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Ashman Center The Dow Chemical CompanyMarch 1,e2003 Midland, Michigan 48674

Mr. Sam Nalluswami
U.S. Nuclear Regulatory Commission
11545 Rockville Pike
Rockville, MD 20852

SUBJECT: TDCC Responses to NRC Comments on Final Status Survey Reports
for Verification Areas VA-1 through VA-VI

Enclosed are The Dow Chemical Company's (TDCC) responses to the
comments provided in the USNRC letter of August 16, 2002, Review of Final
Status Survey Reports for the Previously Remediated Areas VA-I through VA-VI,
Dow Chemical Company's Bay City, MI, SDMP Site (TAC# L60463). Enclosure
1 provides the responses to each NRC comment and Enclosure 2 provides
Revision 1 to the Final Status Survey reports for Verification Areas VA-I through
VA-VI. Revision 1 of the reports incorporates the additional information and
clarifications described in TDCC's responses and are intended to replace
Revision 0 in their entirety.

Please contact me at (989) 636-0787 or David Fauver at (772) 492-0163 if you
have any questions.

Sincerely,

Ben Baker
Project Manager
The Dow Chemical Company
Ashman Center
4520 E. Ashman
Midland, Ml 48674

Enclosures (2)

cc: Ed Kulzer, NRC Region 3
Jerry Sgro, URS Corporation
David Fauver, Babcock Services



NRC Comments and DOW Responses
DOW Chemical Company's Bay City, Ml
Magnesium-Thorium Slag Storage Area

Final Status Survey Reports for VA-I through VA-VI

Introduction

The folkwwing are Dow Chemical Company's responses to the comments provided in the USNRC letter of
August 16, 2002, Review of Final Status Survey Reports for the Previously Remediated Amas VA-I
thouh VA-L, Dow Chemical Company's Bay Cty, Ml, SOMP Site (TAC3 L60463).

General Comments

Comment

1A. The decommissioning and decontamination efforts of the magnesrum-thorium slag storage area
have been performed In part wth the NUREGICR-5849 guidance document. In some cases this
guidance appears not to have been followed.

18. Several concerns were identified such as the contradictory statements between the report text
and the data presented. For example, page 11 of the report for VA-VI states, *since none of the
verification soil sample concentrations exceeded the guideline values (no hot spots), It was not
necessary to apply averaging techniques In any of the grids.' However, In reviewing the residual
soil activity results, numerous Individual samples were identified In the various FSSRs, that
exceeded the stated gross activity guideline of 14.5 pCl/g total thorium andlor the unity nule.
Therefore staff recommends that the reports be revised to dearly document In the data table that
the 100 m2 average activity levels satisfy Me guideline and unity rule.

IA. See response to Specific Comment #1.

183. Individual soil samples exceeding the total thorium guideline value were Identified In VA-IV and
VA-VI. The statement, since none of the verification soil sample concentrations exceeded the
guideline values (no hot spots), It was not necessary to apply averaging techniques In any of the
gids', has been deleted from VA4V and VAVI. Section 422 of VAIV and VA-VI has been
revised to describe the actions taken by Dow when an Individual sample exceeded the guideline
value. In the case of VA-4V, the samples were a composite over 100 e 2 and therefore, the hot
spot averaging criteria could not be applied. The sample areas were remediated and re-surveyed
as part of the VAVI survey unit (BCS4-9-vl, BCS-K5-7-vl, BCS-K5-v1). In the case of VA-
VI, two of the individual samples exceeded the guideline value (BCS-J6-1-A and BCS14-9-C).
Since the samples were a composite over 25 Wz, the 100 n2 and (100iA)12 hot spot averaging
criteria were applied. One of the samples passed and one failed. The failed sample has been
deleted from the VA-Vi database and will be remediated and re-surveyed at a later date as part of
a subsequent Verification Area Report

Comment

2. The reports are not dear as to how each thorium Isotope concentration was quantified. The
procedures state that the Th-232 was analyzed In the field using a Nal detector coupled to an
MCA and that final verification soil samples were sjected to gamma and alpha analyses In
DoWns Freeport, Texas laboratory. Additionally, 1O percent of the samples were shipped off-site to
a contract laboratory for quality asswance analysis. The reports need to explain how he Th-228
and Th-230 concentrations were Inferred and reference the applicable procedures and
documents.
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2. Sections 3.4.4 and 3.6 in each of the FSSRs have been revised to describe In more detail the soil
sample collection and analysis methods employed. Additional procedure references have been
provided In each FSSR. For all verification areas, the samples were analyzed for Th-232 In the
field using a Mal detector coupled to an MCA to provide a rapid turnaround for remediation
decisions. For VA-I, VA-l1 and VA-11, all of the final FSS samples were analyzed by gamma and
alpha spectroscopy at the Freeport laboratory to obtain Th-32, Th-228, and Th-230
concentrations. Ten percent of these samples were sent to a contractor laboratory for QA
analysis using sirmilar counting techniques. For VA-V, VAV and VAVI, the FSS samples were
analyzed for Th-232 using the onsite gamma spectroscopy laboratory. Five percent of the FSS
samples were sent to the Freeport laboratory for QA analysis. A conversion factor was applied to
the Th-232 gamma spec results to obtain the Th-228 and Th-230 concentrations (see response to
NRC Comment 7A). The onsite laboratory was found to be acceptable as documented in NRC
Inspection Reports 040-00017/98001, 0400001798002, 040- 0001799001.

Comment

3. NRC staff performed confirmatory surveys on all six of the verification areas promptly after the
licensee had completed the final status survey of each area. Based on these confirmatory
surveys, only VA- was Initially found to comply with the release criteria. All of the other
verification areas (i.e., VA-Il to VA-VI) were found to have locations that contained radioactive
material exceeding the release criteria. (Note that NRC perfoned a follow-up confimatory only In
VA-1l) Although these boatiors were subsequently remediated by the licensee, It appears the
FSSRs reviewed have not been rvised to Include the findings of the NRC confirmatory surveys
nor do they Indicate that the final status surveys and analyses were redone to verify release
criteria compliance. Table I shows that the FSSRs predate the confirmatory surveys. In the case
of VA-ill, the FSSR was revised after the confirnatory survey Identified slag exceeding the
release criteria; however, the revision addressed only the re-labeling of subgrids. Staff concludes
that until these FSSRs are revised to include data and analyses for final status surveys
conducted after the NRC confirmatory surveys, the Intfornation provided Is Incomplete for
dem tating compliance with the release criteria.

Reponse

3. Section 4.2.4, NRC Confirmatory Surveys, has been added to each of the FSSRs to address
confirmatoty findings and Dow actions to those findings. Each of the confirmatory survey findings
Indicated In Table I of NRCs comments has been fully resolved In Section 4.2.4 of Reports 1-VI.

Comment

4. In general, the FSSRs do not discuss surface scan findings, I.e., what were the range of readings
or did the surface scans Identify any hot spots during the final status survey and were those hot
spots remediated (with location specified) before FSSRswere Issued?

Response

4. Section 4.2.1 In each of the FSSRs has been revised to include discussion on the number of hot
spots Identified during the scan survey and any actions taken by Oow In response to the elevated
scan readings.

Comment

5. In general, the FSSRs did not summarize the results of preliminary surveys, such as scoping,
characterization, and remedial action surveys. Also, no discussion was provided on how remedial
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action survey data was carried forward and Integrated with the final status survey data analysis to
demonstrate compliance with the release criteria.

Respose

5. Section 1.0 of each of the FSSRs has been revised to include discussion on the results of
preliminary surveys. SectIon 3.2 of each of the FSSRs has been revised to clarify how remedial
action survey data was carried forward and Integrated with final status survey data.

:oMrnnQM

6. The FSSR format and content Is Inconsistent between the six reports reviewed. The reports need
to be revised to be complete and consistent wtth the requirements In the decommissioning plan,
all subsequently approved revisions and correspondence, and all guidance Incorporated by
reference (e.g., NUREGICR-5849).

Respons

6. All six FSSRs have been revised to be consistent in format and content.

Specific Comments

Comment

1A. For each FSSR, a map of the appropriate verification area was provided. Each grid is comprised
of nine sub-grids. The tables for final verification soll concentrations Indicate only one sample per
sub-grd (about loin x 10n). Under NUREGICR-5849 guidance, four systematic soil samples are
collected per sub-grid during the FSS to satisfy the average guideline. However, the approved
decommissioning plan specifies that for the remedial action surveys nine soil samples will be
composited Into one sample per sub-grid. It appears that the FSSs for Verification Areas VA-I,
VA-11, VA-111, and VANtV were based on one composite sample per subgid (i.e., just the results of
the remedial action surveys), whereas, four samples (without compositing) were taken In VA-V
and VA-VI. Only the latter follows the guidance In NtREG/CR-5849.

11B. The FSSRs need to clearly explain how the remedial action survey was conducted and the data
Integrated with the final status survey.

IC. In addition, to clarify how the final status survey was performed, each report needs to Include an
example figure of a surid with the sampling locations shown.

REgmnse

IA. Section 3.42 and 3.4.4 of each FSSR have been revised to clarify the respective soil sampling
method used. The sampling method used for the final verification of areas VA-I through VA-tV
consisted of nine Individual samples from each 100 rn? sub-rid that were combined Into one
composite. This method was described In the Decommissioning Plan (and TDCC response to
RAis) approved In License Amendment No. 7. The final verification samples for areas VA-V and
VA-V consisted of 4 composite samples, from each 100 ir 2 sub-grid, one from each 25 m
quadrant. The method used for VA-V and VAN! was Implemented by the RSO to be more.
consistent with NUREGICR-6849. It Is more conservative than that used In VA- through VA-V In
that a minimum of 3 Individual samples were Included In each quadrant composite, providing a
total of 12 Individual soil samples for each 100 rr 2 subgid. This exceeds the decommissioning
plan commitment to collect 9 Individual soil samples In each 100 m2 sub-grid.
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IB. Section 3.2 of each of the FSSRs has been revised to clarify how remedial action survey data
was caried forward and Integrated with final status survey data. The final samples collected
during the remediatlon control survey were used as Input to the final status survey, providing the
sample concentrations did not exceed the soil guideline value. The sampling and analysis
scheme used during the remediation control suvey was designed to meet the quality and design
requirements for FSS as described In the Decommissioning Plan.

IC. Figure 3-3, Reference Grid System, and Figure 3-4, Sub-Grid Quadrant Designation, have been
included In each FSSR.

Comment

2. The survey unit maps Indicate specific areas called "excavation limit". The FSSRs need to explain
this term and explain any Impacts that these areas had on the conduct of the final status survey
(e.g., VA-ll).

2. The term "excavation limit" only appeared on the map for VA-IlI. The term originally referred to a
previously excavated area and had no bearing on the FSS data provided in the report. All maps
have been revised In each of the FSSRs and this term has been deleted from the VA-Ill map.

Comment

3. For Verification Areas VA-I to VA-VI, the FSSRs explain that the 30 background soil sample
locations are shown In the "background sample' figure. However, the figures show only
background sample locations 1 through 25.

3. Figure 3-6, Background Sample Locations, has been revised and Included In each of the FSSRs.
The original map did show all 30 sample locations; however, it was unclear in that the five
samples taken east of the site (across the river) were labeled as 1-5 Instead of being correctly
labeled as 26-30.

Comment

4. For VA-I and VA-I FSSRs, the final verification soil concentration data (Table A3 (a) and (b))
does not Indicate the analytical technique used to determine the Isotopic thoriun concentrations.
A footnote needs to be provided that summarizes this technique with reference to the appropriate
procedural document.

R-esens

4. Neither of the original FSSRs reviewed contained a footnote to the soil concentration data tables
explaining the analytical technique used to determine the isotopic thoiurn concentrations. Section
3.6 of each of the FSSRs has been revised to provide additional discussion on sample analysis
technique as well as the appropriate procedure reference.

Commen

5. The FSSR for VA-Ill does not contain a Section 3. Section 3 In the other reports discusses the
survey procedure methodology. Also, this FSSR does not Include a section on surface scans.
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5. The FSSR for VA41i has been revised to Include a Section 3 and a section on surface scans.

6. The FSSR for Verification Area VA-N contains several subgilds with final verification soil
concentrations In excess of the release criteria (I.e., K4-9, KS-7, and K5-8). Regarding these sub-
grids, the report contains no Information on satisfying the area weighted average over 100 m2 or
the hot spot criteria. In addition, no summary statistics were provided for the final status survey.

6. Since the above referenced samples were a composite over 100 m2, the weighted average test
could not be applied. These three areas were removed from the scope of VA-N and were
subsequently remediated and re-surveyed as part of VA-VI. FSS Summary Statistics have been
included In the all of the revised FSRRs, Including VA-IV.

7A The footnote to Table 4-4, Final Verification Soil Concentrations, In the FSSRs for VA-V and VA-
V1, contains factors of 1.63 to convert concentrations of Th-232 to Th-230 and 0.94 to convert Th-
232 to Th-228. How these factors were derived needs to be explained. Also, these factors do not
appear to be consistent with the factors used to determine the thorium soil concentrations for VA-
through VANV.

7B. Finally, there needs to be a discussion In each report on the derivation of the site specific thorium
release criteria of 14.6 pCI/g. Relevant Information is provided in the Decomrnmissioning Plan
Supplement (December 1996) and the Dow Response to Comments In NRC Letter of February 5,
1996 (March 1996).

7A. A detailed review was conducted of the anatytical methods used to generate the data provided In
FSSRs VA-I - VA-Vi. There was no dear documentation In the Thorad project files describing
the basis for the 0.94 and 1.63 correction factors. It appears that the 1.63 Th-23OTrh-232
conversion factor was based on the background data provided In the FSSRs. The 0.94 Th-
228Th-232 conversion factor could be derived assuming that all of the pure thorlum metal
feedstock arrived at the site In 1970, the last year of thorlurn alloy production at the site, and that
the onsite gamma spectrosoopy analyses were performed In 1998. The Th-228 concentration
would be about 94% of the Th-232 concentration, I.e., 0.94 conversion factor. The actual
equilibrium would be closer to 1.0 since onsite thorin processing started In the early 1940's.

The 1.63 and 0.94 conversion factors were used to generate the results provided In FSSRs IV -
VI. However, the data provided In FSSRs I - Ill was generated using Isotope specific analyses for
Th-232, Th-28, and Th-230.

The 0.94 conversion factor Is technically justified based on the decay calculation shown above.
However, without additional documentation, the use of the 1.63 corection factor for Th-230 does
not appear justified since It was based on background data as opposed to licensed mnaterial. The
only dearly documented Th-230Th-232 ratio appears to be that provided In the March 1996 Dow
Response to NRC Comments, I.e., 3:1.

The use of a 3:1 ratio, as opposed to 1.63:1 has an Insignificant affect on the reported average
and standard deviation of the FSS data In FSSRs IV-VI and therefore the previously reported
data was not modified In Revision I of the respective FSSRs. However, the data was reviewed to
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Identify any results that did not exceed the 14.5 pCI/g limit using the 1.63 correctIon factor but
would exceed the 14.5 pCig limitf a 3.0 correction factor were applied. In addition, a review of
the gamma spectroscopy procedures for the Thorad site Nal system Indicated that the Th-232
results were determined by the analysis of Pb-212, assuming equilibrium of all daughter products.
This Is reasonable considering that alI of the samples are very close to background and that
thovrum processing on the site began In the earty 1940s. However, the assumption of equilibrium
used in the gamma spectroscopy analyses could be interpreted as potentially non-conservative
data if a Th-228t1h-232 ratio of 0.94 Is assumed. Therefore, the recalculation test of the higher
results In FSSRs IV-VI included not only the 3/1 correction factor for Th-230, but also an
adjustment for the fact that Pb-212 represents Th-228, not Th-232, and assuming a 0.94 Th-
2281th-232 ratio. Attachment I contains a memorandun from the site RSO to the project files
that contains the recalculated results for the highest reported values to demonstrate that the
affect Is Insignificant.

The recalculation Is a very minor technicaladrninistrative correction that Is perforned to satisfy all
potential future questions about the reported data and does not Justify a revision to the FSS data
tables and does not change any conclusions regarding the acceptability of areas VA- - VA-VI for
unrestricted use.

For all future FSS sample analysis, a Th-232rTh-228 ratio of 1:1 and a Th-230/Th-232 ratio of 3:1
will be assumed.

7B. The derivation of the 14.5 pClg total thorium criteria Is Included In Section 2.3 of each FSSR.

Comment

a. SectIon 3.1 Survey Objectives of the FSSRs for Verification Areas VA-i and VA-li states, "The
entire Bay City storage area (affected area) Is treated as a single survey unit, and the 95% level
of confidence will be applied to the entire survey unit. While the residual concentration values are
being provided for Individual VAs for convenience of the final validation, the 95% level of
confidence will be demonstrated for the entire site (survey unit) upon completion of the project.
The licensee needs to explain how the statistical tests (I.e, t test) will be done, since some of the
final status surveys Involved sample compositing while others did not. Also, It needs to be
explained how FSS data from the yet to be remediated area will be considered In this statistical
analysis.

Response

8. Section 3.1 of VA-I and VA4I has been revised to state, "A 95% minimum level of confidence that
the above conditions have been met was to be demonstrated. The entire Section (VAI or VA-II)
of the Bay City storage area (affected area) Is treated as a single survey unit, and the 95% level
of confidence was applied to the entire survey unit. This statement Is consistent with FSSRS VA-
IlIl -VA VI and NUREGICR-5849.

Comment

9. A list of specific reference was not provided In any of the FSSRs.

Respone

9. Section 6.0, References, has been provided in each of the FSSRs.
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MEMORANDUM

To:
From:
Date:
RE:

TDCC Thorad Project Files
Robert F. Yetter, RSO
February 26, 2003
Soil Concentration Tests for VA-I through VA-VI

To ensure the soil concentrations in VA-I through VA-Il pass the Unity Rule release
criteria, the test was performed on the three sanples containing the highest total thorium
concentrations from each survey unit. The following formula was used in the test:

Tho2 + ThWa

10

+ re°

21

The following table summarizes the test results. All samples tested passed the Unity Rule
test. Soil concentrations are in pCilg.

Samle# 1Th23et | ThMSnet | hm net Total Thorium Test Result

_ _ V A-I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

BCS-07-2vl 0.93 0.57 5.33 6.83 0.4

BCS-P7-9vl 0.81 0.53 6.35 7.69 0.44

BCS-RS3vl 0.12 0.43 5.50 6.04 0.31

-__ _ __ VA-Il .

BCS-K3-3Avl 1.98 1.77 4.19 7.95 I 0.57

BCS-K5-3Avl 3.14 2.82 8.02 13.98 0.97

BCS-K5-4v2 2.16 2.15 3.39 7.70 0.59

VAI : :

BCS-F13-3vl 1.48 1.24 9.49 12.21 0.72

BCS-I11-9vl 0.95 0.81 9.38 11.14 0.62

BCS-113-9vl 0.71 1.45 8.95 11.11 0.64

Attachment 1 I



During the final status surveys of VA-IV, VA-V and VA-VI, the soil samples were
analyzed on site via gamma spectroscopy through use of the Nal detector coupled with a
MCA. To obtain the Th-232 and Th-230 concentrations, a conversion factor was applied
to the Th-232 concentration obtained from the gamma spectroscopy. Specifically, a
conversion factor of 1.63 was applied to convert concentrations of Th-232 to Th-230 and
0.94 to convert Th-232 to Th-228. There was no documentation found describing how the
factor of 1.63 was derived although it appears to be derived from the background data.
However, a review of TDCC's March 1996 response to NRC RAI's on the
Decommissioning Plan indicated that the Th-230 to Th-232 ratio was 3:1. Therefore, it
was concluded that the use of the 1.63 correction factor could have potentially biased the
calculated Th-230 results.

In addition, a detailed review of the gamma spectroscopy procedures for the Thorad site
Na! system indicated that the Th-232 results were determined by the analysis of Pb-212,
assuming equilibrium of all daughter products. This is reasonable considering that
thorium processing on the site began in the early 1940's, which leads to conditions very
close to equilibrium. However, the assumption of equilibrium could be interpreted as
potentially non-conservative data if the Th-228/Th-232 ratio of 0.94 applied in the
FSSR's VA-IV - VA-VI is assumed to be more accurate. Therefore, the recalculation test
of the higher results in FSSRs IV-VI included not only the 3/1 correction factor for Th-
230, but also an adjustment for the fact that Pb-212 represents Th-228, not Th-232. This
adjustment entailed 1) assuming that the reported Th-232 concentration represented Th-
228, and 2) recalculating the Th-232 results by dividing the reported concentrations by
0.94.

To assess the impact of the potential bias resulting from uncertainty in the radionuclide
ratios, all reported net Th-232 values >2.75 pCi/g (<2.75 pCi/g will always pass) have
been recalculated using the modified conversion fctors. The new results were compared
to the release criteria, the (100/A)"2 averaging criteria, and the 100 m2 averaging criteria.

All soil samples with reported net Th-232 values >2.75 pCi/g are listed in the table
below. Since the soil samples obtained in VA-IV represent a concentration over 100 m:2,
the averaging criteria cannot be applied. However, a review of the data from VA-IV
reveals no samples with net Th-232 values >2.75 pCi/g. Al concentrations represent net
values in pCifg.

The data in the following table represent very minor techical/administrative corrections
that have been performed to satisfy all potential future questions about the reported data.
The small magnitude of the corrections potentially caused by the uncertainty in the
correction factors do not justify a revision to the FSS data tables and do not change any
conclusions regarding the acceptability of areas VA-I - VA-VI for unrestricted use.
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Sample Onginal Reported Values Revised Values Average Pass/Fail Pass/Fail

Number I , Th | Th11 TotalTh Th2 2 | Th | Th TotalTh mOOM2 Average Hot Spot
I__ _ _ _ _ _ _ l__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ l_ _ _ _ _ 1 _ _ _ _ _ 1 _ _ _ _ _ 1 _ _ _ _ _ _ _ _ _ _ _ _ j C riteria C riteria

VA-V

BCS-AS-avl-B 3.53 5.75 - 3.30 12.59 3.76 11.26 3.53 18.59

BCS-A8-5vl-C 0.17 0.28 0.15 0.60 0.18 0.54 0.17 0.89 5.61 Pass Pass

BCS-A8-6vl-C 0.48 0.78 0.43 1.70 051 1.53 OA8 2.52

BCS-A8-9vl A 0.11 0.18 0.09 038 0.12 0.35 0.11 0.50
m ~ .- .-- - -A~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~V A -V T _ _ _ _ _ _ _ _ _

BCS-E2-1-C 3.07 5.01 2.87 10.96 3.27 9.80 3.07 16.14

BCS-E2-1-A -0.16 -0.26 -0.17 -0.59 -0.17 *0.51 -0.16 -0.84 5.28 Pass pas

BCS-E2-1-B 0.39 0.63 0.34 1.36 OA1 1.24 0.39 2.04

BCS-E2-1-D 0.72 1.17 0.66 2.55 0.77 2.30 0.72 3.78

BCS-l-l C 2.92 4.76 2.73 10.42 3.11 9.32 2.92 15.35

BCS-E2-9-A 1.09 1.77 1.01 3.87 1.16 3A8 1.09 5.72 6.87 Pass Pass

BCS-E2-9-B 0.67 1.10 0.62 2.39 0.71 2.14 0.67 3.52

BCS-1E2-9-D 0.55 0.90 0.50 1.96 0.59 1.76 0.55 2.89

I3C-14-A 3.16 5.15 2.95 11.26 3.36 10.08 3.16 16.60

BCS-13-6B 0.21 0.34 0.18 0.73 0.22 0.67 0.21 1.10 5.42 Pass Pass

BCS-13-6-C 0.20 0.32 0.17 0.68 0.21 0.64 0.20 1.04

BCS-13-6D 0.56 1 0.91 0.51 1.97 0.59 1.79 0.56 2.94
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Sample Original Reported Values Revised Values Average PassnFail Pass/Fail

Number ThM2 | m | Thu Total Th Thl 2 | in230 | Th22 Total Th lOOm2 Average Hot Spot
______________ I I I I I I I I ___________ C riteria C riteria

________ =____ _ ____ VA-VI continued _ _ :_ __

DCS-14-9-C 9A2 15.35 8.83 33.60 10.02 30.06 9.42 49.50

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A Fall

N/A N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A N/A

BCS!6-2-D 334 5.44 3.12 11.89 3.35 10.66 3.34 17.55

BCS-16-2-A 1.28 2.08 1.18 4.55 1.54 4.63 1.28 7.61 8.51 Pass Pass

BCS-16.2-B 0.41 0.66 0.36 1.43 0.44 1.31 OAI 2.16

BCS-16-2-C 1.45 2.36 1.35 5.16 1.36 4.09 1.45 6.73

BCS44-9-C 4.05 6.59 3.78 14.42 4.31 12.93 4.05 21.28

13CS-J4-9-A 1.44 2.3S 1.34 5.13 1.53 4.60 1.44 7.57 9.68 Pass Pass

BCS-J4-9-B 0.33 0.34 0.30 1.17 0.35 1.05 0.33 1.73

BCS-J4-9-D 1.55 2.53 1.44 5.51 1.65 4.95 1.55 8.14

BCSJ6.1-A 4.16 6.78 3.89 14.83 4.43 13.28 4.16 21.86

BCS-J6-1-B 0.80 1.30 0.73 2.83 0.85 2.55 0.80 4.20 7.67 pass Pass

BCS-J6-1-B 0.27 0.43 0.23 0.93 0.29 0.86 0.27 1.42

BCS-KI-l-B 0.61 0.99 0.55 2.15 0.65 1.95 0.61 3.21
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Final Status Survey Report for VA-l
The Dow Chemical Company's Bay City, Ml Facility

1.0 BACKGROUND INFORMATION

The radioactive material at the Dow Chemical Companys Bay City site consisted primarily of

foundry slag containing Thorium. This material, and similar material originally stored at Dow's

Midland site, was produced in the period from 1940 to 1970 as the residual from the production

of a magnesium-thorim alloy. This lightweight alloy was used for defense purposes, including

airaft engines and aeronautical structural components.

A single'license (STB-527) was originally granted by the NRC in 1973 for the Bay City and

Midland sites to store up to 200,000 pounds of thorium slag. The license expired in 1978, but has

remained in effect under timely renewaL

The Midland site was decontaminated with the material removed and transported to Bay City for

consolidation with the Bay City material and subsequent transport to the Envirocare facility in

Clive, Utah. A final survey was conducted at the Midland site by Dow with the results

documented in a Final Status Survey Report of March, 1997, showing that the residual

contamination criteria had been met. The NRC subsequently conducted an independent survey of

the Midland site and verified that the residual contamination criteria had been met.

The material transported from the Midland site to the Bay City site originally consisted of

magnesium with up to two percent thorium. Portions of this process slag were mixed with soil or

limited amounts of construction debris. As a result of this mixing, the thorium concentrations, as

determined by Dow characterization soil sampling, varied from 2-7000 pCi/g at the Bay City

Site (with an average concentration of 188 pCi/g) . A total activity of 9.7 Ci of Th-232 was

originally distributed throughout approximately 52,000 cubic yards of soil, slag, and construction

debris.

Initial remedial action support surveys, performed in 1996, identified wide spread areas of

elevated contamination. The gamma scan surveys were conducted using a sodium iodide

detector. Readings were generally higher the closer the proximity to the original thorium pile but

several hot spots in the 300,000 to 600,000 cpm range were identified. Construction debris, such

as drums, were removed from these areas along with the contaminated soil.
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Decontamination of the Bay City site is ongoing. In accordance with NRC and Dow discussions,

as confirmed in Dow's letter of June 12, 1997, verification that residual contamination criteria

have been achieved on this large site is being performed in sections. This Final Status Survey

Report (FSR) provides the descriptive text on the site and the parameters of the survey program

and includes the analyzed verification data for Verification Area (VA) I. As the database is

acquired for subsequent VAs addendums to the Final Survey Report will be submitted to the

NRC containing the analyzed database.

Supporting information on the Bay City site and decommissioning project is presented in the

October, 1993 Decommissioning Work Plan, the December, 1995 Supplement to the

Decommissioning Work Plan, and the March, 1996 Response to Comments.

This document is a revision to the original Final Status Survey Report for VA-I and VA-Il dated

July, 1997. For the purposes of this revised report, only changes to the original report pertinent to

VA-I are addressed. Changes to the VA-Il portion of the original report will be addressed in a

separate revised report.

On July 24" and 25" of 1997, after the original report submittal, the NRC Region III conducted

an inspection of the VA-I and VA-fl portions of the Dow Bay City facility. The primary purpose

of the inspection was to conduct an independent confirmatory survey of VA-I and VA-IL This

revision to the original report is provided to include the findings of the NRC confirmatory

surveys documented in NRC Report No. 040-00017/97002 (DNMS) dated August 14, 1997.

Additionally, this revision to the original report is provided to address deficiencies identified by

NRC staff in a letter to Dow dated August 16, 2002 (Review of Final Status Survey Reports for

the Previously Remediated Areas VA-I through VA-VI, Dow Chemical Company's Bay City,

MI, SDMP Site (TAC# L60463)).
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2.0 SITE INFORMATION

2.1 SITE DESCRIPTION

The Bay City thoriated material storage site is on a Dow facility near the Town of Bay City,

Michigan about one-mile south of Saginaw Bay. The Bay City site (pile) is shown on Figue 2-1

in relation to adjacent land features and other facilities.

The thoriated material site is located adjacent to and north of an inlet canal, which enters the

Saginaw River to the east. The Saginaw River is located to the north and east of the material.

Access to the Dow manufacturing facility is restricted to authorized personneL The storage site

within the facilit is posted as a radiation control area and delineated with a fence.

The area surrounding the material is relatively level, with some marshy areas and ponds. Any

sediments contain elevated levels of thorium are being excavated as part of the

decontamination program.

The affected area of the Bay City storage site was initially based on knowledge of the operating

history, and subsequently on radiological characterization surveys. Whie areas immediately

surrounding the Bay City storage area were included in the affected area, some further outward

adjustment of the afl-cted area boundary was required during site remediation to encompass

surface and subsurfice contamination uncovered during remedial operations.

3.



Final Status Survey Report for VA-I
The Dow Chemical Company's Bay City, Ml Facility

Figure 2-1

Bay City Thorium Disposal Site
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2.2 SITE CONDITIONS AT TIME OF FINAL SURVEY

The decommnissioning activities at the Bay City site involve excavation of the contaminated soil,

loading on to trucks, onsite transportation of the material to the stockpile at the railhead, loading

on to the rail cars, and transport of the material to the Envirocare burial site in Clive, Utah. Soil

removal is to varying depths continuing until sample analysis showed residual concentrations to

be within NRC defined limits. Final verification samples were taken in the VA and analyzed on

site throigh gamma spectroscopy. When the gamma spectral analysis results showed the Th-232

levels to be less than the guideline value, the final verification samples were then sent to the

Freeport, Texas laboratory for gamma and alpha spectral analysis and confirmation that residual

contamination limits have been met. Ten percent of all final verification samples were then sent

to an outside contract laboratory for independent QC verification. Dow conducted QA/QC

programs which were monitored by the Dow QA coordinator.

2.3 IDENTITY OF POTENTIAL CONTAMINANTS AND RELEASE GUIDELINES

Based on the knowledge of the process that generated the slag material, and the results of the

characterization survey, the significant radiological contaminants were determined to be Th-232,

Th-230, and Th-228. The above background residual soil concentration measurements used as a

basis fbr the final verification for all the verification samples analyzed to date at Bay City

provided the average soil activity ratios at Bay City of approximately:

Ti-232 - 22%

Th-230 - 60%

Th-228 - 18%

Using the approach described in Section 3.1 ("Release Criteria") of the December, 1995

Supplement to the Decommissioning Work Plan and response No. 8 of the Response to

Comments (on the Work Plan) of March, 1996, in conjunction with the methodology in

Appendix A of NUREG/CR 5849 gives a residual soil gross activity guideline of 14.5 pCi/g total
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thorium. The site-specific guideline levels for each of the contributory radionuclides is thus 3.2

pCi/g for Th-232, 2.6 pCi/g for Th-228, and 8.7 pCi/g for Th-230.

The gross activity guideline is determined as follows:

Gross Activity Guideline = 1 = 14.5pCilg

0.22 + 0.18 + 0.60
10 21

where Th-232, Th-230, and Th-228 are present in net activity ratios of 0.22, 0.60. and 0.18

respectively in the residual soiL The guideline concentrations for Th-232 plus Th-228 are 10

pCifg and 21 pCifg for Th-230 (see March, 1996 Response to Comments).

3.0 FINAL STATUS SURVEY OVERVIEW

3.1 SURVEY OBJECTIVES

The purpose of the final status survey was to demonstrate that the residual radiological

concentrations in the soil at the Bay City thorium storage site satisfy the NRC guidelines (see 2.3

above) and that the storage site can, therefore, be released for fiutre use without radiological

controls. Specifically, the final status survey soil database should show that:

* Average residual radionucide concentrations are at or below the soil guideline values

defined in Section 2.3. Averaging is based on a 100 m 2 (Om x 10m) grid area. Note an

actual grid size of 33.3 ft. x 33.3 ft. was used for convenience in measuring rather than

Om x lOim (32.8 ft. x 32.8 ft.).

• Reasonable efforts have been made to identify, evaluate, and remove, if necessary, areas

of residual activity exceeding the guideline values. Areas of residual activity exceeding

the guideline value (elevated areas) may be acceptable provided they do not exceed the

guideline value by greater than a factor of (100/A)1l, where A is the area of residual
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activity in in2, and provided the activity level at any location does not exceed three times

the guideline values.

In addion, exposure rates should not exceed 5 pR/h above background at I m above the soil

surface. Exposure rates may be averaged over a 100 m2 grid area. Maximum exposure rates over

any discrete area may not exceed 10 tR/h above background.

A 95% minimum level of confidence that the above conditions have been met was to be

demonstrated. The entire Section I of the Bay City storage area (affected area) is treated as a

single survey unit, and the 95% level of confidence was to be applied to the entire survey unit.

3.2 ORGANIZATION AND RESPONSIBILITIES

The final stats survey was conducted by the same qualified Dow and subcontractor personnel

who had conducted the characterization survey, and remediation control survey. The Project

Organization is shown in Figure 3-1.

The sampling and analysis methods to be used during the remediation control survey was

designed to achieve the sampling sensitivity and elevated activity guidelines defined in

NUREG/CR-5849 relative to the site specific residual contamination criteria The approach

consisted of first performing a gamma scan survey of the remediated area to determine if any

localized areas of elevated activity remained. Elevated areas of activity identified by the scan

survey were remediated. If no areas of elevated activity were identified, composite soil samples

were then collected and analyzed in the field laboratory using a Nal crystal coupled to the MCA

to provide rapid turnaround on the Th-232 levels. If the Th-232 level exceeded the guideline

value, further remediation was performed. The soil sample results of the analysis of the final

samples collected, that demonstrated that the adminisative cleanup level had been achieved,

were then used as input into the final status survey.
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Figure 3-1

Project Organization for Remediation of the Midland and Bay City Storage Sites

The DOW Chemical Co.
I Corporate Resources

Health and Environmental
Sciences Safety Officer

Alex Pollock
II I I Environmental Operations

Field Services
Manager I

I IRadiation Safety Officer
Kenneth Baker

I I
Radiological Support Services

(Field Operations Lead)
Michael Madonia

Project Manager
Larry Giebelhaus

Field Manager
Charles Oliver

Field Operations
and

Contractor Services

QAIQC
Laboratory- Jaime Simon I

3.3 INSTRUMENTATION

Table 3-1 descrIbes the laboratory i tation used for soil analyses along with the detection

sensivities for the instrumentation. The detection sensitivity for both the gamma and alpha

spectrometer analyses are less than 25% of the residual concentration guideline values. The

laboratory instrumentation calibration procedures and schedule are provided in Appendix D-2 of

the March, 1996 Response to Comments.

Table 3-1

Laboratory Radiometric Analyses

Dow Chemical Freeport, Texas

Sample Type Radionudlide bistrument Anabrtica~l Approx.
Measured . Procedures Sensitivity

250 ml soil Th-232 daughters Canberra Gamma Spectrometer system. The DOW central 02 pCi/g
sample in equilibrium with omiponents include a 51.5 mm closed ended Research xlnex
(polypropylene Th-232 (Ac-228, coaxial germanium detector, rystal, pro- Report:
beaker wJ lid Bi-212, Pb-212, amplifier, amplifier, power supply, multi-channel CR1-TSP-92-076

. i -208) analyzer and computer.
0.6 sample Th-232, Th-228, Canberra Model 7404 four channel alpha Dow Central 0.2 pCi/g
fiom 250 ml Th-23D spectrometer with built-in power supply, vaacum Research Index
soil sample guage, detector bias supply, generator, pro- Report:

amplifier/amplifiers, multi-chamnel analyzer CRI-TSP92-076
having a mixer-router input The detectors are
fouir passively implanted planar silicon (PIPS).

