAT 211/2005 9:58 1.08 2,504 2,503 YES YES NA
DBW - 4 Alpha SAT 2/1/2005 8:22 0.83 2,494 2,493 YES YES YES
DBW 5 Alpha SAT 2/2/2005 17:17 1.13 2,443 2,442 NO YES YES
DBW 6 Alpha SAT 2/3/2005 10:47 1.13 2,446 2,445 NO YES NA
DBW 7 Alpha SAT 2/5/2005 17:18 1.23 2,439 2,438 NO YES YES
DBW 8 Alpha SAT 2/8/2005 10:41 1.00 2,516 2,515 YES YES NA
DBW 9 Alpha SAT 2/14/2005 13:12 1.08 2,538 2,537 YES YES NA
DBW 10 Alpha SAT 2/14/2005 16:48 1.82 2,557 2,555 YES YES YES
MDT 11 Alpha SAT 2/15/2005 10:30 1.08 2,598 2,597 YES YES YES
DBW 12 Alpha SAT 2/15/2005 18:02 1.15 2,568 2,567 YES YES YES
MDT 13 Alpha SAT 3/2/2005 10:30 0.83 2,498 2,497 YES YES NA
MDT 14 Alpha SAT 3/2/2005 17:30 0.83 2.574 2,573 YES YES YES
MDT 15 Alpha SAT 3/3/2005 9:30 1.00 2,433 2,432 YES YES NA
MDT 16 Alpha SAT 3/3/2005 17:28 1.00 2,455 2,454 NO YES YES

Page 1



APPENDIX A-14

SURVEY UNIT KAISER-FSS-014



or-L

Appendix A-14, Table A-14-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-014
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Detector Instrument Serial Detector Serial Survey Unit Kaiser-

Model/type Number Number Calibration Period FSS-014 Usage
Field analysis, high-energy gamma detection -

Ludlum 2221 Scaler/ Rate Instrument was used to evaluate remediation
Meter with 44-10 2" X 2" Nal progress and scan land areas for the Final Status
Scintillation Gamma Detector 157032 PR206809 03103/04 to 03/03/05 01/18/05 Survey.

Field analysis, high-energy gamma detection -
Ludlum 2221 Scaler/ Rate Instrument was used to evaluate remediation

Meter with 44-10 2" X 2" Nal progress and scan land areas for the Final Status
Scintillation Gamma Detector 206873 PR211675 05/17/04 to 05/17/05 03/08/05 to 03/17/05 Survey.

Ludlum 2360 Alpha-Beta
Scaler /Rate Meter with 43-68 Simultaneous alpha-beta counting and

100cm2 Gas Proportional discrimination - Instrument was used to survey
Alpha-Beta Detector 193686 PRI90485 05/04/04 to 05/04/05 03/29/05 embedded structures.

Page 1



APPENDIX A-14-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 157032 (meter) and PR206809 (detector)



CERTIFICATE OF CALIBRATION

ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

Customer: Enercon Services Inc. . Order No.N/A

Mfg.: Ludlum Model 2221 Serial No.:1570325

Cal Date: 03/03/04 Cal Due Date: 03/03/05 Cal. Interval 12 mo.'s Meterface 202-159 _

Check mark O applies to applicable instruments and/or detector IAW Mfg. Spec. Temp. 68.9_°F RH 27 % Alt. 1120 Ft.

O New Instrument Instrument Rcceived []Within Toler +/-10°/ 0 0-20°/e [JOut ofTol. 0 Requiring Repair QOther-See Comment
[9Mechanical Ck. E]Meter Zeroed E11Background Subtract Einput Sens. Linearity
'12F1S Resp. OK QReset Ck. "Window Operation 'EGeotropism
NAudio. Ck. []Alarm Setting Ck. Batt. Ck. (Min. Volt) 5.2_ VDC
ElCalibrated in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set 1000 V Input Sens. 10 MV
Det. Oper. N/A V at N/A mV Threshold Dial Ratio 10 = 100
F1HV Readout (2 points) Ref£lnst. 1500 / 1500 V Ref./lnst 1000 / 1000 V.

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.
Zero button sticks

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGE/ REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CAL POINT "AS FOUND READING" READING*

XIK 400 Kcpm 400 Kcpm 400 Kcpm
XIK 100 kcpm 100 Kcpm 100 Kcpm
X100 40 Kcpm 40 Kcpm 40 Kcpm
X100 10 Kcpm 10 Kcpm 10Kcpm
X10 4 Kcpm 4000 cpm . 4000 cpm
X10 I Kcpm 900 cpm 900 clm
X 400 cpm 400 cpm 400 cpm
Xl 100 cpm 100 cpm 100 cpm

*Uncertainty within ±20%
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING _ CAL. POINT RECEIVED METER READING

Digital _ Log
Readout 400 cpm 39 cpm 39 cpm Scale 50 cpm 50 cpm 50 cpm

4u0 Kcpm 3961 8 cpm 39618 cpm 500 Kcpm 500 Kcpm 500 K cpm
40 Kcpm 3962 cpm 3962 cpm 50 Kcpm 50 Kcpm 50 Kcpm
4 Kcpm 397 cpm 397cpm I 5 Kcpm 5 Kcpm 5 Kcpm
40 cpmr 4 cpm 4 cpm 500 com 450 cpm 450 cpm

- � - - I & I - - - - -- -

ENERCON Services, inc. certified that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology or to the
calibration facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type of calibration technology. The calibration system conforns to the requirements of ANSI/NCSL Z540-1-1994 and ANSI N323-1978.

Reference Instruments and/or Sources:
Cs-137 Gamma S/N 06205GF
O Alpha SIN a Beta SIN Oother

3M 500 S/N 187460 [Oscilloscope S/N tMultimeter S/N 020513278

Calibrated By: R. Sh 3' z Date: 03/03/04

Reviewed By: I 4 _ g 9 Date: 61/o ?/og
\ / / AC Inst. 0 Passed Dielectric (hi-Pot) and Continuity

Only [ Failed



PLATEAU

Instrument: Ludlum DATE: 3/29/2004 TEMP.: 67 By t

Model No, 2221 Source: Cs137 S.N. R.H.: 34% *I I
Serial No. 157032 Strength: 1.0uci 2485

Probe: 44-10
Serial No. PR206809

Voltage Background Source
Count Count
(cpm) (cpm)

1 600 N/A N/A
2 650 N/A N/A
3 700 1791 174173
4 750 2001 179682
5 800 2075 190450
6 850 2132 195749
7 900 2187 195411
8 950 2150 197763
9 1000 2061 199119
10 1050 2132 199591
11 1100 2375 211691
12 1150 2723 283180
13 1200 N/A N/A
14 1250 N/A N/A
15 1300 N/A NIA



Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 2

Instrument Model: 2221

Instrument SIN: . 157032

Detector Model: 44-10

Detector S/N: PR206809

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
Acceptable Range:

(Refer to Penn E&R/HPM/M-2.1-1)
241,361 + 2a 11257,378 + 3a11

Calibration Due: 3/3/05 CONTACT 177,299 - 2a || 161,282 - 3a 11

-|Background I| Source |Net Source| Batt check
Date I Count Rate Count Rate ICount Rate Technician WIN +T 2, (volts) WIN +/- 3a

11| 13:10 | 1/18/2005 | 9.459 230.991 | 221.532 | DBW YES 5.4 I YES l1
- ______________ - Si

IComments: Moved cource check location to furnace room (lower background). Background 5 min. count.

Source check 1 minute count.

Page 1



Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 2

C

Instrument Model: | 2221

Instrument S/N: 157032

Detector Model: 44-10

Detector S/N: - PR206809

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
Acceptable Range:

(Refer to Penn E&RIHPM/M-2-1-1)
8,597 + 2a || 8,731 +3a ||

Calibration Due: 3/3/05 6 INCHES 8,061 - 2a 11 7,927 - 3a ||
- _ _ __ . __ _ _ _ _ _ .L _ _ _._ ._I _ Ii .

D Background Source I Net Source Batt check
Tim| Date ICount Rate ICount Rate I Count Rate I Technician WIN +I- 2a (volts) IWIN +c- 3ah

1i1 13:10 1 1/18/2005 I 9.486 17.296 | 7.810 | DBW NO II 5.4 11 YES |1
__ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ __ _ _ __1LU_ _ _ _

Comments: Moved cource check location to furnace room (lower background). Background 5 min. count.

Source check 1 minute count.



APPENDIX A-14-2

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 206873 (meter) and PR211675 (detector)

,,



CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

,A-
-,-. -i'�

I., "I-'51

KYJ
Customer: Enercon Services Inc. . Order No.N/A
Mfg.: Ludlum Model 2221 Serial No.:2068730
Cal Date: 05/17/04 _ Cal Due Date: 05/17/05_Cal. Interval 12 mo.'s Meterface 202-159

Check mark [2 applies to applicable instruments and/or detector lAW Mfg. Spec. T 76.1_°F RH 44 % Alt. 1120 Ft.

[ New Instrument InstrumentRcceived QWithinToler+/-10°/o 00-20%/o QOutofTol. ORequiringRepair QOther-SecComment

MMechanical Ck. |Meter Zeroed OBackground Subtract 31Input Sens. Linearity

@9F/S Resp. OK WReset Ck. MWindow Operation EzGeotropism

5Audio. Ck. []Alarm Setting Ck. }Batt. Ck. (Min. Volt) 6.2 VDC

6Calibrated in accordance with ECL 205-1 Rev. 0 1/23103
Instrument Volt Set 900 V Input Sens. 10 MV
Det. Oper. N/A V at N/A mV Threshold Dial Ratio 10 100 -

E]HV Readout (2 points) Ref/inst. 669 /670 V Ref/Inst. 995 / 1000_

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGE/ REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CAL. POINT "AS FOUND READING" READING*

XIK 400 Kcpm 395DOO cpm 395000 cpm
XIK 100 kcpm 100000 cpm 100000 cpm
X100 40 Kcpm 39500 cpm 39500 cpm
X100 10 Kcpm 10000 cpm 10000 cpm
X10 4 Kcpm 3950 cpm 3950 cpm
X10 I Kcpm 1000 cpm 1000 cpm
xi 400 cpm 400 cpm 400 cpm
xi 100 cpm 100 cpm 100D cm

Uncertainty within ±20_/_
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT

____ CAL POINT RECEIVED METER READING* ___ CAL. POINT RECEIVED METER READING
Digital Log C

Readout 400 cpm 38Scpm 38pm Scale 50 cpm 60 cpm 60 cpm
400 Kcpm 39116 cpm 39116 cpm _5_ 500 Kcpm 500000 cpm 500000cpm

_ 40 Kcpm 3917 cpm 3917 cpm 50 Kcpm 5000 cpm 50000 cpm
4 Kcpm 392cpm 392 cpm 5 Kcpm 5000 cpm 5000 cpm
40 cpm 4 cpm 4 cpm 500 cpm 475 cpm 475cpm

ENERCON Services, inc. certified that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology or to the
calibration facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type of calibration technology. The calibration system conforns to the requirements of ANSI /NCSL ZS40-1-1994 and ANSI N323-1978.

Reference Instruments and/or Sources:
Cs-137 Gamma S/N 06205GF
0 Alpha S/N0 Beta SIN O0ther .c /JF 14 FS-

M 500 SIN 187460 OOscilloscope S/N _OMultimeterS/N 020513278

Calibrated By.

Reviewed By: R. i Shan P
Date: 05/17104

Date: S/1 z/} y
AC Inst. 0 Passed Dielectric (hi-Pot) and Continuity

Only 0 Failed



PLATEAU

Instrument:
Model No,

Kbk Serial No.
Probe:

Serial No.

Ludlum
2221

44-10
PR 211675

DATE:
Source:

Serial no.
Strength:

511712004
Cs137
2485
I uci

Zs_
-'�j

I
2
3
4
5
6
7
8
9
10
11
12

Background
Count (cpm)

4777
5385
5517
5600
5675
5832
5680
5849
6073
5782
N/A
NIA

Source
Count (cpm)

95849
98961
104186
108132
108795
109020
111082
111402
112078
115675

N/A
N/A

H.V.

700
750
800
850
900
950
1000
1050
1100
1150
1200
1250

K';



C
Form HPM/M-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 3

-I

Instrument Model: 2221

Instrument SIN: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
II. �7

Acceptable Range:
(Refer to Penn E&R/HPMIM-2-1 -1)

232.512 + 2a 11 238,680 + 3r|
4�. U -

Calibration Due: 5/17/05 CONTACT 207,841 - 2a || 201,672 - 3a

I

Background Source Net Source]A Batt check
Time Date Count Rate Count Rate Count Ratel Technician W/IN +/- 2a (volts) WMIN +/- 3a

8:00 3/8/2005 9,017 224,022 215,005 EJ YES 5.5 YES
7:30 3/9/2005 9,040 217,866 208,826 EJ YES 5.4 YES
8:30 3/10/2005 9,004 228,707 219,703 EJ YES 5.4 YES

4 10:23 3/15/2005 9,127 225,075 215,948 EJ YES 5.4 YES
5 7:50 3/16/2005 9,136 226,195 217,059 EJ YES 5.3 YES

3735 3(17/2005 8,929 222,191 213,262 EJ YES 5.3 YES

Commnts: Background 5 minute count. Source count 1 minute.

Recalibrated by Enercon to Cs-137.
.

Page 1



Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument SIN: 206873

Detector Model: 44-10

Detector S/N: PR211675

Calibration Due: 5/17/05

Source S/N: Cs-137 sn: 547

Source DPM: NIA

Radiation Detected: gamma

Acceptable Range: 8,206 + 2| 8,347 + 3a |
(Refer to Penn E&R/HPMIM-2-1-1) 7,637 - 2a || 7,495 - 3a_||6 INCHES

1

2

3

4

5

6

11 | Background Source Net Source l Batt check
Time | Date Count Rate I Count Rate Count Ratel Technician WMIN +/- 2a (volts) W/IN +/- 3al

8:00 3/8/2005 9,017 16,745 7,728 EJ YES 5.5 YES

7:30 3/9/2005 9,040 16,859 7,813 EJ YES 5.4 YES

8:30 3/10/2005 9,004 16,868 7,864 EJ YES 5.4 YES

10:27 3/15/2005 9,127 16,999 7,872 EJ YES 5.4 YES

7:59 3/16/2005 9,136 17,125 7,986 EJ YES 5.3 YES

7:35 3/17/2005 8,929 16,802 7,873 EJ YES 5.3 YES

Comments: Background 5 minute count. Source count 1 minute.

Recalibrated to Cs-137 by Enercon.

Page 1
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APPENDIX A-14-3

Ludlum Model 2360 Alpha-Beta Scaler/Rate Meter
with Model 43-68 100 cm2 Gas Proportional Alpha-Beta Detector

Serial Nos. 193686 (meter) and PR190485 (detector)



E J Designer and Manufacturer
of

Scientific and Industrial
Instrunents

CERTIFICATE OF CALIBRATION

WDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER TEXAS 79556, U.SA

ORDER NO. 215373/281348
e.,I I )7 f

Cr ISTOMER KAISER ALUMINUM

% Ludlum Measurements. Inc. Model 2360 SerIal No. Y .:51i6 (,o
Mtg. Ludium Measurements. Inc. Model 43-68 Serial No._') - 1 5 Y
Col. Date 4-May-04 Cal Due Date 4-May45- Cal. Interval 1 Year Meterface 202-855

heck mark Rapplies to applicable Instr. and/or detector IAW mfg. spec. T. 75 IF RH 28 % Alt 705.8 -nm Hg

n NewInstrument InstrumentReceived [`WlthinToler.+-10% 010-20% []Out of Tol. [J Requiring Repair E] Other-See comments

[¢ Mechanical ck. [r Meter Zeroed [] Background Subtract 0 Input Sens. Unearity
E] F/S Resp. ck [j Reset ck. [r Window Operation f Geotropism
fg Audo ck. [I Alarm Setting ck. ( Batt. ck. (Mn. Volt) . 2.2VDC
O'Calibrated In accordance with LMI SOP 14.8 rev 12/05/89. 0]Calibrated In accordance with LMI SOP 14.9 rev 02/07/97.

strument Volt Set II 75CZ v
f IN Readout (2 points) Ref./lnst. 500 1LZqL I V Ref./Inst. 150D /1 | q, 4 2 V

Firmware Version: 70 1Q N32 L (EEPROM Settings)
Alpha Threshold: User Time: no 1. °
Beta Threshold: Alpha Alarm: 0 r
Beta Window: Beta Alarm:
Overload (rfk'acf- en 1 .tA , - + see' t A/BAlarm:
Instrumentcolibratedwithoa .<i vcable. Model 2360 Date: f
High voltage set with detector Calibration Date Due: j O_(2

%1OMMENTS:
ftO T'k I 3O23r.5; 2I' 8 , r- ro n d count 1rcM Ci $'4d cc Covtv + I O3 fo e99c1- 'p.- s9oevi

-W C0s-Th nof rs23' 4 .6 % 2 p:, 30'ckst-crwd cow-i Ic- cy I Sorce- o + cocf m$ SOr 5rrc Spv i
i-o1T1'? 8.0 %V 2; IBmckrounrd cown4  ?313cp'v,5otrceco 4  496 5icpm) o urce.5l'7e. /Nlfocpri,

__ .1 x bor GM delectors posbd perpedaar o soue except borM 44-9 h wticd Ie 1ron1 o probe aces souce.

RANGE/MULTIPLIER
Xl 000 4
X1 000 1
X1lOO
XlOO 1
XlO_0_ _

X10
XI 4
.XI

* .. t-.j-..~. ..ML - i w t' r .. Md. A#.--w

REFERENCE
CAL. POINT

elkcrnm
flkrnm

Okcpm
Dkcpm
4knnnn

INSTRUMENT REC'D
"AS FOUND READINC-

gloo

LI 00
1DO

1

INSTRUMENT
," METER READING*

/00
Al I nnentfrc tCnlbrrxtnd Elonfeirnkstliv

lkcpm
Okcpm
Bkcpm

~USL.CiiUIly lW b .F. z4-IWI A-' - .- '_-__- -t

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED MEIER READING' CAL POINT RECEIVED METER READING'

adout 400kcpm 65A2) rq5iOg Sto>le
40kcpm S /. C t
4kcpm 4

40cpm 4 7
turn Meosuernents. hIc. certifies thot the cbove Irutrunent has been calbroted by strndards troceable to the Natond alstlitute of Stacdxrds and Techrology. of to the cdbrothnm tocdltes of
er hnternoatlon Standards Organization merrbers. or hove been derived frcn occepted vdlues of natural physiccl constants or have been dertved by the ratio type of calibration tectrique.
calibration system confonrrs to the reqirerments of ANSI/NCSI Z540-1-1994 and ANSI N323-197B State of Texos Caibration License No. 10-1963

eference Instruments and/or Sources:
s-137GamnaS/N 01162 OG112 iM565 051 OTI008 0879 OE552 OE551 0720 0734 01616 ONeutronA

''oha S/N TR 23m 2-D3/ia 22-'Beta S/N U1 SAI r-6v 0 Other

.,500 S/N /50800 F CiscilloscooeS/N MultimeterS/N 831

.olibrated By: ./ fr Date 4_ _ _ __L_ _ O _ _

An-241 Be S/N T-04

xon5fl

'eviewed By: (J9 Lki ~
7~

Date--

I !s certificate sha not be reproduced except h full. Isthout tho written opprovol of Ludlurn Moosuremonts. Inc. IArInO M I



0t3I Designer and Manufocturer
of

Scientific and Industrial
Instrluents

,9~/-- POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER TEXAS 79556, U.S.A.

Bench Test Data For Detector

Detector 43-68 Serial N

Customer KAISER ALUMINUM

Counter 2360 Serial No..

Count Time 1 Minute

lo. PR- l/I5 Order #. 215373/281348

Alpha Input Sensitivity /1.20 mV

Beta Input Sensitivity 3, n mv
Beta Window 5Y; ) . mV

IqC?3 /M6,t/

Other Distance Source to Detector - �L r gn'��

Isotope I iL22x
Size 27/0 omHigh

Voltage
Background

Alpha Beta

Isotope Lfa232
Size J<35rrm

Alpho Beta

Isotope 7L Y?
Size LLL2,c>PM

Alpha BetaAlpha Seto

.L 2_6 2, c?c I q3 I 1t1 _51( .I 0 1 , Z73

1-5 _1S O 12q 1116, 1 i !1,5117 1 17 1 0 1 7
I C 7 t I 9 ;'I I

I41 OO 2 209 Ih7.5 ff 55 3 6(a I8 - 7qZ[
. 1612- l l 729 LIS3 5SCw :287 1qqg 2

_

IZ'Gas ProportIonal detector count rate decreased S

* Gas proportional detector count rate decreased S

10% after 15 hour static test usIng 39' cable.

10% after 5 hour static test using 39' cable and alpha/beta counter.

Signature

51

X�'/ A Date - -IV
t_ v S - W W F f

FORM C4B 04109/2ct3
* Serving The Nuclear Industry Since 1962 .



C
Form HPMIM-2-8-1

Daily Check Log for Ludlum Model 2360 with 43-68 Detector
Instrument 2 Alpha

C

Instrument/SN: Ludlum Model 2360 193686 Check Source(s) Used: Th-230, S/N 5053-03
Detector/SN: Model 43-68/PR190485 I I l
EFF %: a= 17.78 % 4n source check acceptance criteria a_-
CALIB. SOURCE USED: Th-230 Average (NCPM 2,564
DATE OF CALIB.: 51412004 +2 sigma: 2,655
CALIB. DUE DATE: 51412005 -2 sigma: 2,474
PERFORMED BY: Ludlum Measurements Inc. +3 sigma: 2.700

-3 sigma: 2,429

TECHNICIAN'S ALPHA/ RESPONSE 60 minI minI minm
NAME BETA CHECK DATE TIME Bkgrd (cpm) gross (cpm) net (cpm) within +/- 2 sigma within +/- 3 sigma <10% drop
DBW I Alpha SAT 3129/2005 10:10 1.20 2,521 2,520 YES YES NA

Page 1



APPENDIX A-15

SURVEY UNIT KAISER-FSS-015



(

Appendix A-1 5, Table A-1 5-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-015
Thorium Remedlation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

/I-
IV

In-Service Period
Instrument Model and Detector Instrument Serial Detector Serial Survey Unit Kaiser-

Model/Type Number Number Calibration Period FSS-015 Usage
Field analysis, high-energy gamma detection -

Ludlum 2221 Scaler/ Rate Instrument was used to evaluate remediation
Meter with 44-10 2" X 2" Nal progress and scan land areas for the Final Status
Scintillation Gamma Detector 206873 PR211675 05/17/04 to 05/17/05 04/14/05 to 04/28/05 Survey.

Ludlum 2360 Alpha-Beta
Scaler/Rate Meter with 43-68 Simultaneous alpha-beta counting and
1 OOcm 2 Gas Proportional Alpha discrimination - Instrument was used to survey

Beta Detector 185779 PR126794 03/01/05 to 03/01/06 04/24/05 to 05/05/05 embedded structures..I

Page 1



APPENDIX A-15-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 206873 (meter) and PR211675 (detector)



CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

Customer: Enercon Services Inc. . Order No.NIA /
Mfg.: Ludlum Model 2221 Serial No.:2068730

Cal Date: 05/17/04 ---- Cal Due Date: 05/17/05 Cal. Interval 12 mo.'s Meterface 202-159

Check mark 0 applies to applicable instruments and/or detector lAW Mfg. Spec. T 76.1 _F RH 44 % Alt. 1120 Ft.

[ New Instrument Instrument Rcceived [1Within Toler +1-10% 0 0-20°/ QOut of Tol. ORequiring Repair QOther-See Comment
Mechanical Ck. MMeter Zeroed [jBackground Subtract N Input Sens. Linearity

F9F/S Resp. OK WReset Ck NWindow Operation EGeotropism

51Audio. Ck. []Alarm Setting Ck. |RBatt. Ck. (Min. Volt) 6.2 VDC
VCalibrated in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set 900 V Input Sens. 10 MV

Det. Oper. N/A Vat N/A mV Threshold Dial Ratio 10 100
QIHV Readout (2 points) Ref/nst. 669 /670 V Refilnst. 995 / 1000_

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Gamma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGE/ REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MULTIPLER CAL POINT "AS FOUND READING" READING*

XIK 400 Kcpm 395000 cpm 395000 cpm
XIK 100 kcpm 100000cpm I OO Wcpi
XIO 40 Kcpm 39500 crpm 39500 cpm
X100 10 Kcpm 10000 pm 10000 cpm
Xl0 4 Kcpm 3950 cpm 3950 cpm
X10 I Kcpm 1000 cpm 1000cpm
Xl 400 cpm 400cpm 400 cpm
Xl 100 cpm 100 cpm 100 cpm

*Uncertainty within ±20%
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METER READING _ CAL. POINT RECEIVED METER READING

Digital Log
Readout 400 cpm 38 cpm 38 cpm Scale 50 cpm 60 cpm 60 cpm

400 Kcpm 39116 cpm 39116 cpm 500Kcpm 500000 cpm 500000 cpm
40 Kcpm 3917 cpm 3917 rpmr 50 Kcpm 50000 cpm 50000 cpm
4 Kcpm 392 cpm 392 cpm 5 Kcpm 5000 cpm 5000 cpm
40 cpm 4 cpm 4 cpm 500 cpm 475 cpm 475 cpm

ENERCON Services, inc. certified that the above instrument has been calibrated by standards traceable to the National Institute of Standards and Technology or to the
calibration facility other International Standards Organization members, or have been derived from accepted values or natural physical constraints or have been derived by the
ratio type of calibration technology. The calibration system conforms to the requirements of ANSI lNCSL ZS40-1-1994 and ANSI N323-1978.

Reference Instruments and/or Sources:
Cs-137 Gamma S/N 16205GF
O Alpha S/NEl OBeta S/N oother Cs if~t 1x415

M 500 S/N 187460 O0scilloscope S/N _OMultimeterS/N 020513278

i
I

k4_�j .-

* Calibrated By:

Reviewed By:

R hak

IA? P / L2, '-
Date: 05/17/044

Date: ,// Z/? I

AC Inst. 0 Passed Dielectric (hi-Pot) and Continuity

Only O Failed



PLATEAU

Kki

Instrument:
Model No,
Serial No.

Probe:
Serial No.

Ludlum
2221

206M83'
44-10

PR 211675

DATE:
Source:

Serial no.
Strength:

5/17/2004
Cs137
2485
I uci

Z�-
'z- %

I2
3
4
5
6
7
8
9
10
'11
12

Background
Count (cpm)

4777
5385
5517
5600
5675
5832
5680
5849
6073
5782
N/A
N/A

Source
Count (cpm)

95849
98961
104186
108132
108795
109020
111082
111402
112078
115675

N/A
N/A

700
750
800
850
900
950
1000
1050
1100
1150
1200
1250

H.V.



Form HPMIM-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected:

Acceptable Range:
(Refer to Penn E&R/HPMM2--1 .1)

camma*1 *
232,512 + 2a 11 238,680 + 3a

*Ir. -I.

Calibration Due: 5/17/05 CONTACT 207,841 - 2a || 201,672 - 3a|

I

A

11

1 Background | Source Net Source| Batt check
Time | Date Count Rate Count Rate Count Ratel Technician WIN +1- 2a (volts) W/IN /- 3a

7:45 4/14/2005 8,720 223,502 215,182 EJ YES 5.8 YES

7:10 4/15/2005 8,602 223,065 214,463 EJ YES 5.8 YES

9:48 4/18/2005 8,898 213,377 204,479 DBW NO 5.8 YES

7:45 4/19/2005 8,836 224,678 215,842 DD YES 5.8 YES

; 7:30 4/20/2005 8,675 228,493 219,818 EJ YES 5.7 YES

6:35 4/21/2005 8,191 228,306 220,115 DD YES 5.6 YES

7:15 4/23/2005 8,386 229,354 220,968 DD YES 5.6 YES

3 7:20 4/25/2005 8,361 227,396 219,035 DD YES 5.6 YES

7:45 4/26/2005 8,227 221,283 213,056 DD YES 5.6 YES

I 7:45 4/27/2005 8,170 223,008 214,838 DD YES 5.6 YES

47:40 428/2005 8,363 222,096 213,733 DD YES 5.6 YES

Comments: Background 5 minute count. Source count 1 minute.

Page 1



r
Form HPM/M-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 3

Instrument Model: 2221

Instrument S/N: 206873

Detector Model: 44-10

Detector S/N: PR211675

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
I w

Acceptable Range:
(Refer to Penn E&R/HPM/M-2-1-1)

8.206 + 2a | 8.347 + 3a ||
II *II* -

Calibration Due: 5/17/05 6 INCHES 7,637 - 2a |1 7,495 - 3aT

I

2

3

4

5

6

7

8

9

IC

II1

1 2

1 _ _ _ = _ _ __ . _ . _ _ JJ _ _ _ _ _ _ _ _ __ I. .L _ _ _ _ IL _ _

| Background | Source TNetSource Batt check
Time |[ Date Count Rate j Count Rate |Count Rate| Technician W/IN +/- 2a (volts) W/IN +/- 3a

7:45 4/14/2005 8,720 16,782 8,062 EJ YES 5.8 YES
7:10 4/15/2005 8,602 16,593 7,991 EJ YES 5.8 YES
9:48 4/18/2005 8,898 16,418 7,520 DBW NO 5.8 YES
7:45 4/19/2005 8,836 16,483 7,647 DD YES 5.8 YES

8:35 4/20/2005 8,675 16,244 7,569 EJ YES 5.7 YES
6:40 4/21/2005 8,191 16,319 8,128 DD YES 5.6 YES

| 7:15 4/23/2005 8,386 16,272 7,886 DD YES 5.6 YES
7:20 4/25/2005 8,361 16,545 8,184 DD YES 5.6 YES

3 7:50 4/26/2005 8,227 16,586 8,359 DD NO 5.6 NO
| 7:51 4/26/2005 8,227 16,127 7,900 DD YES 5.6 YES

7:45 4/27/2005 8,170 16,245 8,075 DD YES 5.6 YES
| 7:40 4/28/2005 8,363 16,218 7,855 DD YES 5.6 YES

IComments: Backaround 5 minute count. Source count 1 minute.
---
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APPENDIX A-15-2

Ludlum Model 2360 Alpha-Beta ScalerlRate Meter
with Model 43-68 100 cm2 Gas Proportional Alpha-Beta Detector

Serial Nos. 185779 (meter) and PRI26794 (detector)



--�/ 2

Certificate of Calibration
Ratemeter Certificate of Calibration

CRG G
Envjrmmagal RftoGtion =
:s09 Wainti SL NE, Suito ISO
Abuqurque.NM 17113
(505) 29B-224

Manufeture Ludlum Model: 2360 Scrial No.: IS57 7 q
All D..... c ̂ ]1;hut Ftmnl.,.11v T m P r O 97743

Reset "'iAudio 2 Mechanical Er Batt.y Rr

High Voltage SOOv l OOOv El I 500v B'

Instrument found within tolerance (+/- 10X) Yes12 No 0

Alpha Threshold Setting:_lao mV

Beta Threshold Setting: S .S" mV Beta Window: S 0 mV

Instrument
Reference Setting Ratemeter 'As found reading"

400 Kcpm £OCJC'k, 2c° L.
100 Kcpm JC k _

40 Kcpm _ _

IO Kcpm

4 Kcpm 44t-

I Kcpm / k 3
4 00 cpm 410 t

100 cpm /0t)
Integrated Counts Instrument

Reference Setting (Ilminki eow) "As found reading'

400 Kcpm 89%2i7 Y I/ O°

40 Kcpm L. Cl so |

4 Kcpm *______|

400 cpm 39___.__

Calibrated By CalibrationDate: 0/A1Ape5

Calibration Due: / fo

Reviewed By:_ Date: 2 /Z r

ERO cFam 1.02G



gl��

1is*,} Certificate of Calibration
Voltage Plateau Form

ERG
EnvimmmA s , I=

809Waihinan SLN, Suite 150
Albuquer",NM 87113
(505) 298-4224

DetectorMfg.: Ludlum Model: 43-68 ScrialNo.: .PR /14 7g9
CounterMfg.: Ludlum Model: 2360 SerialNo.: /SEC ? 9

Alpha Threshold Setting. I &@ mV

Beta Threshold Setting: 3. '5 mV Beta Window: : mV

Alpha Sourco 9T23h @13,500 odpw 409E43 0 Other._- _ _

Beta Source: eTC99 9 1E,l0o s m. 4099-03 0 Other.