8



Final Status Survey Report for VA-
The Dow Chemical Company's Bay City, Ml Facility

Table 3-2 lists the field radiological monitoring instrumentation used on the project inclusive of

the specific use of each instrumentation and detection sensitivities. Each instrument was initially

calibrated to NIST-traceable standards prior to use on the project, and then checked for radiation

response and efficiency prior to daily use.

Table 3-2

Field Radiological Monitoring Instrumentation

Instrument Measures Detector EIlicieucy* LLD.MDA

Ludlum Model 43-5 w/ Ludlum Model 12 Alpha Surface 15% 22 dpm

Ludlum Model 43-90 w/ Ludlum Model 2221 Alpha Surface 22%/ 12 dpm

Ludhum Model 44-9 wJ Ludum Model 12 Alpha, Beta, Gamma 12%Ye8pha

15% beta

1% gamma

Ludlum Model 43-10 w Ludlum 1000 Alpha (air filters, smears) 43% 0.04 dpm

Ludlum Model 19 Exposure Rate I mioR/h

Air Particulabte

Eberline RAS-1 Air Pump | Flow Rate 40-100 1pm

MSA Escort Lapel Sampler Flow Rate 2.3 Ipm

General Metal Works-2000 High Vol Sampler Flow Rate - 30-60 cfm

TestCalibration Equipment

Ldilum Model 500 Puilsr NIST Traceable

AFC4L Air Flow Calibrator NIST Traceable

GMW-Calibrator Orifice for High Vol Sampler NIST Traceable

MSA Optiflow 660 Air Flow Calibrator NIST Traceable

Feld Laboratoy Equipment

Canberra Gamma Spectrometer | Soil Th-232 Concentration 0.8 pCilg

* Detector efficiencies are approximate and apprpriate for Th-230, To.99, and Co-60

3.4 SURVEY PROCEDURES

Survey planning and procedures are consistent with the methods described in the

Decommissioning Plan The soil survey procedures are summarized in this section and can be

fiound in greater detail in Appendices D-2 and D-3 of the March, 1996 Response to Comments.
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3.4.1 Area Classification

The Bay City storage site was divided into affected and unaffected areas to establish the

sampling pattern and frequency. The basis for the affected and unaffected classification, as

applied to the Bay City site are:

* Affected Area - As shown in Figure 3-2, the thorium material storage area and region

immediately surrounding the storage area was defined as the affected area based on both

historical records and prior characterization surveys. This location had known thorium

contamination in the soil that had been placed there via backfill operations and storage.

* Unaffected Area - The region surrounding the affected area (see Figure 3-2) was treated

as unafcted since it did not contain residual radioactivity.
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Figure 3-2

Bay City Site Affected Areas
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3.4.2 Reference Grid

A grid was established over the affected area upon completion of material excavation for the

purpose of referencing locations of samples and measurements (see Figure 3-2). These filll grids

were 30m x 30m (900 m2) in size. Each full grid was then divided into nine lOnm x 10m. sub-grids

(100 m2 each). Each sub-grid was marked into 2.5m increments to establish the nine individual

soil sample locations taken to obtain one composite sample per sub-grid. Figure 3-3 depicts the

breakdown of the reference grid system. As previously noted, the entire Section I (affected area)

constituted the survey unit.

11



Final Status Survey Report for VA-I
The Dow Chemical Company's Bay City, Ml Facility

Figure 3-3

Reference Grid System
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3.4.3 Surface Scans

One hundred percent of the soil surface was initially scanned to identify locations of elevated

activity. The gamma scans were conducted in accordance with procedure SOP 1.5, Measurement

of Gamma-Ray Fields using a Sodium Iodide (Nal) Detector. As soil was removed, additional

gamma scans were conducted to identify remaining locations of contaminated soil. After

completion of contaminated soil removal, a final scan was performed of the soil surface prior to

obtaining final verification soil samples.
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3.4.4 Soil sampling

Final survey soil samples consisted of one composite sample obtained from nine individual

samples (approximately 1 kg each) from each sub-grid (see Figure 3-4). The samples were

collected after gamma levels were measured to preliminarily determine that all contaminated soil

had been removed. Each of the nine locations where the individual samples were collected was

scanned prior to soil sampling to validate that elevated levels did not exist (>3 times

backgroupd). These final verification soil samples were analyzed on site through gamma

spectroscopy. When the gamma spectral analysis results showed the Th-232 levels to be less than

the guideline value, the final verification samples were then sent to the Freeport, Texas

laboratory for gamma and alpha spectral analysis and confirmation that residual contamination

limits have been met. Ten percent of the samples were split for QA analysis by three outside

certified laboratories (Paragon Analytics, American Radiation Services and SRC Analytical).

Soil sample collection was performed in accordance with procedure SOP 1.8, Guide to the

Handling, Packaging and Shipping of Samples, and SOP 1.9, Sample Control and

Documentation.

3.4.5 Exposure Rate Measurements

Gamma exposure rates were measured in the affected area at 1 meter above the soil surface at the

midpoint of each sub-grid (see Figure 3-4). Exposure rate measurements were obtained using a

Ludlum Model 19 MicroR meter.
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Figure 3-4

Sampling Pattern for Composite Preparation Within Decontaminated Grid Block
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3.5 BACKGROUND LEVEL DETERMINATION

Background soil samples were collected from 30 locations in the unaffected area (Figure 3-5),

and 29 samples analyzed for Th-230, Th-232, and Th-228 concentrations in the Freeport

Laboratory (sample no. 14 was lost in transit). Sample numbers 1-25 were collected from

locations on Dow property that were not impacted by site operations. Sample numbers 26-30

were collected from locations east of the Dow property, across the Saginaw River. Background

exposure rates were measured at the same locations as the soil samples. Statistical procedures

described in NUREG/CR-5849 (see Table A6) were used to assure that the average thorium

concentrations determined were representative of true average background levels.

14



Final Status Survey Report for VA-I
The Dow Chemical Company's Bay City, Ml Facility

Figure 3-5

Background Sample Locations

3.6 SAMPLE ANALYSIS

Final survey soil samples were analyzed for Th-232 in the field laboratory using the Nal detector

coupled to the MCA. Soil samples were analyzed in accordance with Procedure for Counting
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Soil Samples for EOP Characterization". The final verification samples were analyzed for Tb-

232, Th-230, and Th-228 using gamma and alpha spectroscopy in the Freeport Laboratory.

3.7 DATA INTERPRETATION

Soil sample locations and survey results for fixed measurements were recorded on data sheets.

The data conversion and statistical analysis techniques in NUREG/CR-5849 (Chapter 8.0) were

used to convert the reported data into a form that permitted a direct comparison with residual

contamination guidelines and thus assess if remediation goals were met. The statistical

relationships are shown with the analyzed data in Appendix A (Tables A6, A7). Soil

concentrations were converted into units of pCi/g and exposure rates to pR/h. The reported

affected area data in Appendix A has been adjusted by subtracting the natural background levels.

Additional soil removal was performed when the remediation control survey measurements

showed that residual contamination guidelines were not being met. As a result, there were no

remaining "hot spots" and "hot spot" averaging criteria were not applied.

3.8 RECORDS

AD soil samples, original survey data records, and log-books have been archived at the Dow Bay

City facility and will be held until after license termination.

4.0 SURVEY FINDINGS AND RESULTS

Appendix A contains the radiological database collected during the final status survey for VA-I

(as defined in Figure 4-1) that provides the basis for verifying that the residual contamination

objectives have been achieved for this area at the Bay City thoriun site. Summary Tables, data

interpretations and statistical comparisons with residual contamination guidelines in VA-I are

inchlded in Appendix A.
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Figure 4-1

Grid locations for VA-I
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4.1 BACKGROUND LEVELS

Background soil concentrations (Table Al) averaged 0.30 pCi/g for Th-232, 0.49 pCifg for Th-

230, and 0.31 pCi/g for Th-228. Background exterior exposure rates averaged 5 pR/h (Table

A2). Both the number of data points collected to obtain the average background soil

concentrations and exposure rates are more than suflicient to meet the test fbr demonstrating that

the measured average background is within 4t 20% of the true average at the 95% confidence

leveL *

4.2 GROUND SURVEYS

4.2.1 Scans

Surface scans were used during the remediation control survey to identify locations of elevated

gamma radiation to guide the excavation of the material and locate remaining hot spots. A total

of 16 discreet areas of elevated activity were identified during the scan survey. Additionally,

bricks that were strewn throughout VA-I were found to have a high background radiation. The

bricks, which were used in the original construction of roads and walkways leading to the

lighthouse, were removed prior to the verification survey. After remediation, all areas of elevated

activity were re-scanned with satisfactory results.

4.2.2 Thorium Concentrations in Soil

The results of the analyses of the verification soil samples from VA-I are provided in table A3,

and related to the grid locations shown in Figure 4-1. QA soil analyses, performed by the outside

laboratories on splits of 10 percent of the background and verification samples, are shown in

Table A3 together with the analyses of the same soil performed at Dow's Freeport Laboratory.

None of the verification or QA samples contained total thorium concentrations in excess of the

soil residual activity guideline (see Section 2.3). Analysis of the mean concentration of Th-232

shows that the concentration meets the guideline value at the 95% confidence level (Tables A6,

A7). The number of samples collected (237 in VA-I) is much greater than the number (<9)
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statistically required to demonstrate that the concentrations satisfies the guideline value at the

95% confidence level Table A7).

The maximum total residual thorium concentrations (above background) as measured in sample

BCS-P7-9v1 was 7.69 pCi/g which is less thm the residual guideline of 14.5 pCi/g.

Since none of the verification soil sample concentrations in VA-I exceeded the guideline value

(no hot spots) it was not necessary to apply averaging techniques in any of the grids.

All of the verification soil samples in VA-I (Table A3) meet the criteria that the sum of the ratios

of the concentration of each radionuclide to its respective guideline must not exceed I (Appendix

A of NUREG/CR-5849).

4.2.3 Exposure Rates

Exposure rate measurements of the remediated VA-I areas (Figure 4-1) and for each grid block

are provided in Table AS. All individual values are within the guideline levels of 5 pR/h above

background. Analysis of the statistical mean also shows that the exposure rates in VA-I meet the

guideline at the 95% confidence level (Tables A6, A7). The number of measurements (183) is in

excess of the number required (<9) to demonstrate that the exposure rate satisfies the guideline

value at the 95% confidence level Tables A6, A7).

4.2.4 NRC Confirmatory Surveys

The NRC performed an inspection of VA-I on July 241 and 25th of 1997. This inspection

included the perflormance of a confirmatory survey. Approximately 20% of VA-I was scanned

using a sodiurm iodide detector. There were no areas identified which exceeded the "three times

background" criteria. Dow personnel collected nine soil samples, per NRC staff direction, at the

areas of highest gamma scan readings. All soil samples were analyzed for Th-232 at the Bay City

field laboratory, under inspector observation, following QAIQC and calibration checks of the

counting systems. All sample results had Th-232 concentrations less than the site guideline
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value. Exposure rate measurements obtained at the soil sample locations were found to be within

acceptable ranges.

Since the confirmatory survey did not identify any areas of elevated activity, no firther

remediation was performed and no additional final status surveys were required.

5.0 SUMMARY

Decontamination of the afficted area by soil removal at Dow's Bay City facility is an ongoing

process. Since the affected area is quite large it is more efficient for Dow to verify that residual

contamination crteria have been met in sections, and for the NRC to subsequently validate each

section. Thus area VA-I has been verified and the evaluated database from the final status survey

provided in the Appendix. Remediation control surveys were performed to guide the

decontamination effort, and a final status survey conducted of VA-I during June, 1997.

Independent QA analysis of soil samples was performed. Results of the final status survey

demonstrate that the decontamination program successfully reduced residual activity in VA-I to

within the NRC limits for unrestricted use. As each subsequent VA is surveyed, a FSSR will be

submitted to NRC.
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Table Al

BACKGROUND SOIL CONCENTRATIONS
Bay _

Sample 232Th Error MDA |=Th| Error | VTh Error
Name (pCLIG) (2d) (pCiIG) (pCiIG) (2a) (pCiIG) (2cr)
BCBKGO1 0.39 0.08 0.13 1.04 0.84 0.48 0.44
BCBKGO2 0.36 0.07 0.14 0.46 0.34 0.41 0.31
BCBKGO3 0.28 0.08 0.11 0.38 0.31 0.35 0.29
BCBKGO4 0.44 0.10 0.13 0.80 0.91 0.62 0.74
BCBKGO5 0.43 0.10 0.15 0.70 0.51 0.52 0.40
BCBKGO6 0.51 0.18 0.13 0.68 0.47 0.48 0.35
BCBKGO7 0.38 0.19 0.13 2.30 3.69 0.77 1.38
BCBKGO8 0.16 0.08 0.11 0.37 0.48 0.12 0.20
BCBKGO9 0.13 0.07 0.10 0.21 0.25 0.09 0.12
BCBKGIO 0.26 0.09 0.13 0.38 0.39 0.23 0.26
BCBKGl1 0.19 0.07 0.11 0.04 0.04 0.14 0.10
BCBKG12 0.18 0.08 0.14 0.18 0.14 0.11 0.09
BCBKG13 0.18 0.08 0.14 0.21 0.12 0.19 0.11
BCBKG15 0.23 0.07 0.11 0.12 0.15 0.32 0.31
BCBKG16 0.56 0.12 0.16 0.76 0.51 0.66 0.46
BCBKG17 0.41 0.10 0.16 0.30 0.47 0.30 0.47
BCBKG18 0.10 0.08 0.12 0.18 0.21 0.16 0.19
BCBKG19 0.12 0.06 0.10 0.15 0.14 0.06 0.07
BCBKG20 0.14 0.07 0.11 0.29 0.25 0.09 0.09
BCBKG21 0.19 0.07 0.15 0.23 0.17 0.13 0.11
BCBKG22 0.20 0.07 0.10 0.36 0.39 0.13 0.18
BCBKG23 0.15 0.06 0.11 0.24 0.24 0.30 0.29
BCBKG24 0.12 0.08 0.11 0.13 0.16 0.05 0.08
BCBKG25 0.22 0.07 0.08 0.93 0.89 0.72 0.70
BCBKG26 0.32 0.09 0.13 0.27 0.23 0.16 0.15
BCBKG27 0.56 0.20 0.20 0.93 0.69 0.90 0.67
BCBKG28 0.68 0.24 0.20 0.41 0.45 0.07 0.14
BCBKG29 0.43 0.19 0.21 0.65 1.22 0.43 0.89
BCBKG30 0.34 0.08 0.15 0.44 0.45 0.10 0.16

AVERAGE 0.30 0.49 0.31 =
St. Dev. 0.16 _ _ 0.44 _ 0.24 _
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Table A2

Background Exposure Rates - Bay City

Sample Value (itR/hr)
BCBKG1 5
BCBKG2 7

BCBKG3 5

BCBKG4 6

BCBKG5 4

BCBKG6 4

BCBKG7 5

BCBKG8 5

BCBKG9 5

BCBKGIO 6
BCBKG.11 5

BCBKG12 6

BCBKG13 5

BCBKG14 5

BCBKG1S 7

BCBKG16 S

BCBKG17 4

BCBKG18 S

BCBKGI9 5

BCBKG20 4

BCBKG21 4

BCBKG22 4

BCBKG23 4

BCBKG24 3

BCBKG25 3

AcRoss TH RnER
BCBKG26(1) 3

BCBKG27(2) 5

BCBKG28(3) 5

BCBKG29(4) 4

BCBKG30(5) 5

Number of measurements: 30
Average: S pR/br
Standard Deviation: 1.3 pR/br (a 1.0 RR/r)
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------ ~~~~~~~

Table A3

Final Verification Soil Concentrations - VA-I

Sample n2 Error MDA MM Error m1 Error mTh (Net) .Mh (Net) m (Not) TOTAL
Name ____1 CJ) (wCIv ow go_ WV~g POa (VCU) (PO (pO) ibrium
SCS-SO4v1 0.55 am23 0.22 3.44 3.59 0.78 0.96 0.25 2.95 0.47 3.67
BCS-S10-vIl-R 0.78 0.19 0.30 2.77 1.15 0.51 0.27 0.48 2.2 0.20 Ise
BCS-S11-4v1 0.37 0.16 0.13 1.59 0.4 0.21 0.13 0.07 1.10 .0.10 1.08
BCS-Sl vl 0.15 0.08 0.13 0.32 0.19 0.13 0.08 -0.15 -0.17 -0.16 -0.50

CS-SI1. OM 036 0.13 0.18 1.62 0.75 015 0.09 0.06 1.13 -0.16 1.W
3CS-S11-M 0.38 0.13 0.16 0.62 0.44 026 0.22 0.08 0.13 -0.05 0.16

BCSIS11vl 0m 0.13 02m 0.09 0.12 0.00 0.00 -0.01 -0.40 -0.31 -0.73
BCS-S11-v1-R 52 0.26 0.35 0.64 0.44 Q 51 0.35 t Om 0.15 0m 0.57
BCS-S11-9v1 0.47 m25 0.34 0.62 a58 Ca44 0.33 0.17 0.33 0.13 0.62
5CSS12-Ivl 0.17 0.12 0.16 Q72 Q57 0.23 0.19 .0.13 0.23 -0.08 0.01
BCS-812-21-R 0.15 0.10 0.09 0.77 0.60 010 01S -0.15 0.28 -0.12 0.52
BCS412-t 0.11 010 0.03 0.03 0.03 0.10 0.09 -0.19 .0.46 .021 -0.B
BCS-Si2-3v1 0.35 0.15 0.2 2.06 2.17 0.57 0.69 0.05 1.57 026 1.88
BCS412-4v1 1.75 0.28 0.30 3.67 1.17 1.43 0.54 1.45 3.18 1.12 5.75
BCS-S12-Sv 0.29 010 0.11 1.13 0.47 028 0.12 -0.01 0.64 -0.03 0.59
8CSS-12-&1 0.25 0.12 025 2.01 1.43 0.37 0.30 -0.05 1.52 0.08 1.52
BCS-S124-R 0.23 0.10 0.12 1.40 0.77 0.16 0.10 -0.07 0.91 -0.15 0.69
BCS4S12-71 0.44 0.21 0.3m 0.87 0.70 0.38 0.34 0.14 0.38 0.07 0.59
BCS-S124v1 0.34 017 0.28 1.87 1.39 0.27 025 0.04 1.38 -0.04 1.39

CS-S12-evi 0.45 0.19 023 2.48 1.51 0.82 Q.53 C01S 1.99 0.51 2.65
13-lvl 0.35 0.11 0.14 1.08 0.43 0.37 0.16 0.05 0.59 0.08 0.69

M13-2v1 Q14 0.11 0.17 0.48 0.40 0.15 0.13 -0.16 .0.03 -0.16 -. 35
CS-813-3v1 0.81 0.29 0.27 1.80 0.87 0.59 0.33 0.51 1.31 0.28 2.10

BCS-S13-4v1 1.15 027 0.28 3.04 0.99 126 0.45 Q85 2.55 0.95 4.35
BCS-613-4v1-R 0.87 0.27 O2m 1.75 0.69 0.90 0.37 0.57 . 1.25 0.59 2.41

BCS-S134Svl 0.52 0.16 028 1.61 0.93 0.73 0.47 0.22 1.12 0.42 1.7
3S41346v-R 1.42 0.31 0.34 255 0.83 1.22 0.43 1.12 2.06 0.91 4.09

SCS-S13&rl 0.60 0.17 0.20 1.53 0.84 0.e8 0.52 0.30 1.04 . 0.57 1.91
3CSS13-71 0.42 0.22 0.34 0.42 0.68 0.85 1.54 0.12 -0.07 0.54 0.60

BCS-s13.8v1 0.19 0.13 0.13 Q39 0.32 020 0.18 4011 *0.10 -0.11 -0.32
BCS-8134Gvl QS3 0.18 0.27 2.27 1.41 0.28 0.23 0.23 1.78 -0.05 1.96
3CS-S14-7M 0.22 0.09 0.16 1.03 0.52 0.19 0.11 -0.08 0.54 -0.12 0.34
3CS-S&v1 0.24 CL14 0.13 2.14 1.44 0.21 0.15 -0.08 1.65 -0.10 1.48
3CS46v1_ 038 0.15 Q.25 1.32 0.77 0.55 0.35 0.08 0.83 0.24 1.16
CS-7v1 0.24 0.09 0.10 1.68 0.84 0.21 0.13 4006 1.17 -0.10 1.01
3CS-SS8v 0.34 0.21 0.29 1.30 1.05 0.55 0.47 0.04 081 0.24 1.09

1CS-69-m 0.61 .19 0.28 1.73 0.74 0.42 0.21 0.31 1.24 0.11 1.67

AVERAGE 0.36 1.08 - 0.34 - 0.06 059 003 0.67
St Oev. 0.22 1.10 0.24 0.22 1.10 0.24 1.40

Maum 175 -75 - 4- _3 1-45 635 112 7.69

Note: Net concentaons *rt gross values less background frable Al) _
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Table A3

Final Verification Soil Concentrations - VA-I

Sampe =Th Enfr MDA =Th En 2ThM E{r mTh (NO 'Th (NO =Th (NO TTAL

Name 04M (2cUO) coo cm ocg) (20 a%=) COMO) (pCVGf Thad=o
6CS-07-lv 0.50 0.18 0.24 0ass C30 0.59 0.3 0.20 0.04 0.28 0.
BCS-07-21 l2 0.28 0.32 5.82 1.83 0.88 0.34 0.93 533 057 683
8CS-07-3v1 0.38 0.19 CL16 O 38 2.14 029 0.m 0.0S 2.9 -0.02 .95
BCS-07-4v 0.34 0.14 0.14 021 015 .32 0.22 0Q04 .02B 0.01 .0.23
BCS-07-M 0.61 0.1 0.15 GM 2.62 05 0.35 0.31 4.71 025 5.
BCS-074v 0.64 0.16 0.1S 0.65 0.59 0.49 0.47 0.24 0.16 0.a 0.Q7
BCS-07-7v1 O3 0.16 0.15 0.32 025 Q63 0.43 0.23 4.17 0.32 0.3
BCS-07-8v1 0 0.2c 0.20 0.96 083 048 0.45 020 0.47 0.15 0.81
BCS-07-9vi 0.61 029 0.30 1.19 0.U4 0.45 0.35 Q31 0.70 0.14 1.15
BC$S-06-lV 0.38 0.16 0.16 1.95 1.02 0.38 021 0.06 1.46 0.05 1.68
BCS-08-2Y1 0.56 0.22 0.29 0.95 0.69 049 0.40 0.26 0.46 0.18 E C

BCS-05%w1 02 0.15 0.19 0 0.14 0.03 0.03 -0.01 -026 -0.28 -ass

BCS-084vt 0.16 0.13 0.16 1.06 0.99 0.19 0.19 -0.14 0.57 -0.121 0.31
SCS-O 0M27 0.09 Q14 0.37 19 023 0.13 -. -112 .0.08 -0.22
BCS-08W1 026 0.09 0.14 0. 025 03 0.33 -0.04 -02 0.02 -028
BCS-08&I-R 22 0.08 0.12 1.12 0.69 028 0.18 -0.08 0.63 .0.06 Q.51
BCS-05-7v1 0.16 0.09 0.07 0.76 0.50 0.17 0.13 -14 0.26 -0.14 -a0
BCS-M7v1-R 02D 0.13 0.16 0.28 0.25 0.41 0.36 -01 -0.21 0.10 -021

aC S-OB1 0.18 0.12 0.18 024 0.23 0.18 0.16 -013 -0.51 -013 -0.5
017 Q12 0.19 0.23 0.23 0.1S 13 -0.13 4-.21 .0.16 -0.49

lVI 0.29 0.13 0.17 0.60 0.37 025 0.17 -0.01 0.11 -0.06 Q0.4
S-09-IVI-R 0.32 0.15 0.18 0.76 046 0O47 0.29 0.02 0.27 0.16 045

BCS-0G-2vt 0.16 0.14 i1 0.21 0.22 0.18 M19 .014 -0.28 -413 Z54

BCS-09-3v1 0.20 0.12 ,017 0.10 ( L5 0.25 -010 -0.39 -0.16 -0.
BCS-09-4v 0.37 023 05 0.73 .61 0.35 032 0.07 024 * .4 0.35
BCS4-OQ 0.1t6 0.13 0.16 0.95 0.90 M16 0.16 -0.14 046 -0.15 0.17
BCS-0941 0.23 0.1S 0.18 0.65 0.71 023 0.29 -07 0.16 -0.6 0.00
BCS-09-7%1 0.31 0.13 0.17 C.44 047 0.52 0.54 0.01 -0.0 0.21 16
BCS-09-7v1-R 039 0m 0.37 .33 02 0.18 0.15 0.09 .0.16 -0.13 -0.20
BCS-s-ev 0.47 .18 .18 0.93 0.68 0.32 028 0.17 0.441 0.01 0.62

Sca-PlO%"vi 0.28 0.18 0.24 0.33 0.42 014 0.22 -0. -016 -0.17 -0.35
BCS-PO-4v 0.49 0.21 0.38 0.45 0.40 028 0.27 0.19 -0.04 -03 Q12
BCS-P1.5v1 0.28 0.17 0.15 0.71 0.57 0m 0.22 4X.4 0.22 -0_05 0.14
BCS-pio-v 0.11 0.11 0.17 0.05 0.06 0.04 0.05 -019 .0.44 -0.27 -0
BCS-PIO-7vt 0.33 0.11 0.11 0.48 0.20 0.10 0.05 0.03 -0.01 -O .0.19
BC$-PIO.8v1 0.17 0.10 0.14 0.50 0.43 0.10 0.11 -013 0.01 -0.21 -0.33
BCS-PIO.S 0.27 0.12 0.20 1.34 0.79 0.2 0.16 -0.03 0.85 -.O08 0.74

ESP1-lvl 0Q36 0.18 0.27 0.53 1.01 036 0.73 0.06 0.04 .O05 0.15
BCS-Pll-2v1 0.70 0.21 0.33 2.81 Z94 0.56 0.77 0.40 2.32 0.28 2.98
BCs-PI l-1a 0.33 0.12 0.14 1.44 0.64 0.35 0.17 0.03 0.95 0.04 1.02
BCS.P1i-4V1 0.32 0.15 Q17 0.24 0.14 .03 0.03 _ .02 -0.25 -0.2E -0.51
8cs-P1I-5v 0.17 0.11 0.16 2.03 1.69 0.22 0.2D -0.13 1.54 -0.09 1.32
BCS-Pl1-6v1 0.19 0.10 0.13 0.19 0.32 0.19 0.32 -0.11 -0.30 .0.12 -0.54

BCS-Pt1-741 0.48 0.13 0.15 5.84 2.12 0.50 0.21 0.18 5.35 0.19 5.73

BCS-PI11- 0.19 0.06 0.09 1.17 0.71 0.15 0.11 -0.11 0.68 -0.16 0.40

Bc 14IIGv 0.21 0.09 0.13 1.64 0.66 0.13 0.08 -0.09 1.15 .0.16B 0.8
S-P12-lvl 0.18 0.10 0.14 0.74 0.78 0.15 0.20 -0.12 0.25 -0.16 -0.04
S-P12-2v1 0.28 0.20 0.32 1.48 1.51 0.28 0.34 -0.02 0.59 -0.03 0.94

8CS-Pt12-3V 0.45 0.1S 0.17 0.40 0.28 0.10 0.10 0.1i .0.09 .Q21 -0.15
BCS-P12-4vt 0.3 0.26 0.34 0.97 0.87 . 0.34 0.33 0.06 0.481 0.03 0.58
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Table A3

Final Verification Soil Concentrations - VA-I

SanrlIe =Th Efrr MJDA =T Ermr zM Eno =Th (Net) 2th (Net) 22M (Not) TOTAL
Nam wpum (2d) WOI tCo (24 WCUW (2a) OCUm (pOFgJ 44Co) Thortum
BCS-P12-vl 013 0.12 0.16 0.58 0.55 0.14 0.14 -0.17 0.09 -0.17 -0.24
8CS-P1241 0.60 0.21 0.19 5.47 2.14 0.63 0.26 0.30 4.08 0.32 5.60
BCS-P12-7v1 0.23 0.21 0.32 1.06 1.14 0.23 025 -0.08 0.57 -0.09 0.41
BCS-P12-8v 026 0.17 0.24 a07 C.64 0.41 0.39 -0.04 02 0.10 0.28
BCS-P12- 0.32 0.15 029 1.7 1.09 0.35 023 0.02 1.38 0.04 1.43
BCS-P13-1w1 023 0.10 0.13 1.01 1.09 0.18 026 -0.07 052 -0.13 0.32
SCS-P13-2W1 0.26 0Q13 0m 02 017 Q09 0.07 0a.2 0.22 -0.22 -0.4
BCS-P133V1 0.16 0.15 0.16 0.20 03 0.16 0.18 -0.14 -0.2 -0.15 -05
BCS-P13-41 0.25 0.19 0.2 1.59 1.52 0.29 0.30 -0.05 1.10 -0.02 1.03

CS-P134-vl 0.39 0.11 0.5 1.99 1.07 0.38 0.25 0.09 1.50 0.07 1.68
BCS-P13ev1 0.23 0.15 0.19 0.34 0.2 0.22 020 -0.07 _0.15 -0.09 -. 31
BCS-P14-lvl 0.42 .27 0.38 Q87 0.71 035 0.31 0.12 0.38 0.04 0.53
BCS-P14-2v1 0.18 0.11 0.15 0.57 0.52 028 0.25 -0.12 0.08 -0.05 -Q09
BCS-P14-3v 0.11 0.10 .15 0.99 1.24 0.17 0.23 -0.20 0.50 -0.16 a16
BCS-P14.41 0.31 0.14 0.18 1.45 1.08 0.3 0.2 0.01 0.96 0.02 1.00
BCS-P14-5v 0.19 0.14 al1 Q6.3 0.49 0.19 0.15 -0.11 0.14 -0.12 -0.09
BCS-P14-v1 0.33 C.12 0.14 1.38 0.82 0.34 0.24 0.03 0.89 0.03 0.95
BCS-PIS-1vt 0.52 025 0.32 25 1.63 0.50 029 0.22 236 01E 2.77
BSC-P5Ivl 0.20 Q13 0.18 52 0.44 0.12 0.12 4-10 0.03 -01S -0.26
BCS-42C-vi 0.34 0.13 0.18 a72 0.49 0.68 0.40 0.04 0.23 027 0.54

0.23 0.13 0.17 Q35 0.26 0.20 0.15 -0.07 -0.14 -0.11 -0.32
S-P6-3v1 Q.33 0.29 0.39 0.39 CL31 0.32 0.03 -0.10 0.00 -0.0i

ECS-P6-v a0.31 0.15 0.17 0.58 0.39 0.38 0.26 0.01 0.09 0.05 0.1
8 C S-P6.1 t0.58 0.16 0.13 Q 38 0.31 0.67 0.47 0.2 2 0.11 0.36 0.5
BCs-P6.8v1 0.29 0.18 023 0.30 026 0 0.20 -01 4-1S .0O0 -0.28
BCS4AG-P- 0.38 0.18 026 0.27 0.17 027 0.17 0.08 O 0E -0.04 -0.18'
BCs-P7-1VY 0.25 0.14 .19 0.38 0.32 0.19 0.18 .0.05 -0.11 -0.12 .0.28
BCS-P7-2V1 0.33 0m 0.28 1.12 0.93 0.39 0.35 03 Q63 0.08 0.73
BC8-P7-3v 0.34 014 0.19 0.58 0.38 028 0.20 0.04 0.09 -0.03 _ O
BCS-P7-4V1 0.47 0.18 0.22 Q53 C.33 0.41 0.27 0.17 .041 0.10 03;
BCS-P7-l 0.71 0.19 0.27 O8 0.34 0.83 0.45 0.41 0.09 0.52 1.0Q
BCS-P7-1 0.48 021 0.22 0.44 0.39 0.61 0.51 0.18 -0.05 0.30 0.4
BCS-PT-7v1 A33 0.14 0.17 0.57 Q39 0.49 0.34 0.03 0.08 0.16 0.2
8CS-P748v1 0.34 .15 0.24 1.19 0.80 0.47 0.35 0.04 0.70 0.18 0.9
SCS-P74h1 1.11 0.22 GM 6.64 213 0.84 0.33 0.81 6.35i 0.53 7.6
BC$-P8-lvl 0.58 0.34 0.41 0.49 0.41 0.43 0.38 0.25 0.00 0.12 W,
8CS-P8-2v1 0.64 0.16 0.23 028 0.14 Q64 0.26 0.34 -0.21 0.33 o.