Geometry / Distance to source: G je .

Count Time: 1 minute(s)

High Alpha So"rce Counts Bata Source Counts Background Counts

Voltage sda deta I Al.ph AV. Rd-

1"O71 JY5q7 10t 0lY
41-.sY/1 i7 _ I_71'/48/4( .L%3• 0g __ (3 9 9 )

.ZSC 2PO £t;1L. /D/ t 25e
Ab'1- Is ./ . ./3

A2L...1 u/ i iz 7 AS 3 :)73
'6 O, S&L.. L-7 S L5 392 1 I

r) 41 1,I YV ZS-L t .3/

Recommended Opra ng Voltage: 5 volts

Calibrated By. __

Reviewed By: ( g t1 -

Calibration Date: Z5J 5

Calibration DuoaZJe04E! 064

Date: k/2/•

ERG Form 1.03D o



C
Form HPM/M2-8-1

Daily Check Log for Ludlum Model 2360 with 43-68 Detector
Instrument 3 Alpha

InstrumentlSN: Ludlum Model 2360 185779 Check Source(s) Used: Th-230, SIN 5053-03 continuous purge
Detector/SN: Model 43-68 /PR126794 I l

EFF %: a= 15.77 % 4nt source check acceptance criteria a
CALIB. SOURCE USED: Th-230
DATE OF CALIB.: 31112005
CALIB. DUE DATE: 3/11/2006
PERFORMED BY: Ludlum Measurements Inc.

Average (NCPM);
+2 sigma:
l2 sigma:
+3 sigma:
.3 sigma:

1,808
1,874 _

1,742
.1,907 X

1,709 _

TECHNICIAN'S ALPHA/ RESPONSE 60 min 1 min 1 min
NAME BETA CHECK DATE TIME Bkgrd (cpm) gross (cpm) net (cpm) within +/- 2 sigma within +/- 3 sigma <10% drop

DD 1 Alpha SAT 4/27/2005 8:05 0.70 1,801 1,800 YES YES NA
DD 2 Alpha SAT 4/27/2005 15:15 0.70 1,872 1,871 YES YES YES
DD 3 Alpha SAT 4/28/2005 9:00 0.80 1,902 1.901 NO YES NA
DD 4 Alpha SAT 4/28/2005 16:00 1.40 1,907 1,906 NO YES YES

D8W 5 Alpha SAT 5/2/2005 12:23 0.85 1.806 1,805 YES YES NA
DD 6 Alpha SAT 5/3/2005 8:42 0.80 1,783 1,782 YES YES NA
DD 7 Alpha SAT 5/3/2005 11:00 0.90 1,894 1,893 NO YES YES
DD 8 Alpha SAT 5/5/2005 10:45 1.10 1,771 1,770 YES YES NA
DD 9 Alpha SAT 5/5/2005 16:30 1.20 1,882 1,881 NO YES YES

Page 1



APPENDIX A-16

SURVEY UNIT KAISER-FSS-016



C
Appendix A-1 6, Table A-i 6-1

Final Status Survey instrument Summary
Survey Unit Kaiser-FSS-016
Thorium Remedlation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector ModellType Number Number Calibration Period FSS-016 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -
Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 216521 PR226935 05/17105 to 05/17/06 06/15/05 to 06/22/05 Survey.

Page 1



APPENDIX A-16-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 216521 (meter) and PR226935 (detector)



IMIDesigner and Monufocturer
of

Scientfic and industrial
Intrurments CERTIFICATE. OF CALiBRATION

* LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 Pli. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER. TECAS' 79556. U.S.A.

CUSTOMER WAYPOINT TECHNOLOGY-GROUP ORDER NO. 235778

Ludlum Measurements. Inc. Model 2221 Serial No. Z/ •2/
Mfg. Ludlum Measurements. Inc. Model 44-10 Serial No. 2 491'S
Cal. Date 17-Mav-05 Col Due Date 17-My-06 Cal. Interval lYeaJ Meterface 202-159

-ieck mark gapplies to applicable Instr. and/or detector lAW mfg. spec. T. _ 71 . OF RH 42 ¶ Alt 701.8 mm Hg
2 Newihstrument Instrument Recelved flWithhnToder.+-10% 01O-20% 0 Out of Tol. C RequiringRepair fJOther-Seecornments

7 Mechanical ck. ' Metet Zeroed E Background S'utract - S Input Sens. Lnearity
7 f/S Resp. ck 7 Reset ck. g Window Operation * Gebtroplsm
*7 Audio ck. E Alarm Setting ck. B Batt. ck. (Min. Volt) _4.4VDC
2 Cafibrated In accordance with LMI SOP 14.8 rev 12105/89. 0 Callbroted In accordance with LMI SOP 14.9 rev 02/07/97.

Thieshold m
strument Volt Set Comments V Input Sens. Comnent mV Det. Oper.Q onrents V at _AW hnV Dial Ratio m

HVReadout (2 points) Ref./Inst. 500 I V Ref./Inst. 2000 IV

"OMMENTS:

High Voltage:
Threshold dial:

Window dial:
Window Position:

lesoiution for Csl37:

Peak settings
625v
642

40
"9 IN"
W9.1 %

Gross Counts
950
100 (l0mv)
n/a
"OUT"
n/a

Model 2221 currently set for peaking.

High voltage set with detector connected.

Firmware:261072

.

w. a Cdbrd5n- GM4 ddedcb postoned peqpencuaar So scuiacepe~o~ tM 44-0 in Wich 3te fmon dt pebe lace sourc.

t, REFERENCE NTRUMENT'REC'D
FOUND READING'1%1. RANGE/MULTIPUER

'X1K
X 1K
X 100
X 100
X 10
X 10
X1
X1

C'Al PC)INT- NA5q
400kcom

, b_

. .

100kcpm
40kcpm
10kcp~m
* 4kcpm

l kc p m -
~400cpm
I rn- nm

b ';~RIMNT"

METER READING*
!. yWo
*, too

-. Mem

ft -

?Y

*Uncertainty witN* I OX C.F. vtth* ±20* - ALL Range(s) Calibrated Electronically
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT! INSTRUMENT
CAL POINT RECEIVED METER READING* CAL POINT RECEIVED METER READING'

IgItal Log
Jaolut 40kcpm p/003goL Sce _00k1cpm ._.____

40kcpm yo( 0kcpm o
4kcpmV4W. 5kcpm .5

40cm " D ° 00cpm ' ' 0#
4Ocpm ^ f' , 50cpm §<

oum tMeosnnf r nc artffs thot the above t~nrnt has been clbeawd by dcndords troccb to lho tkomcd Vrfuteofd Stmckrds cnd Tedviology. cr lo the cdbrok rcnes od
tw iernate Sh tdcis Oroantzoftn ffwbem or have tzeon cbNd from a ceped osu of nakolv rt~~d constcntorh a ve beoen dcrnved bzy th qnlo typeo dcclbration tchkf
e covctionsyfem conbnm to th reqjL~rrets o(AWNCSL Z540-11-1994 aid ANSI t4323 1978 State of Texas Caobxatin Ucem~ No. LO1963

reference Instruments and/or Sources:
:s-I37GCornaS/N 01162 OG112 OM565 05105 OT106 OT879 OE552 OE551 0720 0734 01616 E

'\Ipha S/N BetaS/N . ' Other

.ii&X500SIN 38120 '1] Osclloscope S/N t MultimeterS/N_

p Neutron Ax-241 Be S/N T-304

Am241-1 .66uCl

78401 030

Calibrated By: ; ns E=r
I 1�0 on/n��

Date f1'Alt'

Date l1 MReviewed By: -o
This ceftificofe Zol not be reprioduced except Inl MLU v^OLA RV wdffo approval of LuJCatrl Moastxemetits. rc AC Inst. [ Passed Dielectric (i-Pot) and Continuity Test



IIMI Designer and Manufoctwer
of

Sclenlific ond Industdba
Instruments

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 325235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER. TEXAS 79556. U.S.A.

Bench Test Data For Detector

Detector 44-10 Seral No. 2ZP7A~l .

Customer WAYPOINT TECHNOLOGY GROUP

Counter 2221 Serial No. ZZ6YZ/

Order #. 235778

Counter Input Sensitivty ' 3( mV

Distance Source to Detector - ZernCount Trime 4.u ,*Id(

Other

Hgh
Voltage Background

Isotope A -V/ Isotope
Size L,,; Size

Isotope
Size _

Isotope
Size

i0 .sz9 //637 .__ _ __ _ _ .__._ ___

/ • flo _ _ _ _ _ _ _ _ _ _ _ _ _ _. _

;4~ J S 3 0 _ _ _ _ _ _ _ _ .__ _ _ _ _ _ _ _ _ _

zere Ss //r . .

___________________ _______________________ ____________________________________ ___________________________________ _________________._________

K�kt
Signature Date /Z-A - n %

DtlM C4A 04/09I2aO3
* ServingTheNucleorIndustrySince 1962 .



AC- C
Form HPMWM-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 7

C

Instrument Model: 2221

Instrument SIN: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source SIN: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
_ ,. ..

Acceptable Range:
(Refer to Penn E&RIHPMIM-2-1-1)

287,854 + 2a 293,373 + 3a
*11* II

Calibration Due: 5117106 11 CONTACT 265.777 - 2a 260.259 -3:

I
2

3
4

5

6

I___ . _ __,_ - - -. __ _ __ S 1 1 __ _,__ __

| Background 1 Source SNetsource| Batt check
[Time Date | Count Rate I Count Rate ICountRate Technician W/IN +/- 2a (volts) WIN +1-3a

6:00 6/15/2005 9,318 279,823 270,505 DD YES 6.0 YES
6:35 6/16/2005 9,225 288,902 279,677 DD YES 5.9 YES

6:40 6/17/2005 9,374 290,596 281,222 DD YES 5.8 YES

6:50 6/20/2005 8,775 289,659 280,884 DD YES 5.8 YES

6:30 6/21/2005 9,220 285,237 276,017 DD YES 5.8 YES

63 6/22/2005 9,074 289,986 280,912 DD - YES 5.8 YES

lComments: Background 5 minute count. Source check 1 minute count.
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C
Form HPMIM-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
II. I,

Acceptable Range:
(Refer to Penn E&R/HPMIM-2-1-1)

9,617+2a 9,747 + 3a
*II. II

Calibration Due: 5/17/06 11 6 INCHES 9,096 - 2a 8,967 - 3a

I

2

3

4

5

6

l _ _ _ I. I

|Background I Source I Net Source I Batt check
Ti Date I Count Rate j Count Rate ICount RateI Technician W/IN +1- 2a (volts) MWIN +1- 3a

6:00 6/15/2005 9,318 18,648 9,330 DD YES 6.0 YES

6:35 6/16/2005 9,225 18,692 9,467 DD YES 5.8 YES

6:40 6/17/2005 9,374 18,932 9,558 DD YES 5.8 YES

6:50 6/20/2005 8,775 18,399 9,624 DD NO 5.8 YES

6:30 6/21/2005 9,220 18,723 | 9,503 | DD YES 5.8 YES

6:30 6/22/2005 9,074 18,701 | 9,627 | DD NO 5.8 YES

IComments: Background 5 minute count. Source check 1 minute count.
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APPENDIX A-17

SURVEY UNIT KAISER-FSS-017



Appendix A-1 7, Table A-1 7-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-017
Thorium Remediation Project

Tulsa. Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

C

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector ModellType Number Number Calibration Period FSS-017 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -

Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 216521 PR226935 05/17/05 to 05/17/06 07/06/05 to 07/08/05 Survey.

Page 1



APPENDIX A-17-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 216521 (meter) and PR226935 (detector)



h�I
Designer and Manufocturer

of
Scientific and Industrial

Instruments CERTIFICATE OF CALIBRATION

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER, TEXAS 79556. U.S.A.

ORDER NO.: 235778CUSTOMER WAYPOINT TECHNOLOGY. GROUP

Ludlum Measurements. Inc. Model 2221 Serial No. Z//6 2/

Mfg. Ludlum Meosurements. Inc. Model 44-10 Serial No. 27iC;s

Cal. Date 17-Mova-5 Col Due Date 17-Moy- Col. Intervd 1 Year Meterface 202-159

neck mark Ifapplies to applicable Instr. and/or detector lAW mfg. spec. T. 71 *F RH 42 9 Alt 701.8 mm Hg

New Instrument Instrument Received a]Withn Toler. +-10% 0 10-20% []Out of Tol. Q Requiring Repair [Other-See comments

1 Mechanicalck 7 MetetZeroed : 5 Backiground Subtact . Input Sens. Linearity
7 F/S Resp. ck * Reset ck. g Window Operaiaon - Gebtropism
7 Audio ck. [A]orm Setting ck. B Batt. ck. (Min. Volt) _.A4 A.VDC
3 Calibrated In accordance with iMI SOP 14.8 rev 12/05189. Calibrated In accordance with LMI SOP 14.9 rev 02/07197.

Threshoid mV
strument Volt Set Comments V Input Sens. Cornynent mV Det. Oper. Commnents V at Dial Ratio =

W HVReadout (2 points) Ref./inst. 500 / V Ref.lnst. 2000 I V

'OMMENTS:
Peak settings

High Voltage: 625v
Threshold dial: 642

Window dial: 40
Window Position: "IN"

tesolution for Cs137: k9.1 %

Gross Counts
950
100(lOmv)
n/a
"OUT"
n/a

I

Model 2221-currently set ifor peaking.

High voltage set with detector connected.

Firmware:261072

*~;dCagb~ GM4 detecor positwWe perpeldcular lo sougc aeaep IXM 4442 In wtich fte fltrd of probe bme sowe.
i

RANGE/MULlIPUER
X 1K
X 1K
X 100
X 100
X10

_X 10
X1
X I

REFERENCE"
CAL POINT-

400kcpm
100kcpm
40kcpm
10kcpm
.4kcpmn
lkcpm

400cpm
loocpm

-uAth~i + -

INSTRUMENT REC'D
"AS FOUND READINGw

* INSTRUMENT
METER READING

I&9! W-4.iw

* w

R o s a
,io

Range(s) Callbrated Elec~ronilcollyIJ~rw-MntvAft*, n 1M C('r AMl

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT ! INSTRUMENT
CAL POINT RECEIVED METER READING* CAL POINT RECEIVED METER READING'

IgitalLo
eadout 400kcpm 1=3L1L Scale 500kcpm

40kcpm, , 60kcpm j5o
4kcpm 40 6 kcpm 5

400mom 6Y 00cpm *
40cp 60c0Jpm !

uTrn Meoyswe t nc ceitttOS that the above hshent has beon cdbrotd by standach troced*A to the Nattoa snttute d Standccds ond Techology. or to the cogxhonfocne of
her Inteadtrrd Stodadorch OrCgonzolon mfrberxn or hce boon doenvd from accepted vdues o natol phyrsicd constants or me been defted by the ro type of crotbron tectrim
e cobrottonsstsenmcontormsrtothe reqtrnents of ANS/N Z 1 -1 994 adANSA N323-1978 State of TexosCabrtion License No. LO-1963

Zeference Instrumonts and/or Sources:
-s-137 GommmSIN 01162 OG112 [JM565 55105 OT100B OTa879 E552 OJE§51 0720 0734 01616

JIphaS/N 0 BetaS/N . Other

(A *h 50S/N 38120 . z OscInoscope S/ Wm [ Mutfimeter S/N

-

P] Neutron Arm-241 Be S/N T-304

!Arn241-1.66,CI
M -

1 78401030 _

Calibiated By:

Reviewed By:

Date t7.r-

Date 11 [ aka aL
I Irs certifcote Mhat not be reproduced except In lullt wthout the

I - -. . I . . .

I I.,

I AC Inst. Cl Passed Dieleciric (Hi-Pot) and Contimnity Test |I - .. -I



IL�I Desgner and Manufacturer
of

Scbntific and Industrial
Instruments

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 P. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEE1WATER, TEXAS 79556. U.S.A.

Bench Test Data For Detector

Detector 44-10 Serial No. -? Zzje5

Customer WAYPOINT TECHNOLOGY GROUP

Counter 2221 Serial No. Z/ 6;1f

Order #, 235778

Counter Input SensItivity ' 3. . mV

Distance Source to Detector . -_ _ _ _ _ _ _

. I

Count Time 4..-JZ aft:�

Other

High
Voltage Background

Isotope .e_&.a'b• / Isotope
Size / Size_________

Isotope
Size _

Isotope
. Size

-S o . s L L . _ _ _ _ _ _ _ _ _ ._ _ _ _ _ _ ._ _ _ _ _

gfoo 11/63 7 ._ _ _ __ _ _ :_ __ __,

.- a - - - s3o _ _ _ _ __._._ ._ ;

4L rL S ssQ if ? .~s . _ _ _ _

I/8 _________________________________.__

. . .. .- ,.

.' ., . . ,____________________________

Signature Date /4-A v - n S
*F- - __ - - -

)?M C4A 04/09/20f3
* Serving The NuclearIndustry Since 1962 .



C
Form HPM/M-2-l-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma

Acceptable Range:
(Refer to Penn E&RfHPM/M-2-1-1)

287,854 + 2a 1I 293,373 + 3a11
rC:;ihrnqtinn ntiA. 5/1 7/06 CONTACT 265.777 - 2a 11 260.259 - 3a 11

I

2
. 3

II A_. V___gw _ - __ _, .. __ |l__ __I__ ___ _ _ _ dU_ ___ Jlo

F | Background 1 Source ]Net Source Batt check
j Time Date Count Rate | Count Rate [Count Rate[ TechnicIan W/IN +/- 2a (volts) WIIN +1- 3a

6:05 7/6/2005 9,331 291,879 282,548 DD Yes 5.7 Yes

6:55 7/7/2005 9,815 286,206 276,391 DD Yes 5.6 Yes

7:40 7/8/2005 9,049 293,824 284,775 DD Yes 5.6 Yes

IComments: Background 5 minute count. Source check 1 minute count.

Page 1



(2 C
Form HPMWM-2-6-1

Daily Check Log for Ludlum Model 2221 wAth 44-10 Detector
Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
Acceptable Range:

(Refer to Penn E&RIHPMj'W2-1-1)
9,617+2a II 9,747 + 3a l|

Calibration Due: 5/17/06 6 INCHES 9,096 - 2a || 8,967 - 3a ||

2

2
3

| Background I Source I Net Source Batt check
Time][ Date I Count Rate I Count Rate I Count Rate| Technician WIIN +/- 2a (volts) W/IN +/- 3a

6:05 7/6/2005 9,331 18,836 9,505 DD Yes 5.7 Yes

6:55 7/7/2005 9,815 19,535 9,720 DD No 5.4 Yes

, 7:40 7/8/2005 9,049 18,334 9,285 DD Yes 5.6 Yes

IComments: Background 5 minute count. Source check 1 minute count.

Page 1



APPENDIX A-18

SURVEY UNIT KAISER-FSS-018



Appendix A-18, Table A-18-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-018
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

i-

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector ModeIlType Number Number Calibration Period FSS-018 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -

Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 216521 PR226935 05/17/05 to 05/17/06 08/8/05 to 08/19/05 Survey.

Page 1



APPENDIX A-18-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 216521 (meter) and PR226935 (detector)



DesgnerndM ufcturer , / LUDLUM MEASUREMENTS, INC.
Scientific and knd~istsial POST OFFICE BOX 81 0 PH. 325-235-5494

Instruments CER7IFICATE OF CALIBRATION 501 OFKIRE 8 FAXNO 325235-4672

SWEETWATER, TEXAS; 79556, U.SA.
CUSTOMER WAYPOINT TECHNOLOGY-GROUP ORDER NO., 235778

y Ludlum Measurements. Inc. Model 2221 Serial No. 2/2 •2/
g. Ludlum Measurements., Inc. Model 44-10 Serial No. 2Z;S4~f

Cal. Date 17-May-0 Cdl Due Date 17-May-06 Cal. nterval Year Meterfoce 202-159

neck mark opplies to applicable instr. and/or detector 1AW mfg. spec. T. 7L. °F RH 42 9! At 701.8 mm Hg

New Ihstrunent Instrument Received [ Wlthin Toler. +-10% 010-20% [3 Out of To. n Requiring Repoir [3 Other-See comments

g Mechanical ck.:- ' MeterZeroed ' Background Subitact ; - - Input Sens.Linearity
7 F/S Resp. ck ' 2' Reset ck. [ Window OperatWn g Geitropism

' Audio ck. ] Alam Setting ck. 7 Batt. ck. (Min. Volt) 4.4AVDC

| Calibrated In accordance with LMI SOP 14.8 rev 12/05/89. ] Calbroted In accordance with LMI SOP 14.9 rev 02/07/97.
Thireshold V

strument Volt Set Comnents V Input Sens. Comnent mV Det. Oper. Comments V at _2&~nAfnV Dial Ratio

[ HVReadout (2 points) Ref.Anst. 500 / L .0 . V Ref./Inst. 2000 v

,OMMENTS:

High Voltage:
* Threshold dial:

Window dial:
Window Position:

tesoiution for Cs137:

Peak settings
625v
642

40
$#IN"
-9.1 %

Gross Counts
950
100lr0my)
n/a
"OUT"
n/a

Model 2221-currently set ;or peaking.

High voltage set with detector connected.

Firmware:261072

mnaCabra$osLGM 0te*(es posbone~pd a esiar to smwx exrA forM 44-29 i wich ft Isfd ofprbe faes soa.
. .... .... . . . .. .. .. .

. .

RANGE/MULTIPUER
X 1XK
X 1K
X 100
X 100
X 10
X10
X1
X I

REFERENCE
CAL POINT

400kcom

. . . S . .

INSTRUMENT REC'D
PAS FOUND READING'

100kcpm
40kcpm
1Okcpm
* 4kcpm
* 1 kcPm

400cpm
1 fOcnm

' INSTRUMENT-" ' ''
METER READING*

yoo
. ;1o
, 0
/.a-,
ft

4,oo
K,00

;na
I

'Uncedalntywfth* ±10% C.F. wlthh ± 20%- ALL Range(s) Calibrated Eleclronically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT ! INSTRUMENT
CAL POINT RECEIVED METER READING* CAL POINT RECEIVED METER READING'

IgItal Log
aodolut 400kcpEm _______ le 500kcpm'a

*40kcpm ig~~g '50kcpmj k
4kcpm ' &z ~ kcpm .S

400com o .,600cpm ' 0t

40cpm Y °J. m .

adn hWoaerneft hic. cariftes thct the dcbove kthient has boen cartd by stc ndads troce~la to th- Notlond k-tttute d adacs aond Tec xkW or to the cdIxallon tocalts d
her hitemrond Stndrcs Orgczotlon rnteox or have bon der d from accepled vuos af notsd pw*d constats or he boew dwt by the 0ato type o ccdbrOtton tectslu
e colbrotlon sstem coarm to the reQkernenfs of AfNcSLZ540-t-1994 =W AI t423-1978 State of Texas fxolbation Ucertse No. LO-I 963

-

teference Instruments and/or Sources:
:s-137GonnrS/N 01162 OG112 0M565 05105 EOT1008 OT879 OE552 0E551 0720 ]0734 01616

'NIpha S/N Beta S/N _ Other

90 .t500 S/N 38120 ' [ Oscilloscope S/lN Muttimeter S/N.

p Neutron Arn-241 Be SIN T-304

' Am241-1.6&rCl

78401030 _

Z. - /-I.nlA LJ-f'A Bv'
Y, -- - --

.1 - - -

op/a,�i
_ .

Date .LZ' 1r-0z' .

Date 1f1 Ml"6Reviewed By: .
Lc)

INs cerlificate sxd not be reproduced oxcept hI lull. wthout tho wrltten opprovci of Ludun Moosuemonts. h-c. | AC Ist. El Passed Dielectric 0-li-Pot) and Continuity Test |I *.. -I



I�I Designer and Moanfacturer
of

Scnfrific and Industria
Instnxnents

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER, TEXAS 79556. U.S.A.

Bench Test Data For Detector

Detector 44-10 Serial No. -A ZZh4 '33
Customer WAYPOINT TECHNOLOGY GROUP

Counter 2221 Serial No. LZ fZ6

Order #. 235778

Counter Input Sensitivity K3 . . mV

Distance Source to Detector . - ZeA'Count Time 'tO/tfmw
__

Other

High
Voltage Background

Isotope t Isotope.
Slize Sze_____ _ Se

Isotope .
Size .

Isotope
i Size

.~ .f d _ _ _ _ _

11 ~sJ 63 7 .__.__:___

. , 4 1 L .. ..Q L' _ _ _ _ _

.. ,

_______________________________________________________ _______________________________________________________ _______________________________________________________ I____________________________________________!

______. ;__ _ _ _ _ _ _ _ _ _

i%,0r

Signature Date Z-JA Sf n If

DRM C4A 041W/203
* ServingTheNuclearlndustrySince 1962 .
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1E

Form HPM/M-2-6-1
Daily Check Log for Ludlum 2221 with 44-10 Detector

Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma

Acceptable Range: 287,854 + 2a _ _ 293,373 + 3a |
(Referto Penn E&r"HPM/M-2.1-1) 265,777 - 2a || 260,259 - 3a ||Calibration Due: 5/17/06 CONTACT

1
1le

2

4

9I

E

7

E

-. .________ .L

1 1 Background Source Net Source I Batt check
| Time Date Count Rate Count Rate Count Rate Technician W/IN +/- 2a (volts) W/IN +/- 3a

6:25 8/8/2005 9,565 295,581 286,016 DD YES 5.4 YES

6:30 8/9/2005 9,556 297,262 287,706 DD YES 5.4 YES

1 6:30 8/10/2005 9,618 295,708 286,090 DD YES 5.4 YES

6:35 8/11/2005 9,762 297,234 287,422 DD YES 5.4 YES

6:25 8/12/2005 9,663 297,018 287,355 DD YES 5.3 YES

6:30 8/17/2005 9,093 299,507 290,414 DD NO 5.3 YES

6:35 8/18/2005 9,435 298,617 289,182 DD NO 5.3 YES
6:30 8/19/2005 9,324 294,450 285,126 DD YES 5.3 YES

lComments: Background 5 minute count. Source check I minute count.

Page 1
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Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-1 37 sn: 547

Source DPM: N/A

Radiation Detected: gamma
.1. �I. - -

Acceptable Range:
(Refer to Penn E&RIHPM/M-2-1-1)

9.943 + 2a
II.

_ 10,202 + 3|

| 8.648 - 3a ||Calibhrtion Diue: 5/17/06 R INCHES 8.908 - 2a

I

E

7

l ___ -_.___ __ ___ .I , _ ____ __ l -. , L *

1 Background [Source |Net Source|l Batt check
| Time Date Count Rate | Count Rate ICount Rate| Technician MWIN +1- 2a (volts) W/IN +1-3a

6:25 8/8/2005 9,565 18,752 9,187 DD YES 5.4 YES

6:30 8/9/2005 9,556 19,108 9,552 DD YES 5.4 YES

6:30 8/10/2005 9,618 19,155 9,537 DD YES 5.4 YES

6:35 8/11/2005 9,762 19,296 9,534 DD YES 5.4 YES

; 6:25 8/12/2005 9,663 19,006 9,343 DD YES 5.3 YES

6:30 8/17/2005 9,093 18,670 9,577 DD YES 5.3 YES

6:35 8/18/2005 9,435 18,858 9,423 DD YES 5.3 YES

6:30 8/19/2005 9,324 18,744 9,420 DD YES 5.3 YES

IComments: Background 5 minute count. Source check 1 minute count.

Page 1



APPENDIX A-19

SURVEY UNIT KAISER-FSS-019



/1-

Appendix A-19, Table A-19-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-019
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser.
Detector Model/Type Number Number Calibration Period FSS.019 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -
Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 216521 PR226935 05/17/05 to 05/17/06 08/8/05 to 08/25/05 Survey.

Page 1



APPENDIX A-19-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 216521 (meter) and PR226935 (detector)



_ Designerand Manrvoc-ter . . -. LUDWM MEASUREMENTS, INC.

I Scientific and Incidalai POST OFFICE BOX 8io PH. 325-235-5494
m Ittruments CEROFFCATEQFCALIBRATION 501 OAK STREET FAX NO. 325-235-4672

SWEETWATER, TEXAS 79556. U.S.A.
CUSTOMER WAYPOINT TECHNOLOGY GROUP ORDER NO. 235778

y Ludlum Measurements, Inc. Model 2221 Serial No. Z/ •2/
Mfg. Ludlum Measurements. Inc. Model 44-10 SerIal No. .S/ 7^Z 4,f

Cal. Date 17-Mav-05 Cal Due Date 17-May-06 Cal. knterval I Year Meterfoce 202-159

ieck mark 9oppies to applicable Instr. and/or detector LAW mfg. spec. T. 71 . °F RH 42 Alt 7018 rmm Hg

New Instrument Instrument Received 5 Within Toler. .1-0% 10-20% 0 Out of Tol. 5 Requiring Repair [l Other-See comments

7 Mechanicdlck. ,' MeterZeroed [-E] Bockground Sutbtrct * * Inpit Sens. Linearity
7 F/S Resp. ck * Reset ck. 3 Window Operatlon , Gebtropism
7 Audio ck. Alarm Setting ck. jf; Batt. ck. (Min. Volt) 4.4AVDC:
2 Calibrated In accordance with LMI SOP 14.8 rev 12/05/89. 0 Caflbroted In accordance with LMI SOP 14.9 rbv 02/07/97.

Thieshold myV
strument Volt Set Comnnents V Input Sens. Comrnment mV Det. Oper. Comments V at _a&fnV Didl Ratio_ __ __

[W HV Readout (2 points) Ref.llnst. 500 /I f .. V Ref./Inst. 2000 I /S'9 . V

OMMENTS:

. High Voltage:
Threshold dial:

Window dial:
Window Position:

tesolution for Cs137:

Peak settings
625v
642 -
40

"IN"
.W9.1 %

Gross Counts
950
100 (lOmv)
n/a
"fOUT"
n/a

Model 2221 currently set !for peaking.

High voltage set with detector connected.