BCS-P84v1 035 0.11 Q13 1.93 0.79 0.31 0.1 0.05 1.44 O 00 1.0
BCS-PS4v1-R 0.38 0.20 0.36 1.55 1.25 0.67 0.58 0.08 1.06 0.36 1.!
BCS-1 0.19 .Q10 0.13 0.38 0.25 0.21 0.15 -0.11 -0.13 -0.10 -
BC 8441 0.31 0.10 0m 0.00 0W 0.00 m00 0.01 -0.4 -0.31 -.
SCS-PS-7vi 0.12 Q10 MOB 0.00 0.0 0.00 0w -0.18 -0.49 -0.31 4.0
BCs-p8-8v1 0.22 0.14 0. 0.22 0.65 0.00 0.00 -0.08 -0.27 -0.31 -0
ECS-M 0.10 0.10 Q12 0.20 0.39 0.10 0.22 020 -0.29 -0.21 -4
8CS t-QtS 05 15 WSQ0.0 0.00 Q.29 0.78 -0.15 -0.49 -0.02 -C
BCS--v1-R 33 0.17 0.24 Q33 -C 0.31 0.2 0.G -0.16 0.0

S-PS-Sv 0 49 02 0.15 1.06 0.6 0.18 014 0.iS 0.5 -. 13 t
5-O-v 0.20 0.14 0.28 0.27 0.28 0.32 0.32 .0.10 -0.22 0.01 4

CR-q-7v1.R I 0.06 oa c l0.08 0-12 1 0-31 I 0.06 I u.17 -U.W4 zV.3f ¢ --;j t I I .83 08 i _ -01 -- -. -0-- j -- 3
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Table A3

Final Verification Soil Concenrations - VA-I
SUMIS =2Th Error MDA Th Error =Th Error =Th (Net) zth I(Nt) oTh (Net) TOTAL
Nam (pCU0M Oa)_ wjCVIG (pCM fci) owI~ Oa) 0)=l) 4=00 (ockv ThoriumBCS-P981 021 0.10 0.12 1 .2 0.90 0.48 0.38 41 0 0.78 0.17 0.86BCS-P-1 am .08 0.13 02 0.45 0.22 0.45 -0.08 -0.27 -009 .44ecs-Q6-M 0.38 019S 0.20 0.51 0.41 0.46 0.38 0.08 0.02, 0.15 025acs-07-V 0.32 Q16 0.18 0.53 0.38 Q34 025 0.02 0.04 0.03 0.09BCS-Q74-I-R 028 0.35 M17 0.53 0Q73 025 0.36 -0.02 0.04 4106 -0.04BCS-Q74v 0.67 0.17 0.16 0.61 0.27 0.54 025 0.3 0.12 0.23 0.72BCS-Q 7- -R 0.8 020 a19 0. 54 .21 Q74 0.27 Q6 6 0.05 0.43 1.15BCS-Q7-8v 0.31 0.17 0.19 0.81 0.70 0.60 0.53 0.01 0.32 0.29 0.61BCS-074M 0.44 0.18 O2M 0.87 0.49 0.46 0.28 0.14 0.38 0.15 0.67B CE v-0 8 - 1 0 .1 t - -Q1 0 01 s 0. 3 2 0 .3 1 0 .1 0 0 .1 .0 .1 9 -0 .1 7 4 0 .2 1 -0 .# 6BCS.W01-R 0.72 0.40 0.37 0.41 0 0.14 0.14 0.42 -. 0.08 -0.17 0.17BCS--2v 0.23 0.22 0. 0.39 0.41 0.23 0.25 -0.07 -0.10 -0.06 4-.25BC s - 1 0.52 0.20 O. m2 Qn75 0.51 0.40 0.30 0.22 026 QO 0 0.5BCS-Q84v1 0.16 L08o 0.10 0.04 0.09 0.08 0.14 -0.14 -0.45 -0.23 -0.82BCS-Q8-l 0.53 0L40 0.80 S79 050 0.52 0.23 0.31 0.19 0.73BCS-OB.4 0.16 0.11 0.20 0.00 0.00 .05 0.13 -0.14 -0.49 -0.26 .0.88B CS-08-7 0.14 0.11 0.16 0.2 Q34 0.04 0.05 -0.16 -0.17 -0.27 -0.60SCS-084l 0.22 0.12 0.16 0.30 0.30 0.22 0.23 -0.08 4-1 9 -0.09 -0.37B CS-08-8-R 0.62 0.22 0 20 0.67 0.37 0.14 0.11 0.32 0.18 -0.17 0.32
BCS-t8-I 0.59 0 t4 0.14 mm1 0.16 5 025 0.29 -.1 0.22 0.33R 10-lv l 0.2 0.15 Q1 1.03 079 0.2D 0.18 -. 0.02 0.54 . 0.11 0.41

02R1 0.54 0.1 0.12 0.50 026 0.07 0.06 0.24 0.01 -0.24 0.01ISCSR1 4v" 0.44 0.1 Q1 1 2.83 1.65 0.64 0.42 0.14 234 0.33 2.80CS-RO4v1 0.51 a1 8 0.31 303 1.60 0.79 0.46 021 2.54 0.48 3.23BCS-R1Q. 0.48 0.16 0.32 3.00 1.51 0.50 0.30 0.16 2.51 0.19 2.88BCS-R10.l 0.34 0.12 0.13 2_75 2.76 .37 1.45 0.04 2.26 1.08 3.38BCS-RI0-7V1 0.45 0.26 0.m 1.49 1.00 0.27 0.21 0.15 1.00 -0.041 1.11BCS-RB1 Iv- 0.58 0.21 0.21 0.55 0.39 0.39 0.30 0.2 0.06 0.08 0.42ECS-RiQ-2vf Om1 0.12 0.7 0.48 0.48 Q00 0.00 -0.09 -0.03 -0.31 -0.44SCS-RlI-3Y1 0.26 0.10 0.14 .35 0.349 0.35 0.49 -0.02 -0.4 0.04 -0.11BS CS-Rit-4v 0.38 0.11 0.16 1.05 0.59 0.24 0.17 0.06 0.56 -0.07 0.58B1 -RII-4v 0.35 0.19 0.33. 1.20 0.84 0.41 0.31 0.05 0.71 0.10 0.86BRBCS-R11-MR 0.60 0.25 0.37 0.60 0. 0.30 0.30 0.11 0.13 0.53*8C8-R1I-vlU 0.44 0.21 0.28 1.39 0.88 0.41 0 .29 0.1 0.90 0.10 1.13
S CS-RI141 0. 42 20.24 0.37 083 Q648 0.41 0.32 0.12 0.14 0.10 0.36ECt-RII4Q17 0.17 0.22 0.34 0.22 0. 0.14 0.22 -0.13 -0.27 -0.17 -0.57SCS-R114M1 0.37 0.m5 0.35 0.95 0.02 0.41 0.43 0.07 0.48 0.10 0.63BCS-R12-lvl 0.27 0.19 0.31 Qs Q38 0.30 031 0.28 -0.03 -0.13 0.00 1 .01CS-RQ2-24 0.24 01 - 0.1 0.6-70 0.63 0.40 0.39 -0.02 0.09 0.251CS-312-t 0.27 0.11 0.18 0.36 0.26 0.24 0.19 -0.03 -0.13 -0.07 0.24BCS-R12-4v1 0.39 0.21 0.30 0.95 0.60 0.35 0.24 0.09 0.46 0.04 0.59S-C-R112 Qt 0.24 0.11 0.11 .23 0.21 0m 0.16 -0.06 -0.19 40.03 -0.346CSS-R1 2 l 0.35 0.20 0.38 0.59 0.43 0.28 0.22 0.05 0.10 40.03 0.12BCBRC24R1-R 0.54 0.51 0.89 0.99 0.75 0.85 0.24 0.40 0.44 1.068CS-R12-7V1 0.37 0.13 0.18 257 1.85 0.34 Q31 0.07 208 0.03 2.18C.S-12-8v 0.16 0.10 0.14 0.61 0.63 0.15 0.13 .0.14 0.32 0.16 0.01f 0 1t-OvI 0.1 0. 0.11 . 0.36 0.32 0.12 0.12 -0.19 -0.13 -0.19 -0.5112 12-| -R 0.22 0.19 0.24 0.49 0.56 0.22 0.27 -0.08 Q0.00 -0.0 .0.1BCS-R13-lv 0.28 .0.24 0.34 072 0.78 0.42 0.48 -0.02 0.23 0.11 0.32SCS-R13-2v1 0.13 0.11 0.16 0.22 .t22 0.13 0.17 .0.27 .0.19 0.63
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Table A3

Final Verification Soil Concentrations - VA-I

smp MDA Th Err (Net) Th (Not) 0Th Not) TOTAL
Nam Mac tc) COM (p0c (2) 0=0 (2_) (=) G 1 GpCUM __r___

BCS-R13-3v1 0.27 0m 0.33 0.26 026 2 0.28 .0.3 -0.23 -0.05 -0.31
BCS-R13-4v1 0.60 0.18 0.32 O51 0.59 0.26 0.36 0.30 002 -0.05 0.27

BCS-R13-5v1 0.40 0.19 0.30 0.80 0.52 0.37 0.2E 0.10 0.31 0.06 0.47
BCS-R13-6vM 0.62 0.20 0.27 27 1.21 0.55 0.27 0.32 Z38 0.24 2.95
SCS-R13-7v1 0.34 0.1S 0.18 1.44 083 0.19 0.04 0.9# .0.08 0.91
BCS-RIS3- O. 12 013 0.20 0.53 0.72 0.24 0.34 .0.18 0.04 -0.07 -0.21
BCS-R13-91 0.16 0.12 0.19 026 0.25 0.15 0.15 -0.14 -0.23 -0.16 -0.54
BCS-R13-9l 0.23 0.15 0.21 1.09 1.03 Q14 0.17 -0.7 0.60 -0.17 0.35
BCS-R14-lvl 0.07 0.S 0.12 0.40 03 0.09 0.12 -0.23 Q.09 -0.2 -0.54
BCS-R14-Ivl-R 0.19 0.09 0.10 0.79 0.47 0.18 0.12 .111 0.30 -0.13 0.06
SCSAR14-21 0.16 09 0.12 0.64 0.54 Q20 0.14 -0.14 0.35 40.11 0.10
BCS-R14-3vt 0.38 0.2Q 0.12 1.72 1.12 025 CL.9 0.06 123 -0.06 1.23
BCS-R14-4v1 0.55 020 025 1.24 0.87 0.48 0.39 025 0.76 0.17 1.18
BCS-R14-vl 0.16 0.08 0.10 0.70 0.40 0.13 0.08 -0.14 0.21 -0.18 -0.11
BCS-R146v1 0.17 0.11 0.15 0.79 0.55 0.15 0.12 .0.13 0.30 .0.16 0.01
BC-R14-7v1 0.43 . 0.18 0.33 Z34 1.20 0.31 0.18 0.13 1.85 0.00 1.98
BCS-R14-7v1R Q36 0.17 023 22 1.55 0.51 Q .39 0.06 1.77 0.20 103

8CS-R14-8v1 0.38 0.23 0.32 1.31 0.93 029 0.22 0.08 0.82 -0.02 0.87
BCS-R14v1-R 0.42 0.17 0.25 1.04 0.89 0.42 0.31 0.12 0.55 01 0.77
BCS-R14&1MR 0.36 0.30 1.11 1.02 0.35 0.34 0.08 0.62 0.04 0.72

15-40 0.42 0.14 02 1.69 0.4 0.30 0.18 0.12 1.20 -0.01 1.31
R S_ Qt0.31 0.14 0.11 0.33 0.23 0.41 0.2B 0.01 4016 0.10 -0.05

BC8-R7-61 Q0.45 0.2 0.26 0.69 0.48 0.27 021 M15 0.20 -0.04 0.31
BC:SR7-91 t0.55 0.17 0.20 0.96 0.63 0.43 0.33 0.25 0.47 0.12 0.84
6C8-R7-Gvl-R -0.76 m2t 0.2 1.70 0.93 0.46 Q32 0.45 1.21 0.15 1.80

EMvS-t Q31 0.16 0.26 1.41 0.93 0.32 0.24 Q.01 0.92 0.01 0.94
BC3vt-2v1 0.34 0.15 0.18 2.07 1.19 0.30 0.20 0.04 1.58 -0.01 1.61
BCS-R-v1 0.42 0.16 026 5.99 6.60 0.74 0.96 0.12 5.50 0.43 6.04
SC-R84v1 0.36 0.14 0.17 0.38 0.30 0.29 0.24 0.06 -0.11 -0.02 -0.07
BC$-8-6v 0.18 0.13 0.18 0.42 0.35 0.11 0.10 4012 -0.07 -0.20 -0.39
BCS4RS-1 0.27 0.10 0.12 0.71 0.51 0.14 Q14 -0.03 0.22 -. 17 0.02
BCS-R8-7v1 0.17 0.10 0.18 0.19 0.13 Q14 0.10 -0.13 -0.30 -0.17 -0606
BCS 8vt 0.31 0.14 0.31 0.68 035 0.48 0.24 0.01 0.19 0.15 0.35
BCSvt-R 0.09 0.0 0.14 0.21 CLO 0.09 0.08 -0.21 -02E -0.22 -0.71
BCS4R-M-R 0.10 0.10 0.16 0.23 025 0.09 0.11 .0.20 -0.26 -0.22 -0.67
8C$4S-vt 0.29 0.16 0.19 2.66 1.64 0.2 0.16 .001 2.17 -0.06 2.081
BC$R9-2vY1 0.06 0.10 0.16 0.15 026 0.09 0.16 -0.24 -0.34 -0.22 -0.7
BC5CLS-3vi 0.13 0.11 0.16 0.13 0.14 0.06 0.06 -0.17 -. 35 -02E -0.78
BCS-RGL4v1 0.07 0.12 0.19 0.39 0.65 Q .07 0.11 -023 -0.10 -0.24 -0.57

_CS- l 0.40 02 028 Q98 0.67 0.45 0.33 0.10 0.49 0.14 0.73
BCS-RS-v1 0.16 0.12 0.18 0.52 0.71 0.24 0.36 -0.14 0.03 -0.07 -0.19
SCMS-7vi 0.15 0.11 0.17 0.16 0.17 0.05 0.06 -0.15 -0.33 -0.26 -0.74

CS-RS-v1 0.41 0.21 0.34 0.88 0.72 0.70 0.59 0.11 0.39 0.39 0.89
BCS-RG-9v 0.16 0.10 0.15 0.35 0.32 0.02 0.04 -0.14 -0.141 -029 -0.86
BCS-R-SvlA-R 0.32 0.24 0.15 .Q43 0.38 0.31 0.28 0.02 -0.06 0.00 .0.05

BCS-Sv101rl 0.43 0.33 025 1.31 1.14 0.52 0.47 0.13 0.52 0.21 1.16
10t-Sv 0.26 0.23 0.26 1.88 2.15 0.50 0.61 -0.04 1.39 0.19 1.55
t06v1 0.28 0.15 0.16 2.12 1.35 0.34 0.24 -0.02 1.63 0.03 1.63

BCS-S106v01-R 0.70 0.26 0.25 3.98 Z09 126 0.72 0.40 3.4 0.95 4.83
8CS-S10-7v1 0.33 0.20 0.26 1.08 0.73 0.23 0.17 0.03 0.591 -0.08 0.54
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Table A5

Final Gamma Exposure Rates - VA-I

Net Net
Grid Gross Exposure Grid Grosw Exposure
No. Exposue 13hr) (gRw) | No. Exposur (pRJhr) (pR/hr)

N7-1 5 0 Q8-3 5 0

N7-2 5 0 Q8-4 5 0

N8-2 5 0 Q8-5 5 0

N9-1 6 1 Q8-6 5 0

N9-4 4 -1 Q8-7 5 0

07-1 5 0 Q8-8 7 2

07-2 5 0 Q8-9 4 -1

07-3 5 0 R8-2 3 -2

07-4 5 0 R8-3 5 0

07-5 5 0 R8-4 S 0

07-6 4 -1 R8-5 5 0

07-7 5 0 R8-6 6 1

07-8 S 0 R8-7 S 0

07-9 4 -1 R8-8 5 0

08-1 4 -1 R8-9 4 -1

08-2 5 0 R9-2 5 0

08-3 5 0 R9-3 6 1

08-4 5 0 R9-4 6 1

08-5 6 1 R9-S 6 1

08-6 6 1 R9-6 6 1

08-7 4 -1 RIO-l 6 1

O8-m 5 0 R1O-2 6 1

08-9 5 0 R1O-3 6 1

09-1 6 1 R1O-4 6 1
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Table A5

Final Gamma Exposure Rates - VA-I

Net Net
Grid Gross Exposue Grid Gross Eposure
No. Exposure (gRlhr) (puhr) No. Exposure (dtir) (,Rihr)

09-2 6 1 RiO-S 6 1

09-3 6 I RIO-6 6 1

09-4 5 0 RIO-7 7 2

09-5 6 1 R11-1 7 2

09-6 0 R11-2 7 2

09-7 6 1 R11-3 7 2

09-8 4 -1 R114 6 1

010-1 4 -1 Rl-S 6 1

P8-1 4 -I RII-6 4 -1

P7-2 S 0 R12-1 6 I

P7-3 4 -1 R12-2 6 1

P7-4 5 0 R12-3 6 1

P7-S 4 -1 R12-4 5 0

P7-6 5 0 R12-5 5 0

P7-7 S 0 R12-6 5 0

P7-8 6 1 R13-1 6 1

P7-9 5 O R13-2 5 0

P8-i S 0 R13-3 5 0

P8-2 5 0 R13-4 5 0

P8-4 0 R13-5 6 1

P8-5 6 1 R13-6 6 1

P8-6 5 0 R13-8 4 -1

P8-7 4 - I R13-9 5 0

P8-8 6 1 R14-1 5 0
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Table AS

Final Gamma Exposure Rates - VA-I

Ie Net
Grid Gross Exposure Grid Gross Exposure
No. Eqxpkur( (u/r) No. Exposure (4 r) (gR/r)

P8-9 4 -1 R14-2 4 -1

P9-4 5 0 R14-4 5 0

P9-S 4 -I R14-5 5 0

P9-6 6 1 R14-6 4 -1

P9-7 5 0 R14-7 5 0

P9-8 6 1 R14-8 6 1

P9-9 6 1 R14-9 4 -1

P10-3 6 1 S8-9 3 -2

P104 7 2 S9-5 5 0

P10-S 5 0 S9-6 5 0

P10-6 7 2 S9-7 5 0

PI1-4 4 -1 S9-8 5 0

P11-5 4 -1 S10-I 5 0

P11-6 4 -1 S1O-2 5 0

P11-1 5 0 S10-3 6 1

P11-8 5 0 SIO-4 6 1

P11-9 4 -1 S10-5 5 0

P12-1 6 1 S10-6 6 1

P12-2 5 0 SIO-7 6 1

P12-3 5 0 S10-8 6 1

P124 5 0 SO-9 6 1

P12-S 5 0 SIM-l 6 1

P12-6 5 0 SI1-2 5 0

P12-7 4 -1 S11-3 4 _

32



a- Final Status Survey Report for VA-I
The Dow Chemical Company's Bay City, Ml Facility

Table A5

Final Gamma Exposure Rates - VA-I

Net Net
Grid Gross Exposure Grid Gross Exposure
No. Exposure (4R/hr) (pR/br) No. Exposure (pR/r) (R/hr)

P13-1 6 1 S1I-4 6 1

P13-2 4 -1 Si1-S 7 2

P13-3 4 -1 S11-6 5 0

P13-4 S 0 SI1-7 8 3

P13-S 4 -1 S11-8 7 2

P13-6 5 0 Si1-9 7 2

P14-1 4 -1 S12-4 5 0

P14-2 4 -r S12-7 6 1

P14-4 5 0 S12-8 6 1

P14-S S 0 S12-9 6 I

P14-6 S 0 S13-7 6 * I

P15-4 4 -1 S13-8 5 0

Q7-3 5 0 S13-9 4 -I

Q7-6 6 1 S14-7 5 0

Q7-9 6 1 T10-9 5 0

Q8-1 . 7 2 TI1-7 5 0

Q8-2 5 0
no. measuremnefs - 183
average 0.2 pR/hr (aO gR/hr)
Standard Deviation 0.9 uR/hr (.0 #R/hr)

1. Net value is gross value less background of 5 uR/hr.

2. Where rising waters have covered a subgrid where final verification soil samples were collected, gamma
measurements were not taken.
*- -- - - --- ------- ... ..
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Table A6

Final Status Survey: Statistical Analysis

The following statistical relations were used to assess the database for the Bay City survey unit:

Survey Data Average (x):

_ =

StandardDeviation (S.):

s=i=1n-I

Determination of Number of Background data points (nB):

It95.5/I.dj&
flB =

0.2*3EB

Comparison of statistical mean (pla) with guideline values:

fa =XI +ti -a,df -

Identifying additional measurement/sampling needs:

Estimating Factor = CG-X

(Tables B-2 in NUREG/CR-5849)

Note: See chapter 8.0 ofNNUREGICR-5849 fbr detailed discussion of above-listed statistical
analyses.

Where:

X = measurement (analysis) at point i
n = number of measuements (analyses)
t; - cc, df = 95% confidence level from Table B-i of Appendix B ofNUREG/CR-5849
CG = Guideline Value
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Table A7

Final Status Survey: Summary Statistics

-- _ _ _ _~ ~~ E Rates____

Section 'n I X (paR/h) Sx (PIMh) Pa (1) Co (IR/h) Estimating No. Verification
l. ___Factor Samples Needed

VA-I 183 0.2 0.9 0.31 5.0 5.3 <9
______ Th-232 Soil Concentrations X ____________

Section n X (pCag) Sx (pCi/g) a (pCiag) CW (pCg) Estimating No. Verification
Co___ _____ _ _ _ Factor Samples Needed

VA-I 237 0.06 02 0.08 3.2 14.9
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Final Status Survey Report for VA41
The Dow Chemical Company's Bay City, Ml Facility

1.0 BACKGROUND INFORMATION

The radioactive material at the Dow Chemical Company's Bay City site consisted primarily of

foundry slag containing Thonum. This material, and similar material originally stored at Dow's

Midland site, was produced in the period from 1940 to 1970 as the residual from the production

of a magnesium-thorium alloy. This lightweight alloy was used for defense purposes, including

aircraft engines and aeronautical structural components.

A single license (STB-527) was originally granted by the NRC in 1973 for the Bay City and

Midland sites to store up to 200,000 pounds of thorium slag. The license expired in 1978, but has

remained in effect under timely renewal.

The Midland site was decontaminated with the material removed and transported to Bay City for

consolidation with the Bay City material and subsequent transport to the Envirocare facility in

Clive, Utah. A final survey was conducted at the Midland site by Dow with the results

documented in a Final Status Survey Report of March, 1997, showing that the residual

contamination criteria had been met. The NRC subsequently conducted an independent survey of

the Midland site and verified that the residual contaminatin criteria had been met.

The material transported from the Midland site to the Bay City site originally consisted of

magnesium with up to two percent thorium. Portions of this process slag were mixed with soil or

limited amounts of construction debris. As a result of this mixig, the thorium concentrations, as

determined by Dow characterization soil sampling, varied from 2-7000 pCi/g at the Bay City

Site (with an average concentration of 188 pCilg) . A total activity of 9.7 Ci of Th-232 was

originally distributed throughout approximately 52,000 cubic yards of soil, slag, and construction

debris.

Initial remedial action support surveys, performed in 1996, identified wide spread areas of

elevated contamination. The gamma scan surveys were conducted using a sodium iodide

detector. Readings were generally higher the closer the proximity to the original thorium pile but

several hot spots in the 300,000 to 600,000 cpm range were identified. Construction debris, such

as drums, were removed from these areas along with the contaminated soil.
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Decontamination of the Bay City site is ongoing. In accordance with NRC and Dow discussions,

as confirmed in Dow's letter of June 12, 1997, verification that residual contamination criteria

have been achieved on this large site is being performed in sections. This Final Status Survey

Report (FSR) provides the descriptive text on the site and the parameters of the survey program

and includes the analyzed verification data for Verification Area (VA) II. As the database is

acquired for subsequent VAs addendurns to the Final Survey Report will be submitted to the

NRC containig the analyzed database.

Supporting information on the Bay City site and decommissionig project is presented in the

October, 1993 Decommissioning Work Plan, the December, 1995 Supplement to the

Decommissioning Work Plan, and the March, 1996 Response to Comments.

This document is a revision to the original Final Status Survey Report for VA-I and VA-II dated

July, 1997. For the purposes of this revised report, only changes to the original report pertinent to

VA-II are addressed. Changes to the VA-I portion of the original report will be addressed in a

separate revised report.

On July 24& and 25* of 1997, after the original report submittal, the NRC Region m conducted

an inspection of the VA-I and VA-II portions of the Dow Bay City facility. The primary purpose

of the inspection was to conduct an independent confirmatory survey of VA-I and VA-Il. This

revision to the original report is provided to include the findings of the NRC confirmatory

surveys documented in NRC Report No. 040-0017/97002 (DNMS) dated August 14, 1997.

Additionally, this revision to the original report is provided to address deficiencies identified by

NRC staff in a letter to Dow dated August 16, 2002 (Review of Final Status Survey Reports for

the Previously Remediated Areas VA-I through VA-VI, Dow Chemical Company's Bay City,

Ml, SDMP Site (TAC# L60463)).
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2.0 SITE INFORMATION

2.1 SITE DESCRIPTION

The Bay City thoriated material storage site is on a Dow facility near the Town of Bay City,

Michigan about one-mile south of Saginaw Bay. The Bay City site (pile) is shown on Figure 2-1

in relation to adjacent land fatures and other facilities.

The thoriated material site is located adjacent to and north of an inlet canal, which enters the

Saginaw River to the east. The Saginaw River is located to the north and east of the material

Access to the Dow manufcturig facility is restricted to authorized personnel The storage site

within the facility is posted as a radiation control area and delineated with a fence.

The area surrounding the material is relatively level, with some marshy areas and ponds. Any

seiments containing elevated levels of thorium are being excavated as part of the

decontamination program.

The affected area of the Bay City storage site was initially based on knowledge of the operating

history, and subsequently on radiological characterization surveys. While ars imnediately

surrounding the Bay City storage area were included in the affected area, some further outward

adjustment of the affected area boundary was required during site remediation to encompass

surfice and subsurface comination uncovered during remedial operations.
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Figure 2-1

Bay City Thorium Disposal Site
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2.2 SITE CONDITIONS AT TIME OF FINAL SURVEY

The decommissioning activities at the Bay City site involve excavation of the contaminated soil,

loading on to trucks, onsite transportation of the material to the stockpile at the raflhead, loading

on to the rail cars, and transport of the material to the Envirocare burial site in Clive, Utah. Soil

removal is to varying depths continuing until sample analysis showed residual concentrations to

be within NRC defined limits. Final verification samples were taken in the VA and analyzed on

site throngh gamma spectroscopy. When the gamma spectral analysis results showed the Th-232

levels to be less than the guideline value, the final verification samples were then sent to the

Freeport, Texas laboratory for gamma and alpha spectral analysis and confirmation that residual

contamination limits have been met. Ten percent of all final verification samples were then sent

to an outside contract laboratory for independent QC verification. Dow conducted QAIQC

programs which were monitored by the Dow QA coordinator.

2.3 IDENTITY OF POTENTIAL CONTAMINANTS AND RELEASE GUIDELINES

Based on the knowledge of the process that generated the slag material, and the results of the

characteization survey, the significant radiological contaminants were determined to be Th-232,

Th-230, and Th-228. The above background residual soil concentration measurements used as a

basis for the final verification for all the verification samples analyzed to date at Bay City

provided the average soil activity ratios at Bay City of approximately:

Th-232 - 22%

Th-230 - 60%

Th-228 - 18%

Using the approach described in Section 3.1 ("Release Criteria) of the December, 1995

Supplement to the Decommisioning Work Plan and response No. 8 of the Response to

Comments (on the Work Plan) of March, 1996, in conjunction with the methodology in

Appendix A of NUREG/CR 5849 gives a residual soil gross activity guideline of 14.5 pCi/g total
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thorium. The site-specific guideline levels for each of the contributory radionuclides is thus 3.2

pCi/g for Th-232, 2.6 pCi/g for Th-228, and 8.7 pCi/g for Th-230.

The gross activity guideline is determined as follows:

Gross Activity Guideline= 1 =14.5 pCi/g

0.22 + 0.18 + 0.60

10 21

where Th-232, Th-230, and Th-228 are present in net activity ratios of 0.22, 0.60. and 0.18

respectively in the residual sol The guideline concentrations for Th-232 plus Th-228 are 10

pCi/g and 21 pCifg for Th-230 (see March, 1996 Response to Comments).

3.0 FINAL STATUS SURVEY OVERVIEW

3.1 SURVEY OBJECTIVES

The purpose of the final status survey was to demonstrate that the residual radiological

concentrations in the soil at the Bay City thorium storage site satisfy the NRC guidelines (see 2.3

above) and that the storage site can, therefore, be released for future use without radiological

controls. Specifically, the final status survey soil database should show that:

• Average residual radionuclide concentrations are at or below the soil guideline values

defined in Section 2.3. Averaging is based on a 100 m' (1Om x Om) grid area. Note an

actual grid size of 33.3 ft x 33.3 R. was used for convenience in measuring rather than

lOm x lom. (32.8 ft. x 32.8 ft.).

R Reasonable efforts have been made to identiAm, evaluate, and remove, if necessary, areas

of residual activity exceeding the guideline values. Areas of residual activity exceeding

the guideline value (elevated areas) may be acceptable provided they do not exceed the

guideline value by greater than a factor of (100/A)"2, where A is the area of residual
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activity in m2, and provided the activity level at any location does not exceed three times

the guideline values.

In addition, exposure rates should not exceed 5 pnRh above background at 1 m above the soil

surfce. Exposure rates may be averaged over a 100 m2 grid area. Maximum exposure rates over

any discrete area may not exceed 10 pR above background.

A 95% minimum level of confidence that the above conditions have been met was to be

demonstrated. The entire Section II of the Bay City storage area (affected area) is treated as a

single survey unit, and the 95% level of confidence was to be applied to the entire survey unit.

3.2 ORGANIZATION AND RESPONSIBILITIES

The final status survey was conducted by the same qualified Dow and subcontractor personnel

who had conducted the characterization survey, and remediation control survey. The Project

Organization is shown in Figure 3-1.

The sampling and analysis methods to be used during the remediation control survey was

designed to achieve the sampling sensitivity and elevated activity guidelines defined in

NUREG/CR-5849 relative to the site specific residual contamination criteria. The approach

consisted of first performing a gamma scan survey of the remediated area to determine if any

localized areas of elevated activity remained. Elevated areas of activity identified by the scan

survey were remediated. If no areas of elevated activity were identified, composite soil samples

were then collected and analyzed in the field laboratory using a Nal crystal coupled to the MCA

to provide rapid turnaround on the Th-232 levels. If the Th-232 level exceeded the guideline

value, further remediation was performed. The soil sample results of the analysis of the final

samples collected, that demonstrated that the administrative cleanup level had been achieved,

were then used as input into the final status survey.
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Figure 3-1

Project Organization for Remediation of the Midland and Bay City Storage Sites

The DOW Chemical Co.
Corporate Resources I

Health and Environmental
Sciences Safety Officer

Alex Pollock 1*
-

Environmental Operations
Field Services

Manager

I . .

Radiation Safety Officer
Kenneth Baker

Project Manager
Larry Giebelhaus II QA/QC

Laboratory: Jaime Simon

I
Radiological Support Services

(Field Operations Lead)
Michael Madonia

Field Manager
Charles Oliver

Field Operations
and

Contractor Services

3.3 INSTRUMENTATION

Table 3-1 descrIbes the laboratory instrumentation used for soil analyses along with the detection

sensitivities for the ins ati The detection sensitivity for both the gamm and alpha

spectrometer analyses are less than 25% of the residual concentration guideline values. The

laboratory iumentation calibration procedures and schedule are provided in Appendix D-2 of

the March, 1996 Response to Comments.

Table 3-1

Laboratory Radiometric Analyses

Dow Chemical Freeport, Tems

Sample Type Radionuclide Instrument. A: yIocs . Approx.
Measured . Procedures: Sensiv

250 ml soil Th-232 daurs Canberra Gamma Spectrometer system. The Dow Central 02 pCi/g
sample in equilibrium with components include a 51.S mm closed ended Research Idex
(polypoylen Th-232 (Ac-228, cidal germanium detector, crystal, pre- Report:
beaker w/ lid Bi-212, Pb-212, amplifier, amplifier, power supply, multi-channel CRITSP-92-076

Ti-208) analyzer and computer.
0.6 sample Th-232, Th-228, Canbera Model 7404 fur channel alpha Dow Central 0.2 pCi/g
fiun 250 ml TIh-230 spectrometer with bwlt-in power supply, vacuum Research Index
soil sample guage, detector bias supply, generator, pre- Report:

amplifier/amplifiers, multi-channel analyzer CRITSP-92076
having a mixer-outer input. The detectors awe

.__________ tfur passively implanted planar silicon (PIPS).
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Table 3-2 lists the field radiological monitoring instrumentation used on the project inclusive of

the specific use of each instrumentation and detection sensitivities. Each instrument was initially

calbmed to NIST-traceable standards prior to use on the project, and then checked for radiation

response and efficiency prior to daily use.

Table 3-2

Field Radiological Monitor Inst aon

Instrument Measures Detedor Efficiency' LLDMDA

Ludlum Model 43-5 w/ Ludlum Model 12 Alpha Surlice 15% 22 dpm

Ludlum Model 43-90 w/ Ludlum Model 2221 Alpha Surface 22% o12 dpm

Ludlum Model 44-9 w/ Ludlum Model 12 Alpha, Beta, Gamma 12% alpha

15%/ beta

1% gamma

Ludlum Model 43-10 wI Ludlum 1000 Alpha (air filters, smears) 43% 0.04 dpm

Ludlum Model 19 Exposure Rate 1 microR/h

XrParticulate

Eberline RAS-1 Air Pump Flow Rate = 40-100 1pm

MSA Escort Lapel Sampler Flow Rate = 2-3 1pm

General Metal Works-2000 High Vol Sampler Flow Rate - 30-60 cfin

Test/Calibration Equipment

Ludlum Model 500 Pulser NIST Traceable

AFC-ML Air Flow Calibrator NIST Traceable

GMW-Calibrator Orifice ifr High Vol Sampler NIST Traceable

MSA Optiflow 660 Air Flow Calibrator NIST Traceable

Field laboratory Equipment-

Canberra Gtmma Specrumeter Soil Th-232 Concentraion 0.8 pCi/g

* Detector efficiencies are appoimate and appropriate Fir Th-230, TUr99, and Co-60

3.4 SURVEY PROCEDURES

Survey planning and procedures are consistent with the methods described in the

Decommissioning Plan. The soil survey procedures are summarized in this section and can be

found in greater detail in Appendices D-2 and D-3 ofthe March, 1996 Response to Comments.
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3.4.1 Area Classification

The Bay City storage site was divided into affected and unaffected areas to establish the

sampling pattern and frequency. The basis for the affected and unaffected classification, as

applied to the Bay City site are:

* Affected Area - As shown in Figure 3-2, the thorium material storage area and region

immediately surrounding the storage area was defined as the affected area based on both

historical records and prior characterization surveys. This location had known thorium

contamination in the soil that had been placed there via backfill operations and storage.

* Unaffected Area - The region surrounding the affected area (see Figure 3-2) was treated

as unaffected since it did not contain residual radioactivity.
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Figure 3-2
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3.4.2 Reference Grid

A grid was established over the affected area upon completion of material excavation for the

purpose of referencing locations of samples and measurements (see Figure 3-2). These full grids

were 30m x 30m (900 m 2) in size. Each full grid was then divided into nine lOm x lOm sub-grids

(100 in2 each). Each sub-grid was marked into 2.5m increments to establish the nine individual

soil sample locations taken to obtain one composite sample per sub-grid. Figure 3-3 depicts the

breakdown of the reference grid system. As previously noted, the entire Section II (affected area)

constituted the survey unit.

1
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Figure 3-3

Reference Grid System

3 6 9 iOm

I

2 5 8 lOm

I

1 4 7 inOm

;< 30 m 0.1

Ij Kil Grid - 30m x 30 m (900 m1

D Decontamination Gid Block -1 Om x 1 Om (100 m')

3.4.3 Surface Scans

One hundred percent of the soil surface was initially scanned to identity locations of elevated

activity. The gamma scans were conducted in accordance with procedure SOP 1.5, Measurement

of Gamma-Ray Fields using a Sodium Iodide (Nal) Detector. As soil was removed, additional

gamma scans were conducted to identify remainig locations of contaminated soil. After

completion of contaminated soil removal, a final scan was performed of the soil surface prior to

obtaining final verification soil samples.
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3.4.4 Soil sampling

Final survey soil samples consisted of one composite sample obtained from nine individual

samples (approximately 1 kg each) from each sub-grid (see Figure 3-4). The samples were

collected after gamma levels were measured to preliminarily determine that all contaminated soil

had been removed. Each of the nine locations where the individual samples were collected was

scanned prior to soil sampling to validate that elevated levels did not exist (>3 times

background). These final verification soil samples were analyzed on site through gamma

spectroscopy. When the gamma spectral analysis results showed the Th-232 levels to be less than

the guideline value, the final verification samples were then sent to the Freeport, Texas

laboratory for gamma and alpha spectral analysis and confirmation that residual contamination

limits have been met. Ten percent of the samples were split for QA analysis by three outside

certified laboratories (Paragon Analyftcs, American Radiation Services and SRC Analytical).

Soil sample collection was performed in accordance with procedure SOP 1.8, Guide to the

Handling, Packaging and Shipping of Samples, and SOP 1.9, Sample Control and

Documentation.

3.4.5 Exposure Rate Measurements

Gamma exposure rates were measured in the affected area at I meter above the soil surface at the

midpoint of each sub-grid (see Figure 3-4). Exposure rate measurements were obtained using a

Ludlum Model 19 MicroR meter.
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Figure 3-4

Sampling Pattern for Composite Preparation Within Decontaminated Grid Block
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3.5 BACKGROUND LEVEL DETERMINATION

Background soil samples were collected from 30 locations in the unaffected area (Figure 3-5),

and 29 samples analyzed for Th-230, Th-232, and Th-228 concentrations in the Freeport

Laboratory (sample no. 14 was lost in transit). Sample numbers 1-25 were collected from

locations on Dow property that were not impacted by site operations. Sample numbers 26-30

were collected from locations east of the Dow property, across the Saginaw River. Background

exposure rates were measured at the same locations as the soil samples. Statistical procedures
described in NUREG/CR-5849 (see Table A6) were used to assure that the average thorium
concentrations determined were representative of true average background levels.
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Figure 3-5

Background Sample Locations

3.6 SAMPLE ANALYSIS

Final survey soi ales were analyzed for Th-232 in the field laboratory using the Nal detector

coupled to the MCA. Soil samples were analyzed in accordance with "Procedure for Counting

15



Final Status Survey Report for VA-Il
The Dow Chemical Company's Bay City, Ml Facility

Soil Samples for EOP Characterization". The final verification samples were analyzed for Th-

232, Th-230, and Th-228 using gamma and alpha spectroscopy in the Freeport Laboratory.

3.7 DATA INTERPRETATION

Soil sample locations and survey results for fixed measurements were recorded on data sheets.

The data conversion and statistical analysis techniques in NLJREG/CR-5849 (Chapter 8.0) were

used to convert the reported data into a form that permitted a direct comparison with residual

contamination guidelines and thus assess if remediation goals were met. The statistical

relationships ae shown with the analyzed data in Appendix A (Tables A6, A7). Soil

concentrations were converted into units of pCi/g and exposure rates to pR& The reported

affected area data in Appendix A has been adjusted by subtracting the natural background levels.

Additional soil removal was performed when the remediation control survey measurements

showed that residual contamination guidelines were not being met. As a result, there were no

remaining "hot spots" and "hot spot" averaging criteria were not applied.

3.8 RECORDS

All soil samples, original survey data records, and log-books have been archived at the Dow Bay

City facility and wi be held until after license termination.

4.0 SURVEY FINDINGS AND RESULTS

Appendix A contains the radiological database collected during the final status survey for VA-Il

(as defined in Figure 4-1) that provides the basis for verifing that the residual contamination

objectives have been achieved for this area at the Bay City thorium site. Summary Tables, data

interpretations and statistical comparisons with residual contaminaion guidelines in VA-Il are

included in Appendi A.

16



Final Status Survey Report for VA-lI
The Dow Chemical Company's Bay City, Mi Facility

Fiure 4-1

Grid locations for VA-Il
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4.1 BACKGROUND LEVELS

Background soil concentrations (Table Al) averaged 0.30 pCi/g for Th-232, 0.49 pCi/g for Th-

230, and 0.31 pCi/g for Th-228. Background exterior exposure rates averaged 5 #R/h (Table

A2). Both the number of data points collected to obtain the average background soil

concentraions and exposure rates are more than sufficient to meet the test for demonstrating that

the measured average background is within + 20% of the true average at the 95% confidence

level. i

4.2 GROUND SURVEYS

4.2.1 Scans

Surface scans were used during the remediation control survey to identify locations of elevated

gamma radiation to guide the excavation of the material and locate remang hot spots A total

of 11 discreet areas of elevated activity were identified during the verification scan survey. These

areas were remediated and re-scamed with satisfactory results. Areas covered by water were not

scanned, however, sediment samples were obtained.

4.2.2 Thoriun Concentrations in Soil

The results of the analyses of the verification soil samples from VA-II are provided in table A3,

and related to the grid locations shown in Figure 4-1. QA soil analyses, performed by the outside

laboratories on splits of 10 percent of the background and verification samples, are shown in

Table A3 together with the analyses of the same soil performed at Dow's Freeport Laboratory.

None of the verification or QA samples contained total thorium concentrations in excess of the

soil residual activity guideline (see Section 2.3). Analysis of the mean concentration of Th-232

shows that the concentration meets the guideline value at the 95% confidence level (Tables A6,

A7). The number of samples collected (84 in VA-Il) is much greater than the number (<9)

statisically required to demonstrate that the concentrations satisfies the guideline value at the

95% confidence level Table A7).
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The maximum total residual thorium concentrations (above background) as measured in sample

BCS-K5-3Avl was 13.98 pCi/g which is less than the residual guideline of 14.5 pCi/g.

Since none of the verification soil sample concentrations in VA-II exceeded the guideline value

(no hot spots) it was not necessary to apply averaging techniques in any of the grids.

All of the verification soil samples in VA-II (Table A3) meet the criteria that the sum of the

ratios of the concentration of each radionuclide to its respective guideline must not exceed 1

(Appendix A of NUREG/CR-5849).

4.2.3 Exposure Rates

Exposure rate measurems of the remediated VA-II areas (Figure 4-1) and for each grid block

are provided in Table A5. All individual values are within the guideline levels of 5 pR/h above

background with the single exception of sub-grid K2-8 where the exposure rate was 7 pi . The

average exposure rate for the K-2 grid is 4.5 pR/h meeting the criteria of 5 pR/h Analysis of the

statistical mean also shows that the exposure rates in VA-il meet the guideline at the 95%

confidence leveL The number of measurements (16) is in excess of the number required (<9) to

demonstrate that the exposure rate satisfies the guideline value at the 95% confidence level

Tables A6, A7).

4.2.4 NRC Confirmatory Surveys

The NRC performed an inspection of VA-Il on July 24w and 25b of 1997. This inspection

included the performance of a confirmatory survey. Approximately 20% of VA-II was scanned

using a sodium iodide detector. Numerous areas were identified which exceeded the "three times

background" criteria in the K3 grid. Dow personnel collected 2 soil samples, per NRC staff

direction, at the areas of highest gamma scan readings within the K3 grid. The soil samples were

analyzd for Th-232 at the Bay City field laboratory, under inspector observation, following

QA/QC and calibration checks of the counting systems. Both sample results had Th-232
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concentrations (8.0 pCi/g and 12 pCi/g) in excess of the site guideline value (6.2 pCilg).

Exposure rate measurements obtained at the soil sample locations were found to be three to five

times the acceptable ranges. Additionally, the eastern portion of the VA could not be accessed to

due to the high growth of vegetation.

Grid K3 was subsequently remediated by Dow and the grid, as well as the immediately adjacent

grids, were re scanned. Three areas of elevated activity were identified by the gamma scan

survey (K2-1, K3-4 and K3-5). These areas were furthe remediated and re-scamned with

satisfactory results. Soil samples were collected in the three locations as part of the re-survey

effort. The Th-232 concentrations for these sub-grids were below the guideline value (K2 = 2.72

pCifg, K34 = 3.19 pCi/g, and K3-5 = 1.08 pCi/g). The previously inaccessible areas to the east

were subsequently cleared of all overgrowth.

The NRC performed another inspection of VA-Il on October 28e and 29th of 1997 (as well as

VA-Ho). Approximately 20% of VA-Il was scanned with a sodium iodide detector with no

elevated areas of activity identified. Exposure rate measurementswere within acceptable ranges.

No detectable activity was found in any of the soil samples collected in VA-Il.

Since the most recent confirmatory survey did not identify any areas of elevated activity, no

further remediation was performed and no additional final status surveys were required.
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5.0 SUMMARY

Decontamination of the affected area by soil removal at Dow's Bay City facility is an ongoing

process. Since the affected area is quite large it is more efficient for Dow to verify that residual

contamination criteria have been met in sections, and for the NRC to subsequently validate each

section. Thus area VA-Il has been verified and the evaluated database from the final status

survey provided in the Appendix Remediation control surveys were performed to guide the

decontamination effort, and a final status survey conducted of VA-I1 during June, 1997.

Independent QA analysis of soil samples was performed. Results of the final status survey

demonstrate that the decontanion program successfully reduced residual activity in VA-Il to

within the NRC limits for unrestricted use. As each subsequent VA is surveyed, a FSSR will be

submitted to NRC.
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Appendix A

Final Status Survey

Verification Measurements / Analyses

Table Al Background Soil Concentration - Bay City

Table A2 Background Exposure Rates - Bay City

Table Aa Final Verification Soil Concentrations - VA-II

Table A4 Deleted

Table AS Final Gamma Exposure Rates - VA-II

Table A6 Final Status Survey: Statistical Analysis

Table A7 Final Status Survey Summary Statistics
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Table Al

BACKGROUND SOIL CONCENTRATIONS
Bav City

Sample 22iTh Error MDA 2Th Enror Th Error
Name (pCiUG) (2G) (pCiVG) (pCiIG) (2g) (pCiIG) (26)
BCBKGO1 0.39 0.08 0.13 1.04 0.84 0.48 0.44
BCBKGO2 0.36 0.07 0.14 0.46 0.34 0.41 0.31
BCBKGO3 0.28 0.08 0.11 0.38 0.31 0.35 0.29
BCBKGO4 0.44 0.10 0.13 0.80 0.91 0.62 0.74
BCBKGO05 0.43 0.10 0.15 0.70 0.51 0.52 0.40
BCBKii 6 0.51 0.18 0.13 0.68 0.47 0.48 0.35
BCBKGO7 0.38 0.19 0.13 2.30 3.69 0.77 1.38
BCBKGO8 0.16 0.08 0.11 0.37 0.48 0.12 0.20
BCBKGO9 0.13 0.07 0.10 0.21 0.25 0.09 0.12
BCBKGIO 0.26 0.09 0.13 0.38 0.39 0.23 0.26
BCBKGlI 0.19 0.07 0.11 0.04 0.04 0.14 0.10
BCBKG12 0.18 0.08 0.14 0.18 0.14 0.11 0.09
BCBKG13 0.18 0.08 0.14 0.21 0.12 0.19 0.11
BCBKG15 0.23 0.07 0.11 0.12 0.15 0.32 0.31
BCBKG16 0.56 0.12 0.16 0.76 0.51 0.66 0.46
BCBKG17 0.41 0.10 0.16 0.30 0.47 0.30 0.47
BCBKG18 0.10 0.08 0.12 0.18 0.21 0.16 0.19
BCBKG19 0.12 0.06 0.10 0.15 0.14 0.06 0.07
BCBKG20 0.14 0.07 0.11 0.29 0.25 0.09 0.09
BCBKG21 0.19 0.07 0.15 0.23 0.17 0.13 0.11
BCBKG22 0.20 0.07 0.10 0.36 0.39 0.13 0.18
BCBKG23 0.15 0.06 0.11 0.24 0.24 0.30 0.29
BCBKG24 0.12 0.08 0.11 0.13 0.16 0.05 0.08
BCBKG25 0.22 0.07 0.08 0.93 0.89 0.72 0.70
BCBKG26 0.32 0.09 0.13 0.27 0.23 0.16 0.15
BCBKG27 0.56 0.20 0.20 0.93 0.69 0.90 0.67
BCBKG28 0.68 0.24 0.20 0.41 0.45 0.07 0.14
BCBKG29 0.43 0.19 0.21 0.65 1.22 0.43 0.89
BCBKG30 0.34 0.08 0.15 0.44 0.45 0.10 0.16

AVERAGE 0.30 0.49 0.31
St. Dev. 0.16 0.44 0.24
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Table A2

Background Exposure Rates - Bay City

Sample Value (pRlhr)
BCBKG1 5
BCBKG2 7
BCBKG3 5
BCBKG4 6
BCBKG5 4
BCBKG6 4
BCBKG7 5
BCBKG8 5
BCBKG9 5

BCBKGlO 6
BCBKG1I 5
BCBKG12 6
BCBKG13 5
BCBKG14 5
BCBKG15 7
BCBKG16 5
BCBKGl7 4
BCBKG18 5
BCBKG19 5
BCBKG20 4
BCBKG21 4
BCBKG22 4
BCBKG23 4
BCBKG24 3
BCBKG25 3

AcRoss TE RIVER
BCBKG26(1) 3
BCBKG27(2) 5
BCBKG28(3) 5
BCBKG29(4) 4
BCBKG30(5) 5

Number of measurements: 30
Average: 5 pRlr
Standard Deviation 1.3 gR/br (_ 1.0 ftRI)

25



4 i Final Status Survey Report for VA-Il
The Dow Chemical Company's Bay City, Ml Facility

Table A3

Final Verification Soil Concentrations - VA-II

Sampe mTh Err MDA ~ Eff .Th E.w 2Th (Net) Th (N) 22Th (NMt) TOTAL

Nam~e 0c310 go on) fpOm PO) 4=W~ (a) (pOU3) 0aCfg) B=M~g Thorkim

SCS-K7-lAvl 0.86 a23 0.2 0.31 0.12 0.80 027 0.58 -0.18 0.49 0.87

BCS--1-Bvl 0.30 012 0.16 .1S 0.12 0_ 0.1 0.00 -0.34 -0.04 -0.38

BCS-K7-2v1 0.89 023 0.28 0.40 0.33 0.65 0.48 0.59 -0.09 0.34 0.84

BCS-K-4AvI 0.53 Q14 0.15 0.63 02 0.47 0.17 O2 0.14 018 0S3

K-7-48v1 0.21 0.12 0.16 0.10 Q14 02 0.19 _0 4030 .0.05 -0.44

BCS-K7-MvI 231 0.35 0.37 0.57 0m 2.2 0.64 2.01 0.08 1.92 4.01

BCS-L4-2AVi 1.27 A0 031 171 0.78 17 0.33 0.97 2.22 0.78 3.05

BCS-L4-2Bv1 0.48 0.16 am 0.87 0m 0.54 025 0.18 0.38 0.23 0.78

BCS-L4-S~vI 1.78 0.48 029 4.00 1.35 1.51 a0m 1.49 35 1.2 L19

8CS-L4-Wvl 0.24 02 0.28 0.48 .93 024 0.52 -.06 -0.0 -0.07 -0.13

SCS-L-,44 I 0.30 CL14 017 0.15 0.11 0.07 0.08 0.00 -0.34 -0.24 -0.59

BCS-L5-3AvI 1.63 0.39 Q2 382 1.08 1.35 0.41 1.33 3.33 1.04 5.70

ICS-L5381 0m Q16 0.25 0.17 .15 0.15 0.14 .0.08 -0.32 -. 16 -0.56

SCS-LS-38vt-R 0.30 0.13 024 0.43 032 021 0.17 0.00 -0.06 -0.10 -0.17

SCS-.-G6AvI 1.35 0.33 Q35 29 0.45 0.63 025 1.05 Ma80 _.32 2.17

BCS-LS-6BvI 0.20 0.12 0.2 0.24 021 018 0.15 .010 -02) -0.15 -0.50

5CS-LS-G8v 0.40 0.19 0.33 0.67 .38 0.36 0.20 0.10 0.18 0.05 0.33

I CS-7-l Bv1 1.52 029 019 121 0.37 1.02 .33 1.22 0.72 071 2.65

IC$-7-2v1 0.92 ae19 02) 0.50 0.31 Om 0.47 0.62 0.01 0.55 1.18

BCS-L7-4Avl 0.89 0.23 0.15 0.39 0.19 0.63 0m 0.39 -0.10 0.32 0.61

L74Av1-R 0.61 0.13 0.15 0.45 0.46 082 0.31 -0.04 0.15 0.42

..$-L7-48v1 0.52 02 n 0m 0.18 0.10 0.62 0.30 0m -0.31 0.31 0.22

ICS-L7-61 0.Q64 0.19 0.15 0.49 0.28 0.64 0.3 034 . 0.00 . 0.67

5CS-L7-7Avl 018 a16 03 0.11 0.10 02 0.02 -0.12 -0.38 -0.29 -0.79

3CS-L7-78v1 0.64 9 020 Q033 R14 0.60 Om 0.34 -. 16 029 0.47

BCS-L74M1 0.71 0.17 Q20 0.42 0.30 0.45 0.31 0.41 -. 07 Q.14 0.49

SCS-M44- 0.57 0.24 027 1.12 0.51 0.56 0m 0.27 0.63 025 1.15

BCSS-M4E 0.34 0.16 021 0.54 0m35 026 0.1ae 0.04 Q0.5 -05 0.04

BCS-M5-7Av1 0.56 0.33 . US6 07 0.64 0.43 0.26 0.37 0.33 0.95

BCS-M5-7Bvt 1.68 0.33 0.30 3.59 0.92 1.38 0.39 1.38 3.10 1.07 5.54

3C&5-SM1 0.35 024 0.48 0.42 0.35 0.31 0.05 -0.01 0.04 0.07

BCS-MS-SEvl 1.11 Q 3 032 231 0.87 1.08 0.42 0.81 1.82 0.77 3.39

BCS-M5-GAvl 0.92 Q32 Q 41 2.18 0.92 0.S8 0.44 0.62 1.69 0.67 2.98

BCS-M5-8Bvt 02 018 0.21 0.38 024 021 0.15 -0O4 *0.13 -0.10 -02)

VERAGE 0.84 1.45 _ 76 0.64 0.96 0.45 1.95

Dt0ev. 0.71 1.60 0.63 0.71 1.60 0.63 2.82

MaOI4lL4fl 3.44 8.51 313 3.14 8. 02 2 13.98

Nna tJns -o - - -- -I

INate: Net concentrations awe gross values less iackground (TAble Al) _ _ _ __ _ __ _ _ ___ _ _
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Table A3

Final Verification Soil Concentrations - VA-Il

SMOG 232rur E Th EWA Error mTh (Net) 2Th (Net) o Th ( TOTAL

Nanme 2at WM) 0C0 (pCUM C2d) (CQQ (POW (COM) Thorium
BCS-K2-1Y1 025 0.12 0.15 0.33 0.30 0.17 0.17 -005 -0.16 4.14 0.35
BCS-K2-2v1 0.46 0.19 Om 0.64 CQ62 0.41 0.33 0.16 0.35 0.10 0.61
BCS64-v1 0.38 0.16 0.2 0.68 0.35 0.52 0.21 0.08 0.19 0.21 0.48

BCS4K-3v 0.11 0.10 0.15 0.19 0.19 0.12 0.12 -0.19 -0.30 -0.19 -0.69
BCS12.4v1 0.22 0.15 0.22 0.65 0.65 0.48 0.42 -0.08 0.16 0.17 0.25
BCS42-M2 037 0.15 0.17 0.98 1.01 0.85 0.90 0.07 0.49 0.54 1.10
BCS t -6Q 0B 0.17 a1e 2.14 1.11 0.74 0.43 0.25 1.65 0.43 2.33
BCtS4CZ-IAvt 0.72 0.18 0.31 1.53 0.56 0.81 0.32 0.42 1.04 0.60 1.97
BCS-I15v1 0.35 0.12 0.16 0.74 0.34 0.46 0.22 0.05 0.25 0.15 0.45
BCS-4-2AvI 1.22 0.39 27 2.68 0.9 0.72 029 0.92 2.17 0.41 .50
BCS-2M Q14 0.13 0.18 0.22 0.22 0.15 0.15 -0.16 -0.27 -4.16 .0.58
BCS-S4-3AvI 2.2 0.36 0.35 4.68 1.05 U08 0.51 1.98 4.19 1.77 7.95

BCS-A3-3Bv1 0.51 Q16 CL18 0.89 0.31 0.47 0.17 0.21 0.40 0.16 0.77
CSK434vl 0.58 0.18 0.22 0.67 0.2 0.39 0.17 0.2 8 0.18 o08 0.54

CSC-I4 51 1.36B 0.26 0.30 1. 0.55 1.02 0.39 1.06 1.07 0.71 284

BCS-43-6AvI 1.71 O.7 0.24 2.95 0.80 1.72 0.50 1.41 246 1.41 5.27

BCS-K3-~68E1 1.09 Q2 0.20 1.78 0.41 1.00 0.24 0.79 1.29 0.69 276

BCS-K4-1AVl 2.01 037 0.34 4.82 1.11 1.68 0.42 1.71 4.33 1.37 7.41

BCS-K4-1 Bv1. 0.64 0.22 0.23 1.48 0.68 Q59 0.24 0.34 0.99 0.28 1.61

BCS-K4-2AvI 2.31 0.35 0.30 412 092 1.91 0.40 2.01 4.33 1.60 7.94

0.52 016 0.18 1.08 0.47 0.66 0.30 0.2 0.57 0.35 1.14

S-K4-3AvI 2.1 0.39 0.40 664 1.68 1.77 0.51 1.80 6.15 1.48 9.40

.BC SK4-Bv1 0.62 0.17 Q14 0.74 0.31 Q.39 0.19 0.32 025 0.08 0.65

BCS-~K44v2 0.53 0.27 0.41 0.78 0.51 0.41 0.29 023 -02 0.10 0.63

8CSK4"-SBvI 0.86 0.54 .C.19 3i. 2.07 Q.58 h40 0.56 2.61 0.25 342

SCS-K4-5v2 0.46 0.14 0.27 0.5 029 0.33 0.19 0.16 0.07 0.02 0.25

BCA-i44ev2 123 0.30 0.40 1.99 0.79 121 0.52 0.93 1.50 0.90 3.33

SCS5K4-6v2-R 0.98 0.24 0.31 2.5S 1.07 1.30 Q58 0.66 207 0.99 3.72

BC-KS4-Av2-R 1.05 0.35 Q42 1.41 0.77 1.19 0.68 0.75 0.92 0.88 255

BCS-K5-IAVI 2.18 0.58 0.37 4.48 1.33 1.86 0.57 1.88 3.99 1.55 7.42

BCSi4G-11B 0 MS. 0.39 0.24 1.15 0.82 0.53 0.39 029 0.66 0.22 1.17

BC3S-K-28v1 0.16 017 0.22 0.28 0.30 0.20 0.22 -014 -0.21 -0.11 -0.46
8CS-3AV1 3.44 0.54 0.39 .51 1.89 313 0.7m 3.14 8.02 2.82 13.98
BCS-#>-38v1 0.49 0.17 0.27 1.11 0.46 Q47 0.20 0.19 0.62 0.16 0.87
BCS-K5-4v2 2.48 0.36 0.48 3.88 1.02 2.46 0.69 2.16 3.39 2.15 7.70
BCS%4G-K5- 0.59 021 035 1.06 0.48 n51 025 0.29 0.57 0.20 1.06
BCS4-K5v2 0.50 0.25 0.33 1.30 0.85 0.43 0.32 0.20 0.81 0.12 1.13
SCSK6-IAvI 2.37 C.36 0.39 1.41 0.33 2.02 0.45 2.07 o.92 1.71 4.71
SCS4V6-11v1 0.21 0.18 0m 0.61 0.49 0.30 0.24 .0.09 0.12 -0.01 0.01
3CS4<6-2Av1 1.96 028 0.27 3.28 0.73 1.64 0.41 1.66 2.79 1.33 5.78

BCS4T8-2Bv1 0.16 0.12 0.05 0.15 0.13 0.10 0.09 -0.15 -0.34 -0.21 -0.70
3CS-K6-3Av1 0.79 0.29 25 2.14 0.92 0.81 0.37 0.49 1.65 0.50 2.64
3CS-KS-3Bv1 0.11 0.11 0.16 0.04 0.04 0.07 0.07 -0.19 -0.45 -0.24 -0.88
B3C-K 5 0.31 026 0.38 0.38 0.34 0.25 0.2 0.01 -0.13 -0.08 -0.18
3CS-K~-4v2 0.41 a.23 0.26 0.92 0.60 0.43 0.29 0.11 0.43 0.12 0.67

6CS4-5Bv1 023 0.20 0.00 026 026 0.21 0.21 -0.07 -0.23 -0.10 -0.41

S-KB&5v2 0.29 0.18 0.28 Q44 0.35 0.32 0.26 -0.01 -0.06 0.01 40.06
S$B6Av1 1.64 0.37 029 3.75 1.04 1.75 0.52 1.34 3.26 1.44 6.05

3CSB6-6v1 0.30 0.12 0.24 0.54 029 0.31 0.17 0.00 0.05 0.00 0.04
8CS-(6-68v1- 0.21 0.16 0.25 0.30 0.25 0.18 0.15 -0.09 -0.19 *0.13 *0.41
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Table A5

Final Gamma Exposure Rates - VA-II

Grid No. Gross Epsnre (4Rlhr) Net Exposure (Oftihr)

KI-9 8 3

K2-6 8 3

K2-7 8 3

K2-8 12 7__

K2-9 10 5

K3-4 7 2

K3-7 7 2

K3-8 7 2

K3-9 . 3

K4-7 9 4

K4-8 ~~~~7 2

_ K7-5 9 4

K7-8 _ 9 4

_ _ _ _ _ _ _ _ _ _ _ 7 2

L7-9 7 2

no. measurements 16
Average 3 ORibr
Standard deviation 1.4 tRA/hr (a 1.0 MR/hr)

:s::

1. Net value is gross value less background of S oR/hr

2. Where rising waters have covered a subgrid where final verifcation soil samples were collected, gamma
measurcmencs were not taken.

3. Average exposure rate over the K2 grid is 4.5 gRlhr (< 5 AR/hr)
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Table A6

Final Status Survey: Statistical Analysis

The following statistical relations were used to assess the database for the Bay City survey unit:

Survey Data Average (x):

l n
X =-EX

n j.,

Standard Deviation (S.):

n -1

Determination of Number of Background data points (nB):

-12

flB =I

0.2elJ

Comparison of statistical mean (1ia) with guideline values:

ja = x+ tz-a,df-

Identifying additional measurement/sampling needs:

Estimating Factor = £-

(Tables B-2 in NUREC/CR-5849)

Note: See chapter 8.0 of NUREG/CR-5849 for detailed discussionofabove-listed statistical
analyses.

Where:

X; = measurement (analysis) at point i
n.= number of measurements (analyses)
t,- a, df= 95% confidence level from Table B-l of Appendix B ofNUREG/CR-5849
Co = Guideline Value
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Table A7

Final Status Survey: Summary Statistics
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Final Status Survey Report for VA-II
The Dow Chemical Company's Bay City, Ml Facility

1.0 BACKGROUND INFORMATION

The radioactive material at the Dow Chemical Company's Bay City site consisted primarily of

foundry slag containing Thonum. This material, and similar material originally stored at Dow's

Midland site, was produced in the period from 1940 to 1970 as the residual from the production

of a magnesium-thorium alloy. This lightweight alloy was used for defense purposes, including

aircraft engines and aeronautical structural components.

A single'license (STB-527) was originally granted by the NRC in 1973 for the Bay City and

Midland sites to store up to 200,000 pounds of thorium slag. The license expired in 1978, but has

remained in effect under timely renewal.

The Midland site was decontaminated with the material removed and transported to Bay City for

consolidation with the Bay City material and subsequent transport to the Envirocare facility in

Clive, Utah. A final survey was conducted at the Midland site by Dow with the results

documented in a Final Status Survey Report of March, 1997, showing that the residual

contamination criteria had been met. The NRC subsequently conducted an independent survey of

the Midland site and verified that the residual contamination criteria had been met.

The material transported from the Midland site to the Bay City site originally consisted of

magnesium with up to two percent thorium. Portions of this process slag were mixed with soil or

limited amounts of construction debris. As a result of this mixing, the thorium concentrations, as

determined by Dow characterization soil sampling, varied from 2-7000 pCi/g at the Bay City

Site (with an average concentration of 188 pCi/g) . A total activity of 9.7 Ci of Th-232 was

originally distributed throughout approximately 52,000 cubic yards of soil, slag, and construction

debris.

Initial remedial action support surveys, performed in 1996, identified wide spread areas of

elevated contamination. The gamma scan surveys were conducted using a sodium iodide

detector. Readings were generally higher the closer the proximity to the original thorium pile but

several hot spots in the 300,000 to 600,000 cpm range were identified. Construction debris, such

as drums, were removed from these areas along with the contaminated soil.

1
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Decontamination of the Bay City site is ongoing. In accordance with NRC and Dow discussions,

as confirmed in Dow's letter of June 12, 1997, verification that residual contamination criteria

have been achieved on this large site is being performed in sections. This Final Status Survey

Report (FSR) provides the descriptive text on the site and the parameters of the survey program

and includes the analyzed verification data for Verification Area (VA) rn. As the database is

acquired for subsequent VAs addendums to the Final Survey Report will be submitted to the

NRC containing the analyzed database.

Supporting information on the Bay City site and decommissioning project is presented in the

October, 1993 Decommissioning Work Plan, the December, 1995 Supplement to the

Decommissioning Work Plan, and the March, 1996 Response to Comments.

This document is a revision to the original Final Status Survey Report for VA-HI dated October

1997 as well as the amended report dated November 1997 which addressed sub-grids that were

incorrectly labeled in the October report.

On October 28"' and 29th of 1997, after the original report submittal, the NRC Region mII
conducted an inspection of the VA-Er portion of the Dow Bay City facility. The primary purpose

of the inspection was to conduct an independent confirmatory survey of VA-M. This revision to

the original report is provided to include the findings of the NRC confirmatory surveys

documented inNRC Report No. 040-00017/97003 (DNMS) dated January 7, 1998.

Additionally, this revision to the original report is provided to address deficiencies identified by

NRC staff in a letter to Dow dated August 16, 2002 (Review of Final Status Survey Reports for

the Previously Remediated Areas VA-I through VA-VI, Dow Chemical Company's Bay City,

MI, SDMP Site (TAC# L60463)).
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2.0 SITE INFORMATION

2.1 SITE DESCRIPTION

The Bay City thoriated material storage site is on a Dow facility near the Town of Bay City,

Michigan about one-nile south of Saginaw Bay. The Bay City site (pile) is shown on Figure 2-1

in relation to adjacent land features and other facilities.

The thoriated material site is located adjacent to and north of an inlet canal, which enters the

Saginaw River to the east. The Saginaw River is located to the north and east of the material.

Access to the Dow manufacturing facility is restricted to authorized personnel The storage site

within the facility is posted as a radiation control area and delineated with a fence.

The area surrounding the material is relatively level, with some marshy areas and ponds. Any

sediments containing elevated levels of thorium are being excavated as part of the

decontamination program.

The affected area of the Bay City storage site was initially based on knowledge of the operating

history, and subsequently on radiological characterization surveys. While areas immediately

surrounding the Bay City storage area were included in the affected area, some further outward

adjustment of the affected area boundary was required during site remediation to encompass

surface and subsurfice contamination uncovered during remedial operations.

3
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Figure 2-1

Bay City Thorium Disposal Site

4
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2.2 SITE CONDITIONS AT TIME OF FINAL SURVEY

The decommissioning activities at the Bay City site involve excavation of the contaminated soil,

loading on to trucks, onsite transportation of the material to the stockpile at the railhead, loading

on to the rail cars, and transport of the material to the Envirocare burial site in Clive, Utah. Soil

removal is to varying depths continuing until sample analysis showed residual concentrations to

be within NRC defined limits. Final verification samples were taken in the VA and analyzed on

site through gamma spectroscopy. When the gamma spectral analysis results showed the Th-232

levels to be less than the guideline value, the final verification samples were then sent to the

Freeport, Texas laboratory for gamma and alpha spectral analysis and confirmation that residual

contamination limits have been met. Ten percent of all final verification samples were then sent

to an outside contract laboratory for independent QC verification. Dow conducted QA/QC

programs which were monitored by the Dow QA coordinator.

2.3 IDENTITY OF POTENTIAL CONTAMINANTS AND RELEASE GUIDELINES

Based on the knowledge of the process that generated the slag material, and the results of the

characterization survey, the significant radiological contaminants were determined to be Th-232,

Th-230, and Th-228. The above background residual soil concentration meaurements used as a

basis for the final verification for all the verification samples analyzed to date at Bay City

provided the average soil activity ratios at Bay City of approximately:

Th-232 - 22%

Th-230 - 60%

Th-228 - 18%

Using the approach described in Section 3.1 ("Release Criteria") of the December, 1995

Supplement to the Decommissioning Work Plan and response No. 8 of the Response to

Comments (on the Work Plan) of March, 1996, in conjunction with the methodology in

Appendix A of NUREG/CR 5849 gives a residual soil gross activity guideline of 14.5 pCilg total
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thorium. The site-specific guideline levels for each of the contributory radionuclides is thus 3.2

pCi/g for Th-232, 2.6 pCi/g for Th-228, and 8.7 pCi/g for Th-230.

The gross activity guideline is determined as follows:

Gross Activity Guideline 1 = 14.5pCi/g

0.22 + 0.18 + 0.60
10 21

where Th-232, Th-230, and Th-228 are present in net activity ratios of 0.22, 0.60. and 0.18

respectively in the residual soil. The guideline concentrations for Th-232 plus Th-228 are 10

pCi/g and 21 pCi/g for Th-230 (see March, 1996 Response to Comments).

3.0 FINAL STATUS SURVEY OVERVIEW

3.1 SURVEY OBJECTIVES

The purpose of the final status survey was to demonstrate that the residual radiological

concentrations in the soil at the Bay City thorium storage site satisfy the NRC guidelines (see 2.3

above) and that the storage site can, therefore, be released for future use without radiological

controls. Specifically, the final status survey soil database should show that:

i Average residual radionuclide concentrations are at or below the soil guideline values

defined in Section 2.3. Averaging is based on a 100 m2 (lOm, x lim) grid area. Note an

actual grid size of 33.3 ft. x 33.3 t was used for convenience in measuring rather than

lOimx lOim (32.8 ft. x32.8 ft.).

* Reasonable efforts have been made to identify, evaluate, and remove, if necessary, areas

of residual activity exceeding the guideline values. Areas of residual activity exceeding

the guideline value (elevated areas) may be acceptable provided they do not exceed the

guideline value by greater than a factor of (100/A)"2, where A is the area of residual
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activity in m2 , and provided the activity level at any location does not exceed three times

the guideline values.

In addition, exposure rates should not exceed 5 pR above background at 1 m above the soil

surface. Exposure rates may be averaged over a 100 m2 grid area. Maximum exposure rates over

any discrete area may not exceed 10 pRh above background.

A 95% minimum level of confidence that the above conditions have been met was to be

demonstrated. The entire Section m of the Bay City storage area (affected area) is treated as a

single survey unit, and the 95% level of confidence was to be applied to the entire survey unit.

3.2 ORGANIZATION AND RESPONSIBILITIES

The final status survey was conducted by the same qualified Dow and subcontractor personnel

who had conducted the characterization survey, and remediation control survey. The Project

Organization is shown in Figure 3-1.

The sampling and analysis methods to be used durig the remediation control survey was

designed to achieve the sampling sensitivity and elevated activity guidelines defined in

NUREG/CR-5849 relative to the site specific residual contamination criteria. The approach

consisted of first performing a gamma scan survey of the remediated area to determine if any

localized areas of elevated activity remained. Elevated areas of activity identified by the scan

survey were remediated. If no areas of elevated activity were identified, composite soil samples

were then collected and analyzed in the field laboratory using a Nal crystal coupled to the MCA

to provide rapid turnaround on the Th-232 levels. If the Th-232 level exceeded the guideline

value, further rmediation was performed. The soil sample results of the analysis of the final

samples collected, that demonstrated that the administrative cleanup level had been achieved,

were then used as input into the final status survey.
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Figure 3-1
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3.3 INSTRUMENTATION

Table 3-1 describes the laboratory instrumentation used for soil analyses along with the detection

sensitivities for the inst nation The detection sensitivity for both the gamma and alpha

spectrometer analyses are less than 25% of the residual concentration guideline values. The

laboratory instrumentation calibration procedures and schedule are provided in Appendix D-2 of

the March, 1996 Response to Comments.

Table 3-1

Laboratory Radiometric Anlyses

Dow Chemical Freeport, Texas

Sample Tpe Radionuclide stiAnalytirat A-pro...
.________ ; Measured Procedures &

250 ml soil Th-232 daughters Canbera Gamma Spectrometer systi Th Dow Central 0.2 pCi'g
sample in equilibrium with components include a 5 1.5 nim closed ended Research index
(polypropylene Th-232 (Ao-228, coaxial germanium detector, crystal, pre- Report:
beaker w/ tid Bi-212, Pb-212, amplifier, amplifier, power supply, multi-dhannel CU-TSP-92-076

TI-208) aialyznr and npcr._
0.6 sample Th-232, Th-228, Canberra Model 7404 four channel alpha Dow Central 0.2 pCi/g
firno 250 ml Tb-230 spectrometer with builtin power supply, vacuum Research Index
soil sample guage, detector bias supply, generator, pre- Report:

amplifier/amplifiers, multi-channel analyzer CRI-TSP-92-076
having a mixer-router input. The detectors are
fiur passively implanted planar silicon (PlPS).
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Table 3-2 lists the field radiological monitoring instrumentation used on the project inclusive of

the specific use of each instrumentation and detection sensitivities. Each instrument was initially

calibrated to NIST-traceable standards prior to use on the project, and then checked for radiation

response and efficiency prior to daily use.

Table 3-2

Field Radiological Monitoring struntation

Instrument Measures Detector Efriciency* [ LD/MDA

Ludlum Model 43-5 w/ Ludlum Model 12 Alpha Surfice 15% 22 dpm

Ludlum Model 43-90 w/ Ludlum Model 2221 Alpha Surfice 22%/ 12 dpm

Ludlum Model 44-9 w Lud1dlmn Model 12 Alpha, Beta, Gamma 12% alpha

15% beta

1% gamma

Ludlum Model 43-10 w/ Ludlum 1000 Alpha (air filters, smears) 43% 0.04 dpm

Ludlum Model 19 Exposure Rate I miacoR/h

Mir Particulate.

Eberline RAS-1 Air Pump Flow Rate - 40-100 1pm

MSA Escort Lapel Samnpler Flow Rate - 2-3 Ipm
General Metal Works-2000 High Vol Sampler Flow Rate = 30-60 cfn

Test/Calibratlon Equipment

Ludlum Model 500 Pulser NIST Traceable

AFC48L Air Flow Calibrator NIST Traceable

GMW-Calibrator Orifice for High Vol Sampler NIST Traceable

MSA Optiflow 660 Air Flow Calibrator NIST Traceable

Fiel(Aboratory Equiment

Canberra Gama Spectrometer Soil Th-232 Concration 1 0.8 pCil/g

* Detector efficiencies are approximate and appropriate for Th-230, To-99, and Co-60

3.4 SURVEY PROCEDURES

Survey planning and procedures are consistent with the methods described in the

Decommissioning Plan. The soil survey procedures are sumnarized in this section and can be

found in greater detail in Appendices D-2 and D-3 of the March, 1996 Response to Cornments.
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3.4.1 Area Classification

The Bay City storage site was divided into affected and unaffected areas to establish the

sampling pattern and fiequency. The basis for the affected and unaffected classification, as

applied to the Bay City site are:

* Affected Area - As shown in Figure 3-2, the thorium material storage area and region

immediately surrounding the storage area was defined as the affected area based on both

historical records and prior characterization surveys. This location had known thorium

contamination in the soil that had been placed there via backfill operations and storage.