Firmware:261072

. i

.CNbrdon Gll dtd edm peqpeu b s e emeoo orM 44-9 i Wich 1ie frnt of prbe fe sxe

REFERENCE: INS INSTRUMENTWRIJMENT REC'D
FOUND READING'114'LJ RANGE/MULniPUER

X 1K
X1K
X100
X 100

* X10
X10

*~ X1
X1I

CAL POINT- "A

400kcpm .
400kcpm
4Okcpm
40kcpm
l kcpm
Ikcim

400cpm
lOOcpm

INSfRUMIENT: :.''
METER READING*

! We

, i02

40
.1'~

*Urneddnty wtttln * 10; CF.wttNn* 20% ALL Range(s) Calibrated Electronically
REFERENCE INSTRUMENT * INSTRUMENT REFERENCE INSTRUMENT I INSTRUMENT
CAL POINT RECEIVED METER READING* CAL POINT RECEIVED METER READING*

Badout 400kcpm ___ _ 5o00kcpmg
*40kcpm 6oS( 0kcpm ,vo

4kcpm . 4o6* kcpm . k
400ctm -l _ _ ScaOe cpm-J
40cpm 50cpm

Ckin Meos.merrts hc. cttfis thot the above kt wnt has been cdboa d bystakbrds traceob to the Nond kitue ct r kdscx ondTechnology. oa to the r dbraon tatces dt
the hntemattd Stdacds Orolzotkon melfr or hove boen dortmd from accepted vdLus d ntlud Fpycd constads or have boeen rded by the rmo type Or Cdbt techrMs.
eco bratolon stemcOn tothe reqrents do oN/NCSL2S4D-1-1994 and AtI323-1978 State of Texas CalUbration Ucerse No. LO-1 963

-

Meference Instruments and/or Sources:
:s-137GorwnaS/N 01162 OG112 5M565 (5105 OT1008 OT879 OE552 IE551 0720 0734 01616

K "Ipha S/N__ Beta SlN . Other

Lt .A 5Q0 SIN 38120 ' 5 Osclloscope S/IN Multimeter S/tN

p Neutron Am-,241 Be SIN T-304

;

* 78401030

Z. L.. -f.-liF+A DY- Date. A L - -.1,M&A W-WU O}Y - -,-

t}(z~hx o Of UTPReviewed By: Date 11 M )
L)_

Is cOelficao sho not be roProdmucod except h fsi. wVtlout thei writo rova of LdJI MO=LsosInts hc.
. .. ... ...... d 10V1 LC m m n I AC Inst. ._ Passed Dielectric (Hi-Pot) and Continuity Test



I'~I Desiger ard Marviocturer
_ of
_ Sckanflr- and Industdo

Instnxnents

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 81 0 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER, TEXAS 79556. U.S.A.

Bench Test Data For Detector

Detector 44-10 Serial No. A zZA'7'JX

Customer WAYPOINT TECHNOLOGY GROUP

.Counter 2221 Serial No. ./6S-Z

Order'#. 235778

Counter Input Sensitivty $L- * mV

Distance Source to Detector . ' ?el"Count Time 4--- j-z 02sd
* Other

Hgh
Voltage Background

Isotope - Isotope Isotope --
Size / ,-; Size . _ Size

Isotope
. Size

8 0 ; • z 9 _ _ _ _ _ __ _ _ _ _ _ _ _

//gf.SZ9_//63_7_.
O r0 _ __o __ _ _ _ _ _ _

... J # I . S 3 ° __ ._ _._._ _._.

/ M . __ _ _ ___ _ _ _ __._._.

' 1/89 0/ -4-

. . . . ,-.

. ._ __!_ _.

.. ,,____.,____.___._______._______.. . . . . _____

4

Signature Date 14-A (e - n S
00f - -

DOM C4A 04I/912003
* Servng The Nuclear lndustry Since 1962 .



I.,

Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 7

I ..l

Instrument Model:

Instrument S/N:

Detector Model:

Detector S/N:

Calibration Due:

2221 Source S/N:

216521 Source DPM:

44-10 Radiation Detected:

PR226935 Acceptable Range:
517/06 CONTACT (Refer to Penn E&RIHPMIM-2-1-1)

Cs-137 sn: 547

N/A

gamma

287,854 + 2a
265,777 - 2a

1 6:25 8/8/2005

2 6:30 8/9/2005

3 6:30 8/10/2005

4 6:35 8/11/2005

5 6:25 8/12/2005

6 6:30 8/17/2005

7 6:35 8/18/2005

8 6:30 8/19/2005

9 6:30 8/22/2005

10 6:40 8/23/2005

11 6:30 8/24/2005

12 6:40 8/25/2005

| Background I Source INetSource| |
I Count Rate I Count Rate ICount Rates Technician W/IN +1- 2a

_4-

_ _

-I-

_ _

_I

_

9,565

9,556

9,618

9,762

9,663

9,093

9,435

9,324

9,545

9,401

9,464

9,384

_4-

_ -

-_--

_ _

-4-

_ _

295,581

297,262

295,708

297,234

297,018

299,507

298,617

294,450

290,356

291,858

293,561

297,651

_ _

-4-

-4_

_ _

-4-

-4-

286,016

287,706

286,090

287,422

287,355

290,414

289,182

285,126

280,811

282,457

284,097

288,267

-4

-4

-9

-4

-1-

-4----

DD

DD

DD

DD

DD

DD

DD

DD

DD

DD

DD

DD

.

.

-

YES

YES

YES

YES

YES

NO

NO

YES

YES

YES

YES
NO

1293,373 + 3a 1

1260,259-3a1

tB aft ch eck

(v.ots) WIN +/- 3a

5.4 YES

5.4 YES

5.4 YES

5.4 YES

5.3 YES

5.3 YES l
5.3 YES l

_ 5.3 YE S

6.3 YES

6.2 YES

_4- _ _ _ _-

_4- _ _ _i_ _ _--

_-_ -4- -4- _-

-_- -4-- -4- _-

_ _ _ _ _ _ _-

_ 
_ _ 

, 
NO

IComments: Background 5 minute count. Source check 1 minute count.

Page 1
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tl--
Form HPM/M-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-1 37 sn: 547

Source DPM: N/A

Radiation Detected: camma

6 INCHES

Acceptable Range:
(Refer to Penn E&RIHPMIM-2-1. 1)

4. �-' 41. -

9.943 + 2a
, ._ .

1 10,202 + 3

1 8,648 - 3aCalibration Due: 5/17/06 8,908 - 2a

I

E

c

1C

1V

-__ _ ._._ ..__ ._ . . '. _ . .L ___ _ . 11

| Background Source Net Source| Batt check
Time | Date Count Rate Count Rate Count Rate Technician W/IN +/- 2e (volts) W/IN +/- 3a

6:25 8/8/2005 9,565 18,752 9,187 DD YES 5.4 YES
6:30 8/9/2005 9,556 19,108 9,552 DD YES 5.4 YES

3 6:30 8/10/2005 9,618 19,155 9,537 DD YES 5.4 YES
4 6:35 8/11/2005 9,762 19,296 9,534 DD YES 5.4 YES
5 6:25 8/12/2005 9,663 19,006 9,343 DD YES 5.3 YES
B 6:30 8/17/2005 9,093 18,670 9,577 DD YES 5.3 YES

6:35 8/18/2005 9,435 18,858 9,423 DD YES 5.3 YES
6:30 8/19/2005 9,324 18,744 9,420 DD YES 5.3 YES
6:30 8/22/2005 9,545 18,669 9,345 DD YES 5.3 YES
6:40 8/23/2005 9,401 18,735 9,338 DD YES 6.2 YES

1 6:30 8/24/2005 9,464 18,812 9,348 DD YES 6.3 YES
| 6:40 8/25/2005 9,384 18,893 9,509 DD YES 6.2 YES

lComments: Rne-kerimnd 5t minute co unt. Source check 1 minute count.I cwry u v

Page 1



APPENDIX A-20

SURVEY UNIT KAISER-FSS-020



C
Appendix A-20, Table A-20-1

Final Status Survey Instrument Summary
Survey Unit Kaiser-FSS-020
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

r~

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector Model/Type Number Number Calibration Period FSS-020 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -
Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 157032 PR206809 02/14/05 to 02/14/06 09/30/05 to 10/06/05 Survey.
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -
Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 216521 PR226935 05/17/05 to 05/17/06 09(30/05 to 10/07/05 Survey.

Page 1



APPENDIX A-20-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 157032 (meter) and PR206809 (detector)



U CERTIFICATE OF CALIBRATION
ENERCON Services, Inc.
650-1 Seco Road
Monroeville, PA 15146
Ph. 412-373-8455
Fax 412-373-5930

Customer: Enercon Services Inc. . Order No.P.(6.# PA-400-4072
Mfg.: Ludlum Model 2221 Seiiaoo.:157032__
Cal Date: 02/14/05 Cal Due Date: 02/14/06_Cal. Interval 12 mo.'s Meterface 202-159

Check mark [O applies to applicable instruments and/or detector. lAW Mfg. Spec. T 72.5 _°F RH 26 % Alt. 1120 Ft.

MNvJaelteatW InstrumentReceived Z)WithinToer+/-10. 00-20.% QOutofTol. ORequiringRepair Other.SeCCornment
gMechanical Ckc 9Meter Zeroed []Background Subtract tIlnput Sens. Linearity
AF/S Resp. OK 'EReset Ck. LWindow Operation OGeotropism

[1Audio. CL []Alarm Setting Ck. 95Batt. Ck. (Min. Volt) 6.1 VDC
1ACalibrated in accordance with ECL 205-1 Rev. 0 1/23/03
Instrument Volt Set 1000, V Input Sens. 10 MV
Det. Oper. N/A Vat N/A mV ThresholdDialRatio 10 100 0
DJHV Readout (2 points) RefJInst. 504 500 V Refllnst 2000 / 1999

COMMENTS: Digital Calibration done using a 0.1 minute count time. Results reflect that count time.

Ganma Calibration: GM detectors positioned perpendicular to source except for M44-9 in which the front of probe faces source.

RANGEI REFERENCE INSTRUMENT REC'D INSTRUMENT METER
MUJLllPLER CAL. POINT "AS FOUND READING" READING*

. XIK 400 Kcpm 400 Kcprn 400 Kcpm
* XIK 200 Kcpm 200 Kcpm 200 Kcpm

XIK 100 Kcpm 90 Kcpm 90 Kcpm
X100 40 Kcpm .40 Kcpm 40 Kcpm
X100 20 Kcpm 20 Kcpm 20 Kcpm
X100 I0 Kcpm IOKcpm 10 Kcpm

X10 4 Kcpm 4 Kcpm 4 Kcpm
X10 2 Kcpm 2 Kcpm 2 Kcpm
X10 I Kcpm I Kcpm I Kcpm

. Xi 400 cpm 400 pm 400cpm
Xi 200 cpm 200 cpm 200 cpm
Xi 100 Icp 00 cpm 100 Cpm

*Uncertainty within ±20%

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL POINT RECEIVED METrER READING$ CALI POINT RECEIVED MET`ER READING

Digital Log
Readout 400 cpm 40 cpm Scale 50 cpm 50 cpm

400 Kcpm 39557 cpm 500 Kcpm 500 Kcpm 500 Kcpmn
40 Kcpm 3956 cpm . 50 Kcpm 50 Kcpm 50 Kcpm
4 Kcpm 395 cpm 5 Kcpm S Kcpm 5 Kcpm

40 cpm 4 cpm 500 cpm 500 cpm S00 cpm

rkK1N.r4 aervces, sac. ce tirun mat the aDove Instrunent bas been calbated by Standards tracable to the National Institute of Stand and Technology or to the
caltbation baility other Intenaional Standards Organization memnbes or have been deived from accepted values or natural physical comraints or have beet derived by the
ratio type of calibration technology. The calibration system conforms to the requirements of ANSI INCSL Zs40-1 1994 and ANSI N323-1 978.

Reference Instruments and/or Sources:
Cs-137 Gamma S/N E16205GF
Q Alpha SIN OBeta SIN []Other

.M 500/SIN 187460 Q]Oscilloscope S/N __Multimeter S/N 020513278

CalibratedBy. R. Shank k, v& Date: 02/14105

Reviewed By: Date:

AC Inst. 0 Passed Dielectric (hi-Pot) and Continuity

Only E Failed



PLATEAU

Instrument: Ludlum
Model No, 2221
Serial No. 157032

Probe: 44-10
Serial No. PR206809

DATE:
Source:

Serial No.
Strength:

211412005
Cs137

03-95 2485
0.79uCi

Background
Count (cpm)

Source
Count (cpm)

H.V.

I
2

.3
4
5
6
7
8
9
10
*11
12
-13
14
15
16
17
18
19
20

2110
2023
2145
2193
2275
2514
2456
2488
2562
2512
2529
2416
2514

83144 700
85332 725
86609 750
88120 775
91113 800
94549 825
94875 850
95566 875
96575 900
96942 925
96763 950
97113 975
97531 1000

1025
1050
1075
1100
1150
1200
1250



C41 C
Form HPM/M-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 5

Instrument Model: 2221

Instrument S/N: 157032

Detector Model: 44-10

Detector S/N: PR206809

Calibration Due: 2114/06

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
4. .- , II - -

Acceptable Range:
(Refer to Penn E&RFHPM/M-2-1 1)

269,265 + 2a || 271,076 + 3a 11

CONTACT 262,026 - 2a || 260,216 - 3a ||

I

2

3

4

5

I | Background 1 Source fNet Source 1 Batt check l
Time Date | Count Rate | Count Rate ICount Rate| Technician W/IN +1- 2a (volts) W/IN +/- 3a
7:30 9/30/2005 9,061 275,150 266,089 DD YES 5.7 YES

8:05 10/3/2005 9,137 279,165 270,028 DD NO 5.6 YES

6:35 10/4/2005 9,090 278,669 269,579 DD NO 5.6 YES

6:35 10/5/2005 8,989 277,334 268,345 DD YES 5.6 YES

6:40 10/6/2005 9,026 276,471 267,445 DD YES 5.5 YES j
l ...... ....... ......... . ,_ . l

[Comments: Background 5 minute count. Source count 1 minute.
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Form HPM/M-2-6-1
Daily Check Log for Ludium 2221 with 44-10 Detector

Instrument 5

C

Instrument Model: 2221

Instrument S/N: 157032

Detector Model: 44-10

Detector S/N: PR206809

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma

Acceptable Range:
(Refer to Penn E&RIHPMIM-2-1-1)

10,768 + 2a II 11,378 + 3a 11

Calibration Due: 2/14/06 6 INCHES 8,334 - 2a 11 7,724 - 3a ||

I

2

3

4

5

_ _ _ _ _ _ _ _ _ _ _ _ -- - - - - _ _ _ _ _ _ _ __- 1-1 _. I _U. ...,

| Background I Source ]Net Source I Batt check
ITime || Date Count Rate Count Rate ICount Ratel Technician W/IN +/- 2a (volts) WIIN +/- 3a

7:30 9/30/2005 9,061 18,732 9,671 DD YES 5.7 YES

8:05 10/3/2005 9,137 18,499 9,362 DD YES 5.6 YES

3 6:35 10/4/2005 9,090 18,845 9,755 DD YES 5.6 YES

I 6:35 10/5/2005 8,989 18,754 9,765 DD YES 5.6 YES

6:40 10/6/2005 9,026 18,556 9,530 DD YES 5.5 YES

IComments: Background 5 minute count. Source count 1 minute
.
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APPENDIX A-20-2

Ludlum Model 2221 ScalerlRate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 216521 (meter) and PR226935 (detector)



Deige .: aufcueo Df el / LUDLUM MEASUREMENTS, INC.
I -4 I Scentific and Industrial C O POST OFFICE BOX 81i0 P. 325-235.5494

501 OAK STREET FAX NO. 325-235-4672
SWEETWATER TEXAS 79556. U.S.A.

CUSTOMER WAYPOINT TECHNOLOGY.GROUP ORDER NO.* 235778

Ludlum Measurements. Inc. Model 2221 Serial No. Z/ r2/
Ludlum Measurements. Inc. Model 44-10 Serial No. 4 2z4 V5

Cal. Date 17-May-05 Col Due Date 17-May-06 Cal. Interval IYear' Meterface 202-159

neck mark applies to applicable Instr. and/or detector LAW mfg. spec. T. 71 * F RH 42 96 Alt 701.8 mm Hg

New Instrument InstrumentRecelved []WithInToler. -10% EI0O-20% El Out of Tol. [3Reqtirlng Repair EOther-See comments

Z Mechanicalck 7 MeterZeroed -El Background Subttact I input Seo Linearity
7 F/S Resp. ck ' Reset ck. W Wndow Operatkbn 7 Gebtropism
7 Audio ck. E Alarm Setting ck. 7 Batt. ck. (Min. Volt) 4.4_VDC

Calibrated In accordance with LMI SOP 14.8 rev 12/05/89. El Calibrgted In accordance with LMI SOP 14.9 rev 02107197.
Thieshold mV

strument Volt Set Comments V Input Sens. Comnent mV Det. Oper. Comrents V at _r.t Az~fm V Dial Ratio

[ Readout (2 points) Ret./nst. 50 V Ref./lns t..2000' V
. .

'OMMENTS:

* High Voltage:
Threshold dial:

Window dial:

Peak settings
625v
642

40

Gross Counts
950
100(l0mv)
n/a
"OUT"
n/a

Model 2221-currently set for peaking.

High voltage set with detector connected.

Window Position: "IN"
tesolution for Csl37: .t9.1 % Firmware:261072

II

-.Caibran. GM ddeta*x posayed p e r la Isoazw excop for M 44-B in wi~ch lie hdn of peobe lace soue

REFERENCEF : 'INS
RANGE/MuLTIPUJER CAL POINT-"A

. .. - -

XIK9
*X 100

X 100
X 10
A 10
X I
X I

*Itrrv-nflcntviuith + 1t1M C.F

lo0kcpM-
40kcpm
10kcpm
-4kcpm
lIkcptn

400cpm
lO0cpm

- i.At1*n t. XMl

T RUMENT REc'D
S FOUND READING

IINStWUMNT .. ..
METER READING'

! a,. J/d2

i'D

Ranne(s) Calibrated ElectronicallyALL
REFERENCE . INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT! INSTRUMENT
CAL POINT RECEIVED METER READING* CAL POINT RECEIVED METER READING'

Igital Log
gadout 40kcp 2 Scale 6gcpm - _

40kcprn , wD 0 50kcpm -' o
4kcpm 'kcm. ( . -. -

40_cm 'Y _ _ _ 50cpm_'____
, 7z

cum meos ementhd ktch crtifls thA theb cove instruTent has beon cdbro ed by standards traceabie to the Nalond hMte od Standards and Tectdnolgf. a to the ccrton foctes of
her kIternaotnd Stcndads Orgatrzatton meatixm of have been detd from accepted vlueds of notod rphysicd constants or hae boon dontved by the to type of cfdtrrflon tcbdhrk .
e coexotion syster conformr to th roqirernwnf of ANl5VNCSLZ2540-1-1994 crid ANSI N323-1978 State of Texas &Iolbration LUcerse No. LO-1 963

Zeference Instruments and/or Sources:
:s-137GarMMSIN 01162 ElG112 CM565 C5105 O100B OT879 EOE552 EIE551 0720 0734 01616

- 'nIphaS/N E BetaS/N .7 Other

Ai; 540 S/N 38120 'El Oscilloscope S/iN [" Multimeter S/N

El Neutron Am-241 Be S/N T-304

Arn241-1.66vCI

78401030

Calibrated By: i L kklh.
- ___1 `1

I a 0,47/n/�)

Date /1' Ar-a

Dato l 1 Mau ae
.. -

Reviewed By:
$ r t >-= -r t -

L)
INs codifiicote sOxA not be loryodxzeod except In Ui. Without the wsltten opprovat of LL~lum Moasjtnements. k-iC. I AC Inst. II] Passed Dielectrc (HI-Pot) and Continuity Test

_b .I



Desigrer onrd Manufocturer
_ * of

Sckntific and Industriod
hstumnents

LUDLUM MEASUREMENTS, INC.
FPOST OFFICE BOX 810 P. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER, TEXAS 79556, U.S.A.

Bench Test Data For Detector

Detector 44-10 Serial No. 27hq-93

* Customer WAYPOINTTECHNOLOGYGROUP

Counter 2221 Serial No. 21/65J

Count Time 41- uwhd

Other

Order #. 235778

Counter Input Sensrtlvity ' L. . mV

Distance Source to Detector , ' ze2n

Htfh
-Voltage Background

Isotope -- A&Z L isotope
Size 4,,; Size .

Isotope . - Isotope
Size _ _ _ Size

~~ .~~z9 11637_ _ _ _ _ _

/ Mz. %3 0 ___ __ .

Ifo •55
-1

4/L... J�L....... /1 th�i ______________

4.

___________________________________________ I __________________________________________________________________

_______ I ___________

_______ I ________ _____________ _____________ _____________ I ___________

rI
Signature Date ZZ-A y - ox

*, - I

:nM C4A O4/M92t03
* Serving The Nuclear Industry Since 1962 .
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Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 7

Instrument Model: 2221

Instrument SIN: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gammaI .11.

Acceptable Range:
(Refer to Penn E&RIHPMIM-2-1-1)

287,854 + 2a

265.777 - 2a

293,373 + 3a

260.259 - 3aCalfibration Due:- 15/1 7/06 CONTACT

1

2

4

7

l_ _ ._ V__ _ __ _,..._ __ _ _ _ _ __ __ __ _ w_ _ _ __ _ _ _ .3

1 |Background Source TNetSourcel Batt check
Time Date 'jCount Rate Count Rate ICount Ratel Technician W/IN +/- 2a (volts) WIIN +/- 3a

7:40 9/30/2005 9,411 296,240 286,829 DD YES 5.6 YES

7:50 10/1/2005 9,989 299,420 289,431 DD NO 5.6 YES

8:10 10/3/2005 9,541 298,881 289,340 DD NO 5.6 YES

6:40 10/4/2005 9,419 295,267 285,848 DD YES 5.6 YES

6:40 10/5/2005 9,477 298,173 288,696 DD NO 5.6 YES

6:45 10/6/2005 9,420 297,912 288,492 DD NO 5.6 YES

6:40 10/7/2005 9,412 296,026 286,614 DD YES 5.4 YES

lComments: Background 5 minute count. Source check 1 minute count.

Page 1
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Form HPM/M-2-6-1

Daily Check Log for Ludlum Model 2221 with 44-10 Detector
Instrument 7

Instrument Model: 2221-

Instrument SIN: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected:

Acceptable Range:
(Refer to Penn E&RIHPMIM-2-1-1)

gamma
It. YY

9,943 + 2a 10.202 + 3a
*II. II -

Calibration Due: 5/17/06 6 INCHES 8,908 - 2a 8,648 - 3a

I

E

1 | Background i Source |Net Source| Batt check
Time Date Count Rate I Count Rate ICount Ratel Technician W/IN +/- 2a (volts) WIIN +1- 3a

7:40 9/30/2005 9,411 18,949 9,538 DD YES 5.6 YES

8:10 10/3/2005 9,541 18,830 9,289 DD YES 5.6 YES

3 6:40 10/4/2005 9,419 18,789 9,370 DD YES 5.6 YES

1 6:40 10/5/2005 9,477 18,884 9,407 DD YES 5.6 YES

; 6:45 10/6/2005 9,420 18,804 9,384 DD YES 5.6 YES

6:40 10/7/2005 9,412 18,851 9,439 DD YES 5.4 YES

lComments: Background 5 minute count. Source check 1 minute count.

Page 1



APPENDIX A-21

SURVEY UNIT KAISER-FSS-021



Ce
Appendix A-21, Table A-21-1

Final Status Survey Instrument Summary
Survey Unit Kaiser-FSS-021
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector Model/Type Number Number Calibration Period FSS-021 Usage
Ludlum 2221 Scaler/ Field analysis, high-energy gamma detection -
Rate Meter with 44-10 Instrument was used to evaluate remediation
2" X 2" Nal Scintillation progress and scan land areas for the Final Status

Gamma Detector 216521 PR226935 05/17/05 to 05/17/06 09/27/05 to 10/1/05 Survey.

Page 1



APPENDIX A-21-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 216521 (meter) and PR226935 (detector)



Designer and Monurocturer
IEIL~U of

I' | Scinfitc and hIdustrtal
lrTurunents

O.C.

CERTIFICA TE. OF CALilBRA TlON

. LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 81p0 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER. TEXAS; 79556. U.S.A.

ORDER NO.: 235778CUSTOMER WAYPOINT TECHNOLOGY GROUP

Ludlum Measurements, Inc. Model 2221 Serial No. Z/ •2/
tm. Ludlum Measurements Inc. Model 44-10 Serial No. //2Z 1S

Cal. Date 17-May-05 Cal Due Date 17-May-06 Cal. Intervd IlYear Meterface 202-159

'teck mark Efoppies to applicable hnstr, and/or detector LAW mfg. spec. T. 71 'I. F RH 42 % Alt 701.8 mm Hg

2 NewInstrunent InstrumentReceived ]WIthlnTofer.+-10% 010-20% flOutofTol. flReqairlngRepair ElOther-Seecomrnents

7 Mechanicalck. - Meter Zeroed , Bockground Subtract * ; Iput Sens. Linearity
7 F/S Resp. ck - Reset ck. 3 Window Operatlon 2 Gebtropism
b Audiock. [ Alarm Setting ck. Batt. ck. (Mi. Volt) L4.4VDC

j Calibrated In accordance vAth LMI SOP 14.8 rev 12/05/89. 0 Calibrated In accordance wlth LMI SOP 14.9 rev 02107197.
Threshold mV

strurnent Volt Set ConyrEents V Input Sens. Corrnt mV Det. Oper. Canments V at 4Arhtdfjnjv Dial Ratio_ __ ___

W HVReadout (2 points) Ref./nst. 500 L .t V Ref./Inst. 2000 , / v

'OMMENTS:
Peak settings Gross Counts Model 2221.currently set 'for peaking.

High Voltage: 625v 950
Threshold dial:: 642 l00(lOmv) High voltage set with det~ctor connected.

Window dial: 40 n/a
Window Position: "IN" "OUT"

,esoiution for Cs137: *-9.1 % n/a Firmware:261072

a Clbrab GM def*esonhedp fxloswve e 9orM44-9iwteiefrtd pebes our.. ... ._..:

L L I lREFEwREN4 CE
\ zIf RANGE/MULTIPUER I

X X1K 40(
X1K 10(
X 100 4C
x 100 1(
X 10 .4
X10
X1 4C
x1 1C

It rt-tdntv wlthh 10% CF r Autt-n . 9M

CAL POINT
)kkcpm
)kcpm
)kcpm
)kcem
4kcpm
lkcptm

X0cpm
)0 P

INSIRUMtN1,1 RtC,;D
"AS FOUND READING'

All

IP4 I I<U~tVU I
METER READING*

t i00
./w

4400

/.a -
;

Ranne(s) Calibraled Efeclronicollv

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT 1 INSTRUMENT
CAL POINT RECEIVED METER READING* CAL POINT RECEIVED METER READING'

_ _ _ _ _ Log_ ___ _ _

Dadout 400kcpm i>f'o 1 600kcpms=
40kcpm * A0 401R * 0cm °
4kcpm S .±Dc6r. kcpm . 4fk

400c pm _______ __ __500cpm_,
40cpm y 050cpm .- <

drln Measrniens. hc. <cedthes that the bove stiTent has been coibrated by stndards 1roced* to to Natond hsIttute of Sand and Tedchr.b~ a to the trallcn hffs O
ho kiteratI Standcrds Oroonfzattn mentos. or hae been drenved frorn accepted vlues of natud phy*sicd constants or hove been dtved by th roto type Of a OllMatn tedrniWo.
e croraotin system canlomn to the reqtkrxx* of ANVNCSLZ50-1-1994 and AM N323-1978 State of Texas Caffbration ucense No. LO-I 963

Zeference Instruments and/or Sources:
:s-137GorrrnaSIN 01162 OG12 OM565 05105 OT 100 OT879 0E552 OE551 0720 01734 01616

"Ipha S/N 0 Beta S/N . Other

5 W00 S/N 38120 0 Osciffoscope S/N MiMul-imeterS/t__

-

J Nettron Am-241 Be S/N T-304

Amn241-1 .66uCI
-

78401030

Calibtated By:

<~Vplh, a 0,97/n2Pi
Date f -t-C

Date I - a a-- --- -- _y
-1.7Ns certicaoe s#di not be rexoducocd except In 1k. wthaut the wrilten cpravd atptpr ZOmn Moczsreren t. hc.

- .. .. .. a Wunvosu e , AC Inst. L Passed Dlefectdc (HI-Pot) and Continuity Test I



Designer and Manufocturer

Scmnfifi and Indstrida
Instrnnents

LUDLUM MEASUREMENTS, INC.
POSTOFFICEBOX81i0 P)-P.325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEE1WATER, TEXAS 79556. U.S.A.

Bench Test Data For Detector

Detector 44-10 Serial No. ? ZZAl@

Customer WAYPOINI TECHNOLOGY GROUP

Counter 2221 Serial No. Z/6Jf7

Order '# 235778

Counter Input Sensitivity J. L mV

Distance Source to Detector . 2' M hCount Time 4--_jz 142sd

Other

Hgh
Voltage Background

Isotope .4Zi/t/ Isotope
Size .- } L L, Size_

Isotope
Size _

Isotope
Size_____

_ _ _ _ _ __e 11I 637 1 *i.I
* ,, 4fio 0Sb

Mfg/1.•5 /?

i

Signature Date ZZAA C - n s

ZRM CAA 041)MMtM3
* ServIng The Nuclear lndustfy Since 1962 .



Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
.4. 41� -

Acceptable Range:
(Refer to Penn E&RIHPM/M-2-1*1)

287.854 + 2a 11 293.373 + 3cr 11
4 _ I II

Calihration Diue: 5/17/06 CONTACT 265,777 - 2va 11 260,259 - 3a1

1

2

3

4

5

_ ___ _ _ _ _ _ _ _ _ _ _ L _ _ _ _ _ _ _ _ _ _ _ _ __.,_ _v___ _ _ _ _ _ _ _ _ _ _ _ _........... _ ...._ , ..... _ .. ______ , _ _ _ U

Background | Source |NetSource; Batt check
Time Date Count Rate Count Rate ICount Rate Technician WIIN +1- 2 | (volts) WIIN +1- 3a

6:30 9/27/2005 9,616 297,218 287,602 DD YES 5.7 YES

6:30 9/28/2005 9,558 296,575 287,017 DD YES 5.6 YES

6:40 9/29/2005 9,576 295,800 286,224 DD YES 5.6 YES

7:40 9/30/2005 9,411 296,240 286,829 DD YES 5.6 YES
7:50 10/1/2005 9,989 299,420 289,431 DD NO 5.6 YES

|Comments: Background 5 minute count. Source check 1 minute count.

Page 1



Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-1 37 sn: 547

Source DPM: | N/A

Radiation Detected: gamma

Acceptable Range:
(Refer to Penn E&RIHPM/M-2-1 -1)

9,943 + 2a || 10,202 + 3a

Calibration Due: 5/17/06 8,908 - 2a
- I *1I

6 INCHES || 8,648 - 3a

1

2

3

4

.. _ -___. _ -__, I __ _ .I l

l Background Source INet Source Batt check
Time I Date Count Rate Count Rate ICount Ratel Technician WIIN +/- 2a (volts) WIN +/- 3a

6:30 9/27/2005 9,616 18,831 9,215 DD YES 5.7 YES

6:30 9/28/2005 9,558 19,024 9,466 DD YES 5.6 YES

6:40 9/29/2005 9,576 19,268 9,692 DD YES 5.6 YES

7:40 9/30/2005 9,411 18,949 9,538 DD YES 5.6 YES
IComments: Background 5 minute count. Source check 1 minute count.

Page 1



APPENDIX A-22

SURVEY UNIT KAISER-FSS-022
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Appendix A-22, Table A-22-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-022
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

C

In-Service Period
Instrument Model and Detector Instrument Serial Detector Serial Survey Unit Kaiser-

Model/Type Number Number Calibration Period FSS-022 Usage
Field analysis, high-energy gamma detection -

Ludlum 2221 Scaler/ Rate Instrument was used to evaluate remediation
Meter with 44-10 2" X 2" Nal progress and scan land areas for the Final Status
Scintillation Gamma Detector 216521 PR226935 05/17/05 to 05/17/06 10/20/05 to 10/24/05 Survey.

Ludlum 2360 Alpha-Beta
Scaler /Rate Meter with 43-68 Simultaneous alpha-beta counting and

100cm2 Gas Proportional discrimination - Instrument was used to survey
Alpha-Beta Detector 193686 PR190485 05/05/05 to 05/05/06 10/18/05 embedded structures.