* Unaffected Area - The region surrounding the affected area (see Figure 3-2) was treated

as unaffected since it did not contain residual radioactivity.

10



Final Status Survey Report for VA-Ill
The Dow Chemical Company's Bay City, Ml Facility

Figure 3-2
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3.4.2 Reference Grid

A grid was established over the affected area upon completion of material excavation for the

purpose of referencing locations of samples and measurements (see Figure 3-2). These full grids

were 30m x 30m (900 m2) in size. Each full grid was then divided into nine lOm x lOm sub-grids

(100 m2 each). Each sub-grid was marked into 2.5m increments to establish the nine individual

soil sample locations taken to obtain one composite sample per sub-grid. Figure 3-3 depicts the

breakdown of the reference grid system. As previously noted, the entire Section III (affected

area) constituted the survey unit.
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Figure 3-3

Reference Grid System
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3.4.3 Surface Scans

One hundred percent of the soil surface was initially scanmed to identify locations of elevated

activity. The gamna scans were conducted in accordance with procedure SOP 1.5, Measurement

of Gamma-Ray Fields using a Sodium Iodide (Nal) Detector. As soil was removed, additional

gamma scans were conducted to identify remaining locations of contaminated soil. After

completion of contaminated soil removal, a final scan was performed of the soil surface prior to

obtaining final verification soil samples.
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3.4.4 Soil sampling

Final survey soil samples consisted of one composite sample obtained from nine individual

samples (approximately 1 kg each) from each sub-grid (see Figure 3-4). The samples were

collected after gamma levels were measured to preliminarily determine that all contaminated soil

had been removed. Each of the nine locations where the individual samples were collected was

scanned prior to soil sampling to validate that elevated levels did not exist (>3 times

background). These final verification soil samples were analyzed on site through gamma

spectroscopy. When the gamma spectral analysis results showed the Th-232 levels to be less than

the guideline value, the final verification samples were then sent to the Freeport, Texas

laboratory for gamma and alpha spectral analysis and confirmation that residual contamination

limits have been met. Ten percent of the samples were split for QA analysis by three outside

certified laboratories (Paragon Analytics, American Radiation Services and SRC Analytical).

Soil sample collection was performed in accordance with procedure SOP 1.8, Guide to the

Handling, Packaging and Shipping of Samples, and SOP 1.9, Sample Control and

Documentation.

3.4.5 Exposure Rate Measurements

Gamma exposure rates were measured in the affected area at 1 meter above the soil surface at the

midpoint of each sub-grid (see Figure 3-4). Exposure rate measurements were obtained using a

Ludlwn Model 19 MicroR meter.
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Figure 3-4

Sampling Pattern for Composite Preparation Within Decontaminated Grid Block
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3.5 BACKGROUND LEVEL DETERMNATION

Background soil samples were collected from 30 locations in the unaffected area (Figure 3-5),

and 29 samples analyzed for Th-230, Th-232, and Th-228 concentrations in the Freeport

Laboratory (sample no. 14 was lost in transit). Sample numbers 1-25 were collected from

locations on Dow property that were not impacted by site operations. Sample numbers 26-30

were collected from locations east of the Dow property, across the Saginaw River. Background

exposure rates were measured at the same locations as the soil samples. Statistical procedures

described in NUREG/CR-5849 (see Table A6) were used to assure that the average thorium

concentrations determined were representative of true average background levels.
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Figure 3-5

Background Sample Locations

3.6 SAMPLE ANALYSIS

Final survey soil samples were analyzed for Th-232 in the field laboratory using the NaI detector

coupled to the MCA Soil samples were anabyzed in accordance with "Procedure for Counting
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Soil Samples for EOP Characterization". The final verification samples were analyzed for Th-

232, Th-230, and Th-228 using ganma and alpha spectroscopy in the Freeport Laboratory.

3.7 DATA I4TERPRETATION

Soil sample locations and survey results for fixed measurements were recorded on data sheets.

The data conversion and statistical analysis techniques in NUREG/CR-5849 (Chapter 8.0) were

used to convert the reported data into a form that permitted a direct comparison with residual

contamination guidelines and thus assess if remediation goals were met. The statistical

relationships are shown with the analyzed data in Appendix A (Tables A6, A7). Soil

concentrations were converted into units of pCitg and exposure rates to pR/h. The reported

affected area data in Appendix A has been adjusted by subtracting the natural background levels.

Additional soil removal was performed when the remediation control survey measurements

showed that residual contamination guidelines were not being met. As a result, there were no

remaining "hot spots" and "hot spot" averaging criteria were not applied.

3.8 RECORDS

All soil samples, original survey data records, and log-books have been archived at the Dow Bay

City facility and will be held until after license termination.

4.0 SURVEY FINDINGS AND RESULTS

Appendix A contains the radiological database collected during the final status survey for VA-rn

(as defined in Figure 4-1) that provides the basis for verifying that the residual contamination

objectives have been achieved for this area at the Bay City thorinum site. Summary Tables, data

interpretations and statistical comparisons with residual contamination guidelines in VA-HI are

included in Appendix A.
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Figure 4-1

Grid Locations for VA-HI
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4.1 BACKGROUND LEVELS

Background soil concentrations (Table Al) averaged 0.30 pCi/g for Th-232, 0.49 pCi/g for Th-

230, and 0.31 pCi/g for Th-228. Background exterior exposure rates averaged 5 .LR/h (Table

A2). Both the number of data points collected to obtain the average background soil

concentrations and exposure rates are more than sufficient to meet the test for demonstrating that

the measured average background is within ± 20% of the true average at the 95% confidence

level.
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42 GROUND SURVEYS

4.2.1 Scans

Surface scans were used during the remediation control survey to identify locations of elevated

gamma radiation to guide the excavation of the material and locate remaining hot spots. A total

of 10 discreet areas of elevated activity were identified during the verification scan survey. These

areas were remediated and re-scanned with satisfactory results.

4.2.2 Thorium Concentrations in Soil

The results of the analyses of the verification soil samples from VA-HI are provided in Table A3,

and related to the grid locations shown in Figure 4-1. QA soil analyses, performed by the outside

laboratories on splits of 10 percent of the FSS samples, are shown in Table A3 together with the

analyses of the same soil performed at Dow's Freeport Laboratory. None of the verification or

QA samples contained total thorium concentrations in excess of the soil residual activity

guideline (see Section 2.3). Analysis of the mean concentration of Th-232 shows that the

concentration meets the guideline value at the 95% confidence level (Tables A6, A7). The

number of samples collected (265 in VA-Il) is much greater than the number (<9) statistically

required to demonstrate that the concentrations satisfies the guideline value at the 95%

confidence level (Table A7).

The maximum total residual thorium concentrations (above background) as measured in sample

BCS-F13-3vI was 12.21 pCi/g which is less than the residual guideline of 14.5 pCi/g.

Since none of the verification soil sample concentrations in VA-IE exceeded the guideline value

(no hot spots) it was not necessary to apply averaging techniques in any of the grids.

All of the verification soil samples in VA-I (Table A3) meet the criteria that the sum of the

ratios of the concentration of each radionuclide to its respective guideline must not exceed 1

(Appendix A of NUREG/CR-5849).
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4.2.3 Exposure Rates

Exposure rate measurements of the remediated VA-IE areas (Figure 4-1) and for each grid block

are provided in Table A5. All individual values are within the guideline levels of 5 OR/h above

background with the exception of sub-grids C1 1-2 and DI 1-8 where the exposure rate was 6

pR/h. The average exposure rate for the CII grid is 4.7 pR/h and 5.0 pR/h for the DII grid, thus

meeting the criteria of 5 pRh for both grids. Analysis of the statistical mean also shows that the

exposure trates in VA-Ill meet the guideline at the 95% confidence level (Tables A6, A7). The

number of measurements (207) is for in excess of the number required (<9) to demonstrate that

the exposure rate satisfies the guideline value at the 95% confidence level (Table A7).

4.2.4 NRC Confirmatory Surveys

The NRC performed an inspection of VA-E on October 28e and 29ih of 1997. This inspection

included the performance of a confirmatory survey. Approximately 20% of VA-m was scanned

using a sodium iodide detector. One "hot spot" was identified that was determined to be a piece

of slag. The slag was immediately removed and the area re-scanned with satisfactory results.

Dow personnel collected 25 soil samples, per NRC staff direction, at random areas throughout

the survey unit. The soil samples were analyzed for Th-232 at the Bay City field laboratory,

under insetor observation, following QA/QC and calibration checks of the counting systems.

When analyzed, no detectable activity above release guidelines was found in any of the samples.

Exposure rate measurements were also conducted with all readings in the acceptable ranges.

Since the confirmatory survey did not identify any areas of elevated activity, no further

remediation was performed and no additional final status surveys were required. Although a

piece of slag was identified during the inspection, it was immediately removed and disposed of

Although it is unknown if additional soil samples were collected at the location of the slag, it is

reasonable to assume that the slag was the source of the elevated measurement since the re-scan

of the area showed no elevated activity, and therefore, no additional sampling was necessary.
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5.0 SUMMARY

Decontamination of the affected area by soil removal at Dow's Bay City facility is an ongoing

process. Since the affected area is quite large it is more efficient for Dow to verify that residual

contamination criteria have been met in sections, and for the NRC to subsequently validate each

section. Thus area VA-III has been verified and the evaluated database from the final status

survey provided in the Appendix Remediation control surveys were performed to guide the

decontamination effort, and a final status survey conducted of VA-r during September, 1997.

Independent QA analysis of soil samples was performed. Results of the final status survey

demonstrate that the decontamination program successfilly reduced residual activity in VA-IE to

within the NRC limits for unrestricted use. As each subsequent VA is surveyed, a FSSR will be

submitted to NRC.
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Appendix A

Final Status Survey

Verification Measurements / Analyses

Table Al Background Soil Concentration - Bay City

Table A2 Background Exposure Rates - Bay City

Table A3i Final Verification Soil Concentrations - VA-El[

Table A4 Deleted

Table A5 Final Gamma Exposure Rates - VA-Ill

Table A6 Final Status Survey: Statistical Analysis

Table A7 Final Status Survey: Summary Statistics
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Table Al

BACKGROUND SOL CONCENTRATIONS
Bay C_

Sample 22Th Error MDA Th Error 24Th Error
Name (pCiG) (2a) (pCiIG) (pCiIG) (2cr) (pCiIG) (2a)
BCBKGO1 0.39 0.08 0.13 1.04 0.84 0.48 0.44
BCBKGO2 0.36 0.07 0.14 0.46 0.34 0.41 0.31
BCBKGO3 0.28 0.08 0.11 0.38 0.31 0.35 0.29
BCBKGO4 0.44 0.10 0.13 0.80 0.91 0.62 0.74
BCBKGO5 0.43 0.10 0.15 0.70 0.51 0.52 0.40
BCBKG06 0.51 0.18 0.13 0.68 0.47 0.48 0.35
BCBKGO7 0.38 0.19 0.13 2.30 3.69 0.77 1.38
BCBKGO8 0.16 0.08 0.11 0.37 0.48 0.12 0.20
BCBKGO9 0.13 0.07 0.10 0.21 0.25 0.09 0.12
BCBKG1O 0.26 0.09 0.13 0.38 0.39 0.23 0.26
BCBKGll 0.19 0.07 0.11 0.04 0.04 0.14 0.10
BCBKG12 0.18 0.08 0.14 0.18 0.14 0.11 0.09
BCBKG13 0.18 0.08 0.14 0.21 0.12 0.19 0.11
BCBKG15 0.23 0.07 0.11 0.12 0.15 0.32 0.31
BCBKG16 0.56 0.12 0.16 0.76 0.51 0.66 0.46
BCBKG17 0.41 0.10 0.16 0.30 0.47 0.30 0.47
BCBKG18 0.10 0.08 0.12 0.18 0.21 0.16 0.19
BCBKG19 0.12 0.06 0.10 0.15 0.14 0.06 0.07
BCBKG20 0.14 0.07 0.11 0.29 0.25 0.09 0.09
BCBKG21 0.19 0.07 0.15 0.23 0.17 0.13 0.11
BCBKG22 0.20 0.07 0.10 0.36 0.39 0.13 0.18
BCBKG23 0.15 0.06 0.11 0.24 0.24 0.30 0.29
BCBKG24 0.12 0.08 0.11 0.13 0.16 0.05 0.08
BCBKG25 0.22 0.07 0.08 0.93 0.89 0.72 0.70
BCBKG26 0.32 0.09 0.13 0.27 0.23 0.16 0.15
BCBKG27 0.56 0.20 0.20 0.93 0.69 0.90 0.67
BCBKG28 0.68 0.24 0.20 0.41 0.45 0.07 0.14
BCBKG29 0.43 0.19 0.21 0.65 1.22 0.43 0.89
BCBKG30 0.34 0.08 0.15 0.44 0.45 0.10 0.16

AVERAGE 0.30 0.49 0.31
St. Dkv. 0.16 _ 0.44 0.24
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Table A2

Background Exposure Rates - Bay City

Sample Value (VRhr)
BCBKG1 5
BCBKG2 7
BCBKG3 5
BCBKG4 6
BCBKG5 4
BCBKG6 4
BCBKG7 5
BCBKG8 5
BCBKG9 5

BCBKG1O 6
BCBKGll 5
BCBKG12 6
BCBKG13 5
BCBKG14 5
BCBKG15 7
BCBKG16 5
BCBKG17
BCBKG18 5
BCBKG19 5
BCBKG20 4
BCBKG21 4
BCBKG22 4
BCBKG23 4
BCBKG24 3
BCBKG25 3

AcRoss TEE RER
BCBKG26(1) 3
BCBKG27(2) 5
BCBKG28(3) 5
BCBKG29(4) 4
BCBKG30(5) 5

Number ofmeasurements: 30
Average: 5 iR/hr
Standard Deviation: 1.3 pR/hr (- 1.0 KR/hr)
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Table A3

FhW Verification Soil Concentations - VA-III
:30T - 2"'Th (Net) TAL

Sample :':T'h Error MDA EriFr-- ='Th Error -":Th (Net) 'Th (Net) TO
(20 fpcog) I tpcdg) Thonum

Name jpCwG) i2a) ffft PCJG I fr-4) O ) (PCdQ) 1.14 (pQ1G)
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O- --- F 0.94 -- TsT- .46 -- Tsir- Q.45 IA5

CS-Bil-2vZ-R -0.84 0.32 .47 O.T7
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st-A 2 0.33
'?.IA 1.06 '93

6-MbTI-�00 0.52 0.41 0.97 1.65 0.31

SC". IT-10 0-61 0-1i O.M - 0.33 0.31 0.10 79.= O�53

0.58 -rZ- 0.32 -- Cff- - 0.32
0.39 0.39 0.09 Tm- -0.13 -0.22 -0.24

ic-s--d-i -13� -I-, 0 22 0.14 0.24 0.03 oW 0.12 0.17 :0.46 7J.19 -- d-7T-
--Us 0.11 0-15- 0.11 0.13 OA I 0.12 0.09 :0.38 -- Z-.2F- -- O.49
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= -- 0-1 5-- 0.22
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at sZTZ:6-v-j -'- -- 'T28- 0.14 --- DTF- �1.41 -VW- -MU -0.02 0.07

Eii�S--CiT _Oj- 0.2 0.19 0.23 0.43 .1 -0. I
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Table A3

samole :-2Th Error I mDA 1 =DTh E-qw =Th Error �'-Th (Net) (Net) =-Th (Net) TOTAL
77-7� :CjGlj ;;Cdc) f2c) mug) of---GI (Pcjgj (oci-Q)

Name -P--jGl .1 r2c) f 7rMUM

lacs-L113-avi U.4b 0.21 1 MN 0.69 J.59 QAO 0.6a 1 0.21�4 0.49 O.d4

gt7g,-�j �-i aft + U.JO sit 025 O.ZU -0.0;3 0.

St:3-;:l3-qV%-rq 016 0.17 3= 0.00 Q.QU g.bb I ZU �3-12 .0.49 - 0.24

SCS-CJA.IVJ 0.21 0.13 .3.16 0.19 0.14 0.19 0.14 .09 -O.JU -0.

BCS-C'4-2,w#I 0.24 0.11 0.14 0.31 0.22 0.12 UD .0.06 -0.18 -0.19

atl-1-71--�:Zv -0.31 0.idl T1 I U.24 U.40 U.Zl 0.01 -0.01

BCST I I --?VI 0.6 0.71 -1 J.Z5 lau 0.68 -F -14 0.38 0.65 0.37 I -T.-41

Sta= 1 1-3v 1 0.47 T I 5- 0.1 7, I 0.3- 1 024 027 0.20 U.1 I -0.1b -Q-04-

Sts-0 I .-SVI 0.16 121 1 0.96 1 0.7Z 0.40 Y-I U.41 U.09-
SC S-U I T';Vt U.1 t 'j.za U.Z1 U-Jj 0.23 029 ZCU 1 -0-22 -0-08 -0.34

1�15-01 I-avi 3.25 0.67 3.47 0.70 0.49 U23 0.1a ID.39 0.80
3,17 0.2-f 0.20 -- a=

0.148 0.12 a Z12 -0.2Z -0.13 .4,-

5-012-10 0.37 0.21 j � = 7 0.32 0 U.01 'j.UZ -U.UT-
I 3 I 71. 7 T-0 U.25

0.12 3-1-T 0.11 U.ZI DI 6 U.9 -U. 14 -0.38 -0.15 -0.68

0.46 1. i-;,. 1.4Z --- I-M 1.12 0.34 1.24 I 1.02

Q.2J 0.18 .3.78 D.Z3 .3.19 0719 -0.07 -0.715 -0.11,

0.38 il I 6 121 -J.4b 0.25 0.42 0.23 08 I -.U.04 1 0.11

7�7012-SwjR (.47 o.14 0.16 1 0.38 0.52 0.47 0.61 0.11 I -0.11 0.16

0.40 075 TZ7 0.41 0.2e 0-33 023 -0.08 0.04

Q.Zj 0.45 -0.71 0.47 0.26 1 0.1 e U.40 U.82

s CZ-_ 0-1 In-IV -1 0.a .26 Q.= 071 0.81 0.49 1 IJ-4

F-t,3- �12- �i 0.28 O 1.1 1 -1:5 032 I 0.08 0.04 ZTOZ -U.41 -U.i:i -G.il

-.3. I I 1 0.21 0.23 1 0.19 021 0.13 -3.02 -0-13 -0.10 -0.28

0.16 a.Z4 I O.Z! 0.35 024 -0 Q.04 -0.03

fict--UTYIN-t OM 071-1 TZO 0--5 .1 MD -0.07 .0.14 --- To-
a C S --D I 3-V IR 0.25 0.15 J U.UU OM 0.25 -0.49

a C-44 70-1 T =VI J.Z7 0.84 1 0 35 0.14 U.33 0.20 0.69

la C.5-0 1 2-4v I U-bd Lf.20 j 46 i.ib U5 0.49 U-15 T� l 0.18 IM
0-20 176 I 0.813 Qbd 0.75 0.50 0.28 0.40 O."

0.14 16 025 1 0.18 1 0.1-7 0.1 Z 16 J -0.31
-013A -I.- Z03 .0.05 W'4111�

acs OVI 0.27 Q IS _O ! 0.34 1 0.21 0.26
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0.79 0 059 0.35 0.74

.15 .46 0.115 0.30 O.�

.11 0.50 0.14% -0.29 I 0.15 -0.03 0.01 .02 -0.03

.15 1.18- J.tz U.Zb 9.46 0-75 0.05 OM OAS 0.24
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Cr-'0T4---M---A Ti7 $3. 1 IL am U.71 azy- 0.15 -0,13 -0.22 6 I
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8MEl -IjV I la i .39 0.44
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butl-r I I -�jv I -RI U.-U 0. i o.7.3 0.211 0. �.- 4 0.2.4 O.','4- (.23 U.bl
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Table A3

Isamme =Th r MDA I =Th EfMr =T'h En1w I --'Th (Net) I :'-� (Net) fTh (Net) TOTAL

Narne i0cig) �201 "FCV .2wj (Pcjg) frcdw ThOnUrn
O.j.9 0.24 0 1 029 1.12 1.94 4.42 0.09 -0.10-

Dcl_ TT�Zvi 0.29 0.41 J,96 1.39- 0 015 0.5U 0.9, U.48 2.04-Ir-
-E12-7'v1 Z).93 0,30 0.37 1.76 !.5-5 -,.14 1.09 1.27 0.83 2.1-3

SmEl I .121 0.35 O.Z!5 1.41 0.64 M 1 0.46 0.82 0.92 0.96

'A 1 5,35 U.3b Uba I U..40 0. 0.35 TV- 0.98
5 C Q,- Z I T&Z, 0-1-3 070 I 0�48 0.25 .47 U.�14 0. -0.01 0.16

acs-E12-90 0.44 0.15' 0.18 o. 7.1 0.40 0.55 0.32 0.14 U.Z. 024 0.62
-I 0.75- 0.21 ij.Zb 0.61 0.9-1 0,57. 0.5-1 0.55 TON-

GCZZITIVI 0.58 his 0.25 i.d4 0.43 U.2d 1.35 0.50 2.12
1.16 U..Sb 0.4b 3.06 1.25 0.48 0.86 Z51 4.16

SCS-EIJ-41- to.39 0.18 U.Z4 O.Z1 0.38 0.44 0.;30 0.09 ON 0.13 0.31

Z 1 3--AV 1 -R 0. T, 0.25 0.29 1.310 J.80 0.66 0.47 -- U.77-
3-E13-4vI-R 0.5.3 0.70 0.16 1.45 0. VI U.9b U.= 0.29 0.0 0.64 -- ray-

ICTE-13-51 37 0.13 025 0.37 1.07 --- DM 0.00 0.01 :07- =1
ZMZV1 0.8-4 G.:5 0.42 0.92 0.4tS Ufu 0.38 3-52 0.43 1 0.39 1.34

HOZ13-771 _70.40 1 0.16 0.14 0.33 0.24 0.36 0.10 0.08 -0-07
0. 73 I 0.28 0.49 0.61 V.1j via 9.43 U.tO U.42

0.1.6 Q.5z 0.86 T69 um O.b2 0.13 0.37 0.31

jjUS_.:n 4- _1V I U.Ub 0.16 0.73 13.55 U. 7,9 U-bb 0.05
'3-E14-10- 0.15 0.20 0.00 0.00 0.00 0.00 TO -0-49 -0.211 -0.71

f-;-Tz-l 0,48 0,12 0.41 J.f4- 0.30 0.15 U.15 Z.M- -0.01 0.15
0.36uCS-E14-22vt O.'23 0.19 0.28 0.14 0.12 0.14 0.13

at �J-c 0.64 J.39 0.50 Q.jz I 0.11 .15 1 0.19
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Table M

Sjrrr.,,,e '32Th It Effor I MCA Eow =Th E= ::2Th (Net) r-� (Net) (Net) TOTAL
Name :VcJGI -.2c) it:"ct. 0=)j mcig) (2.) mcdol rcrl 4.0=1 4PCjgj (oCjg) Thonum
E 7LZ o.ja o.19 o. 14 0.61 0.64 G.M U-29 0.32 0.02 0.38

�_V I O.Z!O 0.1-, 0.14 0.85 0.59 Qm 0.00
U.�_7 1 U.16 0.19 0.32 0.210 0.51 0.29 U.Z-- -J. I i U.ZU 0.--5

1.30 1.18 Qf,5 0.66 0.25 0,61 Q�34 1.42

B -GI 1-8vi 0.29 U.1a U.'q 0.50 0.46 0.41 0:33 0.09 0.11 0.10 0.290.11 U.14 .22 -0at-:5 I I __dV I 0.24 0.11 0.16 0.27 0.7.8 -U.06 -0 -0.4
0.64 0.16 0.18 0.95 O.Zg-- 0.27 34 1.66 --- Z, �,

a Z.1 n"Nl 0.45 0. 0.14 1.50 i.20 -(.63 Ab I.Ul 0.442- 1 'M
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ZZ12-90 oil I MT- -- r I U IN 0.07 1-11 __Tj_9__ _14T_
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Iff.3-i �11 -3y 1-1 Q. 45 5.15 0.1 1.1-2 0.al 0.45 T_'r4_7 OAS I m U. 14 -157-

IM-TV-1- O7B 1.18 i 5. 1, 40 0.85 (.32 0.18 0.91 U. lb 1.�!4
z.52 -- D- Q.j7

t C t -_rT i if -T-1 U-1 _4 -.at 1.06 c):Sz- 0.36 0.08 1.32 0-23 TZ47-
-0.17 56 1.54 027 0.27 i 0.18 II i -0.06 40

-7 -3.;!4 I0.64 - LIAI

Z -N I �.jO U.16 0.14 "T 0.60 0.41 0.10 Lab U.;N
6A0 3.14 a= T'14 0 15 -1.10 -uub -U. 27 -0.19 -,D.49

?U:f:_Hf7:, -v1 -1.39 0.13 O.iz -,80 1.01 023 U. _-; 4 U. Lrd 1.31 0.02 1.41
-5.1� T12, 0.3T_ 0.27 U.04 U-id J U.Uj 0.85

Tz: 1 OM 0.1! I 0. Z 5 0,20 1 0_17 I O.�l 1 -3 Os I U.M I -j.04 1 -0.07
i--, ,

- |

- - - -- - -- - -- - __ - , - __ . - __ - - __ I - __ - __

1 0,_., -�. I- .1-4 %

i --, ---, I ;: ' , : L I
1j. 1 I '5 . ..1 U 30 I U _5t J ,U ).U I U.03

-, I e Q- __ J.Ul i , ro



.i, FInal Status Survey Report for VA-111
The Dow Cherrdcal Comparys Bay City. MI Facility

Table A3

Final Verification Soil Concentrations - VA-M
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Table A5

Final Ganma Exposure Rates - VA-Il

Incorrect Grid Corrected Grid Gross Exposure Net (1) Exposure
Identification Identification Rate (1 R!hr) | Rate (pR/hr)

Al1-2' 6 1

Al1-3* 6

A1 1-t6 1

A12-1* 6 1

A1-1 B511-2 9 4

A1 1-2 B11-3 9 4

Al1-4 B11-5 8 3

Al1-5 611-6 10 5

B1 1-8 7 2

e11-9 7 2

Al1-3 512-1 9 4

B12-4 8 3

B12-5 6 1

B12-7 .6 1

812-8' 6 1

B11-1 C11-2 11 6

811-2 C11-3 10 5

B11-4 Cl1-5 9 4

B11-5 . C11-6 10 5

811-7 C11-8 9 4

B11-8 C11-9 9 4

B11-3 C12-1 9 4

B12-1 C12-2 10 5

B12-2 C12-3 9 4 4

811-6 C12-4 10 5

812-4 C12-5 8 3

812-5 C12-6 7 2

811-9 C12-7 9 4
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Table A5

| Incorrect Grid Corrected Grid Gross Exposure Net (1) Exposure
Identification Identification Rate (pR/hr) Rate (;aR/hr)

B12-7 C12-8 9 4

C12-9' 7 2

B12-3 C13-1 9 4

C13-4* 7 2

C13-7* 8 3

C11-1 D11-2 10 5

C11-2 D11-3 10 5

C11-4 D11-5 10 5

C11-5 Df11-6 10 5

C11-7 D11-8 11 6

C11-8 011-9 9 4

C11-3 012-1 9 4

C12-1 D12-2 9 4

C12-2 012-3 10 5

C11-6 D12-4 9 4

C124 D12-5 9 4

C12-5 012-6 9 4

C11-9 D12-7 10 5

C12-7 012-8 10 5

C12-8 012-9 9 4

C12-3 D13-1 9 4

C13-1 013-2 9 4

C13-2 D13-3 8 3

C12-6 D13-4 9 4

C13-4 D13-5 8 3

C13-5 D13-6 8 3

C12-9 013-7 8 3

C13-7 D13-8 7 2

C13-3 D14-1 8 3

D11-1 E11-2 7 2

D11-2 E11-3 8 3

D11-4 El1-5 9 4

011-5 E11-6 9 4
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Table A5

Incorrect Grid Corrected Grid Gross Exposure Net (1) Exposure
Identification Identification Rate (;.Rthr) | Rate (3LR/hr)

D11-7 E11-8 .

D11-8 E11-9 9

D11-3 E12-1 7 2

D12-1 E12-2 | 8 3

D12-2 E12-3 6 1

DI 1-6 E12-4 8 3

D12-4 E12-5 8 3

D12-5 E12-6 8 3

O11-9 E12-7 8 3

D12-7 E12-8 9 4

D12-8 E12-9 8 3

012-3 E13-1 7 2

D13-1 E13-2 8 3

013-2 E13-3 9 4

012-6 E13-4 8 3

D13-4 E13-5 9 4

013-5 E13-6 9 4

012-9 E13-7 1 3

D13-7 E13-8 8 3

D13-8 E13-9 a 3

013-3 E14-1 8 3

014-1 E14-2 9 4

013-6 E14-4 a 3

D14-4 E14-5 7 2

013-9 E14-7 8 3

014-7 E14-8 8 3

Eli-i F11-2 j 7 2

E11-2 F11-3 6 1

EI1-4 F11-5 7 2

211-5 F11-6 | 6 1

E11-7 F11-8 2

E11-8 Fl1-9 6

E11-3 F12-1 6 I
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Table A5

Incorrect Grid Corrected Grid Gross Exposure Net (i) Exposure
Identification Identification Rate (LR/hr) | Rate (lR/hr)

E12-1 F12-2 6 1

E12-2 F12-3 7 2

E11-6 F12-4 6 1

E12-4 F12-5 7 2

E12-5 F12-6 6 1

E11-9 F12-7 8 3

E12-7 F12-8 7 2

E12-8 F12-9 7 2

E12-3 F13-1 7 2

E13-1 F13-2 8 3

E13-2 F13-3 7 2

E12-6 F13-4 5 a

E13-4 F13-5 5 0

E13-5 F13-6 7 2

E12-9 F13-7 6 1

E13-7 F13-8 6 1

E13-8 F13-9 8 3

E13-3 F14-1 7 2

E14-1 F14-2 6 1

E13-6 F14-4 3 _

E14-4 F14-5 7 2

E13-9 F14-7 8 3

E14-7 F14-8 8 3

F11-i G1-2 7 2

F11-2 G11-3 7 2

Ftl1-4 G11-5 7 2

F11-5 G11-6 7 2

F11-7 G11-8 8 3

F11-8 G11-9 7 2

F11-3 G12-1 6 1

F12-1 1 G12-2 6 1

F12-2 G12-3 7 2

F11-6 ] G12-4 7 2
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Table AS

|Incorrect Grid ]-Corrected Grid Gross Exposure Net (1) Exposure
Identification Identification Rate (gR/hr) Rate (gR/hr)

F12-4 G12-5 7 | 2

F12-5 G12-6 1 6 1

F11-9 G12-7 6 1

F12-7 | G12-8 6 1

F12-8 G12-9 6 1

F12-3 G13-1 6 1

F13-1 G13-2 7 2

F13-2 G13-3 6 1

F12-6 G13-4 6 I

F13-4 G13-5 6 1

F13-5 G13-6 6 1

F12-9 G13-7 6 1

F13-7 G13-8 7 2

F13-8 G13-9 a 3

F13-3 G14-1 6 1

F14-1 | G14-2 T | 5
F1 4-2 | G14-3 _ _

F13-6 G14-4 6 1

G14-5 j 5 0

G14-6 6 1

P13-9 G14-7 7 2

F14-7 G14-8 6 1

Gi 1-1 H11-2 8 3

G1-2 H11-3 7 2

GI1-4 Hl1-5 8 3

G11-5 H11-6 8 3

G11-7 H11-8 7 2

G11-8 H11-9 7 2

Gi 1-3 H12-1 7 2

G12-1 H12-2 j 7 2

G12-2 H12-3 6 1

G1I1-6 H12-4 8 3

G12-4 H12-5 6 1
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Table AS

Incorrect Grid 1Corrected Grid Gross Exposure Net (1) Exposure

Identiflcation |_Identification | Rate (LR/hr) Rate (pRlhr)

G12-5 H12-6 5 0

G11-9 H12-7 6 1

G12-7 H12-8 6 1

G12-8 H12-9 7 | 2

G12-3 H13-1 5 1 0

Gt3-1 H13-2 6 | 1

G13-2 H1 3-3 5 0

G12-6 H13-4 5 0

G134 H13-5 5 1 0

G13-5 H13-6 6 1

G12-9 H13-7 5 O

G13-7 H13-8 5 0

G13-8 H13-9 6 1

G13-3 H14-1 5 0

G14-1 H14-2 5 0

G13-6 H14-4 5 0

G14-4 H1I4-5 4 -1

G13-9 H14-7 6 1

G14-7 H14-8 4 -1

G14-8 H14-9 See note (2)

H11-2 111-3 4 -1

H11-4 111-5 5 0

H11-5 111-6 5 0

H1i1-7 111-8 6 1

H11-8 111-9 7 2

H11-3 112-1 4 -1

H12-1 112-2 4 -1

H12-2 112-3 4 -1

H11-6 112-4 4 1 -1

H12-4 112-5 4 -1

H12-5 112-6 4 -1

H11-9 112-7 6 1

H12-7 112-8 5 0
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Table AS

Final Gamma Exposum Rates - VA-ILI

Incorrect Grid Corrected GridI Gross Exposure Net (1) Exposure
Identification Identification Rate (gRfhr) Rate (gR/hr)

H12-8 112-9 5 0

H12-3 113-1 3 -2

H13-1 113-2 3 -2

H12-6 113-4 4 -1

H13-4 113-5 3 -2

H12-9 113-7 5 0

H13-7 113-8 4 -1

H13-8 113-9 5 0

H13-9 114-7 5 0

H14-7 114-8 4 -1

111-9 J12-7 4 -1

112-7 J12-8 4 -1

112-8 J12-9 4 -1

112-9 J13-7 4 .1

AVERAGE

ST. DEVIATION

1.96 W/hr (-2)

1.74g1R/hr (-1.8)

Notes

1. Net Exposure = Gross Exposure - Background Exposure (5uR/hr)

2. Denotes a submerged grid

3. (*) Denotes additional grids due to corrections
.. _1 _ - . _ .... _ - .._.... .. . . _.. .. .._
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Table A6

Final Status Survey: Statistical Analysis

The following statistical relations were used to assess the database for the Bay City survey unit:

Survey Data Average (x):

_ ax

n a,

Standard Deviation (S,):

n-1

Determination of Number of Background data points (n 3):

It95.SV-45O.
nB =

0. 2 91B

Comparison of statistical mean (11a) with guideline values:

Ada = x+ti -a,4f-

Identifying additional measurement/sampling needs:

Estimating Factor = CG-
SX

(Tables B-2 in NUREG/CR-5849)

Note: See chapter 8.0 of NUREG/CR-5849 for detailed discussion of above-listed statistical

Where:

Xi = measurement (analysis) at point i
n = number of measurements (analyses)
t- a, df= 95% confidence level from Table B-1 of Appendix B of NUREG/CR-5849
Cc = Guideline Value
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Table A7

Final Status Survey: Summary Statistics

_ _ _ _ _ _ _ _ _ ~R a te -__ _ _ _I_

Secfion n x (It h) XSx (.gR& a (pR&h) C.v (t&) Estimating No. Verification
____ I_____ _______t J Factor Samples Needed

VA-III 207 2.0 1.8 2.2 _ 5.0 1.7 _9

____v__L Th-232 Soil Concentmatcas X _________

Section n X (pCi/g) Sx (pCi/g) pa Co (pCi/g) Estimating No. Verification
I _ I __ Factor Samples Needed

VA-r 265 0.17 0.26 0.20 3.2 11.7 <9
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The Dow Chemical Company's Bay City, Ml Facility

1.0 BACKGROUND INFORMATION

The radioactive material at the Dow Chemical Company's Bay City site consisted primarily of

foundry slag containing Thonum. This material, and similar material originally stored at Dow's

Midland site, was produced in the period from 1940 to 1970 as the residual from the production

of a magnesium-thorium alloy. This lightweight alloy was used for defense purposes, including

aircraft engines and aeronautical structural components.

A single'license (STB-527) was originally granted by the NRC in 1973 fbr the Bay City and

Midland sites to store up to 200,000 pounds of thorium slag. The license expired in 1978, but has

remained in effect under timely renewal.

The Midland site was decontaminated with the material removed and transported to Bay City for

consolidation with the Bay City material and subsequent transport to the Envirocare fiwility in

Clive, Utah. A final survey was conducted at the Midland site by Dow with the results

documented in a Final Status Survey Report of March, 1997, showing that the residual

contamination criteria had been met. The NRC subsequently conducted an independent survey of

the Midland site and verified that the residual contamination criteria had been met.