Page 1



APPENDIX A-22-1

Ludlum Model 2221 ScalerlRate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 216521 (meter) and PR226935 (detector)



Designer ond Manufocturer

I n nI ofd ndstdo
CE AtrSEntsC

CtWiSTOAER- WAYPOINT TECHNOLOGY GR

EO A'. 'd/ -
CERTIFICATE. OF CA LIBRA TION

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 8i0 PHI. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER. TEXAS' 79554 U.S.A.

ORDER NO. 235778
- ... < -i ,*

Ludlum Measurements, Inc. Model 2221 Serial No. A/&.> A"
Ludlum Measurements Inc. Model 44-10 Serial No. 2Zl 91S

Cal. Date 17-May-05 Cdl Due Date 17-May-06 Col. lntervd IlYear Iieterface 202-159
nieck mork gropples to applicable Instr. and/or detector LAW mfg. spec. T. 71 . *F RH. 42 Alt 701.8 mm Hg

New istrument Instrument Received E Within Toler. +-10% []10-20% []Out of Tol. 1 RequIring Repar El Other-See comments
7 Mechanicol ck. ' Meter Zeroed - Background Subttact * Input Sens. Linearity

F F/S Resp.ck ' Reset ck. [ WhdowOperation ;3 Geotroplsm
7 Audio ck. E Alarm Setting ck. 7 Batt. ck. (Min. Volt) AA4,VDC
j Calibrated In accordance vAth IMI SOP 14.8 rev 12105189. 0 Calibrated In accordance with LMI SOP 14.9 rbv 02/07/97.

Thieshold mV
strument Volt Set Comrents V Input Sens. Commentr mV Det. Oper. oyTaients- V at _4n tA V Dial Ratio

W HVReadout (2 points) Ref./lnst. 500 / 0o . V Ref./hnst.. 2000'., / .. 4  V

1OMMENTS: *
Peak settings Gross Counts Model 2221-currently set for peaking.

High Voltage: 625v 950
Threshold dial: 642 lOO(lOmv) High voltage set with detector connected.

Window dial: 40 n/a
Window Position: "IN" "OUT"

-esolution for Csl37: 9.l % n/a Firmware:261072

rina CAbW GM deecto pooed perpe-dax be source neiA for M 44-b9 In Wilch te fird of p.be Ls . .s.
D-gDWP ItJTD I9AFNT DFcL!riINMTR0t 'I~N

RANGE/MULTIPUER
'X1K
X 1K
x100
X 100
X10
X10
X1
X I

CAL POINT
400kcnnm.

I 00kcpm
-40kcpm-
10kcpm
-4kcpm
lkWC=

400cpm
lO0coM

llw!lsulvlrl sov

"M FOUND READINGZ
. .

-

. .

.

-

.

.

.

METER READING*

I V/is'-

't7

MOO

I --

*Uncecdnty witlin ±10% C.F. wIttin * 20% All Range(s) Calibraled ElectronIcally
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT! INSTRUMENT
CAL POINT RECEIVED METER READING' CAL POINT RECEIVED METER READING*

eadout 40AkCpmf SL(c/ _____e 50Okcpm_ .

'40kcpm 50kcpmS ' ___

-4kcpm ' * 6 ° kcpm ' 4
_400ctm ' : * ^ 'g ° C0pm 'w

40cpm 60f° ' EQm lV-

0Ixn teoseu ienti. hc coffos that the Cbove rutI Tiont has been cairated by standards troce b e to to Notknd lrttute dESlandcids aid TlectoW. a 100 m camgmcn loau KA
twer hiteotto Stnrds Or ganzatton mersbas. or hove been daesded from 0dcetWed bye otural physicd caorsant o hAe bee dwmvd by t Kft type of coftratlon techdues.
e cobatson syste codom to the rqiemnts of A1NCLZ 54D1 1994 and AM N323.1978 Stte of Texas Calbrotion Ur-OM No. 10-1963

-

Zeferenco Instruments and/or Sourcos:
:s-137GommfS/N 01162 0G112 0M565 05105 OT1OO 0T879 OE552 OES51 0720 '0734 01616

I 'IIpthaS/N 0 BetaS/N . Other

C0 Neutron Arn-241 Be S/N T4304

rAm24I-1.6&uCl

38120 ' 0 OscilloscopeSlN s7 Muffimeter S/I! 78401030 -

Calibaoted By: Date P' - - I

Date n1 lmaX
TNS cedificale shd not bO rePr0dVC6d GxCOM In U, \'A#)W tt)G I of Wmi Momorrlens hr- c AC Inst. I Possed Dielecric (i-Pot) and Continiity Test I



$ -

I�I Desine oan Moruffoctier
. of

Scbntfirc ond Indwrtd
Insiftnents

LUDWM MEASuREMENTS, INC.
POST OFFICE BOX 810 PH. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEETWATER TEXAS 79556. U.S.A.

Bench Test Data For Detector

Detector 44-10 Seriol No. ,? 22l 3

Customer WAYPOINT TECHNOLOGY GROUP

Counter 2221 Serial No. 2/16J2

Count lime J ad

Order'#. 235778

Counter Input Sensitivity ' mV

Distance Source to Detector . 'cn

Other

High
Voltage Background

Isotope .
Size

Isotope.
Size

Isotope
Size_ _

Isotope
. Size

i0 .§Z9 1/637 ._ _ _ __ _ _ :_ ___,_

' o oS S/1/ 0 .__ __ _ _ .'_ __ __

; •559 I0t/ 7?O ._ _ _ _ _ ._._._.

.= .~ 'h ._____

.. . .. .,'

_ , ______

__ _ _ __.___ _ _ 3.-

. .I
_ _. . ._ _ !__ _ _ _ _ _ _ _ _ _ _ _ _ _

: .

)I

Signature -

DPM C4A 04/0912OD3

Date 47-tA - nr-w _

* Serving The Nuclear Industry Since 1962 .
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Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 7

* Instrument Model: 2221

Instrument S/N: 216521
Detector Model: 44-10
Detector SIN: PR226935

I Calibration Due: 5/17/06

Source S/N: Cs-137 sn: 547

Source DPM: N/A
Radiation Detected: gamma
Acceptable Range: 287,854 + 20 II293,373 + 3a

(Refer to Penn E&RMPHMM-2-1-1) 265,777 - 2a 260,259 - 3aCONTACT

I
2
3

Background Source INet Source Batt check
Time Date Count Rate Count Rate ICount Ratel Technician WIN +1- 2a (volts) W/IN +1- 3a
7:20 10/20/2005 9,525 298,513 288,988 DD NO 5.4 YES

13:00 10/21/2005 9,294 296,779 287,485 DD YES 5.3 YES
7:40 10/24/2005 9,420 290,208 280,788 DD YES 5.3 YES

I - - Iluomments: Background 5 minute count. Source check 1 minute count.

Page 1



Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
I II -

Acceptable Range:
(Refer to Penn E&R/HPM/M-2-1 -1)

9.943 + 2a
II

-1 10,202 + 3a
1 8.648 - 3aCalibration Due: 5/17/06 6 INCHES 8.908 - 2a

I

2
3

,, ___ , ., ,, _ _ ._ _ . _ _ . .__ _ ,i _ ._,_._ _ ,,

| Background I Source ]Net SourceT Batt check
Tim Date ICount Rate j ount Rate ICount Rate Technician WIIN +/- 2a (volts) WIIN +/- 3a

7:20 10/20/2005 9,525 18,551 9,026 DD YES 5.4 YES

13:00 10/21/2005 9,294 18,921 9,627 DD YES 5.3 YES

7:40 10/24/2005 9,420 18,681 9,261 DD YES 5.3 YES

Cairto.u:51 / 6 6I C E

|Comments: Background 5 minute count. Source check 1 minute count.

Page 1



APPENDIX A-22-2

Ludlum Model 2360 Alpha-Beta Scaler/Rate Meter
with Model 43-68 100 cm2 Gas Proportional Alpha-Beta Detector

Serial Nos. 193686 (meter) and PR190485 (detector)



1

,5 -Ir�Z6

Certificate of Calibration

Rateneter Certificate of Calibration

,ERG
Enyirolm ntal Restotion (
1109Wa on SLNE,
Albuquerque.NM 1113
(505) 294224

jtc hrOR 150

Manufacturer Ludlum Model: 2360 SerialNo.: I9 3 ( 8'6

All Ranges Calibrated Eloctronically, Ludlum Pulser Generator SN. 97743

-

Reset M/Audio tN{M hanical R/Battery 9

High Voltage SOOv CI = Y0v It I500v ItO/
Instrument found within tolernce (+1- 10%) Yes No O

Alpha Treshold Setting: -20 mV

BetaITresholdSetting:3_ L ¢ mV BetaWindow- 31 mV

Instrument
'As found readingtReference Setting

400 Kcpm

I OO Kcpm

40 Kcpm

I 0 Kcpm

4 Kcpm

I Kcpm

* 400 cpm

100 cpm

Reference Setting

400 Kcpm

40 Kcpm

*4 Kcpm

400 cpm

Ratemeter

/o kts-

I kcem.

Io oc¢^

Integratod Couns
(I -minute crut)

�±c

Instrument
'As found reading'

. ! a

Calibbrated Bry;

Reviewed By: c ,. j e

Calibration Datc: 0L/ osI o -_

CalibrationDuo: OSI/OAC 06 _

Datc: IC e
* _ S ,

t



0

Certificate of Calibration
Voltage Plateau Fornt

ERG
Environm astal Rcstint
8809WashingnSLNE s
Ab uquerqwJNM 87113
(505) 294-224

Jiie 1SO

DctectorMfg.: Ludlum Model: 43-68 SerialNo.: P P- l'a 0 S

Counter Mfg.: Ludlum Model: 2360 Serial No.: I C( ? '34

Alpha Threshold Setting. Jz mV

Beta Threshold Setting:. 3 mV Beta Window: SO mV

Alpha Source:h ' _A_______A'___ _ Other_

Beta Source: Vow Other. |

Geometry I Distance to source e :Jj PYT A G

Count Time: \ minute(s)

LHigh |Apha Source Cunts Beta Source Counts Back und Counts

Voltage | i ss NU AV, i Z cIIL I I
lLI? /ZJ. 372  9(oL ( C) Z.3

I1 'o I7q9 rot 3 ____ 22 Le2..
J17S ZoJz 0 _____ 2 1 .? 3 7A !
IS-o Z tA' 'i. I 3 *3 u. ] I
(sZY 22t7C. .o 4 S____ l

JaO 2 CO Ito (.D. Ys73 7Z72

Z 7____ S79 _I_ __ _zZ; _7 3 37 .
_ _ _ _ _.__ _ _ .__ _ _ _ _ _ _ .__ _ _ _ _ _ _ .__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

:_ _ _ _ _ _ _ ._ _ _ _ _ _ _ ._ _ _ _ _ _ _ . .__ _ _ _ _ I__ _ _ _ _

Recommended Operating Voltage: /OS O volts

Calibrated By .,

7
Reviewed By-' riL. I- 9

Calibration Date: O S-10

Calibration Due: 2-

Date: S/ .r

ERG Form 1.03D



Form HPM/M-2-8-1
Daily Check Log for Ludlum Model 2360 with 43-68 Detector

Instrument 4 Alpha

Instrument/SN: Ludlum Model 2360 193686 Check Source(s) Used: Th-230, SIN 5053-03
Detector/SN: Model 43-68/PR 190485 l

EFF%: a=16.8% 4x source check acceptance criteria a
CALIB. SOURCE USED: Th-230 Average (NCPM): 1,919
DATE OF CALIB.: 51512005 +2 sigma: _ 2,019
CALIB. DUE DATE: 51512006 -2 sigma: | 1,819
PERFORMED BY: ERG +3 sigma: _ 2,069

-3 sigma: 1.769

TECHNICIAN'S ALPHA/ RESPONSE 60 min 1 min 1 min
NAME BETA CHECK DATE TIME Bkgrd (cpm) gross (cpm) net (cpm) within +/- 2 sigma within +/- 3 sigma <10% drop

DD 1 Alpha SAT 10/18/2005 8:55 1.10 1,798 1,797 NO YES NA

DD 2 Alpha SAT 10/18/2005 12:50 1.30 1.779 1,778 NO YES YES

Page 1



APPENDIX A-23

SURVEY UNIT KAISER-FSS-023
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Appendix A-23, Table A-23-1
Final Status Survey Instrument Summary

Survey Unit Kalser-FSS-023
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector Model/Type Number Number Calibration Period FSS-023 Usage

Ludlum 2221 Scaler/ Rate Field analysis, high-energy gamma detection -
Meter with 44-10 2" X 2" Instrument was used to evaluate remediation
Nal Scintillation Gamma progress and scan land areas for the Final Status

Detector 216521 PR226935 05/17/05 to 05/17/06 11/30/05 to 12/02/05 Survey.

Page 1
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APPENDIX A-23-1

Ludlum Model 2221 Scaler/Rate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 216521 (meter) and PR226935 (detector)



Designer and Morouacturer
*gL*U *of
E Scienific and hdustri

E h strunents

C1.lSTOM`,ER_ WAYPOtNT TECHNOLOGY.GR

C7,O

CER77FICA T OF CA LBMATION

UDWLM MEASI)REMENTS, INC.
OST OFFICE BOX 810 PH. 325-235-5494
01 OAK STREET FAX NO. 325-235-4672
WEElWATER, TDCAS; 79556, U.S.A.

ORDER NO.: 235778

se"t No 1 / !r2/I urni im Momre irnmnts. hc.- Moetu 9,1 I

.vtfg. Luvlum Measurements lnc. Model 44-10 Serial No. 42459Z'

Coal. Date 174Mov-05 Cal Due Date 17-May-06 Cd. hIterval IYe' eterfoce 202-159

,eck mork ,qpl'es to qpIC able hstr. and/or detector lAW mfg. spec. T. 71 OF RH 42 Al it A 701.8 mm Hg

New hstrument kistrument Received Wltti tToler. +-10% EI0-20% []Out of Ti. ReqIring Repair D Other-See comments

; Mechaicdck- ; Metet Zeroed -El Background Subtract . tp Sen liearity
7 F/S Resp. ck 7 Reset ck. j Wirdow Operatihn g Gebtropfl

* Audio ck. Alarm Setthg ck. Batt. ck. (Mi. Volt) A4 4VDC
3 Calibrated In accordance with LMI SOP 14.8 rev 12/05/89. 0 Calibrxted hI accordnce with LMI SOP 14.9 r~v 02/07/97.

strurnent Volt Set joffnnts V Input Sens. Cfvinent mV Det. Oper. Commnts V at 4Aznd V DiaRatio__

HVReadout (2 points) Ref./lnst. 500 / f &.0 V Ref./"lst. 2000 4Z , /9 - V

,OMMENTS:
Peak settings

* High Voltage: 625v
Threshold dial: 642

Window dial: 40
Window Position: "IN"

tesoiution for Csl37: -9.1 %

Gross Counts
950
100 hOryv)
n/a
"OUT"

n/a

Model 2221.currently set tor peaking.

High voltage set with dethctor connected.

Firrwire:261072

* . . :1. .. .*

.M C Wm posWied _pdafb, o wm rM Y4 in c 1te ku~r t44h*e beS SOUM-

J RANGE/MULTiPER
X1K
X1K

X100.-.

X10
X10
X1I
X I

REtFtERS4CE
CAL POINT-

400kcpm
100kcpm
40kcpm
1 Okcpm_
* 4kcpm
lkcprn

400cpm
1000c92M

*INSTRUMENT RE'(D
"AS FOUND READING' METER READING*

.* /0D
1?7

I/00. ,_ft

- II

UncedointsYMlh*~10% C.F.wml- a20% Atl Range(s) Calibrated Electronicolly
REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT I INSTRUMENT
CAL POINT RECEIVED METER READING' CAL POINT RECEIVED METER READING'

IgItal W.--, o
eadaut 4001cpm IL3f Lf Scale 600kcpm

* 401tcpm ._____ _ AA* 5kcpmA

-4kcpm -.* * § r kcpm S
*00m*' D(Y606cpm * * <t

40cpm. f °0cpmmi<
cs oasemaeids Ik-r cWWIfi the hdbow but"Ttont ho boon oroted bys d* irocebe lo the So tlond kvkto dSaxkzrct ond Tedwacogy. Cf to " ClXflrakn b od
htw itenxmW PwSads Orcganzotion nwfdbei or hove boon doded from occepted vduos oncd ipiystod constan aorev been dond bY he i#o* typo d coion tedquos.
e c'brt0n0*0emcoraormto Fe ir n o(L540-1-994 aOd ANSI N323-1978 State of Texos bortbn ke se No. LO-1963

Referenco Instruments and/or Sourcos:
:0s.37GOTKiS/N 01162 EIGu12 OM565 0 0 OT1006 OT879 OE552 OE551 0720 *0734 01616

-'\p tIaS/N 5 BetaS/N ___ Other

-
-

* p]Neutronkn-241 eSINT-304

! Am241-1 .66CI

ULyj ai 500 S/N. .38120 -' El Oscilloscope S/N W Mutlrmeter S/N 78401030 -

Calibdated By

Reviewed By:

_ Date t f I

Date 1 1 m -Os,
iI ,.

Itis ce rircoto #A rno, bo *ordoor except In M . vwttrwsrmA #-0 | AC.Inst. 5 PassedDleectric-i-Pot)andfConlinaityTest



II�I Desige and Morwfocrxer
- of

Scenfific and strldMa
lnstunments

.LUDWM MEASUREMENTS INC;
POST OFFICE BOX810 Pto. 325-235-5494
501 OAK STREET FAX NO. 325-235-4672
SWEE1WATER TEXAS 79556, U.S.A.

Bench Test Data For Detector

CDetector 44-10 Serial No. A? sZl 3S'

. Custoner WAYPOINT TECHNOLOGY GROUP

Counter 2221 Serdil No. Z/ 52Z/

Order. # 235778

Counter Input SenstlMty ' 3f. mV

Distance Source to Detector , -Zc .Cou int Tim- ZI Jo' /,.,I_. .. ..... IV % . ,- w

Other

Vah
.- voltage Background

Isotope . &s 71/ -sotope
SizSez _, Size _

Isotope

Size _

Istoope -

I SizeI..

11637

. 30 . . . !r

4 / Ls3 otth. .L . .i~ - __ _ __ _

.'_ _ _ _o__Sss______._, .

_________________________________________ I/# ________________________________._____'_

.~~~ ._. ._.._. ._..__

.. ., .. . ! -_______________________ ____________________________________

.. ..... ...-........ ...
. . .. .-. *

. _ '________'_______:_______________=___

DateSignature ------

nM CtA 04/0912003
* Serving The NuclearIndustrySince 1962 .
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Form HPMIM-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
Acceptable Range:

(Refer to Penn E&R/HPMIM-2-1.1)
287,854 + 2a I1 293,373 + 3a11

Calibration Due: 5/17/06 CONTACT 265,777 - 2a || 260,259 - 3a ||

2

2
a

l- .. .. ..

Background I Source INet Source I Batt check
I Date I Count Rate Count Rate CountRate Technician WIN +1- 2a (volts) WIN +1- 3a

7:30 11/30/2005 9,090 297,058 287,968 DD NO 5.6 YES

1 6:40 12/1/2005 9,231 288,855 279,624 DD YES 5.6 YES

6:35 12/2/2005 9,172 288,074 278,902 DD YES 5.6 YES

I Comments: Background 5 minute count. Source check 1 minute count.

Page 1
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Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 7

Instrument Model: 2221

Instrument S/N: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
I II

Acceptable Range:
(Refer to Penn EIRIHMPMM-2-1.1)

9.943 + 2a
, _ l

1 10,202 + 3a
1 8,648 - 3a ICalibration Due: 5/17/06 6 INCHES 8,908 - 2a

2

2
3

1± - _ _ _ _ _ _ - = = !I '

l 1 Background I Source TNet Source T Baft check |
Time Date I Count Rate I Count Rate I Count RateJ Technic WIIN +/- 2a I (volts) | WIN +1- 3a

7:30 | 11/30/2005 9,090 18,775 9,685 DD YES 5.6 YES

6:40 12/1/2005 9,231 18,613 9,382 DD YES 5.6 YES

6:35 12/2/2005 9,172 18,562 9,390 DD YES 5.6 YES

Comments: Background 5 minute count. Source check 1 minute count.

Page 1



APPENDIX A-24

SURVEY UNIT KAISER-FSS-024
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Appendix A-24, Table A-24-1
Final Status Survey Instrument Summary

Survey Unit Kaiser-FSS-024
Thorium Remediatlon Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In-Service Period
Instrument Model and Instrument Serial Detector Serial Survey Unit Kaiser-
Detector Model/Type Number Number Calibration Period FSS-024 Usage

Ludlum 2221 Scaler/ Rate Field analysis, high-energy gamma detection -
Meter with 44-10 2" X 2" Instrument was used to evaluate remediation
Nal Scintillation Gamma progress and scan land areas for the Final Status

Detector 216521 PR226935 05117/05 to 05/17/06 1/24/2006 Survey.

Page 1



APPENDIX A-24-1

Ludlum Model 2221 ScalerlRate Meter
With Model 44-10 2-inch x 2-inch Nal Scintillation Gamma Detector

Serial Nos. 216521 (meter) and PR226935 (detector)



(hre .. LUDLUM MEASOREMENTS, INC.

Scientific ond kOFztci POOST OFFICE BOX 8\0 PH. 325-235-5494I nstrwnmnts CER71FICA TE. OF CA LIBRAT77ON 501 OAK STREET FAX NO. 325-235-4672
SNEETWATER, TEXASj 79556. U.S.A.

CUSTOMER WAMPOINT TECHNOLOGY-GROUP ORDER NO. 235778

LuCRum Megsurements. Inc. Model 2221 Serial No. 2/ 2
&s.Q. Ludum Measurements Inc. Model 44-10 Seril No._ _______

Col. Date 17-May-5 Ct Due Date 17-Ma-OS Cdi.htervd leor Metemface 202-159

neck mork Rfopp43s to appicable Instr. and/ordetector tAW mfg. spec. T. 71 *F R.H. 42 AR 701.8 mm Hg

New instrument Instrument ReceIved a WIti Toler. +10% [110-20% 0 Out of Tol. [ Requlrng Repck 5 Other-See comments

M Mechontcolck > MetetZeroed 'A S e . - * leaty
7 F/S Resp. ck ' Reset ck. g Window Opercitl6n j Gebtropism
. Audio ck. Alarm Setting ck. Bait. ck. (Mhi. Volt) -- VAADC
i Caibrated h accordance with LMI SOP 14.8 rev 12/05/89. 0 Caibrcted in accordance wIth LMI SOP 14.9 rev 02/07/97.

Ieshold mV
sturnent Volt Set Comenffts V Input Sens. Comment mV Det. Oper._Qxn~mn1 V at 4aAeaumV Dil RqtIo =

* f-VReadout (2 points) Ref./lnst. 500 V Ref./Inst. V

1OMMENTS: .
Peak settings Gross Counts Model 2221.currently set for peaking.

High Voltage: 625v 950 .

Threshold dial: 642 100 (lOmv) High voltage set with detbctor connected.
Window dial: 40 n/a

Window Position: "IN" "OUT"
tesoiution for Cs137: w9.1 % n/a Firmware:261072

*W.~ua~ O UdoSs posianed p pbrbed sowe me, lorU 44- dI9 hut mebve bces sov . ... . . -*. . ...:|:. ..:

REFERENCE : ]NSU ENT REC'D .t
RANGE/MULTIPUER CAL POINT "AS FOUND READING METER READING

X1K 400kcpm I Y°
X1K lf4kcpm ._ _ _ _

X100 40kcpm ._ ____

X 100 lokcpm '_'____

X 1I 4kcpm ._'____

X10 Ickm '_ 4w
X I 400co= Moo
X1 lOOcom -_._._._* ,/

*Ltedkdnok~lh&h*10% iC.F. wmin 20% * ALL Range(s) Caiibraled EcIrorAlcally

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT I INSTRUMENT
CAL POWNT RECEIVED METER READING, CAL POINT RECEIVED f METER READING*

IgitalLog
4ad ,kcpm- MI/Uf Scale Yl pnm

--LAXPE1 * 0kcpm.* o
* ka goaf. .fkcpm - kcp

L ' ,' MD(/. .50p t

40:~ - _

a ', ei-wt. M r - oUtis t:e t tie obove kwhnikront ti boon craotd b vstadxds krooe t t* h 4 hotn hhte ofS ndads arid Tectn0636Q. or toe CC*XOf WMne$ Of
het irttewnofld Sofrdtc Orkorrzotlonrnrtro or hove boon doded froam ccepted vios of noturo p01 fd cntcrit or h1`o boen dwdvod byti ro typo ofcomOtn dchr

ro wont ionrsynemd-r to tG iiflo f d NCSLZ54-1-1994 and AM t323-1978 Stato of Texos Coibrrtllon Licere No. L0-1963

reference Instruments and/or Sources:
-s.137GO4TMS/N 01162 OG112 0M565 05105 OTI100 T T79 OES52 OE551 0720 0734 01616 pNeuronAn-241 beS/NT-304

l - 'NphaS/N I0 Beta S/N _ [3 Other Amn241-1.66uCi

ltk,_ <ke .~Ad 500 S/N.

Calibtated By:_

Reviewed By: -

38120

an. /i,

I 0 Oschloscope S/N [ Multmeter S/N 78401030

F& He f - .

,,- - - I
� ojv)Qo�6-

.

Date il-R-c -

Date 1 _ _A_ _ _ _-
f

TN; cetdificae 9)c* not beo oproducid except In fLAi v~lthOu the written approval of Ujdx nMoaosxemronts. bc. I A~C hnst. n Passed Diel-ctric i-Pot) and Continuity Test



II�I Designmr a-d Monurfocixer
of

scien~fi and kxkztrid
Istfruents

iUDLUM MEAS 'REMENTS, INC.
POST OFFICE BOX810 PH. 325-235-5494
501 OAK STREET FAX.NO. 325-2354672
SWEETWATER. TEXAS 79556. U.SA.

Bench Test Data For Detector

Detector 44-10 Serlal No.. Az f Lr5
Customer WAYPOINT TECHNOLOGY GROUP

Counter 2221 SerId No. -- /6 S/

Order t. 235778

Counter Input SenslitMy * L L * mV

-Distance Source to Detector . ' 2fo .Count Time ,c

* Other

olgh
Voltage Background

Isotope .p4h/* Isotope_.
Size iz__;__ Size _

Isoaope
size Ske

Isotope: -
S Stze

,_I

It.

,

.t

_ _ _ _ _ _ _ _ _ / 6z 3 . .

* @/fLi> •5- If7? . ______

i~ ~~ ~ _ _ _ _ _ _ _ _ _ _ . .:

. . ft

Iftnr. ..

i ',SSI

-a&z AX5'rea~W-
Date 17-ItA S, - n r

II

DRM C4A 04/OM/2003
* Serving The NuclearlndustriySince 1962 .
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Form HPMIM-2-6-1
Daily Check Log for Ludlum Model 2221 wAth 44-10 Detector

Instrument 7

Instrument Model: 2221

Instrument SIN: 216521

Detector Model: 44-10

Detector S/N: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma

Acceptable Range:
(Refer to Penn E&MRPMM-2-1-1)

287,854 + 2a I1 293,373 + 3a 11

Calibration Due: 5/17/06 CONTACT 265,777 - 2a 11 260,259 - 3a l1

| uBackground Source INet Sources | Batt check
Date Rate CountRate |CountRate Technician WIIN +1- 2a (volts) WIIN+1-3a

111 7:50 11 1/24/2006 1 9.198 I 296.856 I 287,658 1 DD YES 5.4 I YES |I
I ... , - __________________________________________ I - ±1

I Comments: Background 5 minute count. Source check 1 minute count.

Page 1
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Form HPM/M-2-6-1
Daily Check Log for Ludlum Model 2221 with 44-10 Detector

Instrument 7

,..

C

Instrument Model: 2221

Instrument SIN: 216521

Detector Model: 44-10

Detector SIN: PR226935

Source S/N: Cs-137 sn: 547

Source DPM: N/A

Radiation Detected: gamma
- .4 II - -

Acceptable Range:
(Refer to Penn E&RHPM/M-2.1.1)

9.943 + 2a,_______________, _______________ lI I -10,202 + 3a
8,648 - 3aCalibration Due: 5/17/06 6 INCHES 8,908 - 2a

1

Background| Source INetSource Batt check
i Date Count Rate I Count Rate Count Rate TechnIcIanW/IN +/- 2a (volts) W/IN +/- 3a

7:50 1/24/2006 1 9,198 1 18,666 1 9,468 | DD I YES 5.4 | YES l

IComments: Background 5 minute count. Source check 1 minute count. I

Page 1
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DECOMMISSIONING PLAN CHAPTER 14.0
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14.0 Facility Radiation Surveys

This chapter presents the general framework for facility radiation surveys relative to the decommissioning

of the Tulsa facility. The chapter focuses on the 14-acre Pond Parcel area. Supplemental information

relative to facility radiation surveys for the "former operational area" of the facility is provided in Chapter

14.0 of the May 2002 DPA (Revised May 2003).

14.1 Release Criteria

The site will be remediated in accordance with decommissioning criteria of Subpart E, Radiological

Criteria for License Termination of 10 CFR Part 20, Standards of Protection Against Radiation. Specifi-

cally, Subpart E, 10 CFR 20.1402, Radiological Criteria for Unrestricted Use, allows release of a site for

unrestricted use if the residual radioactivity distinguishable from background results in a TEDE to an

average member of the critical group that does not exceed 25 mrem/yr and the residual radioactivity has

been reduced to levels that are ALARA.

Dose modeling is used to estimate the TEDE to the average member of the critical group (that group rea-

sonably expected to receive the greatest exposure to residual radioactivity for any applicable circum-

stances). The concentration of residual radioactivity (per radionuclide) distinguishable from background

that, if distributed uniformly throughout a survey unit, results in a TEDE of 25 mrem in 1 year to an aver-

age member of the critical group is the single-radionuclide DCGLW. Preliminary DCGLW values for the

radionuclides of concern at the Kaiser site have been calculated using the guidance provided in NUREG-

1549, Decision Methods for Dose Assessment to Comply With Radiological Criteria for License Termi-

nation. In order to account for the presence of multiple radionuclides, the Unity Rule was applied, and

DCGLW values adjusted as shown in Table 14-1.

Table 14-1
DCGLW Values

Average
Concentration Adjusted

Single Ratio to Th-232 with Th-232 at DCGLW to Meet
Radionuclide Assuming Single Rad Unity Rule

Radionuclide DCGLw (pCi/g) Equilibration DCGLW (pCi/g) (pCi/)
Pb-210 1.751 0.043 0.15 0.12
Ra-226 5.9 0.082 0.28 0.24
Ra-228 4.3 i _3.4 3
Th-228 3.4 1 3.4 3
Th-230 102 3.5 12 10
Th-232 3.4 1 3.4 3
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In developing the remedial action plan, a derived cutoff concentration level (DCCL) of 31.1 pCi/g Th-232

has been determined. This value represents the dividing line concentration between material which must

be exported to an off-site disposal facility and material which can remain on site under an unrestricted

release scenario. Based upon kriging analyses (Appendix A), on average, material above the DCCL is

exempt. Moreover, the kriging volume estimates together with the dose assessment presented in Chap-

ter 5.0 demonstrate that unrestricted release dose levels can be achieved when material below the DCCL

is returned to the excavation as described in Chapter 8.0. The average concentration of below-criteria

material remaining on site is termed herein as the Average Derived Concentration Level (ADCL). Based

upon dose evaluations, the ADCL, rounded to 7 pCi/g Th-232, results in a postremediation TEDE well

below I mrem/yr.

The three important threshold concentration criteria and their significance are summarized below in

Table 14-2.

Table 14-2
Threshold Concentration Criteria

Value
Parameter (pCi/g Th-232) Application

DCGLw 3.0 Release criterion for soil
stockpile/processing area

DCCL 31.1 Dividing line for off-site disposal
of material

ADCL 7.0 Estimated average concentration
I_ I of material left on site as backfill

Table 14-3 presents area factors (based upon MARSSIM guidance) to be used for elevated measurement

comparisons (EMC) and to determine sampling requirements in situations where the scan instrument's

minimum detectable concentration is greater than the DCGLw or DCCL depending on the survey area.

The DCGLEmc values applicable to the stockpile/processing area are calculated by multiplying the

DCGLw by the area factors presented in Table 14-3. DCGLEmc values are presented in Table 14-4.

DCGLBmc = Area Factor * DCGLw

For the segregated material below 31.1 pCi/g of Th-232 left onsite as backfill, the ADCL value was

multiplied by the area factors presented in Table 14-3 and the results are presented in Table 14-5.
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ADCLEC = Area Factor * ADCL

However, since the material used as backfill is material below 31.1 pCi/g of Th-232, the elevated

measurement comparison is only applicable to concentrations exceeding 31.1 pCi/g of Th-232. The

ADCL value of 7 pCi/g of Th-232 was conservatively used to establish elevated measurement criteria for

the backfill material greater than 31.1 pCi/g of Th-232, to maintain the average concentration of the

backfill material ALARA.

Table 14-3
Area Factors

0,

Area Factors

Radio- I m2 3 1lDo m2 3m 00 m2 1,000 m2  3,000 m2 I 0,OOo m2
nuclide (11 If 2) (32 fl2 ) (108 R2) (323 R2) (1,076 R2) (3,29 R2) (10,764 f2 ) (32,292 f2) (107,639 R2)

Th-232 12.5 6.2 3.2 2.3 1.8 1.5 1.0 1.0

Table 144
DCGLErC Values for Processing Area

DCGLEMC (pCi/g)

Radio- I m2  3m 10 m 3m 2  lOOm 30m 2  1,00 m2  3,00 m2 30,000 m2

nuclide (11 ,) (32 R2) (108 ) (323 f2) 76f) (3,229 Rf) (10,764 fl2) (32,292 R2) (107,639 R2)
Th-232 37.5 18.6 9.6 6.9 5.4 4.5 3.3 3.0 3.0

Table 14-5
ADCLEMC Values for Excavation Areas

ADCLEmC (pCi/g)

Radio- I m2 3 m2 10 | 30m lI mU 300m2 1,000 m 3,OW ?m I 0,OOOm2
nuclide (11 If2) (32 i 2) (108 if2 ) | (323 f 2) (1,076 f 2) (3,229 R2 ) (10,764 f2 ) (32,292 fl2) (107,639 f 2 )

Th-232 87.5 43.4 22.4 16.1 12.6 10.5 7.7 7.0 7.0

14.2 Characterization Surveys

A series of radiological characterization surveys of the site have been performed from 1994 to 2001. A

summary of each survey is provided.
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14.2.1 ADA 1994

In February of 1994, the site was divided into eight sections and a gamma walk-over survey was per-

Iisr formed. Measurements were taken at 1 m above the ground every 15 feet. A Ludlum Model 3-97 Survey

Meter (internal 1-inch-by-i-inch NaI [TlI scintillator detector) calibrated to read micro-Roentgen per hour

(jaR/hr) was used. Background was established as 10 iR/hr, and readings of greater than twice back-

ground were observed in all eight sections of the site including a maximum of 400 pR/hr. Five 18-inch

core boring samples, one background core boring, and four additional soil samples from test digs were

taken. The samples were oven dried at approximately 50TC for 12 hours and then counted for a minimum

of 100 minutes using an ORTEC Multichannel Analyzer connected to a Canberra High Purity Intrinsic

Germanium Detector. Analytical results confirmed the presence of Th-228 in secular equilibrium with

Th-232. Th-230 (from the natural uranium decay chain) also was identified. The Th-230 was 2.4 to 3.4

times the Th-232 activity.

14.2.2 ARS 1995

In October of 1994, a more extensive characterization of the site was performed. Two hundred and fifty

samples were systematically collected from 90 borehole locations. Samples were collected in 500-mi

Marinelli containers, weighed to the nearest 0.1 g, and counted for 10 minutes with a shielded 2-inch-by-

2-inch Nal (11) scintillator detector. The instrument was a Bicron LabTech Dual Channel Analyzer.

Sixty 200-ml subsamples were taken from the 250 field samples. Subsamples were analyzed using a den-

sity compensating gamma spectroscopy system (Nuclear Fuel Systems, Inc.) for U-234, U-235, U-238,

and Th-232. Referred to as the At Line Solution Assay System (ALSAS), it provided density corrected

pCi/g values. A correlation coefficient (r) of 0.990 relating the total counts of the field 2-inch-by-2-inch

NaI (Ti) detector field count to the analytical results (pCi/g) of the same sample was completed. Linear

regression was used to determine an equation to calculate pCi/g values from counts. The results of the

survey were total thorium (Th-232 + Th-228) pCi/g values ranging from below the MDA of 1 pCi/g to

425.6 pCi/g.

Alpha spectroscopy was performed on 11 of the samples and confirmed the previously established ratio of

Th-232 to Th-230 in dross of between 1:2.4 and 1:3.4. The 11 samples were selected from 60 sample

results that fell in the 1 to 50 pCi/g total thorium range. The 11 samples represented 3 of the 4 main areas

surveyed including the Retention Pond, the Reserve Pond, and the land area between the railroad and the

Retention Pond. The ratios calculated from these data ranged from 1:0.62 to 1:3.15. Data were consistent
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with previous characterization survey results and were used to estimate volumes of contaminated material

and to map contamination at depth.

Surface water from the Retention Pond (two samples) and from Fulton Creek (one sample) were collected

and analyzed by gamma spectroscopy. Results were below the MDA value of approximately 1.0 pCi/l

Th-232.

14.2.3 Adiacent Land Remediation Plan Appendix A

In 1999, 24 samples were selected (on site) to confirm the Th-232 to Th-230 ratio in the dross. The sam-

ples were selected based on geographical distribution and included both the Retention and Reserve ponds

and a range of depths. The data approximate the ratio to be 1:3.5. This ratio was used to calculate the

Th-230 activity based on the measured Th-232 activity during Phase I remediation of adjacent (to Kaiser

property) land.

14.2.4 Summary

NUREG-1575 (MARSSUM) defines areas that have no reasonable potential for residual contamination as

"nonimpacted." These areas have no radiological impact from site operations. Areas with some potential

for residual contamination are defined as "impacted." Impacted areas are further divided into Class 1, 2,

or 3 areas based on the potential for contamination.

The former Freshwater Pond area is nonimpacted. Results of characterization surveys indicate that the

remainder of the pond parcel east of the former Freshwater Pond area is impacted. The land areas have

been classified in accordance with MARSSIM based on the existing characterization survey data. The

classification is provided in the Final Status Survey Design section below. In addition, part of the

adjacent land was impacted and was remediated in 2000-2001. The adjacent land area was surveyed

under NUREG/CR-5849 and the unrestricted release approved by the NRC in 2002. Therefore, the entire

area adjacent to the site as delineated by grids in Figure 24, is not addressed in this phase of

decommissioning.

In addition to the characterization events detailed in Sections 14.2.1, 14.2.2, and 14.2.3, composite

samples of characterization core samples and final status samples were taken during adjacent land

remediation surveys. The composite samples were analyzed by alpha spectroscopy to further evaluate the

Th-232 to Th-230 activity ratio. The results yielded Th-232 to Th-230 ratios from 1:0.32 to 1:2.95. A

summary of soil sample analyses performed to calculate the ratio of Th-232 to Th-230 activity is

presented in the table below. A compilation of the analytical data used to calculate the ratio of Th-232 to
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Th-230 is presented in Appendix E. The established ratio of Th-232 to Th-230 of 1:3.5 will continue to

be used during Phase II of the decommissioning of the site because this is the most conservative

nkY (protective) approach. A summary of sample result Th-232 to Th-230 activity ratios for the Kaiser site is

provided in Table 14-6 below.

Table 14-6

Measured Th-232 to Th-230 Ratios

Number of Minimum Ratio of Maximum Ratio of Average Ratio of
Reference Samples . Th-232:Th-230 Th-232:Th-230 Th-232:Th-230
ADA 1994 3 . 1:2.4 1:3.4 NA
ARS 1995 11 1:0.6 1:3.1 1:1.7
Kaiser 1999 24 1:1.5 1:6.4 1:3.4
ES 2002 14 1:0.32 1:3.0 1:2.1

Characterization activities concerning water sample analysis have also shown that the contaminated

material is not soluble.

The characterization of the site is complete. Extensive characterization surveys and sample analysis have

been reviewed to provide the initial classification of the site open land areas and structural surfaces. The

majority of the land area is impacted and classified as Class 1. The only nonimpacted area is the

Freshwater Pond parcel based on site history and the adjacent land based on final status survey results.

The only identified subsurface structural surface is the spillway. The spillway is classified as impacted

Class 1. All additional subsurface structures discovered during excavation in Class 1 open land areas will

be classified as Class 1. Reclassification of any areas would be based on final status survey

measurements secured as detailed in the following parts of Section 14.0.

14.3 Remedial Action Support Surveys

Segregation of impacted soil during remediation may be aided by an automated system equipped with Nal

(or equivalent) gamma detectors. Alternatively, HPTs may segregate impacted soil using portable survey

instruments equipped with Nal detectors. Both detection methods have the sensitivity to detect Th-232

(surrogate radionuclide) below the most restrictive threshold value of 3 pCi/g above background. Th-232

is an alpha emitter but is in secular equilibrium with several progeny that emit high-energy photons.

Detection of Th-232 is based on the detection of these high-energy photons. Table 14-7 provides MDC

values calculated using the guidance provided in NUREG-1575, MARSSIM, for increasing background

values. The calculation of MDC is based on the detection of high-energy emitting Th-232 progeny.
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Table 14-7
MARSSIM Calculated Minimum Detectable Concentration Values

For Increasing Background (2-inch-by-2-inch Nal Detectors) ''

Scan Minimum
Scan Minimum Detectable

Minimum Detectable Detectable Concentration (pCi/g
Background (cpm) Count Rate (ncpm) Concentration (BRohr) Th-232)

3,000 585 1.00 1.0
5,000 756 1.29 1.3
7,000 894 1.52 1.5
9,000 1,014 1.73 1.7
11,000 1,121 1.91 1.9
13,000 1,219 2.08 2.1
15,000 1,309 2.23 2.2
16,000 1,352 2.30 2.3
17,000 1,394 2.37 2.3
18,000 1,434 2.44 2.4
19,000 1,473 2.51 2.5
20,000 1,512 2.58 2.5
21,000 1,549 2.64 2.6

Remedial action support surveys will be performed while remediation is being conducted and will guide

the remedial action in a real-time mode. These surveys will be used to determine when a survey unit is

ready for the final status survey. The remedial action surveys will rely principally on direct radiation

measurement using gamma-sensitive instrumentation. Scan MDC will be determined for remediation

survey instrumentation using the same protocol as final status surveys. The determination of a survey

unit's readiness for a final status survey will rely on the on-site knowledge of the area (i.e., kriging

information and area classification) and the results from the survey instrumentation.

During remediation, excavated material will be characterized into one of the following four categories

based on physical description and/or radiological survey:

* Contaminated Soil (or soil-like material) - Soil above the DCGLW or DCCL value for the
processing and Retention Pond areas respectively.

* Acceptable Backfill Soil (or soil-like material) - Soil containing radioactivity above the
DCGLW but below the DCCL value.

* Suspect Contaminated Soil (or soil like material) - Soil which requires additional
characterization for the determination of whether it is below the DCGLW or DCCL value.

1U,
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* Debris (Structural Surface Survey Material) - Nonsoil material that is oversized (e.g.,
concrete fragments, bricks, and construction debris). Surveys of debris consist of surveys
of structural surfaces for total (fixed) and removable contamination in units of
disintegrations per minute per one hundred centimeters squared (dpm/1 00 cm2).

Debris is subdivided into two categories: I) removable debris that can be easily removed from an

excavation and 2) permanent structures such as the concrete spillway contained beneath Characterization

Grids 1-4 (ALRP). Removable debris will be segregated from soil to the extent practical by visual

inspection. Debris buried within the dross and soil mixture will be evaluated in accordance with NRC

Fuel Cycle Policy and Guidance Directive FC 83-23 to determine whether they are potential candidates

for clearance surveys considering such factors as volumetric contamination and accessibility of surfaces

for survey. Clearance surveys may be performed if large, nonporous, solid debris with only surface

contamination are uncovered during residue excavation. In this case, clearance surveys for total and loose

alpha will be performed on the debris to ensure that released items are released in accordance with NRC

Fuel Cycle Policy and Guidance Directive FC 83-23. Otherwise, debris material will be packaged to meet

the applicable disposal facility waste acceptance criteria. Permanent structures will be surveyed for

unrestricted release in accordance with the guidance provided in the May 2002 DPA and the May 2005

Technical Addendum for structural surface surveys.

The area containing the Characterization Grids 1-4 (ALRP) is known to contain a concrete spillway. As

shown in Figure 4-1, the spillway starts slightly west of Characterization Grid 1 and runs from west to

east. The spillway turns north at Characterization Grid 4 and proceeds toward the Retention Pond. The

spillway is considered a permanent structure and will be surveyed as a Class 1 structure.

Additional subsurface structures may be encountered during excavation. The structures will first be

categorized as permanent or removable. If the structures are permanent, a final status survey of structural

surfaces will be performed. Since thorium is highly insoluble, it is not anticipated that structures will be

volumetrically contaminated. However, subsurface culverts and/or piping may be encountered.

Structures with internal surfaces will receive final status surveys of both external and internal surfaces.

Consideration will be given to nonaccessible surfaces. Residues, sediments, and/or liquids encountered

will be collected and held for sampling. Based on the results of the sample analysis, the material will be

dispositioned accordingly. Gas proportional detectors will be used to survey structural surfaces when

possible. The final and clearance survey protocols for structures are detailed in subsequent parts of

Chapter 14.0. Soil and/or soil like material surrounding structures will be segregated in accordance with

this plan.
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Based on survey instrument DCCL, DCGLW, and ADCL values, survey instrumentation threshold values

will be determined. The lower bound threshold is the value below which surveyed soil is acceptable

backfill soil. The upper bound threshold is the value above which surveyed soil is contaminated soil.

The two threshold values will be conservatively set based on empirical data (e.g., the lower bound thresh-

old value will be set at the average net counts per minute [ncpm] value corresponding to the DCGLw less

one standard deviation and the upper bound threshold will be set at the average plus one standard devia-

tion) to ensure that soil is acceptable backfill or that soil is contaminated. The average ncpm value will be

derived from empirical data and will be continually checked as survey and analytical data are collected.

Soil surveyed with results between the two threshold values will be stockpiled as suspect contaminated

soil and will be sampled for laboratory analysis to determine if the soil is acceptable backfill or

contaminated.

14.4 Final Status Survey Design

14.4.1 Survey Objective

The objective of this survey is to demonstrate that residual radioactivity levels meet the site release

criteria. i

14.4.2 Basic Design

14.4.2.1 MARSSIM's Wilcoxon Rank Sum Test

The final status survey will use systematic grid sampling to determine the average radionuclide concen-

tration in a survey unit and gross gamma scans to screen for elevated areas. At least the minimum

number of samples (N/2) will be taken in each survey unit. Since the radionuclides of interest occur

naturally in background, the minimum number of samples (N/2) from the reference background area will

also be used to complete the Wilcoxon Rank Sum (WRS) Test.

Minimum Number of Samples (N/2)

When using the WRS test, the minimum number of samples (N/2) is the number of samples required in

the survey unit and in the reference background area. Hence '"' is the total number of samples required

to complete the WRS test. Paramount to determining the minimum number of samples is the

determination of the relative shift, delta over sigma (Ala). Delta is equal to the DCGL minus the lower

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

unit. The estimate of sigma used is based on the standard deviations in Th-232 activity measured in

survey units during the final status sampling of the adjacent land remediation final survey (0.42). Sigma

may be increased if the spatial variability of contaminants within a given survey unit is expected to be

greater than 0.42. Since the Th-232 activity concentration of 3.0 pCi/g will be used as the surrogate

DCGLw, A is equal to 3.0 - 1.5, or 1.5. Delta divided by the sigma of 0.42 results in a relative shift of

3.57 which is rounded to 3.5 for the purpose of determining the required number of samples. The number

of samples can be calculated using the following formula or looked up in Table 5.3 of MARSSIM:

N (ZIa+ Z-fl)2

3(P, - .5)'

where:
ZI, = percentile represented by selected value of o, Table 5.2 of MARSSIM
ZI-p = percentile represented by selected value of J3, Table 5.2 of MARSSIM
Pr = value obtained from Table 5.1 of MARSSIM

Based on a relative shift of 3.5, the following number of samples are required to meet the DQOs:

Number of Sampling
Size of Survey Unit Class DQOs for a and P Locations

2 10 m 2 <2,000 m2  1 0.05,0.05 9
>2,000 m2 and <10,000 rn2  2 0.05,0.05 9

2 10,000 n2 3 0.05,0.05 9

Likewise for surveys of the backfill material the number of samples is 9 corresponding to a relative shift

of 3.5, based on the DCCL value of 31.1, the LBGR of 15.6 and a sigma estimate of 4.4 pCi/g.

The number of samples in the above table includes a factor to increase the number of required samples by

20 percent, as recommended by MARSSIM, to allow for lost or unusable data. The number of required

samples may be further increased to increase the power level of the statistical tests. Additional sampling

locations may also be necessary if characterization data and remedial action surveys and sampling

indicate that there is greater than expected spatial variability (cr)of sample results within specific survey

units.

14.4.2.2 Discrete Soil Sampling

The results of discrete soil sampling will be used to verify that the average soil concentration is less than

the appropriate DCGLw or DCCL values. Regardless of the survey unit classification (Class 1, Class 2,
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or Class 3), a predetermined minimum number of samples will be collected in each survey unit. A

random-start triangular grid pattern will be used in Class I and Class 2 survey units. This sampling

pattern is generally the most efficient means of identifying small areas of elevated activity. The distance

between the grid nodes (L) will be determined by

L = [A/(0.866 x n)] 1/2

where A is the survey unit area to be covered by the grid pattern and n is the number of samples.

The random start point will be selected by use of readily available random point generators such as

provided by the spreadsheet Excel. Sample points will be located by use of a global positioning system

(GPS) or equivalent survey equipment.

14.4.2.3 Scannina

Scanning surveys will be used to identify small areas of elevated activity. The percentage of the survey

unit to be covered by scans will be based upon the survey unit classification in accordance with the

following table.

Table 14-8

Survey Unit
Classification Scanning Coverage

Class 1 100 percent coverage
Class 2 10 to 100 percent

Systematic and
Judgmental

Class 3 Judgmental

One hundred percent coverage means that the entire surface area of the survey unit has been covered by

the field of view of the detector. The scanning coverage for Class I areas will be 100 percent. The

scanning coverage for Class 2 areas will be adjusted based on the level of confidence supplied by existing

data. Whenever less than 100 percent of the survey unit is scanned, the Data Manager will determine the

degree of scan coverage and which areas are to be scanned based on the information available at the time

of survey. For example, if the potential for contamination in a section of the survey unit is higher than the

rest, i.e., the section that borders a Class I survey unit, this section may receive 100 percent coverage,

while the remaining section may receive 50 percent systematic coverage. If the survey unit has an equally

unlikely potential for contamination, e.g., isolated with no previous history of contamination, a systematic

coverage at 25 percent coverage may be appropriate.
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14.4.2.4 Null Hypothesis

The null hypothesis (Ho) to be tested is that the residual contamination exceeds the remedial objective

(release criteria are not met) and the alternative hypothesis (HA) is that the residual contamination meets

the remedial objective (release criteria is met).

14.4.2.5 Decision Error Rates

There are two types of decision errors as shown below:

DECISION/OUTCOME OF STATISTICAL TEST
Reject Ho | Accept Ho

TRUE CONDITION Meets remedial Incorrectly fail to
OF SURVEY UNIT objective (below No decision error release survey unit

DCGLw) (probability = 1 -a) Type II error
(probability= =)

Exceeds remedial Incorrectly release
objective (exceeds survey unit No decision error

DCGLw) Type I error (probability = 1 - >

(probability = a)

Examination of this table highlights the importance of limiting the Type I error rate (or a) in terms of

protection of human health and the environment. The DQO selected for a is 0.05. The DQO selected for

P is 0.05.

14.5 Use of a Surrogate Radionuclide

Characterization activities have verified that the primary radionuclides of concern are isotopes of thorium.

Th-232 and Th-228 are part of the natural thorium decay chain and have been verified to be in secular

equilibrium (i.e., the activity of Th-228 is equal to that of Th-232). Another isotope of thorium, Th-230,

has been identified as a primary radionuclide of concern. Although Th-230 is part of the natural uranium

decay chain, no uranium has been identified. However, in the estimated 55 years since Th-230 was sepa-

rated from the uranium decay chain, some Ra-226, a member of the decay chain below Th-230, has

grown in. The relationship of Th-230 activity to that of Th-232 has been established in previous charac-

terization of the site. The relationship of Th-230 activity is 3.5 times Th-232 activity. Not all of the

radionuclides present can be identified by real-time gamma surveys or by gamma spectroscopy of soil

samples--the most efficient and cost-effective measurements. In addition, each of the radionuclides con-

tributes to the total dose to varying degrees of magnitude. In order to save both time and resources, it is
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desirable to select a surrogate radionuclide to demonstrate compliance for all the radionuclides and to

guide remediation activities. Th-232 has been selected as the surrogate radionuclide.

14.6 Establishing Background

Appendix F contains the reference area, surface soil, and background data consisting of two different

reference areas located approximately 1 mile apart. The results of 30 different sampling locations in each

reference area presented in the Adjacent Land Characterization, Kaiser Aluminum Specialty Products,

Appendix A, Estimate of Volume of Off-Site Contaminated Soil, Adjacent Land Characterization Report,

ADA, March 1999. These data were also used for the background determination during the Kaiser

Adjacent Land Area Remediation Project. Based on a review of the data in both reference areas, there

appears to be no significant variability between the two reference areas that were sampled. The mean

Th-232 concentration in the reference area located on the nonimpacted northwest Kaiser property is 0.94

+/- 0.11 pCi/g at the 95 percent confidence level, and mean Th-232 concentration in a reference area

located approximately 1 mile away is 1.06 +/- 0.10 pCi/g at the 95 percent confidence level. The

reference area data standard deviations were 0.30 and 0.28 respectively. According to NUREG 1727,

"When there may be significant difference in backgrounds between different areas, a Kruskal-Wallis

test.. .can be used to determine whether there are, in fact, significant differences in mean background

concentrations among potential reference areas." Based on the agreement between the mean of both

reference areas, it is not necessary to conduct a Kruskal-Wallis test on the reference area data, because

there is no significant variability between the two reference areas that have been sampled. The

established background value was 1.1 pCi/g Th-232.

14.7 Area Classifications

All of the areas have undergone either a characterization study or historical site assessment that is used as

the basis for the initial determination of the area classification established in this section. The former

Freshwater Pond area currently is not impacted. However, DPs call for use of this area (after closure) as a

material processing area. Therefore, all areas in the Pond Parcel with the exception of the clean backfill

cover have been designated as impacted for purposes of classification and survey. In addition, gamma

surveys will be performed in areas adjacent to the dross pond to confirm that elevated gamma levels

measured during the ALRP were due to gamma contribution from the pond.
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Definitions

Class Definition Survey Unit Size
1 Areas known or expected to have Up to 2,000 mn

Land Areas radionuclide concentrations above
the DCGLw

2 Areas known or expected to have 2,000 to 10,000 mi
Land Areas radionuclide concentrations above

normal background concentrations
but that are not expected to be
above the DCGLw

3 Areas that are not expected to have No limit
Land Areas radionuclide concentrations

detectable above normal
background concentrations

1 Areas known or expected to have Up to 100 m2
Structural radionuclide concentrations above of floor area
Surfaces the DCGLw

2 Areas known or expected to have 100 to 1,000 m2
Structural radionuclide concentrations above
Surfaces normal background concentrations

but that are not expected to be
above the DCGL w

3 Areas that are not expected to have No limit
Structural radionuclide concentrations
Surfaces detectable above normal

background concentrations .-

NUREG-1575, MARSSIM, recommends a maximum Class I survey unit area of 2,000 m 2 to ensure
each survey unit is assigned an adequate number of sample points. For areas larger than 2.000 m2 with
uniform conditions, initial classification and exposure pathway modeling assumptions, the survey unit
area may be increased providing the data quality objectives, specifically the sample point density is
maintained. If it is determined during site remedial operations that site conditions warrant a survey
unit to be greater than 2,000 m2 in size, Kaiser will design the survey to comply with the data quality
objectives of MARSSIM.

(Sept. 2005 Revision)
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Initial Area Classifications

Area Description Classification
Processing Area currently occupied by a Freshwater 1

Area Pond which will be used for
(Fresh Water processing/stockpiling excavated

Pond) materials (-9 survey units).
Former Area formerly occupied by the dross 1

Retention Pond Retention Pond and Reserve Pond, post
Area Bottom excavation of dross (=21 survey units).

Former Area formerly occupied by the dross 1
Retention Pond Retention Pond and Reserve Pond,

Area backfilled with below-criteria material in
2-foot survey lifts (-21 survey units per
lift).

Former The triangular parcel of land north of
Operational 41st Street and south of the Union

Area Pacific Railroad right-of-way in which
plant processes and operations occurred.

Spillway/Other Structures (such as the spillway) located I
Permanent where thoriated material is known to
Structures exist. The total area of these structures

cannot be determined until uncovered by
excavation.

14.7.1 Process for Reassignmnent of Area Classifications

All areas will not have the same potential for residual contamination and, accordingly, will not need the

same level of survey coverage to achieve the established release criteria. The initial area classifications

are based on a combination of characterization data and historical information. Additional information

obtained during the remediation process may lead to the determination that the initial classifications

established should be revised to be consistent with the definitions given.

14.7.2 Classification Upgrades

Any area classification may be upgraded (e.g., from Class 2 to Class 1) by the Data Manager based on the

receipt of additional survey or measurement information that justifies the need for such action.
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14.7.3 Classification Downgrades

Any area classification may be downgraded (e.g., from Class 1 to Class 2) by the Data Manager based on

the receipt of additional survey or measurement information that justifies the lower classification pro-

vided that the approval of the Kaiser RSO and the NRC is obtained.

14.7.4 Documentation of Classification Changes

All changes to the initial area classifications will be documented and included in the final soil remediation

documentation.

14.8 Selection of Survey Units

Each impacted area will be divided into a number of survey units based on the classification defined

above. Selection of the survey units will be based on areas having similar operational history or similar

potential for residual radioactivity to the extent practical. Survey units also will have relatively compact

shapes unless an unusual shape is appropriate for the site operational history or site conditions.

14.9 Field Instrumentation

The gamma-emitting progeny of the surrogate radionuclide Th-232 emit high-energy photons and are

easily detected using survey instruments equipped with NaI scintillation crystal detectors. Scanning for

gross gamma activity will be used to guide remediation activities and as part of the final status survey

when remediation is complete. The following survey instruments (or equivalents) as appropriate will be

used to scan soil:

Manufacturer and Manufacturer and
Meter Detector Model Detector Type Use

Ludlum 2221 Ludlum 44-10 Sodium Iodide Scans for Gamma-
2"-x-2" NaI scintillator (unshielded) Emitting Radionuclides

Use of these field instruments or acceptable equivalents are evaluated against the goal of achieving MDCs

of less than 75 percent of the DCGLw for direct measurements and/or scanning measurements. MDCs

were calculated for scanning instruments using the method provided in MARSSIM for calculating MDCs

that control both Type I and Type II errors (i.e., elimination of false negatives and false positives) as

follows:
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Scan MDCRsrveyor = MDCR

Where MDCR is the minimum detectable count rate in counts per minute (cpm), c; is the instrument effi-

ciency (cpm/pR/hour), and p is the surveyor efficiency. The value of p has been estimated to be between

0.5 and 0.75. The value of 0.5 is conservative. In addition:

MDCR = si x (60/i)

Si =d'Fb

where si is the minimal number of net source counts required for a specified level of performance for the

interval i, in seconds; d' is the value selected from MARSSIM Table 6.5 based on the required true

positive and false positive rates; and bi is the number of background counts in the intervali. The value of

d' used to calculate the detector sensitivity values is 1.38, corresponding to an alpha of 0.05 and beta of

0.40. This value of d' will result in less than 5 percent false negatives and about 40 percent false

positives. Typical scan MDCs using the MARSSIM two stage scan methodology for survey instruments

equipped with 2-inch-by-2-inch NaI detectors are summarized in Table 14-7 for increasing background

count rates. Static and scan MDCs for surface contamination detectors are presented in Chapter 14.0 and

Appendix D of the May 2002 DPA.

For surface contamination scanning and static measurements, the radionuclides of concern and/or their

progeny emit alpha and/or beta particles that are easily detected using survey instruments equipped with

gas proportional detectors and scalers. Scanning for gross alpha or gross beta activity will be used as part

of status surveys of structural surface survey units to ensure elevated areas of activity are not missed. In

addition, static counts of structural surfaces at predetermined sample points are used to assess total

contamination of structural surfaces. The following survey instruments (or equivalents) will be used to

scan structural surfaces:
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'I

Manufacturer and Manufacturer and
Meter Detector Model Detector Type Use

Ludlum 43-89 Dual Scans and Static Counts
Ludlum 2224 Phosphor Alpha/Beta Zinc Sulfide Scintillator for Alpha and Beta

1Detector ___________Emitting Radionuclides
Ludlum, 43-68 Scans and Static Counts

Ludlum 2221 Gas Proportional Gas Proportional for Alpha and Beta
____ ___ ___ ___ ___ ____ ___ ___ ___ ___ ____ ___ ___ ___ ___ E n-tting R adionuclides

Use of these field instruments or acceptable equivalents are evaluated against the goal of achieving MDCs

of less than the DCGL,.s for direct measurements and/or scanning measurements. MDCs will be

calculated for scanning instruments using the method provided in MARSSIM for calculating MDC that

controls both Type I and Type II errors (i.e., elimination of false negatives and false positives) as follows:

Alpha Scan

There are two equations based on the MARS SIM two-stage scan methodology used to determine the

alpha scanning MIDC depending on the background level. 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:

-GU

where:

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

Increase the value of G until the corresponding probability equals the desired confidence level, e.g., 95

percent. For a background level -of 3 cpm to about 10 cpm, the probability of detecting two or more

counts while passing over the contaminated area is:

(GE+B)d

P(flŽ 2 )= l-(l+ (G 60i e

where:

P(n Ž 2) = probability of observing two or more counts,
G = activity (dpm),
E = 47r detector efficiency (cpd),
B = background count rate (cpmi),
d = width of detector in direction of scan (cm), and
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v = scan speed (cm/s).

Increase the value of G until the corresponding probability equals the desired confidence level, e.g., 95

percent.

Beta Scan

Based on the MARSSIM two-stage scan methodology, the beta scanning MDC at a 95 percent confidence

level is calculated using the following equation which is a combination of MARSSIM Equations 6-8, 6-9,

and 6-10:

(60)
MDCscan A

E10 ' 100cm 2

where:

MDC. = MDC level in dpm/100 cn2,
d' = desired performance variable (usually 1.38 corresponding to alpha and beta errors

of 0.05),
bi = background counts during the residence interval,
i = residence interval in seconds, U
p = surveyor efficiency (0.5 - 0.75, 0.5 is conservative),
A = detector probe physical (active) area in cm2, and
EtOt = total detector efficiency for radionuclide emission of

= EjxE1,
where:

Es = 2n instrument efficiency in counts per disintegration (cpd) and
E1 = source (or surface contamination) efficiency.