The material transported from the Midland site to the Bay City site originally consisted of

magnesium with up to two percent thorium. Portions of this process slag were mied with soil or

limited amounts of construction debris. As a result of this mixing, the thorium concentrations, as

determined by Dow characterization soil sampling, varied from 2-7000 pCilg at the Bay City

Site (with an average concentration of 188 pCi/g) . A total activity of 9.7 Ci of Th-232 was

originally distributed throughout approximately 52,000 cubic yards of soil, slag, and construction

debris.

Initial remedial action support surveys, peribrmed in 1996, identified wide spread areas of

elevated contamination. The gamma scan surveys were conducted using a sodium iodide

detector. Readings were generally higher the closer the proximity to the original thorium pile but

several hot spots in the 300,000 to 600,000 cpm range were identified. Construction debris, such

as drums, were removed from these areas along with the contaminated soil.

I
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Decontamination of the Bay City site is ongoing. In accordance with NRC and Dow discussions,

as confirmed in Dow's letter of June 12, 1997, verification that residual contamination criteria

have been achieved on this large site is being performed in sections. This Final Status Survey

Report (FSR) provides the descriptive text on the site and the parameters of the survey program

and includes the analyzed verification data for Verification Area (VA) IV. As the database is

acquired for subsequent VAs addendums to the Final Survey Report will be submitted to the

NRC containing the analyzed database.

Supporting information on the Bay City site and decommissioning project is presented in the

October, 1993 Decommissioning Work Plan, the December, 1995 Supplement to the

Decowmmssioning Work Plan, and the March, 1996 Response to Comments.

This document is a revision to the original Final Status Survey Report for VA-IV dated

September 21, 1998.

On September 29* through October 1I of 1997, after the original report submittal, the NRC

Region HI conducted an inspection of the VA-IV portion of the Dow Bay City facility. The

primary purpose of the inspection was to conduct an independent confirmatory survey of VA-IV.

This revision to the original report is provided to include the findings of the NRC confirmatory

surveys documented in NRC Report No. 040-00017/98001 (DNMS) dated October 20, 1998.

Additionally, this revision to the original report is provided to address deficiencies identified by

NRC staff in a letter to Dow dated August 16, 2002 (Review of Final Status Survey Reports for

the Previously Remediated Areas VA-I through VA-VI, Dow Chemical Company's Bay City,

MI, SDMP Site (TAC# L60463)).
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2.0 SITE INFORMATION

2.1 SITE DESCRIPTION

The Bay City thoriated material storage site is on a Dow facility near the Town of Bay City,

Michigan about one-mile south of Saginaw Bay. The Bay City site (pile) is shown on Figure 2-1

in relation to adjacent land features and other facilities.

The thorted material site is located adjacent to and north of an inlet canal, which enters the

Saginaw River to the east. The Saginaw River is located to the north and east of the material.

Access to the Dow manufcturin facility is restricted to authorized personnel The storage site

within the facility is posted as a radiation control area and delineated with a fence.

The area surrounding the material is relatively level, with some marshy areas and ponds. Any

sediments containing elevated levels of thorium are being excavated as part of the

decontamination program

The affected area of the Bay City storage site was initially based on knowledge of the operating

history, and subsequently on radiological characterization surveys. While areas immediately

surrounding the Bay City storage area were included in the affected area, some further outward

adjustment of the affected area boundary was required during site remediation to encompass

surface and subsurface contamination uncovered during remedial operations.
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Figure 2-1

Bay City Thorimn Disposal Site

4
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2.2 SITE CONDITIONS AT TIME OF FINAL SURVEY

The decommissioning activities at the Bay City site involve excavation of the contaminated soil,

loading on to trucks, onsite transportation of the material to the stockpile at the railhead, loading

on to the rail cars, and transport of the material to the Envirocare burial site in Clive, Utah. Soil

removal is to varying depths continuing until sample analysis showed residual concentrations to

be within NRC defined limits. Final verification samples were taken in the VA and analyzed on

site through gamma spectroscopy. When the gamma spectral analysis results showed the Th-232

levels to be less than the guideline value, a conversion ffictor was applied to the Th-232

concentration to obtain the Th-230 and Th-228 concentrations. After the net total thorium

concentration was determined, five percent of all final verification soil samples were sent to Dow

Chemical's radioanalytical laboratory, Freeport, Texas, where the samples were monitored by

the Dow Quality Assurance coordinator.

2.3 IDENTITY OF POTENTIAL CONTAMINANTS AND RELEASE GUIDELINES

Based on the knowledge of the process that generated the slag material, and the results of the

characterization survey, the significant radiological contaminants were determined to be Th-232,

Th-230, and Th-228. The above background residual soil concentration measurements used as a

basis for the final verification for all the verification samples analyzed to date at Bay City

provided the average soil activity ratios at Bay City of approximately:

Th-232 - 22%

Th-230 - 60%

Th-228 - 18%

Using the approach described in Section 3.1 ("Release Criteria") of the December, 1995

Supplement to the Decommissioning Work Plan and response No. 8 of the Response to

Comments (on the Work Plan) of March, 1996, in conjunction with the methodology in

Appendix A of NUREG/CR 5849 gives a residual soil gross activity guideline of 14.5 pCi/g total

5
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thorium. The site-specific guideline levels for each of the contributory radionuclides is thus 3.2

pCi/g for Th-232, 2.6 pCi/g for Th-228, and 8.7 pCifg for Th-230.

The gross activity guideline is determined as follows:

Gross Activity Guideline I = 14.5 pCi/g

0.22 +0.18 +0.60
10 21

where Th-232, Th-230, and Tlh-228 are present in net activity ratios of 0.22, 0.60, and 0.18

respectively in the residual soil. The guideline concentrations for Th-232 plus Th-228 are 10

pCi/g and 21 pCi/g for Th-230 (see March, 1996 Response to Comments).

3.0 FINAL STATUS SURVEY OVERVIEW

3.1 SURVEY OBJECTIVES

The purpose of the final status survey was to demonstrate that the residual radiological

concentrations in the soil at the Bay City thorium storage site satisfy the NRC guidelines (see 2.3

above) and that the storage site can, therefore, be released for future use without radiological

controls. Specifically, the final status survey soil database should show that:

* Average residual radionuclide concentrations are at or below the soil guideline values

defined in Section 2.3. Averaging is based on a 100 m2 (lOm. x lOm) grid area. Note an

actual grid size of 33.3 ft. x 33.3 ft. was used for convenience in measuring rather than

lOrn x 10ml (32.8 ft. x 32.8 ft.).

* Reasonable efforts have been made to identify, evaluate, and remove, if necessary, areas

of residual activity exceeding the guideline values. Areas of residual activity exceeding

the gudeline value (elevated areas) may be acceptable provided they do not exceed the

guideline value by greater than a factor of (100/A)1', where A is the area of residual

6
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activity in m2, and provided the activity level at any location does not exceed three times

the guideline values.

In addition, exposure rates should not exceed 5 pRh above background at 1 m above the soil

surface. Exposure rates may be averaged over a 100 m2 grid area. Maximum exposure rates over

any discrete area may not exceed 10 iRnh above background.

A 95% minimum level of confidence that the above conditions have been met was to be

demonstrated. The entire Section IV of the Bay City storage area (affected area) is treated as a

single survey unit, and the 95% level of confidence was applied to the entire survey unit.

3.2 ORGANIZATION AND RESPONSIBILITIES

The final status survey was conducted by the same qualified Dow and subcontractor personnel

who had conducted the characterization survey, and remediation control survey. The Project

Organization is shown in Figure 3-1.

The sampling and analysis methods to be used during the remediation control survey was

designed to achieve the sampling sensitivity and elevated activity guidelines defined in

NUREG/CR-5849 relative to the site specific residual contamination criteria. The approach

consisted of first performing a gamma scan survey of the remediated area to determine if any

localized areas of elevated activity remained. Elevated areas of activity identified by the scan

survey were remediated. If no areas of elevated activity were identified, composite soil samples

were then collected and analyzed in the field laboratory using a Nal crystal coupled to the MCA

to provide rapid turnaround on the Th-232 levels. If the Th-232 level exceeded the guideline

value, further remediation was performed. The soil sample results of the analysis of the final

samples collected, that demonstrated that the administrative cleanup level had been achieved,

were then used as input into the final status survey.

7
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Figure 3-1

Project Organization for Remediation of the Midland and Bay City Storage Sites

Mr. Ben Baker
The Dow Chemical Co.

Program Manager

Mr. Bob Reiss Mr. Jerry Sgro
Owner Representative - Field Services

Manager

Ms. Maria Sandow
Health & Safety _

Officer

Mr. David Hunter Mr. Al Sandow
] Radiation Safety Officer Field Superintendent

(RSO)

Ms. Charlene Loar Field Technicians Equipment Operators
Assistant RSO

Environmental Operational
Monitoring Health Physics

3.3 INSTRUMENTATION

Table 3-1 lists the field radiological monitoring ins n used on the project inclusive of

the specific use of each instrumentation and detection sensitivities. Each instrument was initially

calibrated to NIST-traceable standards prior to use on th6 project, and then checked for radiation

response and efficiency prior to daily use.
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Table 3-1

Field Radiological Monitoring Instrmentation

instrument Measures Detector Effciency* LWIM/DA

Ludlum Model 43-5 w/ Ludlum Model 12 Alpha Surface 15% 22 dpm

Ludlum Model 43-90 w/ LudIlum Model 2221 Alpha Surface 22%h 12 dpm

Ludlum Model 44-9 w/ Ludlum Model 12 Alpha, Beta, Gamma 12% alpha

15% beta

1% gamma

Ldlum Model 43-10 w/ Ludlum 1000 Alpha (air filters, smears) 43%/ 0.04 dpm

Ludhum Model 19 Exposure Rate I microRlh

F0 - - 0: 0 ; L 0 ;00Mr Particulate

Eberline RAS-1 Air Pump Flow Rate - 40-100 Ipm

MSA Escort Lapel Sampler Flow Rate -2-3 Ipm

General Metal Wors-2000 High Vol Sampler Flow Rate - 30-60 cfin

. -:Test/Calibration Equipment-

Ludlum Model 500 Pulser NIST Traceable

AFC485L Air Flow Calibrator NIST Traceable

GMW-Calibrator Orifice for High Vol Sampler NIST Traceable

MSA Optiflow 660 Air Flow Calibrator NIST Traceable

Fid laoratory Equipment,

Canberra Gamma Spectrometer Soil Th-232 Concentration 0.8 pCi/g

* Detector efficiencies are approximate and appropriate for Th-230, To-99, and Co*0

3.4 SURVEY PROCEDURES

Survey planning and procedures are consistent with the methods described in the

Decommissioning Plan The soil survey procedures are summarized in this section and can be

found in greater detail in Appendices 1-2 and D-3 of the March, 1996 Response to Comments.
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3.4.1 Area Classification

The Bay City storage site was divided into affected and unaffected areas to establish the

sampling pattern and frequency. The basis for the affected and unaffected classification, as

applied to the Bay City site are:

* Affected Area - As shown in Figure 3-2, the thoriun material storage area and region

inmiedately surrounding the storage area was defined as the afflected area based on both

historical records and prior characterization surveys. This location had known thorium

contamination in the soil that had been placed there via backfill operations and storage.

* Unaffected Area - The region surrounding the affected area (see Figure 3-2) was treated

as unaffected since it did not contain residual radioactivity.

10
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Figure 3-2
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3.4.2 Reference Grid

A grid was established over the affected area upon completion of material excavation for the

purpose of referencing locations of samples and measurements (see Figure 3-2). These full grids

were 30m x 30m (900 m2) in size. Each full grid was then divided into nine lOm x lOm sub-grids

or "Decontaminated Grid Blocks" (100 m2 each). Each decontaminated grid block was marked

into 2.5m increments to establish the nine individual soil sample locations taken to obtain one

composite sample per sub-grid. Figure 3-3 depicts the breakdown of the reference grid system.

As previously noted, the entire Section IV (affected area) constituted the survey unit.
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Figure 3-3

Reference Grid System

3 6 9 1DOm

2 5 8 1D0m
i

1 4 11nm

4 30m i

E Full Grid - 30m x 30 m (900 ml

D Decontamination Gdd Block - I On x 1 Om (I00 ml

3.4.3 Surifce Scans

One hundred percent of the soil surface was iitially scanned to identify locations of elevated

activity. The gamma scans were conducted in accordance with procedure SOP 1.5, Measurement

of Gamma-Ray Fields using a Sodium Iodide (Nal) Detector. As soil was removed, additional

gamma scans were conducted to identify remaining locations of contaminated soil. After

completion of contaminated soil removal, a final scan was performed of the soil surface prior to

obtaining final verification soil samples.
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3.4.4 Soil sampling

Final survey soil samples consisted of one composite sample obtained from nine individual

samples (approximately 1 kg each) from each sub-grid (see Figure 3-4). The samples were

collected after gamma levels were measured to preliminarily determine that all contaminated soil

had been removed. Each of the nine locations where the individual samples were collected was

scanned prior to soil sampling to validate that elevated levels did not exist (>3 times

background). These final verification soil samples were analyzed on site through gamma

spectroscopy. When the analytical results for Th-232 were less than the guideline value, a

conversion factor was applied to the Th-232 concentration to obtain the Th-230 and Th-228

concentrations. After the net total thorium concentration was determined, five percent of all final

verification soil samples were sent to Dow Chemical's radioanalytical laboratory in Freeport,

Texas for duplicate QA analyses. Soil sample collection was performed in accordance with

procedure SOP 1.8, Guide to the Handling, Packaging and Shipping of Samples, and SOP 1.9,

Sample Control and Documentation.

3.4.5 Exposure Rate Measurements

Gamma exposure rates were measured in the affected area at 1 meter above the soil surface at

nine locations within each sub-grid (see Figure 3.4). This methodology differs from that

performed for VAs I - m where a single exposure rate measrmt was obtained in the center

of the sub-grid This revised methodology is conservative in that 8 additional measu s are

obtained in each sub-grid. Exposure rate masurements were obtained using a Ludlum Model 19

MicroR meter.
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Figure 34

Sampling Pattern for Composite Preparation Within Decontaminated Grid Block
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3.5 BACKGROUND LEVEL DETERMINATION

Background soil samples were collected from 30 locations in the unaffected area (Figure 3-5),

and 29 samples analyzed for Th-230, Th-232, and Th-228 concentrations in the Freeport

Laboratory (sample no. 14 was lost in transit). Sample numbers 1-25 were collected from

locations on Dow property that were not impacted by site operations. Sample numbers 26-30

were collected from locations east of the Dow property, across the Saginaw River. Background

exposure rates were measured at the same locations as the soil samples. Statistical procedures

described in NUREG/CR-5849 (see Table A6) were used to assure that the average thorium

concentrations determined were representative of true average background levels.

14
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Figure 3-5

Background Sample Locations

3.6 SAMPLE ANALYSIS

Final survey soil samples were analyzed for Th-232 in the field laboratory using the Nal detector

coupled to the MCA. Soil samples were analyzed in accordance with Procedure for Counting

Soil Samples for EOP Characterization". Th-228 and Th-230 concentrations were determined by
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multiplying the Th-232 result by 0.94 and 1.63, respectively. Five percent of the FSS samples

were analyzed for Th-232, Th-230, and Th-228 using gamma and alpha spectroscopy in the

Freeport Laboratory to satisfy QA requirements. The onsite analytical methods were determined

to be acceptable by NRC as documented in Inspection Report 040-00017/98001.

3.7 DATA INTERPRETATION

Soil sample locations and survey results for fixed measurements were recorded on data sheets.

The data conversion and statistical analysis techniques in NUREG/CR-5849 (Chapter 8.0) were

used to convert the reported data into a form that permitted a direct comparison with residual

contamination guidelines and thus assess if remediation goals were met. The statistical

relationships are shown with the analyzed data in Appendix A (Tables A6, A7). Soil

concentrations were converted into units of pCi/g and exposure rates to pR/h. The reported

affected area data in Appendix A has been adjusted by subtracting the natural background levels.

Additional soil removal was performed when the remediation control survey measurements

showed that residual contamination guidelines were not being met.

3.8 RECORDS

All soil samples, original survey data records, and log-books have been archived at the Dow Bay

City fhility and will be held until after license termnation.

4.0 SURVEY FINDINGS AND RESULTS

Appendix A contains the radiological database collected during the final status survey for VA-IV

(as defined in Figure 4-1) that provides the basis for verifying that the residual contamination

objectives have been achieved for this area at the Bay City thorium site. Summary Tables, data

interpretations and statistical comparisons with residual contamination guidelines in VA-IV are

included in Appendix A.
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Figur 4-1

Grid Locations for VA-IV
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4.1 BACKGROUND LEVELS

Background soil concentrations (Table Al) averaged 0.30 pCi/g for Th-232, 0.49 pCi/g for Th-

230, and 0.31 pCi/g for Th-228. Background exterior exposure rates averaged 5 ,uR/h (Table

A2). Both the number of data points collected to obtain the average background soil
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concentrations and exposure rates are more than sufficient to meet the test for demonstrating that

the measured average background is within + 20% of the true average at the 95% confidence

level.

4.2 GROUND SURVEYS

4.2.1 Scans

Surface scans were used during the remediation control survey to identify locations of elevated

gamma radiation to guide the excavation of the material and locate remaining hot spots. There

were no discreet areas of elevated activity identified during the verification scan survey. Areas

covered by water were not scanned, however, sediment samples were obtained.

4.2.2 Thorim Concentrations in Soil

The results of the analyses of the verification soil samples from VA-IV are provided in Table

A3, and related to the grid locations shown in Figure 4-1. QA soil analyses, performed by Dow's

Freeport Laboratory on splits of 5 percent of the FSS samples, are also shown in Table A3. Three

of the verification samples and two of the QA samples contained total thorium concentrations in

excess of the soil residual activity guideline (see Section 2.3). Analysis of the mean

concentration of Th-232 shows that the concentration meets the guideline value at the 95%

confidence level (Table A6, A7). The number of samples collected (170 in VA-N) is much

greater than the number (<9) statistically required to demonstrate that the concentrations satisfies

the guideline value at the 95% confidence level (Table A6, A7).

Table A3 shows the final verification soil concentrations in 3 of the sub-grids exceed the total net

thorium guideline value of 14.5 pCi/g (BCS-K4-9vl was 15.54 pCi/g, BCS-K5-7vl was 19.15

pCi/g and BCS-K5-8vl was 15.45 pCi/g). The QA samples with concentrations in excess of the

guideline value were split samples taken from BCS-K4-9vl and BCS-K5-7vl. These sub-grids

(K4 and K5) were removed from the VA-IV survey unit to be remediated and re-surveyed at, a
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later date. These sub-grids were subsequently remediated and re-surveyed as part of the VA-VI

survey unit (see Final Status Survey Report for VA-VI, June of 1999).

Discounting the 3 soil samples which exceeded the guideline value and were removed from this

survey unit, the maximum total residual thorium concentrations (above background) as measured

in sample BCS-J2-3v1 was 6.93 pCi/g which is less than the residual guideline of 14.5 pCi/g.

The 3 sub-grids which exceeded the guideline value had soil concentrations based on composite

sampling over a 100 n2 area and therefore, hot spot averaging techniques could not be applied.

Since none of the other verification soil sample concentrations in VA-IV exceeded the guideline

value (no hot spots) it was not necessary to apply averaging techniques in any of the grids.

All of the verification soil samples in VA-IV (with the exception of sub-grids K4 and KS) meet

the criteria that the sun of the ratios of the concentration of each radionuclide to its respective

guideline must not exceed 1 (Appendix A of NUREG/CR-5849).

4.2.3 Exposure Rates

Exposure rate measurements of the remediated VA-IN areas (Figure 4-1) and for each grid block

are provided in Table AS. All individual values are within the guideline levels of 5 pR/h above

background. Analysis of the statistical mean also shows that the exposure rates m VA-NV meet

the guideline at the 95% confidence level (Table A6, A7). The number of measurements (133) is

fir in excess of the number required (<9) to demonstrate that the exposure rate satisfies the

guideline value at the 95% confidence level (Table A6, A7).

4.2.4 NRC Confirmatory Surveys

The NRC performed an inspection of VA-IV on October 1st of 1998. This inspection included

the performance of a confirmatory survey. Approximately 80% of VA-IV was scamed using a

sodium iodide detector. There were 18 individual locations with activity levels above three time

background as identified through Nal scans. These locations were remediated to activity levels
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below three times background during the inspection. Dow personnel collected 20 soil samples,

per NRC staff direction, at the 18 individual locations after remediation. The soil samples were

analyzed for Th-232 at the Bay City field laboratory, under inspector observation, following

QAIQC and calibration checks of the counting systems. When analyzed, no activity above

release guidelines was found in any of the samples. Exposure rate measurements were also

conducted with all readings in the acceptable ranges.

Additionally, scan surveys in grids J5 and J6, which were under water up to 8 feet deep,

indicated some activity levels well above three times background. At the time, the licensee

proposed to remediate further in grids J5 and J6, and immediately surrounding areas, and

resubmit the final survey results. Since the confirmatory survey, grids J5 and 36, as well as grids

K4 and KS mentioned previously, were dewatered and/or remediated, and have all subsequently

been re-surveyed as part of VA-VI.

5.0 SUMMARY

Decontamination of the affected area by soil removal at Dow's Bay City facility is an ongoing

process. Since the affected area is quite large it is more efficient for Dow to verify that residual

contamination criteria have been met in sections, and for the NRC to subsequently validate each

section. Thus area VA-IV has been verified and the evaluated database from the final status

survey provided in the Appendix. Remediation control surveys were performed to guide the

decontamination effort, and a final status survey conducted of VA-IV during September, 1998.

Independent QA analysis of soil samples was performed. Results of the final status survey

demonstrate that the decontamiation program successfilly reduced residual activity in VA-IV

to within the NRC limits for unrestricted use (with the exception of grids J5, J6, K4 and K5). As

each subsequent VA is surveyed, a FSSR will be submitted to NRC.
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Appendix A

Final Status Survey

Verification Measurements I Analyses

Table Al Background Soil Concentration - Bay City

Table A2 Background Exposure Rates - Bay City

Table A3 Final Verification Soil Concentrations - VA-IV

Table A4 Deleted

Table A5 Final Gamma Exposure Rates - VA-IV

Table A6 Final Status Survey: Statistical Analysis

Table A7 Final Status Survey Summary Statistics

22



Final Status Survey Report for VA-IV
The Dow Chemical Company's Bay City, Ml Facility

Table Al

BACKGROUND SOIL CONCENTRATIONS

_ 2Bay C y
Sample | FTh Error MDA 2JTh Error |LTh En-or
Name (pCiIG) (2a) (pCiIG) (pCiIG) (c) (pCi/G) (2-6)
BCBKGO1 0.39 0.08 0.13 1.04 0.84 0.48 0.44
BCBKGO2 0.36 0.07 0.14 0.46 0.34 0.41 0.31
BCBKGO3 0.28 0.08 0.11 0.38 0.31 0.35 0.29
BCBKGO4 0.44 0.10 0.13 0.80 0.91 0.62 0.74
BCBKGO5 0.43 0.10 0.15 0.70 0.51 0.52 0.40
BCBKGO6 0.51 0.18 0.13 0.68 0.47 0.48 0.35
BCBKGO7 0.38 0.19 0.13 2.30 3.69 0.77 1.38
BCBKGO8 0.16 0.08 0.11 0.37 0.48 0.12 0.20
BCBKGO9 0.13 0.07 0.10 0.21 0.25 0.09 0.12
BCBKG1O 0.26 0.09 0.13 0.38X 0.39 0.23 0.26
BCBKGII 0.19 0.07 0.11 0.04 0.04 0.14 0.10
BCBKG12 0.18 0.08 0.14 0.18 0.14 0.11 0.09
BCBKG13 0.18 0.08 0.14 0.21 0.12 0.19 0.11
BCBKG15 0.23 0.07 0.11 0.12 0.15 0.32 0.31
BCBKG16 0.56 0.12 0.16 0.76 0.51 0.66 0.46
BCBKG17 0.41 0.10 0.16 0.30 0.47 0.30 0.47
BCBKG18 0.10 0.08 0.12 0.18 0.21 0.16 0.19
BCBKG19 0.12 0.06 0.10 0.15 0.14 0.06 0.07
BCBKG20 0.14 0.07 0.11 0.29 0.25 0.09 0.09
BCBKG21 0.19 0.07 0.15 0.23 0.17 0.13 0.11
BCBKG22 0.20 0.07 0.10 0.36 0.39 0.13 0.18
BCBKG23 0.15 0.06 0.11 0.24 0.24 0.30 0.29
BCBKG24 0.12 0.08 0.11 0.13 0.16 0.05 0.08
BCBKG25 0.22 0.07 0.08 0.93 0.89 0.72 0.70
BCBKG26 0.32 0.09 0.13 0.27 0.23 0.16 0.15
BCBKG27 0.56 0.20 0.20 0.93 0.69 0.90 0.67
BCBKG28 0.68 0.24 0.20 0.41 0.45 0.07 0.14
BCBKG29 0.43 0.19 0.21 0.65 1.22 0.43 0.89
BCBKG30 0.34 0.08 0.15 0.44 0.45 0.10 0.16

AVERAGE 0.30 0.49 0.31
St. Dkv. 0.16 _ 0.44 __ _ 0.24
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Table A2

Background Exposure Rates - Bay City

Sample Value (Rr)
BCBKG1 5
BCBKG2 7
BCBKG3
BCBKG4 6
BCBKG5 4
BCBKG6 4
BCBKG7 5
BCBKG. 5
BCBKG9 5

BCBKGlO 6
BCBKGII 5
BCBKG12 6
BCBKG13 5
BCBKG14 5
BCBKGl5 7
BCBKG16 5
BCBKG17 4
BCBKGl8 5
BCBKG19 5
BCBKG20 4
BCBKG21 4
BCBKG22 4
BCBKG23 4
BCBKG24 3
BCBKG25 3

AcRossTHERIVER
BCBKG26(l) 3
BCBKG27(2) 5
BCBKG28(3) 5
BCBKG29(4) 4
BCBKG30(5) 5

Number oftmeasurements: 30
Average: 5 iR/br
Standard Deviation: 1.3 pR/br (_ 1.0 PiAR)
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Final Status Survey Report for VA-IV
The Dow Chemical Company~s Bay City, Ml Facility

Table A3

Final Verification Soil Concentrations - VA-IV

Total Nct
Gamma Tb-232 Th-230 Th-228 T-232 T-230 Th228 ThoriNm

SAMPLE U WT. Ig) Spec Sys. (pCvg) (PClC) (pCvg) Net tpCVU Net (pCwIg Nct fpC/gl (pCfg)

BCS-F1-VI 2653.6 3 0.11 O.33 0.10 0.19 -0.31 020 -0.71

BCS-F-9V1 2502.5 3 037 0.60 035 0.07 0.11 0.05 0.23

BCS-F2-1-Vl 2tt93 3 021 Q45 026 -0.02 -0.04 -0.04 -0.10

BCS-F2-2-Vi 26573 3 0.29 0.47 027 .0.01 -0.02 -0.03 -0.07

BCS-F2-3-VI 2544.7 3 023 031 022 4.07 -0.11 -0.08 -026

BCS-F2-4-VI 2552.9 3 0.72 1.17 0.68 0.42 0.68 0.38 1.47

4,M2.4V1 = 1.48 0.16 0.63 0.99 0.56 2.16

BCS-F2-5-VI 294S.8 . 0.40 0.66 038 0Q10 0.17 0.08 0.35

BCS.F248-VI 2451.1 2 1.15 117 1.08 085 1.38 0.71 3.01

BCS-F2-9-VI 27063 2 0.59 0.97 0.56 0.29 0.48 026 1.03

BCS-F3-1-V1 27312 3 O.S5 0.19 0.51 025 0.40 021 0.86

BCS-F3-2-VI 2468.0 3 1.00 .64 0.94 0.70 1.15 0.64 2.S0

BCS-F3-4-VI 2811.1 3 0.36 0.59 0.34 0.06 0.10 0.04 020

BCS-F3-5-VI 2621.0 3 0.41 0.67 039 0.13 0.11 0.09 0.37

BCS-F3-7-VI 2373.5 3 a0.3 13S 0.71 0.53 0.16 0.48 1.87
B 3ES0~~~~~~~~1 ;'Ja 1.14 0Q66 0.40 0.65 0.36 1 .40

BCS-f3--VI 25152 3 0.32 0.52 0.30 0.02 0.03 0.00 0.06

BCS-GI-3-VI 2923 0.51 0.14 0.48 0.21 0.35 0.11 0.75

BCSGI.&VI 2516.7 3 035 0.57 0.33 0.05 0.08 0.03 0.I5

BCS-G0-9-VI 30S4.9 2 0.Q5 025 0.14 -0.15 -0.24 -0.16 4.54

BCS.G2-1-VI 27S3.0 2 0.37 0.61 0.35 0.07 0.12 0.05 0.24

BlCSG2_1_Y_ 2753 X ~D. O 0.34 0.19 .0.09 .0.15 .0.11 40.35
BCS-G2-2-Vi 2662.S 3 0.66 1.07 0.62 0.36 0.51 0.32 1.25

BCS1042-.-) %=6=2 0.54 0W88 0.50 0.4 0.39 020 O.3

BCS4G2-3-Vl 2632.9 3 0.31 O.S 029 0.01 0.02 -0.01 0.02

BCS.G2-4-VI 3013.0 1 025 0.41 0.24 .0.05 -0.08 *0.06 *0.19

B3CS4G2-S-VY 2753.2 021 0.34 0.20 -0.09 -0.35 -0.10 -0.35

ICS-G2-6-VI 2885.0 1 028 0.45 0.26 *0.02 -0.04 -0.04 .0.10

BCS4G2-7-VI 2957A ? 0.24 0.39 0.22 *0.06 -0.10 -00. -0.24

BCS-G2-8-VI 2719.0 I 0.34 0.56 0.32 0.04 0.07 0.02 0.13

___-_____I 23_ 5.9 _ 027 0.44 025 -0.03 -4.05 ..005 -0.13
BCS-43-1-VI 2100.6 I 029 0.47 0.27 -0.01 40.02 -0.03 -0.07

- C -G3-2-VI 2660.9 3 Q0.5 0.14 0.43 021 0.35 0.18 0.75
BCS4G3-4-VI 3050.4 0 0.1 0.1 0.I0 .0.19 -0.31 0.20 -0.70

8CS-G3-5-I 2713.4 - 0.46 0.75 0.43 0.16 0.26 0.13 0.55

BCS43-7-VI 3034.3 3 1.19 1.94 1.12 0.19 1.45 0.82 3.16

BCS-G34.VI 2959.8 3 0.33 0.53 0.31 0.03 0.04 0.01 0.08

BCS4H2-1-VI 2392.1 2 1.98 3.23 3.16 1.68 2.74 1.56 5.99

ECS-H2-2-V2 1999.3 2 1._ 5 117 I.08 0.Q5 1.38 0.71 3.01

BCS4-123-V2 2166.5 2 0.46 0.75 0.43 0.16 026 0.13 0.55
SCS-H2-4V2 2296.9 2 0.94 1.54 0.89 0.64 I.05 0.59 2.28

BCS4i2-5-V2 2434.1 2 2.10 3.43 1.98 LO 2.94 1.68 6.42

BCS-N2-6-VI 2622.5 2 0.23 0.38 0.22 -0.07 .0.11 -0.01 .027

BCS442.7-V2 2412.0 2 0.53 0.17 0.50 0.23 0.31 0.20 0.12

BCS4I24-VI 2711.9 2 0.62 1.01 0.51 0.32 0.52 028 1.12

BCS-12-9-v1 2921.2 0.51 0.Q3 0.4 Oi2 0.34 0.18 0.72

tC-2 9i(ioVs M "r e5 WA 0.88 0.53 0.24 0.39 021 0.23

BCS-H3-1-VI 2395.4 I O. 0.71 0.41 0.14 022 0.33 0.46

BCS4-3-2-VI 2457.4 I 0.61 1.10 0.64 0.38 0.61 0.34 1.33

BCS-H3-4VIV 2524. 1 0.47 0.77 0.44 0.17 Ol 0.14 0.59

- 3X.W.4~V1 ir2.4w rew _ it z 0.73 0.42 0.15 0.24 0.12 0.51

BCS4H3-S-VI 2493.9 2 0.34 0.56 032 0.04 0.07 0.02 0.13

BCS-H3-7-VI 230S.9 2 0.40 0.6 037 0.10 0.16 0.07 0.33

11SM4U.WREt WMM0.62M 0.16 0.49 022 037 0.19 0.78

BCS-H3-8-VI 2557.0 2 035 0.56 0.33 005 0.07 0.03 0.14

KCS-HS.I.VI 2388.0 2 1.10 1.79 1.03 010 130 0.73 2.34

BCS-HS-2-VI 3195.3 _ 0.65 3.07 0_6 0.35 0.5 0.31 1.24



Final Status Survey Report for VA-IV
The Dow Chemical Company's Bay City, Ml Facit

Table A3
Ttota Net

Gamma Tb-232 Th-230 Th-228 Th.2n T230 Tlb-22 ThoIum
SAMPLES W#T. i) Sp. SYs ! pC9) 1 pw KUM Nn (pC1 Net( Nt (pCIgj (pCL'g)

BCSHi8-3-VI 2779.1 2 0.54 0.7 0.50 0.24 038 0.20 02.U

BCS-i9-I-V1 2463.9 2 0.63 1.03 0.59 033 0.54 0.29 1.17

SCS-12-1-VI 2363.2 2 0.51 04 03.U 0.21 0.35 0.13 0.75
BCS42-2-Vl 2619.0 2 0.60 0.97 0.56 0.30 0.4S 0.26 1.04

BCS42-3-VI 2543.9 2 039 0.64 037 0.09 0.15 0.07 0.32
BCS42-4-VI 2663.7 3 0.35 1.39 0.t0 0.55 0.90 0.50 1.96

BCS-124-VI Dup 2945.3 3 0.30 1.30 0.75 0.50 0.81 0.45 1.75

BCS-12-5-VI 2324.1 1 0.31 1.31 0.76 0.51 0.32 0.46 1.79
BCS-12-6V1 2342.0 1 074 1.21 0.70 0.4 0.72 0.40 I 1.55

BCS42-7-VI 2435S.9 1 0.7 0.93 0.54 0.27 O.4 024 0.96

BCS424-VI 2024.7- 1 I.S2 2.47 1.43 1.22 1.98 1.13 4.33

BCS42-9-VI 1619.9 3 0.43 0.70 0.4 0.13 0.21 0.10 0.44

BCS-13-1-V2 2490.0 3 0.98 1.60 0.92 0.6S 1.11 0.62 2.41
BCS43-2-VI 2539.3 3 1.12 _ I2 LOS 0.82 1.33 0.75 2.90
BCS-13-4-VI 22173 3 0.13 13S 0.78 0.53 016 0.48 1.17
BCS43-S-VI 2742.0 3 0.39 1.4S 014 0.59 0.96 0.54 2.03
BCS43-7-VI 2513.4 3 0.93 1.52 0.37 0.63 1.03 0.57 2.23
BCS-134-Vt 26312 3 0.71 1.15 0.66 0.4 066 _ 0.36 1.43
SCS-l5-2-Vl 2797.9 2 0.48 0.79 1Q6 0.11 030 0.16 0.64
SCS-15-3-VI 2602.2 2 0.53 0 O-86 0.50 0.23 0.37 0.20 0.110

BCS-16-3-VI 2582.4 2 1.03 1.68 0.97 0.73 1.19 0.67 2.5S

Na- GSm ffl8fflI 1.7 3.0 0Q85 133 0.71 3.01
BCS47-l.VI 2764.1 I I.0 1.64 0.95 0.71 1.15 0.65 2.51

BCS47-2-VI 28413 3 0.76 1.23 0.71 0.46 0.74 0.41 1.61
BCS47-3-VI 2730.7 3 0.*77 125 0.72 0.47 0.76 0.42 1.66
BCS437-S-VI 24U4.9 1 0.76 1.23 0.71 0.46 0.74 0.41 I.6t
BCS47-6&V 3045.0 2 0.S1 013 0.48 0.21 034 0.1_ 0.72
BCS474t9VI 3215.8 I 1.97 3.21 11s5 1.67 2.72 3.55 5.95
BCS-17.9-VI 2498.2 2 - 0187 1.42 0.- 2 0.57 0.93 0.52 2.03