Note: Es values can be determined or the default values provided in NUREG-1507 can be used as

follows: 0.25 for all alpha energies and beta maximum energies between 0.15 and 0.4 MeV, 0.5 for all

beta maximum energies greater than 0.4 MeV.

Alpha or Beta Static Counts

Minimum counting times for static counts of total and removable contamination will be chosen to provide

a MDC that is a fraction (25 - 75 percent) of the survey unit-specific acceptance criteria. MARSSIM

equations have been modified to convert to units of dpm/100 cm2. Count times are determined using the

following equation. Static counting MDCs at a 95 percent confidence level are calculated using the

following equation which is an expansion of NUREG-1507, Equation 6-7 (Strom & Stansbury, 1992):
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3 + 3.291B* It; t, +)

MDCstati = A4

where:

MDC 1ttk = minimum detectable concentration level in dpm/100 cm2,
BR = background count rate in counts per minute,
tB = background count time in minutes,
ts = sample count time in minutes,
A = detector probe physical (active) area in cm2, and
Ewot = total detector efficiency for radionuclide emission of

= EjxE,,
where:

F, = 2x instrument efficiency in counts per disintegration (cpd) and
F, = source (or surface contamination) efficiency.

Note: Es values can be determined or the default values provided in NUREG-1507 can be used as

follows: 0.25 for all alpha energies and beta maximum energies between 0.15 and 0.4 MeV, 0.5 for all

beta maximum energies greater than 0.4 MeV.

14.10 laboratory Analysis

With the exception of radiation badge service, laboratory analytical services are expected to be provided

by Outreach of Broken Arrow, Oklahoma. In the event that Outreach is not available, Kaiser will select

another qualified analytical laboratory.

Soil samples will be analyzed by gamma spectroscopy. The MDC value required for each gamma spec-

troscopy analysis is 25 percent of the release criteria for Th-232. Characterization survey results confirm

that Th-232 is in secular equilibrium with its short-lived progeny Ac-228 and Th-228. Th-232 activity

will be identified based on the Ac-228 activity (primary gamma energy of 911.1 keV). The Th-228

activity will be calculated by multiplying the Th-232 activity by 1. The Th-230 activity will be calculated

by multiplying the Th-232 activity by 3.5.

A minimum of five of the QC samples taken as part of the final status survey will also be analyzed by

alpha spectroscopy for Th-232, Th-230, and Th-228. The data will be used to confirm the activity ratio of

Th-232 to Th-230 of 1:3.5. The required MDC for the alpha spectroscopy analysis will be 0.5 pCi/g.
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14.11 Sampling and Measurement Technique

A combination of the following techniques may be used to achieve the desired survey requirements for an

area.

14.11.1 Surface Scans

Depending on the area classification (Class 1, Class 2, or Class 3), scanning coverage will range in accor-

dance with Table 14-8, Section 14.4.2.3. When scanning soil, the detector is held close to the ground (1

to 2 inches) and moved in a serpentine pattern. A scan rate of 0.5 m per second will be used. In the scan-

ning mode, the audio response will be used to prevent lack of detection of an elevated area due to meter

response time. The "two-stage" scan methodology will be utilized.

14.11.2 On Site Gamma Spectrometry

An on-site gamma-ray spectroscopy system may be utilized to provide qualitative and quantitative

analysis of the Th-232 content in waste samples and final status survey screening samples.

14.11.3 Soil Sampling

14.11.3.1 Surface SamplinL

Surface soil sampling will be conducted to evaluate the average remaining activity concentration of

excavation bottom survey units prior to backfill activity. Surface samples will be collected from the top

15 cm (6 inches) of soil that correspond to the soil mixing or plow depth in several environmental

pathway models. Grass, rocks, sticks, and foreign objects will be removed from the soil samples to the

degree practical at the time of sampling. If there is reason to believe these materials contain activity, they

will be retained as separate samples.

14.11.3.2 Core Sampling

Core samples will be collected after backfilling of below-release criteria material is complete. For

purposes of a final status survey, the entire backfilled retention pond area will be considered as a unit and

divided into survey units based on m2, i.e., Class 1 survey units of less than 2,000 in2 . A random start,

triangular grid pattern will be used to take the required number of samples (N/2) in each survey unit. The

sample will consist of a core sample through the approximate 3-meter layer of placed material. The entire

core will be scanned using a 2-inch-by-2-inch NaI detector in a low background area sufficient to achieve

a scan-MDC of less than 3 pCi/g Th-232. The 3 meters will be subdivided into three consecutive 1-meter

segments in accordance with Appendix E of the NMSS Decommissioning Standard Review Plan. Each
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I-meter segment will be mixed and containerized. All three segments will be analyzed by gamma

spectroscopy for Th-232. The MDC required will be 3 pCi/g.

14.12 Final Status Survey Implementation

The final status survey will be used to select/verify survey unit classification and to demonstrate that the

objectives have been achieved. Two situations that require final status surveys are detailed in this section.

*The first involves the final status survey of remediated areas (e.g., the Retention/Reserve Pond Area), and

the second involves the final status survey of the processing area. The surveys will be performed using

gamma-sensitive instrumentation and analytical analyses described above.

14.12.1 Postremediation Surveys

The final status survey units will be defined and marked. When remediation activities in a survey unit are

completed, the following will be performed.

14.12.1.1 Gamma Scans

A gamma scan as defined by classification will be performed in accordance with the area classification.

For the Retention Pond area, each 2-foot-thick lift that is placed in an excavation will receive a 100

percent scan to ensure that there are no areas that exceed the elevated measurement comparison.

14.12.1.2 Grids

The sample grid and starting location will be established.

14.12.1.3 Sample Number

The required number of samples will be taken and analyzed as described above.

14.12.1.4 Data Evaluation

The data will be evaluated as described below.

14.12.2 Postremediation Surveys for Returned Overburden Material

When remediation activities in a survey unit that required the excavation of substantial overburden soil

are completed, the following will be performed:
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* The bottom of the excavation will be surveyed as detailed in 14.12.1.1 above.

* The sample grid and starting location will be established,

* The number of surface samples required will be taken and analyzed.

* A 2-foot layer of acceptable (below 31.1 pCi/g) backfill material will be placed in the
excavation.

* A gamma scan as defined by classification will be performed.

* The sequence of 2-foot layers of acceptable backfill and subsequent survey will be repeated
as necessary to fill excavation (prior to placement of off-site backfill).

Once the excavation is filled with below-criteria material:

* the sample grid and starting location will be established,
* the number of core samples required will be taken and analyzed, and
* the data will be evaluated as described below.

14.13 Data Evaluation

Data will be reviewed by the Data Manager to ensure that the requirements are implemented as prescribed

and that the results of the data collection activities support the objectives of the survey, or permit a deter-

mination that these objectives should be modified.

14.13.1 Preliminary Data Review

The Data Manager will review QA and QC reports, prepare graphs of the data, and calculate basic statis-

tical quantities to analyze the structure of the data and identify patterns, relationships, or potential anoma-

lies. The survey data shall be reviewed as it is collected. The preliminary data examination includes the

following:

* Evaluation of data completeness.

* Verification of instrument calibration.

* Verification of sample identification and traceability back to sampling location.

* Measurement of precision using duplicates, replicates, or split samples.

* Measurement of bias using reference materials or spikes examination of blanks for
contamination.
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* Assessment of adherence to method specifications and QC limits.

* Evaluation of method performance in the sample matrix.

* Applicability and validation of analytical procedures for site-specific measurements.

* Assessment of external QC measurement results and QA assessments, including the results
of analytical laboratory QA/QC reports related to the analysis of final status survey
samples.

14.13.2 Data Evaluation and Conversion

For comparison of survey data to DCGLws or DCCLs, the survey data from field and laboratory

measurements will be converted to DCGLW or DCCL units. The Data Manager will ensure data

measurements retain traceability to NIST and conversion factors are appropriate for the radiation quantity.

The preliminary data reports will be reviewed to ensure adequate measurement sensitivity is being

achieved and to resolve any detector sensitivity problems. Analytical reports will be reviewed for proper

MDC values. The results of analytical results will be reported whether the result is above or below the

reported MDC value so that the MDC value is not used in the data assessment. Preliminary scan data will

also be reviewed against the percent coverage requirement of the survey unit.

An evaluation will be made to determine that the data are consistent with the underlying assumptions

made for survey plan statistical procedures. The basic statistical quantities that will be calculated for the

survey unit are the following:

* Mean
* Standard deviation
* Median
* Minimum
* Maximum

The parameter of interest is the mean concentration in the survey unit. The two-sample statistical test

(WRS Test) will be used. The two-sample WRS Test will evaluate whether the median of the data is

above or below the DCGLw or DCCL.
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Summary of Statistical Tests

Survey Result Conclusion
Difference between maximum survey unit measurement and Survey unit meets release criterion
minimum reference area measurements is less than
DCGLwIDCCL
Difference of survey unit average and reference area average Survey unit does not meet release
is greater than DCGLw/DCCL criterion
Difference between any survey unit measurement and any Conduct WRS Test and elevated
reference area measurement greater than DCGLw/DCCL and measurement comparison
the difference of survey unit average and reference area
average is less than DCGLw/ DCCL

The 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 will be applied as outlined in the following steps.

1. Adjusted reference area measurements will be obtained by adding the DCGLW or DCCL to each
reference area measurement.

2. The m adjusted reference area sample measurements and the n sample measurements from the
survey unit will be pooled and ranked in order of increasing size from 1 to N, where N = m + n.

3. If measurements are tied in rank, each of the tied values will be assigned the same average rank
of that group of tied measurements.

4. The ranks from the reference area will be summed as Wr

5. The value of WI will be compared with the critical value given in MARSSIM Table I.4 for the
appropriate values of m and n at the required Type I error decision rate (a = 0.05). If W. is
greater than the critical value, the null hypothesis that the survey unit exceeds the release criterion
was rejected.

Both the measurements at discrete locations and the scans will be used to identify elevated areas within a

survey unit. Analytical results of soil samples will be used to complete the elevated measurement

comparison. If residual radioactivity is found in a localized area of elevated activity - in addition to the

residual radioactivity distributed relatively uniformly across the survey unit - the unity rule discussed

above will be used to ensure that the release criterion has been met as follows:

a " (&JCK-) <

DCGL ,+, DCGLEMc
where:

8 = is the average concentration of Th-232 over the entire survey unit
8aic = the average concentration of Th-232 over the elevated area x within the survey unit
DCGL = the DCGLW or DCCL for Th-232
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DCGLEmC = (area factor for elevated area x) X (DCGL)
x = refers to one of the elevated areas within the survey unit
n = the total number of elevated areas within the survey unit

If there is more than one elevated area, a separate term will be included for each area. The result of the

EMC will be used as a trigger for further investigation. The investigation may involve taking further

measurements to determine that the area and level of the elevated residual radioactivity are such that the

resulting dose or risk meets the release criterion. The investigation will provide adequate assurance,

using the DQO process, that there are no other undiscovered areas of elevated residual radioactivity in the

survey unit that might otherwise result in a dose or risk exceeding the release criterion. In some cases,

this may lead to reclassifying a survey unit-unless the results of the investigation indicate that

reclassification is not necessary.

14.13.3 Investigation Levels

The Data Manager will use radionuclide-specific investigation levels to indicate when additional investi-

gations may be necessary. Investigation levels will also serve as a QC check to determine when a

measurement process begins to get out of control. A measurement that exceeds the investigation level

may indicate that the survey unit has been improperly classified or it may indicate a failing instrument.

When an investigation level is exceeded, the first step will be to confirm that the initial measure-

ment/sample actually exceeds the particular investigation level. This may involve taking further meas-

urements to determine that the area and level of the elevated residual radioactivity are such that the

resulting dose or risk meets the release criterion. Depending on the results of the investigation actions,

the survey unit may require reclassification, remediation, and/or resurvey. The following table lists the

investigation levels which will be used by the Data Manager.

Postremediation Survey Investigation Levels

Flag Scanning
Survey Unit Flag Direct Measurement or Measurement Result

Classification Sample Result When: When:
Class 1 >DCGLmc / DCCL or >DCGLmc

> DCGLW / DCCL and or
the mean of the survey >DCCL
unit is greater than 0.75
of the DCGLW / DCCL

Class 2 > DCGLw > DCGLW or
>MDC

Class 3 > 0.5 of the DCGLw + > DCGLW or
I background >MDC
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If the data suggest that the survey unit was misclassified, the original DQOs will be redeveloped for the

correct classification. The sampling design and data collection documentation will be reviewed for con-

sistency with the DQOs.

14.14 Final Status Survey Report

A report will be prepared to document the final conditions of the site. The report will include information

concerning the following:

* An overview of the results of the survey.

* A discussion of any changes that were made in the survey from what was proposed in the
Soil Remediation Plan.

* A description of the method by which the number of samples was determined for each sur-
vey unit.

* A summary of the values used to determine the number of samples and justification for
these values.

The survey results for each survey unit including the following:

* The number of samples taken for the survey unit.

* A map or drawing of the survey unit showing the reference system and random-start sys-
tematic sample locations.

* The measured sample concentrations.

* The statistical evaluation of measured concentrations.

* Judgmental and miscellaneous sample data sets reported separately from those samples
collected for performing the statistical evaluation.

* A discussion of anomalous data including any areas of elevated direct radiation detected
during scanning that exceeded the investigation level or measurement locations in excess of
the DCGLw or DCCL.

* A statement that a given survey unit satisfied the DCGLW or DCCL and the elevated
measurement comparison, if any sample points exceeded the DCGLw or DCCL.

* A description of any changes in initial survey unit assumptions relative to the extent of
residual radioactivity.

* A discussion of a survey unit reclassification including applicable data.
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APPENDIX C
Evaluation of Survey Unit Analytical Results

Wilcoxon Rank Sum Test
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

In accordance with the DP, final status survey activities included systematic grid
sampling to determine the average radionuclide concentration in a survey unit and gross
gamma scans to screen for elevated areas. At least the minimum number of samples
required (N) was taken in each survey unit. Since the radionuclides of interest occur
naturally in background, the minimum number of samples (N) from a survey unit and an
appropriate reference background area was used to complete the Wilcoxon Rank Sum
(WRS) Test.

Note: When the WRS Test is used, the minimum number of samples required in the
survey unit and in the reference area is referred to as N/2 in MARSSIM so that the total
number of samples required to complete the WRS test is N.

PROCEDURE

After N systematic samples have been taken within the survey unit, an equal number of
samples results is randomly selected from the appropriate reference area data base. The
random number function in Microsoft Excel is used to select the appropriate number of
samples. The reference area databases are included in Appendix C as follows:

1. Appendix C. Table l. Soil Reference Area Sample Results - The soil sample Th-
232 activity concentration results (pCi/g) are from two sets of 30 core samples
taken prior to the onset of decommissioning activities onsite. The first set of 30
cores was taken in a non-impacted area of the site. The second set of 30 cores
was taken approximately one mile offsite. Each 6-inch segment of each core was
analyzed for Th-232. There is no significant variability between the two sets of
results. A discussion of the results and the data can be found in Chapter 14 and
Appendix F of the DP.

2. Appendix C, Table 2, Concrete Structural Surface Reference Area Total Aloha
Contamination Results - The total alpha contamination results (dpm/IOOcm 2)
from the concrete floor of the Flux Building (Survey Unit FB-001) final survey
were used as the concrete structural surface reference area. The results of the
Flux Building survey were indistinguishable from background in accordance with
the State of Oklahoma's criteria for allowing the concrete to be disposed of offsite
in the State of Oklahoma.
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3. Appendix C. Table 3. Cinderblock Structural Surface Reference Area Total Alpha
Contamination Results - The total alpha contamination results (dpmll00cm2)
from the cinderblock wall of Flux Building (Survey Unit FB-001) final survey
were used as the cinderblock structural surface reference area. The results of the
Flux Building survey were indistinguishable from background in accordance with
the State of Oklahoma's criteria for allowing the cinderblock to be disposed of
offsite in the State of Oklahoma.

'~

Once the reference area results are selected, the survey unit and reference area results are
then complied in a table with the average, standard deviation, minimum, maximum, and
median values for both sets of data being calculated.
following table.

The results are evaluated using the

Survey Result Conclusion
If the difference between the maximum survey unit The survey unit meets release
sample result and the minimum reference area sample criterion.
result is less than the appropriate release criteria
(DCGLw/DCCLJDCGL-GA) then:
If the difference of the survey unit sample results The survey unit does not meet
average and the reference area sample results average is release criterion.
greater than the appropriate release criteria (DCGLw
/DCCLIDCGL-GA), then:
If the difference between any survey unit sample result Conduct the Wilcoxon Rank Sum
and any reference area sample result is greater than the Test and Elevated Measurement
appropriate release criteria (DCGLw/DCCLUDCGL- Comparison (EMC) if necessary, to
GA), and the difference of the survey unit average and determine if the unit meets release
reference area average is less than the appropriate criterion.
release criteria, then:

KU

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

1. Adjusted reference area measurements are obtained by adding the appropriate
release criteria (DCGLw /DCCLIDCGL-GA) to each reference area measurement.

2. The m adjusted reference area sample measurements and the n sample measurements
from the survey unit are pooled and ranked in order of increasing size from 1 to N,
whereN=m+n.

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

4. The ranks from the reference area are summed as Wr.
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5. The value of Wr is compared with the critical value given in MARSSIM Table I.4
for the appropriate values of m and n at the required Type I error decision rate
(cX = 0.05). (If the values of m and n exceed 20, the critical value is calculated using
the formulas I.1 and/or I.2 of MARSSIM Appendix I.) If Wr is greater than the
critical value, the null hypothesis that the survey unit exceeds the release criterion is
rejected.

A copy of MARSSIM Table I-4 and MARSSIM Appendix I formulas 1.1 and I.2 is
included as part of this appendix.
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length( 2) Surface (pCVg)

Sample No. . Depth
1 1 46" 0" - 6" 0.98
2 2 36" 0" - 6" 0.80
3 3 40" 0" - 6" 0.35
4 4 37" 0" - 6" 0.61
5 5 43" 0" - 6" 0.90
6 6 39" 0" - 6" 0.95
7 7 40" 0" - 6" 0.70
8 8 41" 0" - 6" 1.24
9 9 38" 0" - 6" 0.86

10 10 37" 0" - 6" 0.57
11 11 41" 0" -6" 0.97
12 12 39" 0" - 6" 0.96
13 13 42" 0" - 6" 1.31
14 14 46" 0" - 6" 1.13
15 15 36" 0" - 6" 1.11
16 16 34" 0" - 6" 0.53
17 17 38" 0" - 6" 0.91
18 18 38" 0" - 6" 0.60
19 19 40" 0" - 6" 0.36
20 20 41" 0" - 6" 1.38
21 21 39" 0" - 6" 1.25
22 22 40" 0" - 6" 1.07
23 23 46" 0" - 6" 1.08
24 24 33" 0" - 6" 0.85
25 25 46" 0" - 6" 0.56
26 26 42" 0" - 6" 1.47
27 27 42" 0" - 6" 1.24
28 28 44" 0" - 6" 1.18
29 29 39" 0" - 6" 0.90
30 30 41" 0" - 6" 1.25
31 31 42" 0" - 6" 1.33
32 32 46" 0" - 6" 1.36
33 33 46" 0" - 6" 0.92
34 34 46" 0" - 6" 1.12
35 35 42" 0" - 6" 1.07
36 36 38" 0" - 6" 0.41
37 37 46" 0" - 6" 0.86
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length() Surface (pCi/g)

Sample No. Depth

38 38 39" 0" - 6" 1.02
39 39. 46"v O- 0"-6" 0.70
40 40 46" Olt 61.13
41 41 41" 0" - 6" 0.92
42 42 33" 0" - 6" 0.90
43 43 46" 0" - 6" 0.96
44 44 34" 0" - 6" 1.29
45 45 46" 0" - 6" 1.23
46 46 36" 0" - 6" 0.58
47 47 39" 0" - 6" 0.63
48 48 40" 0" - 6" 1.10
49 49 28" 0" - 6" _ 0.99
50 50 26" 0" - 6" 0.97
51 51 46" o - 6" 1.72
52 52 46" O" - 6" 1.63
53 53 46" 0" - 6" 1.29
54 54 46" 0" - 6" 1.24
55 55 46" 0" - 6" 1.31
56 56 46" 0" - 6" 1.17
57 57 46" X 0" - 6" 0.96
58 58 46" t0" - 6"f 1.04
59 59 46" 0" - 6" 0.96
60 60 46" 0" - 6" 1.00
61 1 46" 6" - 12" 0.92
62 2 36" 6" - 12" 1.34
63 3 40" 6"1- 12"- 0.66
64 4 37" 6" - 12" 1.06
65 5 43" 6" - 12" 0.94
66 6 39" 6" - 12" 0.84
67 7 40" 6"1- 12" 1.18
68 8 41" 6" - 12" 1.33
69 9 38" 6" - 12" 0.82
70 10 37" 6"1- 12" 0.47
71 11 41" 6"1- 12" 1.07
72 12 39" 6"- 12" 1.21
73. 13 42" 6" - 12" 1.09
74 14 46" 6" - 12" 0.87
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APPENDIX C
Table I - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length(2 ) Surface (pCi/g)

Sample No. Depth

75 15 3611 6"1- 12" 1.27
76 16 34" 6"1- 12" 0.97
77 17 38" 6"1- 12" 0.80
78 18 38" 6"1- 12" 1.04
79 19 40" 6"1- 12" 0.57
80 20 41" 6"- 12" 1.25
81 21 39" 6"1- 12" 1.25
82 22 40" 6"1- 12" 1.43
83 23 46" 6"1- 12" 1.22
84 24 33" 6"1- 12" 0.79
85 25 46" 6"-12" 1.18
86 26 42" 6"1- 12" 0.88
87 27 42" 6" - 12" 0.98
88 28 44" 6" - 12" 1.46
89 29 39" 6"1- 12" 0.87
90 30 41" 6" - 12" 1.37
91 31 42" 6" - 12" 0.97
92 32 46" 6"1- 12" 1.37
93 33 46" 6" - 12" 0.67
94 34 46" 6"1- 12" 1.17
95 35 42" 6" - 12" 0.89
96 36 38" 6"1- 12" 0.57
97 37 46" 6" - 12" 1.09
98 38 39" 6"- 12" 1.39
99 39 46" 6" - 12" 1.37

100 40 46" 6" - 12" 1.01
101 41 41" 6"- 12" 0.91
102 42 33" 6" - 12" 1.04
103 43 46" 6" - 12" 1.12
104 44 34" 6" - 12" 1.45
105 45 46" 6" - 12" 0.95
106 46 36" 6" - 12" 0.98
107 47 39" 6" - 12" 1.00
108 48 40" 6" - 12" 1.01
109 49 28" 6"- 12" 1.27
110 50 26" 6"1- 12" 1.26
111 51 46" 6"- 12" 1.16 >
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(l) Length() Surface (pCi/g)

Sample No. Depth
112 52 46" 6"1- 12" 1.50
113 53 46" 6"- 12" 1.28
114 54 46" 6" - 12" 0.82
115 55 46" 6" - 12" 1.29
116 56 46" 6"1- 12" 0.65
117 57 46" 6"1- 12" 1.10
118 58 46" 6"- 12" 1.20
119 59 46" 6"- 12" 1.32
120 60 46" 6"1- 12" 1.08
121 1 46" 12"- 18" 1.47
122 2 36" 12" - 18" 1.24
123 3 40" 12" - 18" 0.57
124 4 37" 12" - 18" 1.07
125 5 43" 12"1- 18" 0.81
126 6 39" 12" - 18" 1.29
127 7 40" 12" - 18" 1.26
128 8 41" 12"- 18" 1.07
129 9 38" 12"- 18" 0.93
130 10 37" 12"t- 18" 0.94
131 11 41" 12" - 18" 1.26
132 12 39"t 12" - 18" 1.48
133 13 42" 12"- 18" 1.43
134 14 46" 12" - 18" 0.75
135 15 36" 12" - 18" 0.99
136 16 34" 12"1- 18" 1.25
137 17 38" 12"- 18" 1.22
138 18 38" 12" - 18" _ 0.86
139 19 40" 12" - 18" 0.70
140 20 41" 12"- 18" 1.42
141 21 39" 12" - 18" 0.97
142 22 40" 12" - 18" 1.36
143 23 46" 12" - 18" 1.03
144 24 33" 12"1- 18"- 1.28
145 25 46" 12"1- 18" 0.86
146 26 42" 12"- 18" 1.23
147 27 42" 12" - 18" 1.06
148 28 44" 12" - 18" 1.37
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length(2 ) Surface (pCi/g)

Sample No. Depth
149 29 39" 12" - 18" 0.98
150 30 41" 12"- 18" 1.50
151 31 42" 12"1- 18" 1.52
152 32 46" 12"1- 18" 1.27
153 33 46" 12"- 18" 0.85
154 34 46" 12" - 18" 1.06
155 35 42" 12"- 18" 1.04
156 36 38" 12"- 18" 0.96
157 37 46" 12"1- 18" 0.91
158 38 39" 12" - 18" 1.22
159 39 46" 12"- 18" 1.46
160 40 46" 12"- 18" 1.20
161 41 41" 12"- 18" 1.20
162 42 33" 12"-18" 1.00
163 43 46" 12" - 18" 1.09
164 44 34" 12" - 18" 1.88
165 45 46" 12"- 18" 0.54
166 46 36" 12" - 18" 1.32
167 47 39" 12"- 18" X 1.45
168 48 40" 12"1- 18" 1.30
169 49 28" 12"- 18" 1.19
170 50 26" 12"1- 18" 1.20
171 51 46" 12"1- 18" 1.16
172 52 46" 12" - 18" 1.07
173 53 46" 12"1- 18" 0.86
174 54 46" 12"1- 18" 0.78
175 55 46" 12" - 18" 1.12
176 56 46" 12" - 18" 0.92
177 57 46" 12"1- 18"X 0.64
178 58 46" 12" - 18"1 0.71
179 59 46" 12"- 18" 1.24
180 60 46" 12"1- 18" 0.96
181 1 46" 18" - 24" 1.35
182 2 36" 18" - 24" 1.16
183 3 40" 18" - 24" 0.81
184 4 37" 18" - 24" 1.08
185 5 43" 18" - 24" 0.90
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length(2) Surface (pCi/g)

Sample No. Depth
186 6 39" 18" - 24" 1.36
187 7 40" 18" - 24" 1.30
188 8 41" 18" - 24" 1.25
189 9 38" 18" - 24" 1.03
190 10 37" 18" - 24" 0.49
191 11 41" 18" - 24" 1.47
192 12 39" 18" - 24" 1.32
193 13 42" 18" - 24" 1.16
194 14 46" 18"1-24" 0.89
195 15 36" 18" - 24" 1.48
196 16 34" 18" - 24" 0.91
197 17 38" 18" - 24" 1.52
198 18 38" 18" - 24" 0.92
199 19 40" 18" - 24" 0.66
200 20 41" 18" - 24" 1.41
201 21 39" 18" - 24" 1.03
202 22 40"' 18" -24"1 1.51
203 23 46" 18" -24" 1.43
204 24 33" 18" - 24" 1.35
205 25 46" ' 18" - 24" 1.05
206 26 42" 18" - 24" 1.02
207 27 42" 18" - 24" 1.56
208 28 44" 18" - 24" 0.79
209 29 39" 18" -24" 0.90
210 30 41" 18"1-24" 1.22
211 31 42" 18"1- 24" 1.62
212 32 46" 18" - 24" 1.29
213 33 46" 18" - 24" 0.94
214 34 46" 18" - 24" 1.45
215 35 42" 18" - 24" 1.13
216 36 38" 18" - 24" 0.64
217 37 46" 18" - 24" 1.28
218 38 39" 18" - 24" 1.32
219 39 46" 18"1-24" 1.01
220 40 46" 18" - 24" 0.86
221 41 41" 18" - 24" 1.19
222 42 33" - 18"-24" 1.19
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length(2) Surface (pCi/g)

Sample No. Depth
223 43 46" 18" - 24" 1.02
224 44 34"' 18" - 24" 1.59
225 45 46" 18" - 24" 0.73
226 46 36" 18" - 24" 0.99
227 47 39" 18" - 24" 2.25
228 48 40" 18" - 24" 1.62
229 -49 28" 18" - 24" 1.22
230 50 26" 18" - 24" 1.31
231 51 46" 18" - 24" 1.38
232 52 46" 18" - 24" 1.25
233 53 46" 18" - 24" 1.20
234 54 46" 18" - 24" 0.57
235 55 46" 18" - 24" 1.18
236 56 46" 18"- 241 1.14
237 57 46" 18" - 24" 0.70
238 58 46" 18" - 24" 0.60
239 59 46" 18" - 24" 1.29
240 60 46" 18" - 24" 1.08
241 1 46" 24" - 30" 1.49
242 2 36" 24" - 30" 1.01
243 3 40" 24" - 30" 0.77
244 4 37" 24" - 30" 1.50
245 5 43" 24" - 30" 1.11
246 6 39" 24" - 30" 1.46
247 - 7 40" 24" - 30" 1.33
248 8 41" 24" - 30" 1.63
249 9 38" 24" - 30" 1.27
250 10 37" 24" - 30" 1.18
251 11 41" 24" - 30" 1.32
252 12 39t 24" - 30" 1.63
253 13 42" 24" - 30" 1.27
254 14 46" 24"1- 30" 1.16
255 15 36" 24"1- 30" 1.42
256 16 34" 24" - 30" 1.49
257 17 38" 24" - 30" 1.31
258 18 38" 24" - 30" 0.81
259 19 40" 24" - 30" 0.60
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(') Length(2 ) Surface (pCi/g)

Sample No. Depth
260 20 41" 24" - 30" 2.06
261 21 39"' 24" - 30" 1.30
262 22 40" 24" - 30" 1.63
263 23 46" 24" - 30" 1.54
264 24 33" 24"1- 30" 1.41
265 25 46" 24" - 30" 1.18
266 26 42" 24" - 30" 1.62
267 27 42" 24" - 30" 1.37
268 28 44" 24" - 30" ; 2.32
269 29 39" 24" - 30" 0.97
270 30 41" 24" - 30" 1.46
271 31 42" 24"- 30" 1.49
272 32 46" 24" - 30" 1.43
273 33 46" 24" - 30" 0.84
274 34 46" 24" - 30" 1.37
275 35 42" 24" - 30" 1.25
276 36 38" 24" - 30" 0.70
277 37 46" 24" - 30" 1.12
278 38 39tt 24" - 30" 1.25
279 39 46" 24" - 30" 1.03
280 40 46" 24" - 30" 1.17
281 41 41" 24" - 30" 1.39
282 42 33" 24" - 30" 0.87
283 43 46" 24" - 30" 1.18
284 44 34" 24" - 30" 1.20
285 45 46" 24" - 30" 0.64
286 46 36" 24" -30" 1.13
287 47 39" 24" - 30" 1.02
288 48 40" 24" - 30" 1.37
289 51 46" 24"1- 30" 1.19
290 52 46" 24" - 30" 1.31
291 53 46" 24" - 30" 1.29
292 54 46" 24" - 30" 0.93
293 55 46" 24" - 30" 0.89
294 56 46" 24" - 30" 0.96
295 57 46" 24" - 30" 1.26
296 58 46" 24" - 30" 0.79
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

(

Reference Core Core Below Th-232
Group Location(') Length(2) Surface (pCi/g)

Sample No. Depth

297 59 46" 24" - 30" 0.85
298 60 46" 24" - 30" 1.38
299 1 46" 30" - 36" 1.24
300 2 36" 30" - 36" 0.67
301 3 40" 30" - 36" 0.76
302 4 37" 30"1- 36" 1.16
303 5 43" 30" - 36" 0.98
304 6 39" 30" - 36" 0.99
305 7 40" 30" - 36"1 1.50
306 8 41" 30" - 36"1 1.41
307 9 38" 30" - 36" 1.02
308 10 37" 30" - 36" 0.38
309 11 41" 30" - 36" 2.04
310 12 39" 30" - 36" 1.42
311 13 42" 30" - 36" 1.42
312 14 46" 30" - 36" 1.26
313 15 36"1 30"1- 36"1 0.56
314 17 38" 30" - 36" 1.16
315 19 40"1 30" - 36"1 0.84
316 20 41" 30" - 36" 1.13
317 21 39" 30" - 36" 1.21
318 22 40" 30" - 36" 1.47
319- 23 46" 30" - 36"1 1.31
320 25 46" 30" - 36" 0.93
321 26 42" 30" - 36" 1.03
322 27 42" 30" - 36" 1.38
323 28 44" 30" - 36" 0.87
324 29 39" 30" - 36" 1.12
325 30 41" 30"1- 36" 1.50
326 31 42" 30"1- 36" 1.72
327 32 46" 30" - 36"- 1.32
328 33 46" 30" - 36" 1.25
329 34 46" 30" - 36" 1.21
330 35 42" 30"1- 36" 1.22
331 36 38" 30" - 36" 0.55
332 37 46" 30" - 36" 0.95
333 38 39" 30" - 36" 0.89
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

Reference Core Core Below Th-232
Group Location(l) Length(2) Surface (pCi/g)

Sample No. Depth

334 39 46" 30" - 36" 0.82
335 40 46" 30" - 36" 1.11
336 41 41" 30" - 36" 1.36
337 43 46" 30" - 36" 1.21
338 45 46" 30" - 36" 1.04
339 46 36" 30" - 36" 0.46
340 47 39" 30"1- 36" 1.10
341 48 40" 30" - 36" 1.61
342 51 46" 30" - 36" 1.26
343 52 46" 30" - 36" 1.14
344 53 46" 30" - 36" 1.61
345 54 46" 30" - 36" 0.86
346 55 46" 30" - 36" 0.84
347 56 46" 30" - 36" 0.90
348 57 46" 30" - 36" 0.87
349 58 46" 30" - 36" 0.82
350 59 46" 30" - 361" 1.16
351 60 46"0 30"1- 36" 1.07
352 1 46" 36" - 42" 1.09
353 5 43"f 36" - 42" 0.79
354 13 42" 36" -42" 0.96
355 14 46" 36" - 42" 0.96
356 23 46" 36" - 42" 1.45
357 25 46" 36" - 42" 0.94
358 26 42" 36" - 42" 0.74
359 27 42" 36" - 42" 0.74
360 28 44" 36" - 42" 1.08
361 31 42" 36" - 42" 0.47
362 32 46" 36" - 42" 1.18
363 33 46" 36" - 42" 0.97
364 34 46" 36" - 42" 1.31
365 35 42" 36" - 42" 0.74
366 37 46" 36" - 42" 0.99
367 39 46" 36" - 42" 1.02
368 40 46" 36" - 42" 1.26
369 43 46" 36" - 42" 1.21
370 45 46" 36" - 42" 0.79
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APPENDIX C
Table 1 - Soil Reference Area Sample Results

IL
Reference Core Core Below Th-232

Group Location(') Length(2) Surface (pCVg)
Sample No. Depth

371 51 46" 36" - 42" 0.84
372 52 46" 36" - 42" 1.06
373 53 46" 36" - 42" 1.32
374 54 46" 36" - 42" 0.95
375 55 46" 36" - 42" 0.99
376 56 46" 36" - 42" 0.96
377 57 46" 36" - 42" 0.99
378 58 46" 36" - 42" 0.77
379 59 46" 36" - 42"1 1.02
380 60 46" 36" - 42" 1.20

Average:
Stdev.:
Minimum:
Maximum:
Median:
Count:

1.10
0.30
0.35
2.32
1.11
380

Notes:

(')Numbers I through 30 taken on-site in an non-impacted area.
Numbers 31 through 60 taken 1 mile offsite.

(2)Length is the actual length of the recovered core from a 4-foot
increment.
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APPENDIX C
Table 2 - Concrete Structural Surface Reference Area Sample Results

Reference Flux Building Location Grid Total Alpha
Group Sample Survey Unit Contamination

No. (dpm/lOOcm2)
1 FB-001 Concrete Floor A3 90.6
2 FB-001 Concrete Floor A4 53.0
3 FB-001 Concrete Floor A5 92.3
4 FB-001 Concrete Floor A6 33.4
5 FB-001 Concrete Floor A7 43.2
6 FB-001 Concrete Floor B3 102
7 FB-001 Concrete Floor B4 60.4
8 FB-001 Concrete Floor B5 60.4
9 FB-001 Concrete Floor B6 50.3
10 FB-001 Concrete Floor B7 60.4
11 FB-001 Concrete Floor C3 171
12 FB-001 Concrete Floor C4 50.3
13 FB-001 Concrete Floor C5 141
14 FB-001 Concrete Floor C6 161
15 FB-001 Concrete Floor C7 62.9
16 FB-001 Concrete Floor D3 70.5
17 FB-001 Concrete Floor D4 102
18 FB-001 Concrete Floor D5 72.7
19 FB-001 Concrete Floor D6 72.7
20 FB-001 Concrete Floor D7 92.3
21 FB-001 Concrete Floor E3 80.5
.22 - FB-001 Concrete Floor E4 82.5
23 FB-001 Concrete Floor E5 72.7
24 FB-001 Concrete Floor E6 82.5
25 FB-001 Concrete Floor E7 72.7
26 FB-001 Concrete Floor F3 111
27 FB-001 Concrete Floor F4 141
28 FB-001 Concrete Floor F5 161
29 FB-001 Concrete Floor F6 269
30 FB-001 Concrete Floor F7 92.3
31 FB-001 Concrete Floor G3 -10.1
32 FB-001 Concrete Floor G4 82.5
33 FB-001 Concrete Floor G5 122
34 FB-001 Concrete Floor G6 43.2
35 FB-001 Concrete Floor G7 43.2
36 FB-001 Concrete Floor H3 101
37 FB-001 Concrete Floor H4 33.4
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APPENDIX C
Table 2 - Concrete Structural Surface Reference Area Sample Results

K>
Reference Flux Building Location Grid Total Alpha

Group Sample Survey Unit Contamination
No. . (dpm/lOOcm 2 )

38 FB-001 Concrete Floor H5 72.7
39 FB-001 Concrete Floor H6 33.4
40 FB-00l Concrete Floor H7 72.7
41 FB-001 Concrete Floor 13 80.5
42 FB-001 Concrete Floor 14 92.3
43 FB-001 Concrete Floor 15 72.7
44 FB-00l Concrete Floor 16 102
45 FB-001 Concrete Floor I7 62.9
46 FB-001 Concrete Floor J3 151
47 FB-001 Concrete Floor J4 141
48 FB-001 Concrete Floor J5 102
49 FB-001 Concrete Floor J6 102
50 FIB-001 Concrete Floor J7 33.4
51 FB-002 Concrete Floor FSS-002 107
52 FB-002 Concrete Floor FSS-004 56.4
53 FB-002 Concrete Floor FSS-006 66.4
54 FB-002 Concrete Floor FSS-008 66.4
55 FB-002 Concrete Floor FSS-010 16.1
56 FB-002 Concrete Floor FSS-012 36.2
57 FB-002 Concrete Floor FSS-014 66.4
58 FB-002 Concrete Floor FSS-016 127
59 FB-003 Concrete Floor FSS-001 50.3
60 FB-003 Concrete Floor FSS-002 30.2
61 FB-003 Concrete Floor FSS-004 50.3
62 FB-003 Concrete Floor FSS-005 80.5
63 FB-003 Concrete Floor FSS-008 40.3
64 FB-003 Concrete Floor FSS-009 40.3
65 FB-003 Concrete Floor FSS-012 30.2
66 FB-003 Concrete Floor FSS-013 80.5
67 FB-003 Concrete Floor FSS-016 151
68 FB-003 Concrete Floor FSS-017 60.4
69 FB-003 Concrete Floor FSS-003 102
70 FB-003 Concrete Floor FSS-006 43.2
71 FB-003 Concrete Floor FSS-007 72.7
72 FB-003 Concrete Floor FSS-010 62.9
73 FB-003 Concrete Floor FSS-01 1 612
74 FB-003 Concrete Floor FSS-014 13.8-

I'l )

Q\P4O\OOPMO7WFSS Repar saApPendix CQTabfesTAMe21 Page 13 of 17



APPENDIX C
Table 2 - Concrete Structural Surface Reference Area Sample Results

Reference Flux Building Location Grid Total Alpha
Group Sample Survey Unit Contamination

No. (dpm/l OOcm 2)
75 FB-003 Concrete Floor FSS-015 62.9
76 FB-007 Concrete Floor FSS-004 72.5
77 FB-007 Concrete Floor FSS-006 82.5
78 FB-007 Concrete Floor FSS-009 123
79 FB-007 Concrete Floor FSS-010 52.3

Average:
Stdev.:
Minimum:
Maximum:
Median:
Count:

79.7
42.5
-10.1
269
72.7
79
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APPENDIX C
Table 3 - Cinderblock Structural Surface Reference Area Sample Results

Reference Flux Building Location Grid Total Alpha
Group Sample Survey Unit Contamination

No. (dpm/100cm2)

1 FB-001 Painted Cinderblock Wall Al 10.1
2 FB-001 Painted Cinderblock Wall A2 20.1
3 FB-001 Painted Cinderblock Wall BI 13.8
4 FB-001 Painted Cinderblock Wall B2 13.8
5 FB-001 Painted Cinderblock Wall C1 30.2
6 FB-001 Painted Cinderblock Wall C2 111
7 FB-001 Painted Cinderblock Wall Dl 60.4
8 FB-001 Painted Cinderblock Wall D2 30.2
9 FB-001 Painted Cinderblock Wall El -10.1
10 FB-001 Painted Cinderblock Wall E2 0.0
11 FB-001 Painted Cinderblock Wall F1 0.0
12 FB-001 Painted Cinderblock Wall F2 30.2
13 FB-001 Painted Cinderblock Wall G1 40.3
14 FB-001 Painted Cinderblock Wall G2 -10.1
15 FB-001 Painted Cinderblock Wall H1 20.1
16 FB-001 Painted Cinderblock Wall H2 80.5
17 FB-001 Painted Cinderblock Wall I1 40.3
18 FB-001 Painted Cinderblock.Wall 12 20.1
19 FB-001 Painted Cinderblock Wall Ji 0.0
20 FB-001 Painted Cinderblock Wall J2 40.3
21 FB-001 Painted Cinderblock Wall K3 10.1
22 FB-001 Painted Cinderblock Wall K4 33.4
23 FB-001 Painted Cinderblock Wall K5 23.6
24 FB-001 Painted Cinderblock Wall K6 20.1
25 FB-001 Painted Cinderblock Wall K7 40.3
26 FB-001 Painted Cinderblock Wall L3 30.2
27 FB-001 Painted Cinderblock Wall LA 10.1
28 FB-001 Painted Cinderblock Wall L5 10.1
29 FB-001 Painted Cinderblock Wall L6 10.1
30 FB-001 Painted Cinderblock Wall L7 20.1
31 FB-002 Painted Cinderblock Wall FSS-001 5.89
32 FB-002 Painted Cinderblock Wall FSS-003 15.7
33 FB-002 Painted Cinderblock Wall FSS-005 25.5
34 FB-002 Painted Cinderblock Wall FSS-007 15.7

OiP4OCOPA407Z'FSS RepoftsV~pendix CTables~TabWe
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APPENDIX C
Table 3 - Cinderblock Structural Surface Reference Area Sample Results

�4L�
Reference Flux Building Location Grid Total Alpha

Group Sample Survey Unit Contamination
No. (dpm/100cm2)

1 FB-001 Painted Cinderblock Wall Al 10.1
35 FB-002 Painted Cinderblock Wall FSS-009 5.89
36 FB-002 Painted Cinderblock Wall FSS-01 1 5.89
37 FB-002 Painted Cinderblock Wall FSS-013 15.7
38 FB-002 Painted Cinderblock Wall FSS-015 45.2
39 FB-002 Painted Cinderblock Wall FSS-017 45.2
40 FB-004 Painted Cinderb.ock Wall 3 20.1
41 FB-004 Painted Cinderblock Wall 7 0.0
42 FB-004 Painted Cinderblock Wall 9 40.3
43 FB-004 Painted Cinderblock Wall 11 -10.1
44 FB-004 Painted Cinderblock Wall 13 10.1
45 FB-004 Painted Cinderblock Wall 2 3.93
46 FB-004 Painted Cinderblock Wall 6 3.93
47 FB-004 Painted Cinderblock Wall 8 62.9
48 FB-004 Painted Cinderblock Wall 10 43.2
49 FB-004 Painted Cinderblock Wall 12 33.4
50 FB-004 Painted Cinderblock Wall 14 3.93
51 FB-006 Painted Cinderblock Wall FSS-011 78.6
52 FB-006 Painted Cinderblock Wall FSS-012 29.5
53 FB-006 Painted Cinderblock Wall FSS-013 88.4
54 FB-006 Painted Cinderblock Wall FSS-014 68.8
55 FB-007 Painted Cinderblock Wall FSS-001 12.1
56 FB-007 Painted Cinderblock Wall FSS-002 2.01
57 FB-007 Painted Cinderblock Wall FSS-005 32.2
58 FB-007 Painted Cinderblock Wall FSS-007 2.01
59 FB-007 Painted Cinderblock Wall FSS-008 22.1
60 FB-007 Painted Cinderblock Wall FSS-011 2.01
61 FB-007 Painted Cinderblock Wall FSS-012 12.1
62 1FB-007 Painted Cinderblock Wall FSS-014 12.1
63 FB-008 Painted Cinderblock Wall FSS-001 6.04
64 FB-008 Painted Cinderblock Wall FSS-002 -4.03
65 FB-008 Painted Cinderblock Wall FSS-003 26.2
66 FB-008 Painted Cinderblock Wall FSS-005 26.2
67 FB-008 Painted Cinderblock Wall FSS-007 26.2
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APPENDIX C
Table 3 - Cinderblock Structural Surface Reference Area Sample Results

K>
Reference Flux Building Location Grid Total Alpha

Group Sample Survey Unit Contamination
No. (dpm/lOOcm 2)

1 FB-001 Painted Cinderblock Wall Al 10.1
68 FB-008 Painted Cinderblock Wall FSS-008 36.2
69 FB-008 Painted Cinderblock Wall FSS-01 1 26.2
70 FB-008 Painted Cinderblock Wall FSS-012 16.1
71 FB-008 Painted Cinderblock Wall FSS-013 6.04
72 FB-008 Painted Cinderblock Wall FSS-014 16.1

Average:
Stdev.:
Minimum:
Maximum:
Median:
Count:

23.4
23.4
-10.1
111
20.1
72
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Appendix I

1.4 Critical Values for the WRS Test

Table 1.4 Critical Values for the WRS test

m is the number of reference area samples and n is the number of survey unit samples.

n= 2
m=2 a=0.001 7

a=0.005 7
a=0.01 7
a=0.025 7
a=0.05 7
a=0.1 7

n= 2
m=3 a=0.001 12

a=0.005 12
a=0.01 12
a=0.025 12
a=0.05 12
a=0.1 11

n= 2
m=4 a=0.001 18

a=0.005 18
a=0.01 18
a=0.025 18
a=0.05 18
o=O.l 17

n= 2
m=5 a=0.001 25

a=O.O05 25
u=0.01 25
a=0.025 25
a=0.05 24
a=0.1 23

3 4 5 6 7 8 9 10
9 11 13 15 17 19 21 23
9 11 13 15 17 19 21 23
9 11 13 15 17 19 21 23
9 11 13 15 17 18 20 22
9 11 12 14 16 17 19 21
8 10 11 13 15 16 18 19

3 4 5 6 7 8 9 10
15 18 21 24 27 30 33 36
15 18 21 24 27 30 32 35
15 18 21 24 26 29 31 34
15 18 20 22 25 27 30 32
14 17 19 21 24 26 28 31
13 16 18 20 22 24 27 29

3 4 5 6 7 8 9 10
22 26 30 34 38 42 46 49
22 26 30 33 37 40 44 47
22 26 29 32 36 39 42 46
22 25 28 31 34 37 41 44
21 24 27 30 33 36 39 42
20 22 25 28 31 34 36 39

3 4 5 6 7 8 9 10
30 35 40 45 50 54 58 63
30 35 39 43 48 52 56 60
30 34 38 42 46 50 54 58
29 33 37 41 44 48 52 56
28 32 35 39 43 46 50 53
27 30 34 37 41 44 47 51

11 12
25 27
25 27
25 27
23 25
23 24
21 22

11 12
39 42
38 40
37 39
35 37
33 36
31 33

11 12
53 57
51 54
49 52
47 50
45 48
42 45

11 12
67 72
64 68
62 66
60 63
57 61
54 57

13 14 15
29 31 33
29 31 33
28 30 32
27 29 31
26 27 29
24 26 27

13 14 15
45 48 51
43 46 48
42 45 47
40 42 45
38 40 43
35 37 40

13 14 15
60 64 68
58 61 64
56 59 62
53 56 59
51 54 57
48 50 53

13 14 15
76 81 85
72 77 81
70 74 78
67 .71 75
64 68 71
61 64 67

16 17 18
35 37 39
35 37 39
34 36 38
33 34 36
31 33 34
29 30 32

16 17 18
54 56 59
51 54 57
50 52 55
47 50 52
45 47 50
42 44 46

16 17 18
71 75 78
68 71 75
66 69 72
62 66 69
59 62 65
56 59 61

16 17 18
89 94 98
85 89 93
82 86 90
79 82 86
75 79 82
71 74 77

19 20
41 43
40 42
39 41
38 40
36 38
33 35

19 20
62 65
59 62
58 60
55 57
52 54
48 50

19 20
82 86
78 81
76 79
72 75
68 71
64 67

19 20
102 107
97 101
94 98
90 94
86 89
81 84

n= 2
m=6 a=0.001 33

a=0.005 33
a=0.01 33
a=0.025 33
a=0.05 32
a=0.1 31

3 4 5 6 7 8 9 10
39 45 51 57 63 67 72 77
39 44 49 54 59 64 69 74
39 43 48 53 58 62 67 72
37 42 47 51 56 60 64 69
36 41 45 49 54 58 62 66
35 39 43 47 51 55 59 63

11 12
82 88
79 83
77 81
73 78
70 75
67 71

13 14. 15 16 17 18 19 20
93 98 103 108 113 118 123 128
88 93 98 103 107 112 117 122
86 91 95 100 104 109 114 118
82 87 91 95 100 104 109 113
79 83 87 91 96 100 104 108
75 79 83 87 91 94 98 102
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Appendix I

Table 1.4 Critical Values for the WRS Test (continued)

n=
m=7 a=0.001

a=0.005
a=O.01
a=0.025
a=0.05

n=
m=8 a=0.001

a=0.005
cz=O.O1'
a=0.025
o=0.05
a=O.1

n =
m=9 a=0.001

a=0.005
a=0.01
a=0.025
a=0.05
a=0.1

n =
m= 10 u=0.001

A=0.005
a=0.O1
v=O.025
a=0.05
a=O.l

2
42
42
42
42
41
40

2
52
52
52
51
50
49

2
63
63
63
62
61
60

2
75
75
75
74
73
71

3 4
49 56
49 55
48 54
47 52
46 51
44 49

3 4
60 68
60 66
59 65
57 63
56 62
54 60

3 4
72 81
71* 79
70 77
69 76
67 74
66 71

5
63
61
59
57
56
54

5
75
73
71
69
67
65

5
88
86
84
82
80
77

5
103
100
98
96
93
91

6
69
66
65
63
61
58

6
82
79
77
75
73
70

6
96
93
91
88
86
83

6
111
108
106
103
100
97

7
75
72
70
68
65
63

7
89
85
84
81
78
75

7
104
100
98
95
92
89

7
119
115
113
110
107
103

8
81
77
76
73
70
67

9
87
83
81
78
75
72

10
92
88
86
83
80
76

11
98
94
92
88
85
81

12
104
99
97
93
90
85

8 9 10
95 102 109
92 98 104
90 96 102
86 92 98
84 89 95
80 85 91

8 9 10
111 118 126
107 114 121
105 111 118
101 108 114
98 104 110
94 100 106

8 9 10
128 136 144
123 131 138
121 128 135
117 124 131
114 120 127
110 116 122

11 12
115 122
110 116
108 114
104 109
100 105
96 101

11 12
133 140
127 134
125 131
120 126
116 122
112 117

11 12
152 160
146 153
142 150
138 145
133 140
128 135

13 14 15 16 17 18
110 116 122 128 133 139
105 110 116 121 127 132
102 108 113 118 123 129
98 103 108 113 118 123
94 99 104 109 113 118
90 94 99 103 108 112

13 14 15 16 17 18
128 135 141 148 154 161
122 129 135 141 147 153
120 125 131 137 143 149
115 121 126 132 137 143
111 116 122 127 132 138
106 111 116 121 126 131

13 14 15 16 17 18
147 155 162 169 176 183
141 148 155 161 168 175
138 144 151 157 164 170
133 139 145 151 158 164
128 134 140 146 152 158
123 129 134 140 145 151

13 14 15 16 17 18
167 175 183 191 199 207
160 168 175 183 190 197
157 164 171 178 186 193
151 158 165 172 179 186
147 153 160 166 173 179
141 147 153 160 166 172

19 20
145 151
138 143
134 139
128 133
123 128
117 121

19 20
167 174
159 165
155 161
149 154
143 148
136 141

19 20
190 198
182 188
177 184
170 176
164 170
157 162

19 20
215 222
205 212
200 207
192 199
186 192
178 184

3
85
84
83
81
80
78

4
94
92
91
89
87
84

n=
m= 11 a=0.001

a=0.005
a=0.01
a=0.025
za=0.05

a=0.1

2
88
88
88
87
86
84

3
99
98
97
95
93
91

4 5 6 7
109 118 127 136
107 115 124 132
105 113 122 130
103 111 118 126
101 108 115 123
98 105 112 119

8 9 10
145 154 163
140 148 157
138 146 153
134 141 149
130 137 144
126 133 139

11 12
171 180
165 173
161 169
156 164
152 159
146 153

13 14 15 16 17 18
188 197 206 214 223 231
181 189 197 205 213 221
177 185 193 200 208 216
171 179 186 194 201 208
166 173 180 187 195 202
160 167 173 180 187 194

19 20
240 248
229 237
224 232
216 223
209 216
201 207
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Appendix I

Table 1.4 Critical Values for the WRS Test (continued)

n =
m= 12 a=0.001

a=0.005
a=0.01
a=0.025
a=0.05
a=0.1

n=
m= 13 a=0.001

a=0.005
a=0.01
a=0.025
a=0.05

n=
m= 14 u=0.001

a;=0.005
a=0.01
a=0.025
a=0.05
a=O.1

2
102
102
102
100
99
97

2
117
117
116
115
114
112

2
133
133
132
131
129
128

3
114
112
111
109
108
105

4
125
122
120
118
116
113

5
135
131
129
126
124
120

5
152
148
146
143
140
137

6 7 8
145 154 164
140 149 158
138 147 156
135 143 151
132 140 147
128 135 143

3 4
130 141
128 139
127 137
125 134
123 132
120 129

6 7
163 173
158 168
156 165
152 161
149 157
145 153

6 7
182 193
177 187
175 185
171 180
167 176
163 171

8
183
177
174
170
166
161

8
204
198
194
190
185
180

9 10
173 183
167 176
164 173
159 168
155 165
150 158

9 10
193 203
187 196
184 193
179 187
174 183
169 177

9 10
215 225
208 218
204 214
199 208
194 203
189 197

11 12
192 202
185 194
181 190
176 184
171 179
165 172

11 12
213 223
206 215
202 211
196 205
191 199
185 193

11 12
236 247
228 238
224 234
218 227
212 221
206 214

13 14 15
210 220 230
202 211 220
198 207 215
192 200 208
186 194 202
180 187 194

13 14 15
233 243 253
225 234 243
220 229 238
214 222 231
208 216 224
201 209 217

13 14 15
257 268 278
248 258 268
243 253 263
236 245 255
230 239 248
223 231 240

16
238
228
223
216
209
202

17 18 19 20
247 256 266 275
237 246 254 263
232 240 249 257
224 232 240 248
217 225 233 240
209 216 224 231

16 17 18
263 273 282
253 262 271
247 256 265
239 248 257
233 241 249
224 232 240

19 20
292 302
280 290
274 283
265 274
257 266
248 256

3 4 5
147 159 171
145 156 167
144 154 164
141 151 161
139 149 158
136 145 154

16 17 18 19 20
289 299 310 320 330
278 288 298 307 317
272 282 291 301 311
264 273 282 292 301
257 265 274 283 292
248 257 265 273 282

n=
m=15 a=0.001

a=0.005
a=0.01
a=0.025
a=0.05
a=O.I

2
150
150
149
148
146
144

3 4 5 6 7
165 178 190 202 212
162 174 186 197 208
161 172 183 194 205
159 169 180 190 200
157 167 176 186 196
154 163 172 182 191

8 9 10
225 237 248
219 230 240
215 226 236
210 220 230
206 215 225
200 209 218

11 12
260 271
251 262
247 257
240 250
234 244
227 236

13 14 15
282 293 304
272 283 293
267 278 288
260 270 280
253 263 272
246 255 264

16 17 18 19 20
316 327 338 349 360
304 314 325 335 346
298 308 319 329 339
289 299 309 319 329
282 291 301 310 319
273 282 291 300 309

n =
m= 16 a=0.001

a=0.005
U=0.01
a=0.025
o=0.05

, a0.1

2
168
168
167
166
164
162

3 4 5 6 7
184 197 210 223 236
181 194 206 218 229
180 192 203 215 226
177 188 200 210 221
175 185 196 206 217
172 182 192 202 211

8 9 10
248 260 272
241 252 264
237 248 259
232 242 253
227 237 247
221 231 241

11 12 13 14 15 16 17
284 296 308 320 332 343 355
275 286 298 309 320 331 342
270 281 292 303 314 325 336
264 274 284 295 305 316 326
257 267 278 288 298 308 318
250 260 269 279 289 298 308

18
367
353
347
337
328
317

19
379
365
357
347
338
327

20
390
376
368
357
348
336
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Appendix I

IJ

Table 1.4 Critical Values for the WRS Test (continued)

n =
m= 17 (=0.001

U=0.005
. =.01

a=0.025
a=0.05
a=O.I

2
187
187
186
184
183
180

3 4 5 6
203 218 232 245
201 214 227 239
199 212 224 236
197 209 220 232
194 205 217 228
191 202 212 223

7 8 9
258 271 284
252 264 276
248 260 272

10 11 12
297 310 322
288 300 312
284 295 307

13 14 15
335 347 360
324 336 347
318 330 341
310 321 332
303 313 324
294 305 315

16 17 18
372 384 397
359 371 383
353 364 376
343 354 365
335 345 356
325 335 345

19 20
409 422
394 406
387 399
376 387
366 377
355 365

243 254 266 277
238 249 260 271
233 243 253 264

288 299
282 292
274 284

n=
m=18 Iz=0.001

a=0.005
a=0.01
a=0.025
a=0.05
a=0.1

2
207
207
206
204
202
200

3 4 5 6 7 8 9 10
224 239 254 268 282 296 309 323
222 236 249 262 275 288 301 313
220 233 246 259 272 284 296 309
217 230 242 254 266 278 290 302
215 226 238 250 261 273 284 295
211 222 233 244 255 266 277 288

11 12
336 349
326 339
321 333
313 325
307 318
299 309

13 14 15
362 376 389
351 364 376
345 357 370
337 348 360
329 340 352
320 331 342

16 17 18 19 20
402 415 428 441 454
388 401 413 425 438
382 394 406 418 430
372 383 395 406 418
363 374 385 396 407
352 363 374 384 395

n= 2 3 4 5 6 7 8 9 10
m= 19 a=0.001 228 246 262 277 292 307 321

a=0.005 227 243 258 272 286 300 313
- a=0.01 226 242 256 269 283 296 309

a=0.025 225 239 252 265 278 290 303
a=0.05 223 236 248 261 273 285 297
a=0.1 220 232 244 256 267 279 290

335 350
327 340
322 335
315 327
309 321
302 313

9 10
363 377
353 367
349 362
341 354
335 347
327 339

11 12
364 377
353 366
348 361
340 352
333 345
325 336

11 12
392 407
381 395
376 389
367 380
360 372
351 363

13 14 15 16 17 18 19 20
391 405 419 433 446 460 473 48
379 392 405 419 431 444 457 47(
373 386 399 411 424 437 449 462
364 377 389 401 413 425 437 45(
356 368 380 392 403 415 427 43M
347 358 370 381 392 403 415 42(

13 14 15 16 17 18 19 20
421 435 450 464 479 493 507 521
409 422 436 450 463 477 490 50a
402 416 429 442 456 469 482 49'
393 406 419 431 444 457 470 48:
385 397 409 422 434 446 459 47
375 387 399 410 422 434 446 451

I

n=
m=20 a=0.001

a=0.005
a=0.01
a=0.025

. a=0.05
a=0.1

2
250
249
248
247
245
242

3 4 5
269 286 302
266 281 296
264 279 293
261 275 289
258 271 284
254 267 279

6 7 8
317 333 348
311 325 339
307 321 335
302 315 329
297 310 322
291 303 315

I

5
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Appendix I

Reject the null hypothesis if the test statistic (Wi) is greater than the table (critical) value.
For n or m greater than 20, the table (critical) value can be calculated from:

m(n+m+1)/2 + zlnm(n+m+l)112 (1.1)

if there are few or no ties, and from

I g tt 2-1)
m(n+m+1)12 + zI [(n+m+1)-

1) j= 1 (n+m)(n+m-1)
(I.2)

if there are many ties, where g is the number of groups of tied measurements and tj is the number of
tied measurements in thejth group. z is the (1-c) percentile of a standard normal distribution, which
can be found in the following table:

a

0.001

0.005
0.01
0.025
0.05
0.1

z
3.09
2.575
2.326
1.960
1;645
1.282

Other values can be found in Table I-1.
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CAVE COUNTER CALIBRATION AND SOIL SAMPLE RESULTS



Appendix D
On-Site Cave Counter

Final Status Survey Report
Thorium Remediation Project

Tulsa, Oklahoma Facility
Kaiser Aluminum & Chemical Corporation

Certain soil samples collected as part of the final status survey process are screened for
Tlh-232 activity concentration using an on-site cave counter (counter). The on-site cave
counter for the Thorium Remediation Project consists of a 2-inch by 2-inch Nal Ludlum
Model 44-10 detector coupled with a Ludlum Model 2221 Scaler/Ratemeter instrument,
mounted inside a shielded box with room for a standard soil sample container to be
placed on the face (bottom, non-wire connecting end) of the detector. Five detectors
(numbered NaI #1, Nal # 2, Nal # 3, Nal # 4 and NaI#8) have been used as part of the
counter during the project. The detectors were all calibrated annually off-site by a
qualified vendor to verify their response to high energy photons. The detectors, including
their use as part of the counter, are utilized to obtain gross gamma readings from soil
samples in units of counts per minute (cpm). The detector response is checked daily
when in use to a Cs-1 37 source.

In addition to the off site calibration, two of the detectors (Na! #4 and NaI #5) have been
calibrated on-site to verify the response of the detector to soil (or soil like material)
containing Th-232 in equilibrium with all progeny. A well characterized sample of
material used to calibrate another on-site counter system (the SMCM system) was used to
calibrate both detectors. The documentation of the calibrations is included in this
appendix.