Ww.1 l -IJ3 - -1 .06 0.12 3.34 0.76 2.93
BCS-81-lVI 2172.7 3 1.23 2.00 1.5 0.93 .SI 0.35 3.30

BCS-4-VI 26151 2 014 1.38 0.79 0.54 0.39 0.49 1.92

BCS4i-5.VY 2033.9 2 0.19 1.46 0.4 0.59 0.97 0.54 2.10
1.27 0.73 0.43 0.71 0.43 1.69

BCS418-7-YV 296312 1 139 2.27 1.31 1.09 I.71 3.0 I 3.89
BCS-184.VI 2339.6 I 0.41 0.66 0.31 0.33 0.17 0.08 0.36

*lg~tU~n1 Efl 0.70 Q0.40 0.13 0.21 0.30 0.44
BCS-18.9-VI 2637 2 0.69 1.12 0.65 0.39 0.63 0.35 1.37
BCS42-1--Vf 2513.6 3 1.72 2.10 163 1.42 2.31 1.31 5.04

SCS42-2.VI 2577.5 3 3.29 2.10 .21 0.99 1.61 0.91 3.5I
BCS4i2-3.31 3072.1 3 2.25 3.66 2.3_ 1.95 3.17 I.S1 6.93

_= _ ~ = -4.05 233 2.11 3.56 2.03 7.77

BCS-J2-4-VI 2686.9 2 l.s 2.03 l.17 0.9S 1.54 0.87 3.36

BCs-12-s.vl 3171.7 3 0.69 1.13 0.6S 0.39 0.64 0.35 1.31

BCS-j2 -vl 2466.4 3 1.70 2.76 I.59 1.40 227 1.29 4.96
BCS-12-7-VI 2474.6 2 0.51 0.94 0.54 0.21 O45 024 0.97

BCS4J2t-VI 2929.8 3 0.61 0.99 0.57 031 0.50 027 1.09
BCS-2-9-VI 2736.1 2 0.SO 0.1 0.47 020 0.32 0.17 0.68
BCS43--V] 2737.7 3 010 3130 0.75 0.50 0.31 0.45 1.76
BCS43-2-V1 2305S.9 3 0.93 1.51 017 0.63 1.02 0.57 2.22
BCS-3-3-VI 2330.5 3 1.00 1.63 0.94 0.70 1.14 0.64 2.48

BCS-13-4-V _ 2595.6 1 0.74 121 0.70 0.44 0.72 0.40 1.57

BCS-J3-5-V1 2199.4 2 1.16 I.90 1.09 0.Q6 1.41 0.79 3.06

BCS-J3-6-VI 2402.4 I 0.31 0.53 0.29 0.01 0.02 .0.01 0.03
BCS-J3-7-VI 2639.8 - 2 0.77 1.26 0- O.4A7 0.77 0.42 1.66

BCS.J3-3-VI 2673.8 3 3.08 1.76 1.01 0.78 1.27 0.71 2.75

BCS43-9-VI 2919.4 I 0.42 0.68 039 0.12 0.19 0.09 0.39
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Table A3

Towti Net

Gamma Tb-232 Tb-230 Th-228 T-232 Th-230 Tb-228 Thorium

SAMPLE I WT. fg) | SpeC. SyI. (pCg) Net (pC1/g Net (pCg et(pCgLgl (pCIg)

BCS-I4-1-VI 26-125- 0.4 137 0.79 0.54 0.88 0.49 1.91

BCS-J4-2-VI 2166.7 2 195 3.18 1.U3 1.65 2.69 I.3 5.37

BCS-J4-3-VI 27326 3 1.11 _ii 1.04 081 132 0.74 2.8

BCS-J4-4-VI 253.7 1 0.54 07 O.S0 024 038 0.20 0.32

BCS-J4-5-VI 2930.6 3 0.72 1.17 0.67 0.42 0.68 037 1.47

BCS-34-6-VI 24733 1 0.30 0.48 0.28 0.00 0.01 .0.02 -0.03

BCS-i4-7-VI 3153.6 I 0.49 0.31 0.4? 0.19 0.32 0.17 0.68

DCS-J4-3.V2 2725.1 I 0.37 1.41 0.2 0.57 0.92 0.52 2.01

BCSJS-I-V2 2508.7 1 t.15 192 1.11 0.3 1.43 0.81 3.11

BCS-JS-2-VI 2420.1 3 2.05 3.34 1.93 1.75 2t5 1.63 6.23

3.15 13.2 1.63 2.66 1.52 - 5.1

BCS-JS-3-V _ 2336.1 3 1.97 3.21 __ls 1.67 2.72 1.55 5.94

BCS43-4-VI 2514.0 1 0.70 1.14 0.66 0.40 0.65 0.36 1.41

BCS-J5-5-Vt 2333.7 3 1.01 1.64 0.95 0.71 1.15 0.65 2.50

BCS-4s.5VI 2971.1 2 1.19 1.95 1.12 0.59 1.46 0.32 3.17

BCS-J5-V1 23543 1 0.6 A.40 0.t1 0.56 0.91 0.51 1.97

BCS-15-9-VI 2737.4 2 0.73 1.19 0.68 0.43 0.70 0.38 1.51

Ua~q« 1.1_ 0.68 0.43 0.69 0.38 I .50

BCS-J6-1-VI 2194.7 3 1.59 2.59 1.49 1.29 2.10 1.19 4.59

BCS.J6-2-VI 2354.2 2 0.79 1.2 0.74 0.49 0.79 0.44 1.72

BCS46-3-VI 233.9 2 1.04 1.70 0.93 0.74 121 0AS 2.3

BCS-36-4-VI 2499.7 2 0.93 1.52 O.31 0.63 1.03 0.58 2.24

BCS-J6-S-VI 2096.0 2 1.48 2.41 139 1.13 1.92 1.09 4.18

BCS-J6-6-VI 2601.4 2 0.63 13 0.59 0.33 0.54 0.29 1.17

BCS-16-9-VI 242.2 2 Q078 .2 0.74 0.48 0.79 0.44 1.71

BCS.J7-.-VI 2893.1 3 1.28 2.09 1.21 0.98 1.60 0.91 3.49

6CS-Z7-2-VI 2327.1 2 1.68 2.74 2.53 1.31 2.25 1.28 4.92

BCS-J7-3-VI 1114.4 2 1.06 1.73 1.00 0.76 1.24 0.70 2.70

BCS-17.4-VI 2314. 3 1.00 1.62 0.94 0.70 1.13 0.64 2.47

BCS-j7-5-VI 3146.9 3 0.76 1.24 0.71 0.46 0.75 0.41 1.62

BCS-J76-VI 1532.9 2 0.83 1.35 0.78 0.53 0.36 0.48 1.37

_ CS-J7-7-VI 2616.1 2 124 2.02 1.17 0.94 1.53 0.37 3.34

OCS-J7-3.VI 2146.7 2 1.04 1.70 0.98 0.74 221 0.68 2.64

BCS-37-9-V2 13733 3 0.36 1.41 0.31 0.56 0.92 0.52 2.00

; NO-;l _ t -M m 1.67 0.96 0.73 1.18 0.66 2.57

8CS-42-7-V1 2752.0 2 0.91 1.49 0J6 0.61 1.00 0.56 2.16

BCS4C24-VI 2886.2 2 0.36 1.41 0.S 056 0.92 0.52 1.99

BCS-1C2-9-VI 256.9 2 0.69 1.13 0.65 0.39 0.64 0.35 1.33

BCS-K3-7-VI 2972.1 2 0.60 0.983 0. 0.30 0.49 0.27 1.06

BCS-2C34-VI 2642.3 2 0.57 0.94 0.54 027 0.45 0.24 0.96

i0la _1323 0.71 0Q45 0.74 0.41 1.59

BCS-13-9-VI 2653.5 2 0.65 1.07 0.62 0.35 0.53 0.32 125

BES-K4-7-VI 2533.3 3 0.92 1.49 0.36 0.62 1.00 0.56 2.12

BCS-K44-VI 2399.5 1 0.70 .14 0.66 0.40 0.6S 036 1.41

BCS-K4-9-VI 2227.6 2 4.66 7.59 4.3 4.36 7.10 4.08 IS.54

Ism:5-50-N M 4¢370 t.53 492 4.93 -. 04 4.62 17.59

BCS-lS5-7-VI 1151.5 I 5.67 924 5.33 5.37 3.75 5.03 19.15

am ROOM 9A3 4.99 S.02 1.26 4.69 17.S6

BCS.K54-VI 146.9 3 4.63 7.55 436 4.33 7.06 4.06 15.45

BCS-K5-9-VI 2817.7 3 1.85 3.02 1.74 1.55 2.53 1.44 5.52

BCS-K6-7-VI 2625.1 3 1.56 2.55 1A7 126 2.06 1.17 4.49

BCS-K6-3-VI 2354.9 2 0.83 1.44 0.33 0.58 0.95 0.53 2.06

wCS4r6-9-Vi 29453 3 1.45 2.37 137 1.15 118 1.07 4.10

BCS-K7.-7VI 23152 2 0.68 1.10 0.63 0.31 0.61 0.33 1.32

BCS-K74.VI 2923.2 3 0.9S 1.60 0.92 0.68 2.11 0.62 2.41

BCS-K7-9-VI 1406.7 3 1.82 2.97 1.71 I1.52 2.43 1.41 5.4I
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Table A3

Final Verification Soil Concentrations - VA-IV

Equadio i
Thi-230 (jCg) - 1.63 * Tbi-232 (pCi/g)

&~-2 (pCilg) = 0.94 -¶li232 (pCi/g)
~h22Nct (pCitg) =Th-232 (pCifg)- 03

Th-230 Net (pCi/g) -Th.230 (pCalg) -0.49

!1h223 Net (pCi/g) - Th-229 (pCi/g) -0.3
~ota Net Thai= m Th-232 Nct + Th-230 Net +Th-228 Net
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Table AS

Final G(amma Exposure Rates - VA-TV
m -_

Gross Net Gross Net
Exposure Exposure Exposure Exposure

Grid Number (VR/hr) (igRlhr) Grid Number (pR/br) (pRlhr)

BCS-FI-6VI 7 2 BCS-H2-6-VI 6 _

BCS-FI-9-VI 7 2 BCS-H2-7-V2 6 _

BCS-F2-1-VI 6 1 BCS-H2-8-VI 7 2

BCS-F2-2-V1 6 1 BCS-H2-9-vl 8 3

BCS-F2-3-V1 7 2 BCS-H3-1-VI 8 3

BCS-F24-VI 7 2 BCS-H3-2-VI 7 2

BCS-F2-5-VI 6 1 BCS-H3-4-VI 7 2

BCS-F2-8-VI 8 3 BCS-H3-5-VJ 7 2

BCS-F2-9-V1 9 4 BCS-H3-7-VI 7 2

BCS-F3-1-VI 6 1 BCS-H3-8-VI 6 1

BCS-F3-2-VI 7 2 BCS-H8-i-V1 8 3

BCS-F3-4-V1 7 2 BCS-H8-2-VI 7 2

BCS-F3-5-VI 8 3 BCS-H8-3-VI 7 2

BCS-F3-7-VI 8 3 BCS-H9-l-VI 7 2

BCS-F3-8-Vt 8 3 BCS-12-1-VI 8 3

BCS-GI-3-VI 7 2 BCS-12-2-VI 7 2

BCS-GI-6VI 7 2 BCS-12-3-V1 8 3

BCS-GI-9-VI 6 1 BCS-124-VI 8 3

BCS-G2-l-VI 6 1 BCS-12-5-Vi 7 2

BCS-G2-2-VI 6 I *BCS-12-6V1 8 3

BCS-G2-3-V1 6 1 BCS-12-7-VI 8 3

BCS-G24-VI 7 2 BCS-12-8-VI 7 2

BCS-G2-5-VI 6 1 BCS-12-9-VI 6 t
BCS-G2-6-VI 6 1 BCS-13-1-V2 7 2

BCS-G2-7-VI 6 1 BCS-13-2-VI 7 2

BCS-G2-8-VI 6 1 BCS-134-V1 7 2

BCS-G2-9-VI 7 2 BCS-13-5-VI 7 2

BCS-G3-1-VI 6 1 BCS-13-7-VI 7 2

BCS-G3-2-VI 7 2 BCS-13-8-VI 7 2

BCS-G34-VI 6 1 BCS-15-2-VI 7 2

BCS-G3-5-VI 7 2 BCS-15-3-VI 7 2

BCS-G3-7-VI 6 1 BCS-163-VI 10 5

BCS-G3-8-VI 7 2. BCS-I7-1-VI 1 6

BCS-H2-1-VI 7 2 BCS-17-2-VI 8 3

BCS-H2-2-V2 8 3 BCS-47-3-VI 7 2

BCS-H2-3-V2 6 1 BCS-17-5-VI 8 3

BCS-H2-4-V2 7 2 BCS-I7-6VI 7 2

BCS-H2-5-V2 9 4 BCS-17-8-VI 8 3



Final Status Survey Report for VA-IV
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Table A5

Final Gamma Exposure Rates - VA-IV

Gross Net Gross Net

Exposure Exposure Exposure Exposure

Grid Number (p~ir) (W~lr) Grid Number (ji~lr) (gi~r)

BCS-17-9-VI 8 3 BCS-J4-6-VI 8 3

BCS-18-1-V1 7 2 BCS-J4-7-VI 9 4

BCS-18-4-VI 7 2 BCS-J4-8-VI 10 5

BCS-18-5-VI 8 3 BCS-J5-1-V2 6 _

BCS-18-8-VI £ 3 BCS-J5-5-VI 7 2

BCS-18-9-VI 7 2 BCS-J5-8-VI 9 4

BCS-J2-l-VI 3 BCS-J5-9-VI 7 2

BCS-J2-2-VI 7 2 BCS-.6-9-VI 9 4

BCS-J2-3-VI 7 2 BCS-J7-9-VI 9 4

BCS-J2-4-VI 8 3 BCS-J7-2-V1 9 4

BCSJ2-5-VI 8 3 BCS-J7-3-V I 6 I

BCS-J2-6-VI 8 3 BCS-J7-4-V1 7 2

BCS-J2-7-VI 8 3 BCS-J7-5-VI 7 2

BCS-J2-8-VI 6 1 BCS-J7-6VI 7 2

BCS-J2-9-VI 6 1 BCS-J7-7-VI 10 5

BCS-J3-1-VI 7 2 BCS-J7-8-V1 8 3

BCS-J3-2-VI 7 2 BCS-J7-9-VI 7 2

BCS-J3-3-VI 7 2 BCS-K2-7-VI 8 3

BCS-J34-VI 8 3 BCS-K2-8-VI 8 3

BCS-13-5-V1 7 2 BCS-K2-9-VI 7 2

BCS-J3-6VI 9 4 BCS-K3-7-VI 7 2

BCS-J3-7-VI 7 2 BCS-K3-8-VI 7 2

BCS-J3-8-VI 8 3 BCS-K3-9-VI 7 2

BCS-J3-9-V1 9 4 BCS-K4-7-VI 7 2

BCS44-I-VI 8 3 BCS-K4-8-VI 7 2

BCSJ4-2-VI 8 3 BCS-K7-7-VI 8 3

BCS-J4-3-VI 9 4 BCS-K7-8-VI 8 3

BCS-J4-4V1 9 4 BCS-K7-9-VI 6 1

BCS-J4-5-V I 10 5
I. I

Total Number of Sub-grids 1331

Average Gross Exposure 7 jrR/b

Average Net Exposure 21,R/h
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Table A6

Final Status Survey: Statistical Analysis

The following statistical relations were used to assess the database for the Bay City survey unit:

Survey Data Average ( ):

1 ixx =-x
n .,

Standard.Deviation (Sr):

| n )2

n-I

Determination of Number of Background data points (na):

-~ 2

0.2*xs J

Comparison of statistical mean (pa) with guideline values:

la=x+ti-a,df- S4;;
Identifying additional measurement/sampling needs:

Estimating Factor = CS-X

(Tables B-2 in NUREG/CR-5849)

Note: See chapter 8.0 of NUREG/CR-5849 for detailed discussion of above-listed statistical
analyses.

Where:

Xi = measurement (analysis) at point i
n = number of emens (analyses)
ti - a, df= 95% confidence level from Table B-1 of Appendix B of NUREG/CR-5849
Co = Guideline Value
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Table A7

Final Status Survey: Summary Statistics

-____ - _E o _ Rates

Section n X (Rh) SX()Pa(1) PC (PA) c 0 R Estimating No. Verification
__I I I I Factor 1 Samples Needed

VA-IV 133 2.4 1.0 2.5 5.0 1 2.6 <9
_________ Th-232 Soil Concentrations

Section n X (pCi/g) Sx (pCi/g) (pai (pCi/g) Ca Estimating No. Verification
0.6 0.7 0.7 (p4~~~g) Factor Samples Needed

VA-IV 1701 0.6 0.7 0.7 3.2 3.7 <9
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1.0 BACKGROUND INFORMATION

The radioactive material at the Dow Chemical Company's Bay City site consisted primarily of

foundry slag containing Thorium. This material, and similar material originally stored at Dow's

Midland site, was produced in the period from 1940 to 1970 as the residual from the production

of a magnesium-thorium alloy. This lightweight alloy was used for defense purposes, including

aircraft engines and aeronautical structural components.

A single'license (STB-527) was originally granted by the NRC in 1973 for the Bay City and

Midland sites to store up to 200,000 pounds of thorium slag. The license expired in 1978, but has

remained in effect under timely renewal.

The Midland site was decontaminated with the material removed and transported to Bay City for

consolidation with the Bay City material and subsequent transport to the Envirocare Pimility in

Clive, Utah. A final survey was conducted at the Midland site by Dow with the results

documented in a Final Status Survey Report of March, 1997, showing that the residual

contamination criteria had been met. The NRC subsequently conducted an independent survey of

the Midland site and verified that the residual contamination criteria had been met.

The material transported from the Midland site to the Bay City site originally consisted of

magnesium with up to two percent thorim Portions of this process slag were mixed with soil or

limited amounts of construction debris. As a result of this mixing, the thorium concentrations, as

determined by Dow characterization soil sampling, varied from 2-7000 pCi/g at the Bay City

Site (with an average concentration of 188 pCi/g) . A total activity of 9.7 Ci of Th-232 was

originally distributed throughout approximately 52,000 cubic yards of soil, slag, and construction

debris.

Initial remedial action support surveys, performed in 1996, identified wide spread areas of

elevated contamination. The gamma scan surveys were conducted using a sodium iodide

detector. Readings were generally higher the closer the proximity to the original thorium pile but

several hot spots in the 300,000 to 600,000 cpm range were identified. Construction debris, such

as drums, were removed from these areas along with the contaminated soil.
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Decontamination of the Bay City site is ongoing. In accordance with NRC and Dow discussions,

as confirmed in Dow's letter of June 12, 1997, verification that residual contamination criteria

have been achieved on this large site is being performed in sections. This Final Status Survey

Report (FSR) provides the descriptive text on the site and the parameters of the survey program

and includes the analyzed verification data for Verification Area (VA) V. As the database is

acquired for subsequent VAs addendums to the Final Survey Report will be submitted to the

NRC containing the analyzed database.

Supporting information on the Bay City site and decommissioning project is presented in the

October, 1993 Decommissioning Work Plan, the December, 1995 Supplement to the

Decommissioning Work Plan, and the Mach, 1996 Response to Comments.

This document is a revision to the original Final Status Survey Report for VA-V dated December

1, 1998.

On December 8e through December 9d' of 1998, after the original report submittal, the NRC

Region III conducted an inspection of the VA-V portion of the Dow Bay City facility. The

primary purpose of the inspection was to conduct an independent confirmatory survey of VA-V.

This revision to the original report is provided to include the findings of the NRC confirmatory

surveys documented in NRC Report No. 040-00017/98002 (DNMS) dated December 17, 1998.

Additionally, this revision to the original report is provided to address deficiencies identified by

NRC staff in a letter to Dow dated August 16, 2002 (Review of Final Status Survey Reports for

the Previously Renediated Areas VA-I through VA-VI, Dow Chemical Company's Bay City,

M[, SDMP Site (TAC# L60463)).
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2.0 SITE INFORMATION

2.1 SITE DESCRIPTION

The Bay City thoriated material storage site is on a Dow facility near the Town of Bay City,

Michigan about one-mile south of Saginaw Bay. The Bay City site (pile) is shown on Figure 2-1

in relation to adjacent land features and other ficilities.

The thoriated material site is located adjacent to and north of an inlet canal which enters the

Saginaw River to the east. The Saginaw River is located to the north and east of the material

Access to the Dow manuficturing facility is restricted to authorized personneL The storage site

within the facility is posted as a radiation control area and delineated with a fence.

The area surrounding the material is relatively level, with some marshy areas and ponds. Any

sediments contaming elevated levels of thorium are being excavated as part of the

decontamination program.

The affected area of the Bay City storage site was initially based on knowledge of the operating

history, and subsequently on radiological characterization surveys. While areas immediately

surrounding the Bay City storage area were included in the affected area, some further outward

adjustment of the affected area boundary was required during site remediation to encompass

surface and subsurf contamination uncovered during remedial operations.
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Figure 2-1

Bay City Thoriunm Disposal Site
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2.2 SITE CONDITIONS AT TIME OF FINAL SURVEY

The decommissioning activities at the Bay City site involve excavation of the contaminated soil,

loading on to trucks, onsite transportation of the material to the stockpile at the railhead, loading

on to the rail cars, and transport of the material to the Envirocare burial site in Clive, Utah. Soil

removal is to varying depths continuing until sample analysis showed residual concentrations to

be within NRC defined limits. Final verification samples were taken in the VA and analyzed on

site through gamma spectroscopy. When the gamma spectral analysis results showed the Th-232

levels to be less than the guideline value, a conversion factor was applied to the Th-232

concentration to obtain the Th-230 and Th-228 concentrations. After the net total thorium

concentration was determined, five percent of all final verification soil samples were sent to Dow

Chemical's radioanalytical laboratory, Freeport, Texas, where the samples were monitored by

the Dow Quality Assurance coordinator.

2.3 IDENTITY OF POTENTIAL CONTAMINANTS AND RELEASE GUIDELINES

Based on the knowledge of the process that generated the slag material, and the results of the

characterization survey, the significant radiological contaminants were determined to be Th-232,

Th-230, and Th-228. The above background residual soil concentration measurements used as a

basis for the final verification for all the verification samples analyzed to date at Bay City

provided the average soil activity ratios at Bay City of approximately:

Th-232 - 22%

Th-230 - 60%

Th-228 - 18%

Using the approach described in Section 3.1 (Release Criteria") of the December, 1995

Supplement to the Decommissioning Work Plan and response No. 8 of the Response to

Comments (on the Work Plan) of March, 1996, in conjunction with the methodology in

Appendix A of NUREG/CR 5849 gives a residual soil gross activity guideline of 14.5 pCi/g total
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thoriunm The site-specific guideline levels for each of the contributory radionuclides is thus 3.2

pCi/g for Th-232, 2.6 pCi/g for Th-228, and 8.7 pCi/g for Th-230.

The gross activity guideline is determined as follows:

Gross Activity Guideline = 1 14.5 pCi/g

0.22 + 0.18 + 0.60
10 21

where Th-232, Th-230, and Th-228 are present in net activity ratios of 0.22, 0.60, and 0.18

respectively in the residual soiL The guideline concentrations for Th-232 plus Th-228 are 10

pCi/g and 21 pCilg for Th-230 (see March, 1996 Response to Comments).

3.0 FINAL STATUS SURVEY OVERVIEW

3.1 SURVEY OBJECTIVES

The purpose of the final status survey was to demonstrate that the residual radiological

concentrations in the soil at the Bay City thorium storage site satisfy the NRC guidelines (see 2.3

above) and that the storage site can, therefore, be released for future use without radiological

controls. Specifically, the final status survey soil database should show that:

* Average residual radionuclide concentrations are at or below the soil guideline values

defined in Section 2.3. Averaging is based on a 100 m 2 (lOm x 1Om) grid area. Note an

actual grid size of 33.3 ft. x 33.3 fL was used for convenience in measuring rather than

lOin x lOm (32.8 ft. x 32.8 ft.).

* Reasonable efforts have been made to identify, evaluate, and remove, if necessary, areas

of residual activity exceeding the guideline values. Areas of residual activity exceeding

the guideline value (elevated areas) may be acceptable provided they do not exceed the

guideline value by greater than a factor of (100/A)"2 , where A is the area of residual
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activity in in2, and provided the activity level at any location does not exceed three times

the guideline values.

In addition, exposure rates should not exceed 5 pR/h above background at 1 m above the soil

surface. Exposure rates may be averaged over a 100 m2 grid area. Maximum exposure rates over

any discrete ar may not exceed 10 ph above background.

A 95% minimum level of confidence that the above conditions have been met was to be

demonstrated. The entire Section V of the Bay City storage area (affected area) is treated as a

single survey unit, and the 95% level of confidence was applied to the entire survey unit.

3.2 ORGANIZATION AND RESPONSIBILITIES

The final status survey was conducted by the same qualified Dow and subcontractor personnel

who had conducted the characterization survey, and remediation control survey. The Project

Organization is shown in Figure 3-1.

The sampling and analysis methods to be used during the remediation control survey was

designed to achieve the sampling sensitivity and elevated activity guidelines defined in

NUREG/CR-5849 relative to the site specific residual contamination criteria. The approach

consisted of first performing a gamma scan survey of the remediated area to determine if any

localized areas of elevated activity remained. Elevated areas of activity id ed by the scan

survey were remediated. If no areas of elevated activity were identified, composite soil samples

were then collected and analyzed in the field laboratory using a Nal crystal coupled to the MCA

to provide rapid turnaround on the Th-232 levels. If the Th-232 level exceeded the guideline

value, further remediation was performed. The soil sample results of the analysis of the final

samples collected, that demonstrated that the administrative cleanup level had been achieved,

were then used as input into the final status survey.
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Figure 3-1

Project Organization for Remediation of the Midland and Bay City Storage Sites

Mr. Ben Baker
The Dow Chemical Co.

Program Manager

Mr. Bob Reiss
Owner Representative _

3.3 INSTRUIENTATION

Table 3-1 lists the field radiological monitoring instrumentation used on the project inclsive of

the specific use of each instrumentation and detection sensitivities. Each instrument was initially

calibrated to NIST-traceable standards prior to use on the project, and then checked for radiation

response and efficiency pnor to daily use.
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Table 3-1

Field Radiological Monitoring Instrumentation

Lstrument Measures Detector Effidecy| LDIMDA

Ludlun Model 43-5 w/ Ludlum Model 12 Alpha Surice 15% 22 dpm

Ludumn Model 43-90 w/ Ludlum Model 2221 Alpha Surface 22% 12 dpm

Ludlum Model 44-9 w/ Ludlum Model 12 Alpha, Beta, Gamma 12% alpha

15% beta

1% gamma

Ludlum Model 43-10 w/ Ludlum 1000 Alpha (air filters, smears) 43% 0.04 dpm

Ludlum Model 19 Exposu Rate 1 microRlh

Air Particulate

Eberline RAS-1 Air Pump Flow Rate - 40100 Ipm

MSA Escort Lapel Sampler Flow Rate 2-3 Ipm1

General Metal Worfs-2000 High Vol Sampler Flow Rate = 30-60 cfin

TestCalIlbration Equipment

Ludlum Model 500 Pulser NIST Traceable

AFC4SL Air Flow Calibrator NEST Traceable

GMW-Calibrator Orifice for High Vol Sampler NIST Traceable

MSA Optiflow 660 Air Flow Calibrator NIST Traceable

Field Laboratory Equipment

Canberra Gamma Spectrometer Soil Th-232 Conetaion 0.8 pCi/g

* Detector efficiencies are approximate and appropriate for Th-230, Tc-99, and Co-60

3.4 SURVEY PROCEDURES

Survey planning and procedures are consistent with the methods described in the

Decomissionmig Plan. The soil survey procedures are summarized in this section and can be

found in greater detail in Appendices D-2 and D-3 of the March, 1996 Response to Comments.
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3.4.1 Area Classification

The Bay City storage site was divided into affected and unaffected areas to establish the

sampling pattern and frequency. The basis for the affected and unaffected classification, as

applied to the Bay City site are:

* Affected Area - As shown in Figure 3-2, the thorium material storage area and region

immediately surrounding the storage area was defined as the affected area based on both

historical records and prior characterization surveys. This location had known thorium

contamination in the soil that had been placed there via backfill operations and storage.

* Unaffected Area - The region surrounding the affected area (see Figure 3-2) was treated

as unaffected since it did not contain residual radioactivity.
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Figure 3-2

Bay City Site Affected Areas
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3.4.2 Reference Grid

A grid was established over the affected area upon completion of material excavation for the

purpose of referencing locations of samples and measurements (see Figure 3-2). These full grids

were 30m x 30m (900 m2) in size. Each full grid was then divided into nine lOm x lOm sub-grids

(100 m2 each). Each sub-grid was marked into 5-meter increments to establish the four quadrants

(A-D) where soil samples were taken to obtain four composite samples per sub-grid. Figure 3-3

depicts the breakdown of the reference grid system. As previously noted, the entire Section V

(affected area) constituted the survey unit.
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Figure 3-3

Reference Grid System

-A-

i

tm
linloinI

30m I

M Full Grid - 30m x 30 m (900 ml

D Decontamination Grid Block - 1 Om x 1 Om (100 ml2 )

3.4.3 Surface Scans

One hundred percent of the soil surface was initially scamed to identify locations of elevated

activity. The gamma scans were conducted in accordance with procedure SOP 1.5, Measurement

of Gamma-Ray Fields using a Sodium Iodide (Nal) Detector. As soil was removed, additional

gamma scans were conducted to identify remaining locations of contaminated soil. After

completion of contaminated soil removal, a final scan was performed of the soil surface prior to

obtaining final verification soil samples.
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3.4.4 Soil sampling

Final survey soil samples consisted of 4 composite samples (approximately 2 kg each) from each

sub-grid (see Figure 3-4). This sampling method differs from the method used in VA-I through

VA-IV where nine individual samples were combined into one composite sample for each sub-

grid. The modification to the sampling procedure was made by the RSO to be more consistent

with NUREG/CR-5849. The sampling method used in VA-V and VA-VI is conservative relative

to that used in VA-I - VA-IV in that a minimum of 3 soil samples from each 25 mn2 quadrant

were composited, providing a total of 12 individual samples from each 100 in2 sub-grid. This

exceeds the deco msonig plan requirement of 9 soil samples (composited into 1) in each 100

m2 subgrid. One of the three individual samles from each quadrant was collected at the

location with the highest scan reading. The remaining two sample locations were randomly

selected.

The samples were collected after gamma levels were measured to preliminarily determine that all

contaminated soil had been removed. Each of the twelve locations where the individual samples

were collected was scanned prior to soil sampling to validate that elevated levels did not exist

(>3 times background). These final verification soil samples were analyzed on site through

gamma spectroscopy. When the analytical results for Th-232 were less than the guideline value,

a conversion RActor was applied to the Th-232 concentration to obtain the Th-230 and Th-228

concentrations. After the net total thorium concentration was determined, five percent of all final

verification soil samples were sent to Dow Chemical's radioanalytical laboratory in Freeport,

Texas for duplicate QA analyses. Soil sample collection was performed in accordance with

procedure SOP 1.8, Guide to the Handling, Packaging and Shipping of Samples, and SOP 1.9,

Sample Control and Documentation.

3.4.5 Exposure Rate Measurements

Gamma exposure rates were measured in the affected area at 1 meter above the soil surface at the

center of each sub-grid (see Figure 3-4). Exposure rate rements were obtained using a

Ludlum Model 19 MicroR meter.
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Figure 3-4

Sub-grid Quadrant Designation

Q B Iai; Df

A C 5m

-P - - - -O m -- g - - - _

Q Exure Rate Meaurement Location

3.5 BACKGROUND LEVEL DETERMINATION

Background soil samples were collected from 30 locations in the unaffected area (Figure 3-5),

and 29 samples analyzed for Th-230, Th-232, and Th-228 concentrations in the Freeport

Laboratory (sample no. 14 was lost in transit). Sample numbers 1-25 were collected from

locations on Dow property that were not impacted by site operations. Sample numbers 26-30

were collected from locations east of the Dow property, across the Saginaw River. Background

exposure rates were measured at the same locations as the soil samples. Statistical procedures

described in NUREG/CR-5849 (see Table A6) were used to assure that the average thorium

concentrations determined were representative of true average background levels.
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Figure 3-5

Background Sample Locations

3.6 SAMPLE ANALYSIS

Final survey soil samples were analyzed for Th-232 in the field laboratory using the NaI detector

coupled to the MCA. Soil samples were analyzed in accordance with "Procedure for Counting

Soil Samples for EOP Characterization". Th-228 and Th-230 concentrations were determined by
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multiplying the Th-232 result by 0.94 and 1.63, respectively. Five percent of the FSS samples

were analyzed for Th-232, Th-230, and Th-228 using gamma and alpha spectroscopy in the

Freeport Laboratory to satisfy QA requirements. The onsite analytical methods were determined

to be acceptable by NRC as documented in Inspection Report 040-00017/98002.

3.7 DATA INTERPRETATION

Soil sample locations and survey results for fixed measurements were recorded on data sheets.

The data conversion and statistical analysis techniques in NUREG/CR-5849 (Chapter 8.0) were

used to convert the reported data into a form that permitted a direct comparison with residual

contamination guidelines and thus assess if remediation goals were met. The statistical

relationships are shown with the analyzed data in Appendix A (Tables A6, A7). Soil

concentrations were converted into units of pCi/g and exposure rates to LRl The reported

affected area data in Appendix A has been adjusted by subtracting the natural background levels.

Additional soil removal was performed when the remediation control survey measurements

showed that residual contamination guidelines were not being met. As a result, there were no

remaining "hot spots" and Hot spot averaging criteria were not applied.

3.8 RECORDS

All soil samples, original survey data records, and log books have been archived at the Dow Bay

City facility and will be held until after license termination.

4.0 SURVEY FINDINGS AND RESULTS

Appendix A contains the radiological database collected during the final status survey for VA-V

(as defined in Figure 4-1) that provides the basis for verifying that the residual contamination

objectives have been achieved for this area at the Bay City thorium site. Summary Tables, data

interpretations and statistical comparisons with residual contamination guidelines in VA-V are

included in Appendix A.
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Figure 4-1

Grid Locations for VA-V
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4.1 BACKGROUND LEVELS

Background soil concentrations (Table Al) averaged 0.30 pCi/g for Th-232, 0.49 pCi/g for Th-

230, and 0.31 pCi/g for Th-228. Background exterior exposure rates averaged 5 PRMb (Table

A2). Both the number of data points collected to obtain the average background soil

concentrations and exposure rates are more than sufficient to meet the test for demonstrating that

the measured average background is within ± 20% of the true average at the 95% confidence

level.

4.2 GROUND SURVEYS

4.2.1 Scans

Surfiace scans were used during the remediation control survey to identify locations of elevated

gamma radiation to guide the excavation of the material and locate remaining hot spots. There
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were 31 sub-grids with discreet areas of elevated activity identified during the verification scan

survey. These areas were remediated and re-scanned with satisfactory results.

4.2.2 Thorium Concentrations in Soil

The results of the analyses of the verification soil samples from VA-V are provided in Table A3,

and related to the grid locations shown in Figure 4-1. QA soil analyses, performed by Dow's

Freeport Laboratory on duplicate analysis of 5 percent of the FSS samples, are also shown in

Table A3. None of the FSS or QA samples contained total thorium concentrations in excess of

the soil residual activity guideline (see Section 2.3). Analysis of the mean concentration of Th-

232 shows that the concentration meets the guideline value at the 95% confidence level (Table

A6, A7). The number of samples collected (594 in VA-v) is much greater than the number (<9)

statistically required to demonstrate that the concentrations satisfies the guideline value at the

95% confidence level (Table A6, A7).

The maximum total residual thorium concentrations (above background) as measured in sample

BCS-A8-8vl was 12.59 pCi/g which is less than the residual guideline of 14.5 pCi/g.

Since none of the verification soil sample concentrations in VA-V exceeded the guideline value

(no hot spots) it was not necessary to apply averaging techniques in any of the grids.

All of the verification soil samples in VA-V (Table A3) meet the criteria that the sum of the

ratios of the concentration of each radionuclide to its respective guideline must not exceed 1

(Appendix A of NUREG/CR-5849).