The result of the on-site calibration is a detector specific calibration factor (CF) in units
of pico-Curies of Th-232 per net counts per minute (pCi/cpm). The inverse of the CF is
referred to as the instrument efficiency in units of cpm/pCi and is used to convert the
gross gamma response of the detector in cpm to pCi/g of Th-232 within a standard soil
sample as follows:

l. A standard soil sample of background soil is counted. Usually for 5 minutes each
day the counter is used. The result is documented as "BKG Count Rate".

2. A standard soil sample is weighed in units of grams (g) and recorded as "Sample
Weight". A standard empty soil container is also weighed. The sample weight is
the net of the soil sample less the empty container weight.

3. The sample is placed inside the lead shielded box (standard repeatable counting
geometry) and the NaI detector is placed on top of the container. Usually, a one
minute count is performed and recorded as "Gross Count Rate Top".

4. The sample is re-placed in the standard counting geometry upside down. Another
1 minute count is performed and recorded as "Gross Count Rate Bottom".

5. The background count rate is subtracted from the average of the top and bottom
sample count rates and recorded as "Net Count Rate Average".
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6. The net count rate is then converted to pCi/g of Th-232 by dividing the net count
rate average by the instrument efficiency (cpm/pCi) and the sample weight (g)
and recorded as "Th-232". The instrument efficiency is equal to 1 / CF (in units
of pCi/cpm).

7. The standard error for the count is then calculated and recorded as "95% CL
Uncertainty" as follows:

1.9 CR CR CR
tb tt t b

Unc9 5%d =
*E-W

where:

Uncgs./,'l =

tsb -

CRst -

tst -

CRb,
th
w-
E -

95% confidence level (2 sigma) uncertainty in pCi/g,
sample bottom count rate in counts per minute,
sample bottom count time in minutes,
sample top count rate in counts per minute,
sample top count time in minutes,
background count rate in counts per minute,
background count time in minutes,
sample weight in g, and
detector efficiency (= I/CF) in cpm/pCi

8. The minimum detectable concentration is calculated and recorded as "MDC" as
follows:

3+3.29lB * t, * (1+ t
b __

et *E*W
MDC

where:

MDC
BR
tB

ts

W
E

minimum detectable concentration in pCi/g,
background count rate in counts per minute,
background count time in minutes,
sample count time in minutes,
sample weight in g, and
detector efficiency in cpm/pCi

A summary of the two instrument/detectors used for cave counts is presented below in
Table D-1.

The conversion of count data to a result in pCi/g of Th-232, the 95% confidence
uncertainty (standard 2 sigma error) and the Minimum Detectable Concentration (MDC)
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for the count, all in units of pCi/g, for various samples (not analyzed by Outreach) are
presented in the attached Appendix D, Table D-2.

Table D-1 - Cave Counter Detector Summ ____

On-Site Calibration Efficiency =
Instrument Detector Calibration Factor I/CF

Number Serial #: Serial #: Date (cpm/pCi/g) (pCi/g/cpm)
4 172053 PR206815 12/03/04 4.41 0.227
8 216513 1PR230093 11/03/05 4.46 0.224
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net
Detector Sample Gross Count BKG BKG Count

Efficiency Count Sample Count Rate Count Sample Rate 95% CL
Det. (cpm / Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC

Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

1/12/05 4 0.227 K-466 Biased FOA-001 1 752 3,059 3,192 5 14,476 570 230 1.35 0.950 1.52

1/12/05 4 0.227 K-467 Biased FOA-001 1 715 2,817 3,143 5 14,476 570 85 0.523 0.978 1.52

1/12/05 4 0.227 K-468 Biased FOA-001 1 822 3,014 3,330 5 14,476 570 277 1.49 0.875 1.52

1/12/05 4 0.227 K-469 Biased FOA-001 1 817 3,107 3,257 5 14,476 570 287 1.55 0.882 1.52

1/17/05 4 0.227 K-471 Biased FOA-001 1 846 3,028 3,440 5 15,127 570 209 1.09 0.859 1.56

5/16/05 4 0.227 K-658 Biased FOA-005 1 568 2,880 2,952 5 15,215 570 -127 -0.986 1.22 1.56

5/16/05 4 0.227 K-659 Biased FOA-005 1 576 2,861 3,028 5 15,215 570 -99 -0.754 1.21 1.56

5/16/05 4 0.227 K-660 Biased FOA-005 1 666 3,262 3,098 5 15,215 570 137 0.907 1.08 1.56

5/16/05 4 0.227 K-661 Biased FOA-005 1 682 3,066 3,252 5 15,215 570 116 0.750 1.05 1.56

6/1/05 4 0.227 K-710 Biased FOA-005 1 732 3,542 3,562 5 15,360 570 480 2.89 1.04 1.57

5/31/05 4 0.227 K-711 Biased FOA-005 1 718 3,353 3,343 5 15,165 570 315 1.93 1.03 1.56

5/31/05 4 0.227 K-712 Biased FOA-005 1 648 3,142 3,433 5 15,165 570 255 1.73 1.13 1.56

6/28/05 4 0.227 K-755 Biased FOA-006 1 775 2,745 2,882 5 14,865 570 -160 -0.908 0.880 1.54

6/28/05 4 0.227 K-759 Biased FOA-006 1 805 3,359 3,331 5 14,865 570 372 2.04 0.916 1.54

6/28/05 4 0.227 K-772 Biased FOA-006 1 645 3,074 3,141 5 14,865 570 135 0.920 1.11 1.54

6/27/05 4 0.227 K-773 Biased FOA-006 1 653 3,215 3,419 5 15,105 570 296 2.00 1.13 1.56

2/14/05 4 0.227 K-524 Biased FSS-013 1 712 3,573 3,436 5 14,534 570 598 3.70 1.06 1.53
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

t

Gross Net

Detector Sample Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm / Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC
Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

12/6/05 8 0.224 K-552 Biased FSS-014 10 696 26,779 28,659 10 28,220 570 -50 -0.321 0.363 0.614

4/14/05 4 0.227 K-570 Biased FSS-015 1 836 3,427 3,105 5 14,870 570 292 1.54 0.873 1.54

4/14/05 4 0.227 K-571 Biased FSS-015 1 838 3,279 3,311 5 14,870 570 321 1.69 0.874 1.54

4/14/05 4 0.227 K-572 Biased FSS-015 1 706 3,122 3,113 5 14,870 570 144 0.896 1.01 1.54

4/18/05 4 0.227 K-574 Biased FSS-015 1 734 3,218 3,273 5 14,703 570 305 1.83 0.991 1.54

4/18/05 4 0.227 K-575 Biased FSS-015 1 616 2,996 3,126 5 14,703 570 121 0.863 1.15 1.54

4/18/05 4 0.227 K-576 Biased FSS-015 1 635 3,132 3,073 5 14,703 570 162 1.13 1.12 1.54

12/6/05 8 0.224 K-625 Biased FSS-015 10 673 28,765 29,472 10 28,220 570 90 0.595 0.382 0.614

4/26/05 4 0.227 K-626 Biased FSS-015 1 581 3,359 3,397 5 16,175 570 143 1.09 1.28 1.61

12/6/05 8 0.224 K-627 Biased FSS-015 10 539 26,779 28,659 10 28,220 570 -50 -0.415 0.469 0.614

4/26/05 4 0.227 K-630 Biased FSS-015 1 224 3,317 3,225 5 16,175 570 36 0.709 3.27 1.61

6/15/05 4 0.227 K-716 Biased FSS-016 1 825 3,883 3,624 5 15,310 570 692 3.70 0.944 1.57

6/15/05 4 0.227 K-718 Biased FSS-016 1 777 4,169 3,884 5 15,310 570 965 5.47 1.04 1.57

6/15/05 4 0.227 K-720 Biased FSS-016 1 635 3,598 3,886 5 15,310 570 680 4.72 1.22 1.57

6/15/05 4 0.227 K-721 Biased FSS-016 1 644 3,823 3,675 5 15,310 570 687 4.70 1.21 1.57

11/29/05 8 0.224 K-751 Biased FSS-016 1 849 2,789 2,811 5 13,695 570 61 0.320 0.807 1.50

11/29/05 8 0.224 K-753 Biased FSS-016 1 785 2,702 2,889 5 13,695 570 57 0.321 0.872 1.50
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net

Detector Sample Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm / Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC
Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

11/29/05 8 0.224 K-754 Biased FSS-016 1 883 2,707 2,918 5 13,695 570 74 0.371 0.778 1.50

11/29/05 8 0.224 K-762 Biased FSS-016 1 624 2,696 2,862 5 13,695 570 40 0.286 1.09 1.50

11/29/05 8 0.224 K-763 Biased FSS-016 1 568 2,974 2,766 5 13,695 570 131 1.03 1.22 1 .50

11/29/05 8 0.224 K-764 Biased FSS-016 1 570 2,613 2,976 5 13,695 570 56 0.434 1.20 1.50

11/29/05 8 0.224 K-765 Biased FSS-016 1 571 2,689 2,880 5 13,695 570 46 0.355 1.20 1.50

11/29/05 8 0.224 K-766 Biased FSS-016 1 685 2,559 2,809 5 13,695 570 -55 -0.358 0.982 1.50

11/29/05 8 0.224 K-767 Biased FSS-016 1 721 3,000 2,976 5 13,695 570 249 1.54 0.979 1.50

12/6/05 8 0.224 K-799 Biased FSS-017 10 665 29,213 28,894 10 28,220 570 83 0.559 0.386 0.614

12/6/05 8 0.224 K-800 Biased FSS-017 10 677 27,951 29,213 10 28,220 570 36 0.238 0.377 0.614

12/6/05 8 0.224 K-801 Biased FSS-017 10 623 28,764 29,627 10 28,220 570 98 0.698 0.413 0.614

12/6/05 8 0.224 K-945 Biased FSS-018 10 694 28,008 29,067 10 28,220 570 32 0.204 0.368 0.614

12/6/05 8 0.224 K-946 Biased FSS-018 10 703 29,244 29,137 10 28,220 570 97 0.616 0.366 0.614

8/8/05 4 0.227 K-941 Biased FSS-019 1 653 3,255 3,085 5 15,130 570 144 0.972 1.10 1.56

8/8/05 4 0.227 K-942 Biased FSS-019 1 917 3,527 3,235 5 15,130 570 355 1.71 0.809 1.56

8/8/05 4 0.227 K-943 Biased FSS-019 1 738 3,008 3,196 5 15,130 570 76 0.454 0.966 1.56

8/8/05 4 0.227 K-944 Biased FSS-019 1 657 2,930 3,146 5 15,130 570 12 0.081 1.08 1.56

9/29/05 4 0.227 K-1058 Biased FSS-020 1 892 3,632 3,555 5 15,160 570 562 2.78 0.855 1.56
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

C

Gross Net
Detector Sample Gross Count BKG BKG Count

Efficiency Count Sample Count Rate Count Sample Rate 95% CL
Det. (cPm / Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC

Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

9/29/05 4 0.227 K-1059 Biased FSS-020 1 827 3,513 3,256 5 15,160 570 353 1.88 0.898 1.56

10/8/05 8 0.224 K-1163 Biased FSS-020 1 665 2,948 3,121 5 14,550 570 125 0.835 1.07 1.54

10/8/05 8 0.224 K-1164 Biased FSS-020 1 603 2,911 2,919 5 14,550 570 5 0.037 1.16 1.54

9/30/05 8 0.224 K-1203 Biased FSS-020 1 612 3,422 3,141 5 15,110 570 260 1.89 1.21 1.57

9/30/05 8 0.224 K-1204 Biased FSS-020 1 604 3,339 3,159 5 15,110 570 227 1.68 1.22 1.57

10/3/05 8 0.224 K-1205 Biased FSS-020 1 668 3,104 2,983 5 14,975 570 49 0.324 1.07 1.57

10/4/05 8 0.224 K-1206 Biased FSS-020 1 616 3,285 2,982 5 14,875 570 159 1.148 1.18 1.56

10/4/05 8 0.224 K-1207 Biased FSS-020 1 612 2,995 3,026 5 14,875 570 36 0.259 1.16 1.56

10/4/05 8 0.224 K-1208 Biased FSS-020 1 918 3,072 3,222 5 14,875 570 172 0.836 0.790 1.56

10/4/05 8 0.224 K-1209 Biased FSS-020 1 719 3,032 3,288 5 14,875 570 185 1.15 1.01 1.56

10/4/05 8 0.224 K-1210 Biased FSS-020 1 698 3,343 3,147 5 14,875 570 270 1.73 1.05 1.56

9/29/05 4 0.227 K-1057 Biased FSS-021 1 660 3,269 3,221. 5 14,945 570 256 1.71 1.10 1.55

9/29/05 4 0.227 K-1061 Biased FSS-021 1 627 3,239 3,393 5 14,945 570 327 2.30 1.17 1.55

9/29/05 4 0.227 K-1062 Biased FSS-021 1 598 3,319 3,340 5 14,945 570 341 2.51 1.23 1.55

9/29/05 4 0.227 K-1063 Biased FSS-021 1 648 3,389 3,190 5 14,945 570 301 2.05 1.13 1.55

10/20/05 4 0.227 K-1238 Biased FSS-022 1 623 3,325 3,187 5 15,400 570 176 1.25 1.17 1.57

10/20/05 4 0.227 K-1239 Biased FSS-022 1 886 3,466 3,723 5 15,400 570 515 2.56 0.862 1.57
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net

Detector Sample Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm / Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC
Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

10/20/05 4 0.227 K-1240 Biased FSS-022 1 620 3,528 3,304 5 15,400 570 336 2.39 1.20 1.57

10/20/05 4 0.227 K-1241 Biased FSS-022 1 609 3,402 3,232 5 15,400 570 237 1.72 1.21 1.57

10/20/05 4 0.227 K-1242 Biased FSS-022 1 562 3,184 3,420 5 15,400 570 222 1.74 1.31 1.57

10/20/05 4 0.227 K-1243 Biased FSS-022 1 573 3,247 3,413 5 15,035 570 323 2.49 1.29 1.55

10/20/05 4 0.227 K-1244 Biased FSS-022 1 540 2,952 3,207 5 15,035 570 73 0.592 1.32 1.55

12/1/05 8 0.224 K-1340 Biased FSS-023 1 726 3,030 2,954 5 13,785 570 235 1.44 0.973 1.50

12/1/05 8 0.224 K-1341 Biased FSS-023 1 667 2,923 3,122 5 13,785 570 266 1.78 1.06 1.50

12/1/05 8 0.224 K-1342 Biased FSS-023 1 695 3,099 3,118 5 13,785 570 352 2.26 1.03 1.50

12/1/05 8 0.224 K-1343 Biased FSS-023 1 601 2,949 3,077 5 13,785 570 256 1.90 1.18 1.50

12/1/05 8 0.224 K-1344 Biased FSS-023 1 837 3,291 3,231 5 13,785 570 504 2.69 0.878 1.50

12/1/05 8 0.224 K-1345 Biased FSS-023 1 967 3,148 3,188 5 13,785 570 411 1.90 0.750 1.50

1/24/06 8 0.224 K-1408 Biased FSS-024 1 833 2,993 3,098 5 13,920 570 262 1.40 0.856 1.51

1/24/06 8 0.224 K-1458 Biased FSS-024 1 564 2,803 2,885 5 13,920 570 60 0.474 1.22 1.51

1/24/06 8 0.224 K-1459 Biased FSS-024 1 788 3,094 3,141 5 13,920 570 334 1.89 0.914 1.51

3/28/05 4 0.227 K-565 Biased FSSB-003 1 645 7,281 6,352 5 15,035 570 3,810 26.0 1.60 1.55

4/1/05 4 0.227 K-566 Biased FSSB-003 1 645 8,266 6,922 5 15,336 570 4,527 31.0 1.68 1.57

4/13/05 4 0.227 K-568 Biased FSSB-003 1 645 7,047 6,513 5 14,915 570 3,797 26.0 1.59 1.55

5 of 11Q:AP4000\PA4072FSS ReportsAppendix DOAppendix D Table 2 Cave Counter Data

C C (



e-

Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

L

Gross Net

Detector Sample Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm / Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC
Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

4/13/05 4 0.227 K-569 Biased FSSB-003 1 645 6,806 6,453 5 14,915 570 3,647 24.9 1.58 1.55

4/15/05 4 0.227 K-573 Biased FSSB-003 1 645 6,897 6,112 5 14,885 570 3,528 24.1 1.56 1.54

4/20/05 4 0.227 K-577 Biased FSSB-003 1 645 5,693 5,095 5 14,890 570 2,416 16.5 1.43 1.54

5/10/05 4 0.227 K-635 Biased FSSB-004 1 593 5,492 5,067 5 14,915 570 2,297 17.1 1.54 1.55

5/10/05 4 0.227 K-636 Biased FSSB-004 1 737 7,984 6,028 5 14,915 570 4,023 24.1 1.42 1.55

5/11/05 4 0.227 K-637 Biased FSSB-004 1 682 7,031 5,437 5 15,210 570 3,192 20.6 1.45 1.56

5/17/05 4 0.227 K-662 Biased FSSB-004 1 520 5,847 5,423 5 15,050 570 2,625 22.3 1.81 1.55

5/17/05 4 0.227 K-663 Biased FSSB-004 1 576 6,812 6,520 5 15,050 570 3,656 28.0 1.77 1.55

5/19/05 4 0.227 K-664 Biased FSSB-004 1 564 5,496 5,566 5 15,770 570 2,377 18.6 1.66 1.59

5/19/05 4 0.227 K-665 Biased FSSB-004 1 594 5,824 5,644 5 15,770 570 2,580 19.2 1.60 1.59

5/19/05 4 0.227 K-666 Biased FSSB-004 1 590 5,671 5,683 5 15,770 570 2,523 18.9 1.60 1.59

5/19/05 4 0.227 K-667 Biased FSSB-004 1 738 5,581 4,696 5 15,770 570 1,985 11.9 1.22 1.59

5/19/05 4 0.227 K-668 Biased FSSB-004 1 606 5,830 5,710 5 15,770 570 2,616 19.0 1.57 1.59

5/19/05 4 0.227 K-669 Biased FSSB-004 1 531 5,855 5,044 5 15,770 570 2,296 19.1 1.75 1.59

5/19/05 4 0.227 K-670 Biased FSSB-004 1 549 5,849 5,383 5 15,770 570 2,462 19.8 1.71 1.59

5/19/05 4 0.227 K-671 Biased FSSB-004 1 564 5,353 5,264 5 15,770 570 2,155 16.8 1.63 1.59

5/20/05 4 0.227 K-672 Biased FSSB-004 1 598 5,957 5,499 5 14,990 570 2,730 20.1 1.59 1.55
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net

Detector Sample Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm / Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC
Count Date #: pCiOg) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

5/20/05 4 0.227 K-673 Biased FSSB-004 1 569 6,395 5,999 5 14,990 570 3,199 24.8 1.73 1.55

5/23/05 4 0.227 K-674 Biased FSSB-004 1 639 7,146 5,853 5 15,290 570 3,442 23.8 1.58 1.57

5/24/05 4 0.227 K-725 Biased FSSB-004 1 559 6,576 6,250 5 14,835 570 3,446 27.2 1.79 1.54

5/24/05 4 0.227 K-726 Biased FSSB-004 1 622 6,256 5,758 5 14,835 570 3,040 21.6 1.56 1.54

5/24/05 4 0.227 K-727 Biased FSSB-004 1 571 5,873 5,682 5 14,835 570 2,811 21.7 1.67 1.54

7/7/05 4 0.227 K-791 Biased FSSB-005 1 699 6,794 5,816 5 14,855 570 3,334 21.0 1.42 1.54

7/9/05 4 0.227 K-802 Biased FSSB-005 1 500 6,520 5,748 5 15,030 570 3,128 27.6 1.96 1.55

7/12/05. 4 0.227 K-803 Biased FSSB-005 1 586 6,663 5,995 5 16,210 570 3,087 23.2 1.70 1.61

7/15/05 4 0.227 K-807 Biased FSSB-005 1 523 6,251 5,548 5 15,250 570 2,850 24.0 1.84 1.56

7/21/05 4 0.227 K-862 Biased FSSB-006 1 588 5,638 5,582 5 14,825 570 2,645 19.8 1.60 1.54

8/1/05 4 0.227 K-863 Biased FSSB-006 1 571 7,193 6,697 5 15,245 570 3,896 30.1 1.82 1.56

8/1/05 4 0.227 K-864 Biased FSSB-006 1 551 6,243 5,306 5 15,245 570 2,726 21.8 1.73 1.56

8/1/05 4 0.227 K-865 Biased FSSB-006 1 564 6,251 5,522 5 15,245 570 2,838 22.2 1.71 1.56

8/1/05 4 0.227 K-866 Biased FSSB-006 1 618 6,936 6,660 5 15,245 570 3,749 26.8 1.67 1.56

8/1/05 4 0.227 K-867 Biased FSSB-006 1 662 7,303 6,939 5 15,245 570 4,072 27.1 1.59 1.56

8/3/05 4 0.227 K-947 Biased FSSB-006 1 548 6,614 6,420 5 15,155 570 3,486 28.1 1.84 1.56

8/3/05 4 0.227 K-948 Biased FSSB-006 1 576 6,910 6,150 5 15,155 570 3,499 26.8 1.75 1.56

Q:\P4000\PA4072\FSS Reports\Appendix MAppendix D Table 2 Cave Counter Data

C
7 of 11

C



- 4-

AppendixD, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net
Detector Sample Gross Count BKG BKG Count

Efficiency Count Sample Count Rate Count Sample Rate 95% CL
Det. (cpm / Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC

Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

8/3/05 4 0.227 K-949 Biased FSSB-006 1 553 6,600 5,766 5 15,155 570 3,152 25.1 1.78 1.56

8/3/05 4 0.227 K-950 Biased FSSB-006 1 588 6,701 6,098 5 15,155 570 3,369 25.3 1.70 1.56

8/5/05 4 0.227 K-951 Biased FSSB-006 1 547 5,983 5,555 5 15,130 570 2,743 22.1 1.74 1.56

8/5/05 4 0.227 K-952 Biased FSSB-006 1 630 6,472 5,644 5 15,130 570 3,032 21.2 1.55 1.56

8/10/05 4 0.227 K-953 Biased FSSB-006 1 597 6,447 6,187 5 15,135 570 3,290 24.3 1.67 1.56

8/10/05 4 0.227 K-954 Biased FSSB-006 1 581 6,603 6,378 5 15,135 570 3,464 26.3 1.73 1.56

8/10/05 4 0.227 K-955 Biased FSSB-006 1 516 6,225 6,301 5 15,135 570 3,236 27.7 1.92 1.56

8/10/05 4 0.227 K-956 Biased FSSB-006 1 562 6,307 5,808 5 15,135 570 3,031 23.8 1.73 1.56

8/10/05 4 0.227 K-957 Biased FSSB-006 1 551 6,220 5,795 5 15,135 570 2,981 23.9 1.76 1.56

8/10/05 4 0.227 K-958 Biased FSSB-006 1 593 6,466 6,012 5 15,135 570 3,212 23.9 1.67 1.56

8/31/05 4 0.227 K-1002 Biased FSSB-007 1 597 6,914 6,104 5 14,775 570 3,554 26.3 1.69 1.54

8/31/05 4 0.227 K-1003 Biased FSSB-007 1 566 6,316 6,040 5 14,775 570 3,223 25.1 1.74 1.54

8/31/05 4 0.227 K-1004 Biased FSSB-007 1 542 6,767 5,752 5 14,775 570 3,305 26.9 1.83 1.54

9/6/05 4 0.227 K-1008 Biased FSSB-007 1 585 6,793 6,152 5 14,775 570 3,518 26.5 1.72 1.54

9/6/05 4 0.227 K-1009 Biased FSSB-007 1 570 5,941 6,199 5 14,775 570 3,115 24.1 1.71 1.54

9/6/05 4 0.227 K-1010 Biased FSSB-007 1 591 6,608 6,350 5 14,775 570 3,524 26.3 1.70 1.54

9/6/05 4 0.227 K-1011 Biased FSSB-007 1 572 6,732 6,295 5 14,775 570 3,559 27.4 1.76 1.54
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Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net

Detector Sample Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm / Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC
Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

9/8/05 4 0.227 K-1015 Biased FSSB-007 1 635 5,072 4,990 5 14,875 570 2,056 14.3 1.41 1.54

9/8/05 4 0.227 K-1016 Biased FSSB-007 1 586 6,268 6,056 5 14,875 570 3,187 24.0 1.68 1.54

9/8/05 4 0.227 K-1017 Biased FSSB-007 1 596 7,080 6,496 5 14,875 570 3,813 28.2 1.73 1.54

9/8/05 4 0.227 K-1018 Biased FSSB-007 1 578 6,442 5,912 5 14,875 570 3,202 24.4 1.70 1.54

9/20/05 4 0.227 K-1029 Biased FSSB-007 1 549 6,664 6,002 5 14,750 570 3,383 27.2 1.81 1.54

9/20/05 4 0.227 K-1030 Biased FSSB-007 1 509 6,324 5,598 5 14,750 570 3,011 26.1 1.90 1.54

9/20/05 4 0.227 K-1031 Biased FSSB-007 1 596 6,689 6,294 5 14,750 570 3,542 26.2 1.69 1.54

9/23/05 4 0.227 K-10371 Biased FSSB-007 1 630 6,771 6,462 5 14,545 570 3,708 26.0 1.61 1.53

9/23/05 4 0.227 K-1038 Biased FSSB-007 1 601 5,924 6,168 5 14,545 570 3,137 23.0 1.62 1.53

9/23/05 4 0.227 K-1039 Biased FSSB-007 1 642 6,867 6,601 5 14,545 570 3,825 26.3 1.60 1.53

9/27/05 4 0.227 K-1192 Biased FSSB-007 1 593 6,512 5,731 5 14,760 570 3,170 23.6 1.65 1.54

9/14/05 4 0.227 K-I 193 Biased FSSB-007 1 659 6,535 5,497 5 15,080 570 3,000 20.1 1.47 1.55

9/12/05 4 0.227 K-1195 Biased FSSB-007 1 522 6,002 5,622 5 15,095 570 2,793 23.6 1.83 1.56

9/12/05 4 0.227 K-I 196 Biased FSSB-007 1 567 5,885 5,439 5 15,095 570 2,643 20.6 1.66 1.56

11/18/05 8 0.224 K-1291 Biased FSSB-007 1 612 5,478 5,514 5 14,045 570 2,687 19.6 1.54 1.52

8/31/05 4 0.227 K-1005 Biased FSSB-008 1 629 6,416 5,645 5 14,775 570 3,076 21.6 1.55 1.54

8/31/05 4 0.227 K-1006 Biased FSSB-008 1 587 6,628 6,057 5 14,775 570 3,388 25.4 1.70 1.54
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Appendix D, Table D-2

Cave Counter Data
Final Status Survey

Thorium Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

'

Gross Net

Detector Sample Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm / Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC
Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cPm) (pCi/g) (pCi/g) (pCi/g)

8/31/05 4 0.227 K-1007 Biased FSSB-008 1 559 6,301 5,537 5 14,775 570 2,964 23.4 1.72 1.54

9/6/05 4 0.227 K-1012 Biased FSSB-008 1 577 6,356 6,335 5 14,775 570 3,391 25.9 1.73 1.54

9/6/05 4 0.227 K-1013 Biased FSSB-008 1 573 6,308 5,707 5 14,775 570 3,053 23.5 1.69 1.54

916/05 4 0.227 K-1014 Biased FSSB-008 1 602 6,931 5,708 5 14,775 570 3,365 24.6 1.65 1.54

9/20/05 4 0.227 K-1032 Biased FSSB-008 1 585 6,866 5,991 5 14,750 570 3,479 26.2 1.71 1.54

9/20/05 4 0.227 K-1033 Biased FSSB-008 1 575 6,571 6,474 5 14,750 570 3,573 27.4 1.76 1.54

9/20/05 4 0.227 K-1034 Biased FSSB-008 1 586 7,202 6,529 5 14,750 570 3,916 29.5 1.77 1.54

9/20/05 4 0.227 K-1035 Biased FSSB-008 1 605 7,037 6,364 5 14,750 570 3,751 27.3 1.69 1.54

9/20/05 4 0.227 K-1036 Biased FSSB-008 1 628 7,040 6,722 5 14,750 570 3,931 27.6 1.65 1.54

9/23/05 4 0.227 K-1040 Biased FSSB-008 1 604 4,837 4,993 5 14,545 570 2,006 14.6 1.46 1.53

9/23/05 4 0.227 K-1040 Biased FSSB-008 1 604 4,837 4,993 5 14,545 570 2,006 14.6 1.46 1.53

9/27/05 4 0.227 K-1191 Biased FSSB-008 1 619 5,226 5,146 5 14,760 570 2,234 15.9 1.46 1.54

9/14/05 4 0.227 K-1194 Biased FSSB-008 1 778 5,307 5,034 5 15,080 570 2,155 12.2 1.16 1.55

9/12/05 4 0.227 K-1197 Biased FSSB-008 1 582 5,586 5,308 5 15,095 570 2,428 18.4 1.59 1.56

9/12/05 4 0.227 K-1198 Biased FSSB-008 1 591 5,389 5,338 5 15,095 570 2,345 17.5 1.56 1.56

9/8/05 4 0.227 K-I 199 Biased FSSB-008 1 591 6,971 6,072 5 14,875 570 3,547 26.5 1.71 1.54

9/8/05 4 0.227 K-1200 Biased FSSB-008 1 632 6,391 5,772 5 14,875 570 3,107 21.7 1.54 1.54

10 of 1 10:\P4000TPA4072\FSS Reports'AppendIx DAppendIx D Table 2 Cave Counter Data



Appendix D, Table D-2
Cave Counter Data
Final Status Survey

Thornum Remediation Project
Tulsa, Oklahoma Facility

Kaiser Aluminum & Chemical Corportion

Gross Net

Detector Sample Gross Count BKG BKG Count
Efficiency Count Sample Count Rate Count Sample Rate 95% CL

Det. (cpm / Sample Sample Time Weight Rate Top Bottom Time BKG Weight Average Th-232 Unc. MDC
Count Date #: pCi/g) No. Type Survey Unit (min) (g) (cpm) (cpm) (min) Counts (g) (cpm) (pCi/g) (pCi/g) (pCi/g)

9/8/05 4 0.227 K-1201 Biased FSSB-008 1 602 6,921 6,347 5 14,875 570 3,659 26.8 1.69 1.54

9/8/05 4 0.227 K-1202 Biased FSSB-008 1 586 6,242 5,702 5 14,875 570 2,997 22.6 1.65 1.54

11/9/05 4 0.227 K-1268 Biased FSSB-009 1 606 4,706 4,453 5 15,305 570 1,519 11.1 1.41 1.57

11/9/05 4 0.227 K-1269 Biased FSSB-009 1 570 4,767 4,608 5 15,305 570 1,627 12.6 1.52 1.57

11/18/05 8 0.224 K-1270 Biased FSSB-009 1 631 5,564 5,431 5 14,045 570 2,689 19.0 1.49 1.52

11/17/05 8 0.224 K-1292 Biased FSSB-009 1 544 5,864 5,366 5 13,825 570 2,850 23.4 1.74 1.51

11/17/05 8 0.224 K-1292 Biased FSSB-009 1 544 5,864 5,366 5 13,825 570 2,850 23.4 1.74 1.51

11/17/05 8 0.224 K-1293 Biased FSSB-009 1 648 5,192 4,691 5 13,825 570 2,177 15.0 1.38 1.51

11/17/05 8 0.224 K-1293 Biased FSSB-009 1 648 5,192 4,691 5 13,825 570 2,177 15.0 1.38 1.51

11/21/05 8 0.224 K-1333 Biased FSSB-009 1 664 6,323 6,234 5 14,005 570 3,478 23.4 1.51 1.52

11/21/05 8 0.224 K-1334 Biased FSSB-009 1 652 5,875 5,648 5 14,005 570 2,961 20.3 1.47 1.52

11/21/05 8 0.224 K-1335 Biased FSSB-009 1 681 4,150 4,251 5 14,005 570 1,400 9.17 1.22 1.52
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