4.2.3 Exposure Rates

Exposure rate of the remediated VA-V areas (Figure 4-1) and for each grid block

are provided in Table A5. Exposure rates ranged from 0 to 8 gR/h above background. All

individual values are within the guideline levels of 5 pRh above background with the exception

of 23 sub-grids. The average exposure rate over 100 m2 for each of the sub-grids is less than 5
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gMh and no individual exposure rate exceeded 10 h, thus meeting the release criteria.

Analysis of the statistical mean also shows that the exposure rates in VA-V meet the guideline at

the 95% confidence level (Table A6, A7). The number of measurements (153) is in excess of the

number required (17) to demonstrate that the exposure rate satisfies the guideline value at the

95% confidence level (Table A6, A7).

4.2.4 NRC Confirmatory Surveys

The NRC performed an inspection of VA-V on December 8e and 9& of 1998. This inspection

included the performance of a confirmatory survey. Approximately 80% of VA-V was scanned

using a sodium iodide detector. There were 10 individual locations with activity levels above

three time background as identified through Nal scans. These locations were remediated to

activity levels below three times background during the inspection. Dow personnel collected 10

soil samples, per NRC staff direction, at the 10 individual locations after remediation. The soil

samples were analyzed for Th-232 at the Bay City field laboratory, under inspector observation,

following QA/QC and calibration checks of the counting systems. When analyzed, no activity

above release guidelines was found in any of the samples. Exposure rate measurements were also

conducted with all readings in the acceptable ranges

5.0 SUMMARY

Decontamination of the affected area by soil removal at Dow's Bay City facility is an ongoing

process. Since the affected area is quite large it is more efficient for Dow to verify that residual

contarmiation criteria have been met in sections, and for the NRC to subsequently validate each

section. Thus area VA-V has been verified and the evaluated database from the final status

survey provided in the Appendix. Remediation control surveys were performed to guide the

decontaination effort, and a final status survey conducted of VA-V during November, 1998.

Independent QA analysis of soil samples was performed. Results of the final status survey

demonstrate that the decontamination program successfuly reduced residual activity in VA-V to

within the NRC limits for unrestricted use. As each subsequent VA is surveyed, a FSSR will be

submitted to NRC.
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Appendix A
Final Status Survey

Verification Measurements / Analyses

Table Al Background Soil Concentration - Bay City

Table A2 Background Exposure Rates - Bay City

Table A3 Final Verification Soil Concentrations - VA-V

Table A4 Deleted

Table A5 Final Gamma Exposure Rates - VA-V

Table A6 Final Status Survey: Statistical Analysis

Table A7 Final Status Survey: Summnary Statistics
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Table Al

BACKGROUND SOIL CONCENTRATIONS
Bay City

Sample th Error MDA th Error 2iTh Error
Name (pCiIG) (2() (pCiIG) (pCiIG) (2a) (pCiIG) (2a)
BCBKGO1 0.39 0.08 0.13 1.04 0.84 0.48 0.44
BCBKGO2 0.36 0.07 0.14 0.46 0.34 0.41 0.31
BCBKGO3 0.28 0.08 0.11 0.38 0.31 0.35 0.29
BCBKGO4 0.44 0.10 0.13 0.80 0.91 0.62 0.74
BCBKGO5 0.43 0.10 0.15 0.70 0.51 0.52 0.40
BCBKGO6 0.51 0.18 0.13 0.68 0.47 0.48 0.35
BCBKGO7 0.38 0.19 0.13 2.30 3.69 0.77 1.38
BCBKGO8 0.16 0.08 0.11 0.37 0.48 0.12 0.20
BCBKGO9 0.13 0.07 0.10 0.21 0.25 0.09 0.12
BCBKG1O 0.26 0.09 0.13 0.38 0.39 0.23 0.26
BCBKGII 0.19 0.07 0.11 0.04 0.04 0.14 0.10
BCBKG12 0.18 0.08 0.14 0.18 0.14 0.11 0.09
BCBKG13 0.18 0.08 0.14 0.21 0.12 0.19 0.11
BCBKG15 0.23 0.07 0.11 0.12 0.15 0.32 0.31
BCBKG16 0.56 0.12 0.16 0.76 0.51 0.66 0.46
BCBKG17 0.41 0.10 0.16 0.30 0.47 0.30 0.47
BCBKG18 0.10 0.08 0.12 0.18 0.21 0.16 0.19
BCBKG19 0.12 0.06 0.10 0.15 0.14 0.06 0.07
BCBKG20 0.14 0.07 0.11 0.29 0.25 0.09 0.09
BCBKG21 0.19 0.07 0.15 0.23 0.17 0.13 0.11
BCBKG22 0.20 0.07 0.10 0.36 0.39 0.13 0.18
BCBKG23 0.15 0.06 0.11 0.24 0.24 0.30 0.29
BCBKG24 0.12 0.08 0.11 0.13 0.16 0.05 0.08
BCBKG25 0.22 0.07 0.08 0.93 0.89 0.72 0.70
BCBKG26 0.32 0.09 0.13 0.27 0.23 0.16 0.15
BCBKG27 0.56 0.20 0.20 0.93 0.69 0.90 0.67
BCBKG28 0.68 0.24 0.20 0.41 0.45 0.07 0.14
BCBKG29 0.43 0.19 0.21 0.65 1.22 0.43 0.89
BCBKG30 0.34 0.08 0.15 0.44 0.45 0.10 0.16

AVERAGE 0.30 __ 0.49 _ 0.31
St. Dev. 0.16 0.44 0.24
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Table A2

Background Exposure Rates - Bay City

Sample Value (±RJ~hr)
BCBKGI 5
BCBKG2 7
BCBKG3 5
BCBKG4 6
BCBKG5 4
BCBKG6 4
BCBKG7 5
BCBKG8 .

BCBKG9 5
BCBKGlO 6
BCBKG1l 5
BCBKG12 6
BCBKG13 5
BCBKG14 5
BCBKGl5 7
BCBKG16 5
BCBKG17 4
BCBKG1S 5
BCBKG19 5
BCBKG20 4
BCBKG21 4
BCBKG22 4
BCBKG23 4
BCBKG24 3
BCBKG25 3

Aciioss TiE PXVER
BCBKG26(l) 3
BCBKG27(2) 5
BCBKG29(3) 5
BCBKG29(4) 4
BCBKG30(5) 5

Number of measurements: 30
Average: 5 pR/hr
Standard Deviation: 1.3 idR/h (- 1.0 iR/hr)
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Table A3

Final Verification Soil Concentrations - VA-V

Th-232 Th-230 Th-228 Total Net
WT. Gamma Th-232 Th-230 Th-228 Net Net Net Thorium

SAMPLE # .. L SY (pee SYU (PC (pCUR) (PCIg) (Pci/9) (pCil) JCE/9)
BCS-A10-1-VI-A 2209.5 2 0.30 0.49 0.28 0.00 0.00 -0.02 -0.03
BCS-AIO-l-VI-B 2122.6 2 0.10 0.16 0.09 -0.20 -0.33 -0.21 -0.73
BCS-AI1O--VI-C 2229.0 2 0.51 0.83 OA8 0.21 0.34 0.18 0.73
BCS-AIO-I-VI-D 2328.8 2 0.18 0.29 0.17 -0.12 -0.20 -0.13 -0.44
BCS-AIO-2-VI-A 1953.3 2 0.19 0.31 0.18 -0.11 -0.18 -0.12 -0.41
BCS-A1O-2-VI-B 1862.4 2 0.34 0.55 0.32 0.04 0.06 0.02 0.12
BCS-A1O-2-Vl-C 1645.7 2 0.10 0.16 0.09 -0.20 -0.33 -0.21 -0.75
BCS-A1O-2-Vl-D 2118.5 2 0.30 0.49 0.28 0.00 0.00 -0.02 -0.02
BCS-A1O-3-VI-A 2384A 2 0.18 0.30 0.17 -0.12 -0.19 -0.13 -0.44
BCS-A1O-3-VI-B 2387.2 2 0.29 0.47 0.27 -0.01 -0.02 -0.03 -0.07
BCS-A1O-3-VI-C 2213.8 2 0.36 0.59 0.34 0.06 0.10 0.04 0.20
BCS-A1O-3-Vt-D 1809.5 2 0.30 0.48 0.28 0.00 -0.01 -0.02 -0.03

BCS-AIO-3-VI-D(qc) 1809.5 2 0.32 0.52 0.30 0.02 0.03 0.00 0.04
BCS-AIO-4-VI-A 2089.6 2 0.69 1.12 0.65 0.39 0.63 0.35 1.36
BCS-AIO-4-Vl-B 2475.6 2 0.36 0.59 0.34 0.06 0.10 0.04 020
BCS-AIO4-VI-C 2144.6 2 0.47 0.76 0.44 0.17 0.27 0.14 0.57
BCS-A1O-4-VI-D 2267.8 2 0.28 0.46 0.27 -0.02 -0.03 -0.03 -0.08

BCS-AIO-4-VI-D(qc) 2267.8 2 0.41 0.67 0.39 0.11 0.18 0.09 0.37
BCS-A1O-5-VI-A 1798.2 2 0.19 0.31 0.18 -0.11 -0.18 -0.12 -0.40
BCS-AIO-5-VI-B 2177.8 2 0.29 0.47 0.27 -0.01 -0.02 -0.03 -0.05
BCS-A1O-5-VI-C 2199.3 2 0.17 0.28 0.16 -0.13 -0.21 -0.14 -0.47
BCS-A1O-5-VI-D 2223.6 2 _ 0.60 0.98 0.57 0.30 0.49 0.27 1.06
BCS-A1O-6-VI-A 2626.0 2 0.29 0.47 0.27 -0.01 -0.02 -0.03 -0.05
BCS-AIO-6V1-B 2071.8 2 0.33 0.54 0.31 0.03 0.05 0.01 0.10
BCS-AIO-6VI-C 2188.7 2 0.54 0.88 0.51 0.24 0.39 0.21 0.84
BCS-AIO-6VI-D 2418A 2 0.19 0.31 0.18 -0.11 -0.18 -0.12 -OA2
BCS-AIO-7-VI-A 2560.0 3 I 0.39 0.63 0.36 0.09 0.14 0.06 0.29
BCS-A1O-7-V1-B 2572.2 3 0.51 0.83 0.48 0.21 0.34 0.18 0.72
BCS-AIO-8-VI-A 2493.6 2 0.32 0.52 0.30 0.02 0.03 0.00 0.05
BCS-AI1-l-VI-A 1890.1 2 0.26 0.42 0.24 -0.04 -0.07 -0.06 -0.17
BCS-AI1-1-V1-B 2001.0 2 0.34 0.55 0.32 0.04 0.06 0.02 0.12
BCS-A11-1-VI-C 2202.3 2 0.35 0.56 0.33 0.05 0.07 0.03 0.15
BCS-AII-I-VI-D 2551.5 2 0.21 0.34 0.20 -0.09 -0.15 -0.10 -0.34
BCS-AII-4-VI-A 2156.4 2 0.32 0.53 0.30 0.02 0.04 0.00 0.06
BCS-AI14-VI-B 2265.7 2 0.13 0.21 0.12 -0.17 -0.28 -0.18 -0.62
BCS-AI1-4-VI-C 20633 2 0.17 0.28 0.16 -0.13 -0.21 -0.14 -0.47
BCS-AII-4-VI-D 2190.4 2 OA9 0.80 0.46 0.19 0.31 0.16 0.67
BCS-A8-1-VI-A 2710.7 3 0.56 0.92 0.53 0.26 0.43 0.23 0.92
BCS-A8-1-VI-B 2441.1 3 0.43 0.70 0.40 0.13 0.21 0.10 0.45
BCS-A8-1-VI-C 2606.0 3 0.22 0.37 0.21 -0.08 -0.12 -0.09 -0.29
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Th-232 Th-230 Th-228 Total Net
Gamma Th-232 Th-230 Th-228 Net Net Net Torium

SAMPLE # W Spec Sys (pCIg) (PWg) (pCg) (p~(g) (pCiI) (pg) (g)
BCS-A8-1-V1-D 2601.5 3 0.34 0.55 0.32 0.04 0.06 0.02 0.12
BCS-A8-2-V1-A 1678.7 2 0.53 0.87 0.50 0.23 0.38 0.20 0.81
BCS-A8-2-VI-B 2038.2 2 1.02 1.66 0.95 0.72 1.17 0.65 2.54
BCS-A8-2-VI-C 2682.2 2 0.13 0.21 0.12 -0.17 -0.28 -0.18 -0.64
BCS-A8-2-V1-D 2302.2 2 0.43 0.70 0.40 0.13 0.21 0.10 0.44
BCS-A8-3-V1-A 2214.3 3 1.30 2.12 1.22 1.00 1.63 0.92 3.56
BCS-A8-3-VI-B 1594.2 3 1.43 2.33 1.34 1.13 1.84 1.04 4.01
BCS-A8-3-V1-C 2479.7 3 0.73 1.19 0.69 0.43 0.70 0.39 1.53
BCS-A8-3-V1-D 1513.5 3 1.28 2.08 1.20 0.98 1.59 0.90 3.47
BCS-A8-4-V1-A 2823.6 3 0.41 0.66 0.38 0.11 0.17 0.08 0.37
BCS-A84-VI-B 2635.0 3 0.37 0.61 0.35 0.07 0.12 0.05 0.24
BCS-A84-V1-C 2594.0 3 0.53 0.87 0.50 0.23 0.38 0.20 0.82
BCS-A84-V1-D 2555.3 3 0.96 1.56 0.90 0.66 1.07 0.60 2.33
BCS-A8-5-V1-A 2425.8 2 0.50 0.82 0.47 0.20 0.33 0.17 0.71
BCS-A8-5-VI-B 2162.5 2 0.30 0.49 0.29 0.00 0.00 -0.01 -0.01
BCS-AS-5-VI-C 2551.4 2 0.47 0.77 0.45 0.17 0.28 0.15 0.60
BCS-A8-5-V1-D 2693.7 2 0.33 0.54 0.31 0.03 0.05 0.01 0.10
BCS-A8-6-VI-A 1618.4 2 0.83 1.35 0.78 0.53 0.86 0.48 1.87
BCS-A8-6-VI-B 1917.0 2 0.54 0.89 0.51 0.24 0.40 0.21 0.85
BCS-A8-6-V1-C 2284.2 2 0.78 1.27 0.73 0.48 0.78 0.43 1.70
BCS-A8-6-V1-D 2144.5 2 0.60 0.98 0.57 0.30 0.49 0.27 1.06
BCS-A8-7-V1-A 2407.4 3 1.50 2.45- 1.41 1.20 1.96 1.11 4.27
BCS-A8-7-VI-B 2687.6 3 1.18 1.92 1.11 0.88 1.43 0.81 3.12
BCS-A8-8-VI-A 2294.8 2 3.04 4.95 2.86 2.74 4.46 2.56 9.76
BCS-A8-8-VI-B 2241.9 2 3.83 6.24 3.60 3.53 5.75 3.30 12.59
BCS-A8-9-VI-A 2615.0 2 0.41 0.67 0.39 0.11 0.18 0.09 0.38
BCS-A8-9-VI-B 320312 2 0.37 0.61 0.35 0.07 0.12 0.05 0.24

BCS-A8-9-VI-B(qc) 3203.2 2 0.32 0.52 0.30 0.02 0.03 0.00 0.06
BCS-A9-1-V1-A 1821.8 3 1.19 1.94 1.12 0.89 1A5 0.82 3.17
BCS-A9-1-VI-B 2000.0 3 1.53 2.50 1.44 1.23 2.01 1.14 4.39
BCS-A9-1-VI-C 1854.1 3 1.24 2.02 1.16 0.94 1.53 0.86 3.33
BCS-A9-1-VI-D 1805.0 3 1.29 2.10 1.21 0.99 1.61 0.91 3.51
BCS-A9-2-VI-A 1940.4 3 1.40 2.28 1.32 1.10 1.79 1.02 3.91
BCS-A9-2-VI-B 1724.5 3 1.39 2.27 1.31 1.09 1.78 1.01 3.89
BCS-A9-2-VI-C 1981A 3 0.79 1.29 0.74 0.49 0.80 0.44 1.73
BCS-A9-2-V1-D 2017.1 3 1.07 1.75 1.01 0.77 1.26 0.71 2.74

BCS-A9-2-VI-D(qc) 2017.1 3 0.80 1.30 0.75 0.50 0.81 OA5 1.76
BCS-A9-3-V1-A 2388.6 3 0.80 1.30 0.75 0.50 0.81 0.45 1.76
BCS-A9-3-V1-B 2106.1 3 0.53 0.86 0.50 0.23 0.37 0.20 0.79
BCS-A9-3-VI-C 1450.5 3 1.06 1.73 1.00 0.76 1.24 0.70 2.69
BCS-A9-3-V1-D 2065.1 3 1.12 1.82 1.05 0.82 1.33 0.75 2.89
BCS-A94-Vl-A 2230.4 3 1.01 1.64 0.95 0.71 1.15 0.65 2.50
BCS-A94-V1-B 1985.2 3 1.04 1.70 0.98 0.74 1.21 0.68 2.64
BCS-A9-4-VI-C 2980.9 3 0.42 0.69 OAO 0.12 0.20 0.10 0.42
BCS-A9-4-VI-D 2772.0 3 0.71 1.15 0.67 OAI 0.66 0.37 1.44
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Th-232 Th-230 Th-228 Total Net
Gamma Th-232 Th-230 Th-228 Net Net Net Thorium

SAMDPLE# WT.( Spm Sys. (ppCyg) (PCig) (pCVg) P2 i1/) (pCi/g) (pCL)
BCS-A9-5-VI-A 1807.9 2 1.10 1.79 1.03 0.80 1.30 0.73 2.84
BCS-A9-5-V1-B 1981.4 2 0.76 1.24 0.71 0.46 0.75 0.41 1.62
BCS-A9-5-VI-C 2392.6 2 0.62 1.02 0.59 0.32 0.53 0.29 1.14
BCS-A9-5-V1-D 2116.1 2 0.71 1.16 0.67 0.41 0.67 0.37 1.45

BCS-A9-5-VI-D(qc) 2116.1 2 0.52 0.85 0.49 0.22 0.36 0.19 0.77
BCS-A9-6-V1-A 1907.5 2 0.61 0.99 0.57 0.31 0.50 0.27 1.08
BCS-A9-6-VI-B 1848.6 2 0.69 1.13 0.65 0.39 0.64 0.35 1.38
BCS-A9-6V1-C 2533.5 2 0.30 0.48 0.28 0.00 -0.01 -0.02 -0.03
BCS-A9-6-V1-D 2396.6 2 0.44 0.72 0.42 0.14 0.23 0.12 0.50
BCS-A9-7-VI-A 2897.5 2 0.51 0.82 0.48 0.21 0.33 0.18 0.72
BCS-A9-7-VI-B 3041.1 2 0.46 0.75 0.43 0.16 0.26 0.13 0.54
BCS-A9-8-V1-A 2606.3 3 0.69 1.13 0.65 0.39 0.64 0.35 1.38
BCS-A9-8-V1-B 2483.3 3 0.65 1.06 0.61 0.35 0.57 0.31 1.23
BCS-A9-9-VI-A 2374.2 2 0.41 0.67 0.39 0.11 0.18 0.09 0.37
BCS-A9-9-VI-B 2545.4 2 0.38 0.62 0.36 0.08 0.13 0.06 0.27

BCS-B1O-1-V1-A 1701.4 3 0.73 1.18 0.68 0.43 0.69 0.38 1.51
BCS-B1O-1-V1-B 1912.4 3 0.77 1.25 0.72 0A7 0.76 0.42 1.64
BCS-BIO-1-VI-C 1910.1 3 0.75 1.23 0.71 0.45 0.74 0.41 1.60
BCS-BIO-1-VI-D 2074.5 3 0A3 0.71 OA1 0.13 0.22 0.11 0.46

BCS-BIO-1-VI-D(qc) 2074.5 3 0.62 1.01 0.58 0.32 0.52 0.28 1.12
BCS-B1O-2-V1-A 1628.5 3 0.95 1.54 0.89 0.65 1.05 0.59 2.29
BCS-B1O-2-VI-B 1752.4 3 1.01 1.65 0.95 0.71 1.16 0.65 2.53
BCS-B1O-2-V1.C 1735.6 3 0.93 1.52 0.88 0.63 1.03 0.58 2.24
BCS-B1O-2-V1-D 1575.2 3 0.90 1.47 0.85 0.60 0.98 0.55 2.13

BCS-BIO-2-VI-D(qc) 1575.2 3 0.84 1.36 0.79 0.54 0.87 0.49 1.90
BCS-BIO-3-V1-A 1456.5 3 0.84 1.38 0.79 0.54 0.89 0.49 1.92
BCS-B1O-3-VI-B 1502.0 3 0.87 1.42 0.82 O.S57 0.93 0.52 2.03
BCS-B1O-3-V1-C 1519.4 3 1.15 1.87 1.08 0.85 1.38 0.78 3.00
BCS-B1O-3-V1-D 1636.2 3 1.14 1.85 1.07 0.84 1.36 0.77 2.96
BCS-BIO-4-VI-A 1659.7 3 0.71 1.16 0.67 0.41 0.67 0.37 1.45
BCS-BIO4.Vl-B 1628.9 3 0.73 1.19 0.69 0.43 0.70 0.39 1.52
BCS-B1O3-4VI-C 1871.3 3 0.75 1.22 0.70 0.45 0.73 0.40 1.58
BCS-B1O-4-V1-D 1966.1 3 0.68 1.10 0.64 0.38 0.61 0.34 1.33
BCS-B1O-5-V1-A 1547.2 3 0.61 0.99 0.57 0.31 0.50 0.27 1.09
BCS-BIO-5-V1-B 1580.9 3 0.72 1.18 0.68 0.42 0.69 0.38 1.49
BCS-B10-5-V1-C 1643.7 3 0.60 0.97 0.56 0.30 0.48 0.26 1.04
BCS-B1O-5-V1-D 1737.4 3 1.23 2.01 1.16 0.93 1.52 0.86 3.31
BCS-BIO--VI-A 1549.4 3 0.92 1.50 0.86 0.62 1.01 0.56 2.20
BCS-BIO--VI-B 1611.5 3 0.91 1.49 0.86 0.61 1.00 0.56 2.17
BCS-BIO-6-VI-C 1885.4 3 0.44 0.72 0.42 0.14 0.23 0.12 0.50
BCS-BIO-6VI-D 2551.5 3 0.49 0.80 0.46 0.19 0.31 0.16 0.66
BCS-BIO-7-VI-A 2053.7 3 0.64 1.05 0.60 0.34 0.56 0.30 1.20
BCS-B1O-7-VI-B 2061.9 3 0.78 1.28 0.74 OA8 0.79 0.44 1.71
BCS-BIO-7-V1-C 1968.1 3 0.63 1.02 0.59 0.33 0.53 0.29 1.15
BCS-B1O-7-V1-D 2221.6 3 0.21 0.34 0.19 -0.09 -0.15 .11 -0.36
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Th-232 Th-230 Th-228 Total Net
Gamma Th-232 Th-230 Th-22W Net Net Net Thorium

SAMPLE WT. (it) Spec Sys (pCifg) (pCig) o g) (pCig) (pCVg). _(pCiYg) (pCifig
BCS-B1O-8-VI-A 2222.7 3 0.49 0.79 0.46 0.19 0.30 0.16 0.65
BCS-B10-8-VI-B 2308.9 3 0.46 0.75 0.43 0.16 0.26 0.13 0.56
BCS-BIO-8-VI-C 2575.5 3 0.32 0.52 0.30 0.02 0.03 0.00 0.06
BCS-BIO-8-VI-D 2044.5 3 0.57 0.93 0.54 0.27 0.44 0.24 0.95
BCS-B1O-9-VI-A 2368.0 3 0.36 0.59 0.34 0.06 0.10 0.04 0.21
BCS-BIO-9-V1-B 2469.5 3 0.36 0.58 0.33 0.06 0.09 0.03 0.18
BCS-B1O-9-VI-C 2434.6 3 0.33 0.53 0.31 0.03 0.04 0.01 0.07
BCS-B1O-9-VI-D 2282A. 3 0.45 0.74 0.43 0.15 0.25 0.13 0.53
BCS-BI f-I-V1-A 1668.4 3 0.83 1.35 0.78 0.53 0.86 0.48 1.86
BCS-B1I1--V1-B 1561.8 3 0.93 1.51 0.87 0.63 1.02 0.57 2.22
BCS-BII-l-VI-C 1653.5 3 0.97 1.57 0.91 0.67 1.08 0.61 2.36
BCS-BII-I-VI-D 1452.3 3 0.96 1.56 0.90 0.66 1.07 0.60 2.33

BCS-BlI-1-VI-D~ge) 1452.3 3 1.00 1.63 0.94 0.70 1.14 0.64 2.48
BCS-BII-4-VI-A 1635.0 3 1.06 1.72 0.99 0.76 1.23 0.69 2.69
BCS-B114-VI-B 1578.7 3 1.04 1.69 0.98 0.74 1.20 0.68 2.62
BCS-B 1-4-Vl-C 2686.6 3 0.37 0.60 0.35 0.07 0.11 0.05 0.23
BCS-B11-4-V1-D 2815.6 3 0.26 0.42 0.24 -0.04 -0.07 -0.06 -0.16
BCS-B11-7-VI-A 2093.8 3 0.41 0.67 0.39 0.11 0.18 0.09 0.39
BCS-Bl 1-7-VI-B 2456.7 3 0.38 0.62 0.36 0.08 0.13 0.06 0.26
BCS-B1 1-7-V1-C 2637.5 3 0.28 0.45 0.26 -0.02 -0.04 -0.04 -0.09
BCS-B1I-7-V1-D 2527.2 3 0.35 0.56 0.32 0.05 0.07 0.02 0.14
BCS-B8-2-V1-A 2608.0 2 0.86 1.41 0.81 0.56 0.92 0.51 1.99
BCS-B8-2-V1-B 2249.9 2 0.82 1.33 0.77 0.52 0.84 0.47 1.83
BCS-Bg-2-VI-C 2473.1 2 1.39 2.26 1.30 1.09 1.77 1.00 3.86
BCS-B8-2-V1-D 2575.8 2 0.60 0.98 0.56 0.30 0.49 0.26 1.05
BCS-BS-3-V1-A 2793.4 2 2.46 4.01 2.31 2.16 3.52 2.01 7.69
BCS-B8-3-VI-B 2525.3 2 0.58 0.94 0.54 0.28 0.45 0.24 0.97
BCS-BS-3-V1-C 2410.7 2 0.92 1.49 0.86 0.62 1.00 0.56 2.18
BCS-B8-3-VI-D 2752.6 2 0.62 1.02 0.59 0.32 0.53 0.29 1.14

BCS-B8-3-V1-D (qc) 2752.6 2 0.67 1.09 0.63 0.37 0.60 0.33 1.30
BCS-B8-5-V1-A 2197.6 2 1.17 1.90 1.10 0.87 1.41 0.80 3.08
BCS-B8-5-V1-B 2424.5 2 0.70 1.14 0.66 0.40 0.65 0.36 1.42
BCS-B8-5-VI-C 1270.5 2 1.50 2.44 1.41 1.20 1.95 1.11 4.26
BCS-B8-5-VI-D 1809.9 2 1.72 2.80 1.61 1.42 2.31 1.31 5.04
BCS-Bg-6VI-A 2143.6 3 1.38 2.24 1.29 1.08 1.75 0.99 3.82
BCS-B8-6-V1-B 1898.9 3 1.65 2.68 1.55 1.35 2.19 1.25 4.79
BCS-B8-6V1-C 1843.9 3 1.05 1.72 0.99 0.75 1.23 0.69 2.67
BCS-B8-VI-D 2012.2 3 0.64 1.04 0.60 0.34 0.55 0.30 1.20
BCS-B8-8-VI-A 1715.7 2 1.06 1.73 1.00 0.76 1.24 0.70 2.70
BCS-B8-8-V1-B 2011.8 2 1.76 2.87 1.66 1.46 2.38 1.36 5.21
BCS-18-8-VI-C 1599.9 2 1.34 2.18 1.26 1.04 1.69 0.96 3.69
BCS-BB-8-V1-D 19822 2 0.99 1.61 0.93 0.69 1.12 0.63 2.44
BCS-BS-9-V1-A 1392.8 2 1.67 2.73 1.57 1.37 2.24 1.27 4.88
BCS-B8-9-V1-B 1934.1 2 1.45 2.36 1.36 1.15 1.87 1.06 4.07
BCS-B8-9-VI-C 2359.0 2 1.25 2.03 1.17 0.95 1.54 0.87 3.36
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Final Status Survey Report for VA-V
The Dow Chemical Company's Bay City, Ml Facility

Th-232 Th-230 Th-228 Total Net
Gamnua Th-232 I1-230 Th-228 Net Net Net Thorium

SA LE # WT. (I) Spe Sys (WYK/ (pCfL) (pCIg) (pCilfi (pCfg (pCig) (pCi)
BCS-.B8-9-VI-D 1836.1 2 1.26 2.05 1.18 0.96 1.56 0.88 3.41
BCS-B9-1-VI-A 2643.7 3 1.03 1.68 0.97 0.73 1.19 0.67 2.58
BCS-B9-1-V1-B 2298.6 3 0.90 1.47 0.85 0.60 0.98 0.55 2.13
BCS-B9-1-VI-C 2641.3 3 0.70 1.13 0.65 0.40 0.64 0.35 1.39
BCS-B9-1-VI-D 2178.5 3 0.98 1.60 0.92 0.68 1.11 0.62 2.41
BCS-B9-2-VI-A 2848.5 2 0.22 0.37 0.21 -0.08 -0.12 -0.09 -0.29
BCS-B9-2-VI-B 2862.3 2 0.35 0.57 0.33 0.05 0.08 0.03 0.16
BCS-B9-2-VI-C 2492.2 2 0.21 0.34 0.20 -0.09 -0.15 -0.10 -0.34
BCS-B9\-2-V1-D 2769.9 2 0.27 0.43 0.25 -0.03 -0.06 -0.05 -0.14
BCS-B9-3-V1-A 1944.7 3 0.91 1.49 0.86 0.61 1.00 0.56 2.17
BCS-B9-3-VI-B 2171.4 3 0.60 0.97 0.56 0.30 0.48 0.26 1.04
BCS-B9-3-VI-C 2019.7 3 0.48 0.78 0.45 0.18 0.29 0.15 0.62
BCS-B9-3-VI-D 2021.5 3 0.57 0.93 0.53 0.27 0.44 0.23 0.94
BCS-B9-4-V1-A 2302.1 3 0.74 1.21 0.70 0.44 0.72 0.40 1.56
BCS-B9-4-Vl-B 2300.2 3 0.85 1.39 0.80 0.55 0.90 0.50 1.96
BCS-B9-4-V1-C 2358.5 3 0.82 1.33 0.77 0.52 0.84 0.47 1.83
BCS-B9-4-V1-D 2643.3 3 1.08 1.76 1.01 0.78 1.27 0.71 2.76

BCS-B9-4-Vl-D(qc) 2643.3 3 1.12 1.82 1.05 0.82 1.33 0.75 2.91
BCS-B9-5-VI-A 2117.4 2 0.54 0.88 0.51 0.24 0.39 0.21 0.84
BCS-B9-5-V1-B 2464.2 2 0.32 0.52 0.30 0.02 0.03 0.00 0.05
BCS-B9-5-V1-C 2321.4 2 0.71 1.16 0.67 0.41 0.67 0.37 1.44
BCS-B9-5-V1-D 1977.2 2 0.82 1.33 0.77 0.52 0.84 0.47 1.83
BCS-B9-6V1-A 2514.8 3 0.58 0.95 0.55 0.28 0.46 0.25 0.99
BCS-B9-6Vl-B 2181.2 3 0.75 1.22 0.71 0.45 0.73 0.41 1.59
BCS-B9-6VI-C 2053.6 3 0.94 1.53 0.88 0.64 1.04 0.58 2.26
BCS-B9-6V1-D 2331.7 3 0.59 0.96 0.55 0.29 0.47 0.25 1.01
BCS-B9-7-V1-A 1932.5 2 1.79 2.91 1.68 1.49 2.42 1.38 5.29
BCS-B9-7-V1-B 1941A 2 0.92 1.49 0.86 0.62 1.00 0.56 2.18
BCS-B9-7-VI-C 1939.6 2 1.37 2.23 1.29 1.07 1.74 0.99 3.79
BCS-B9-7-VI-D 1732.3 2 1.36 2.22 1.28 1.06 1.73 0.98 3.78
BCS-B9-8-VI-A 1921.0 2 1.42 2.31 1.33 1.12 1.82 1.03 3.98
BCS-B9-8-VI-B 1617.5 2 0.74 1.21 0.70 0.44 0.72 0.40 1.55
BCS-B9-8-V1-C 1452.0 2 1.46 2.38 1.37 1.16 1.89 1.07 4.13
BCS-B9-8-VI-D 1778.2 2 1.56 2.54 1A7 1.26 2.05 1.17 4.48

BCS-B9-8-VI-D(qc) 1778.2 2 1.69 2.75 1.59 1.39 2.26 1.29 4.93
BCS-B9-9-V1-A 1931.1 3 0.93 1.51 0.87 0.63 1.02 0.57 2.22
BCS-B9-9-V1-B 2063.9 3 0.50 0.81 OA7 0.20 0.32 0.17 0.69
BCS-B9-9-VI-C 2018.4 3 0.89 1.46 0.84 0.59 0.97 0.54 2.10
BCS-B9-9-VI-D 2101.2 3 0.49 0.80 0.46 0.19 0.31 0.16 0.66
BCS-CIO-1-VI-A 2079.8 2 0.43 0.70 0.40 0.13 0.21 0.10 _ 0.44
BCS-CIO-1-VI-B 3188.5 2 0.28 0.45 0.26 -0.02 -0.04 -0.04 -0.10
BCS-ClO-1-VI-C 2376.2 2 0.62 1.01 0.58 0.32 0.52 0.28 1.13
BCS-C1O-1-V1-D 2522.1 2 0.74 1.21 0.70 0.44 0.72 0.40 1.56

BCS-C1O-1-VI-D(qc) 2522.1 2 0.58 0.95 0.55 0.28 0.46 0.25 0.99
BCS-C1O-2-V1-A 2094.4 3 0.78 1.27 0.73 0.48 0.78 .OA3 1.68
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Final Status Survey Report for VA-V
The Dow Chemical Company's Bay City, Ml Facility

Th-232 Th-230 Th-228 Total Net
Gamma Th-232 Th-230 Th-228 Net Net Net Thorium

SAMPLE # W. ) s (pec (pS g) (pUR) (Pci/9) bcu) Wi) Wit)
BCS-CIO-2-VI-B 1958.5 3 0.65 1.06 0.61 0.35 0.57 0.31 1.24
BCS-CIO-2-VI-C 2294.8 3 0.51 0.83 0.48 0.21 0.34 0.18 0.73
BCS-ClO-2-VI-D 2287.1 3 0.59 0.96 0.56 0.29 0.47 0.26 1.02

BCS-CIO-2-VI- ~qc) 2287.1 3 0.62 1.01 0.59 0.32 0.52 0.29 1.13
BCS-C1O-3-VI-A 1994.4 2 0.37 0.60 0.35 0.07 0.11 0.05 0.23
BCS-CIO-3-VI-B 1765.0 2 0.60 0.97 0.56 0.30 0.48 0.26 1.04
BCS-CIO-3-VI-C 1736.4 2 0.57 0.92 0.53 0.27 0.43 0.23 0.93
BCS-CIO-3-VI-D 1885.8 2 0.96 1.56 0.90 0.66 1.07 0.60 2.33
BCS-Ci14 VI-A 2428.9 2 0.40 0.65 0.37 0.10 0.16 0.07 0.33
BCS-CIO4-VI-B 1535.0 2 0.66 1.07 0.62 0.36 0.58 0.32 1.26
BCS-C1O-4-V1-C 1918.7 2 0.74 1.20 0.69 0.44 0.71 0.39 1.55
BCS-CIO-4-VI-D 2375.8 2 0.47 0.77 0.45 0.17 0.28 0.15 0.60
BCS-C1O-5-VI-A 2130.7 2 0.59 0.95 0.55 0.29 0.46 0.25 1.00
BCS-CIO-5-VI-B 1770.3 2 0.62 1.01 0.59 0.32 0.52 0.29 1.13
BCS-CIO-5-Vl-C 1911.3 2 0.44 0.72 0.42 0.14 0.23 0.12 0.49
BCS-C1O-5-VI-D 1710.0 2 0.73 1.19 0.69 0.43 0.70 0.39 1.52

BCS-C1O-5-VI-D(qc) 1710.0 2 0.72 1.17 0.68 0.42 0.68 0.38 1.48
BCS-CIO-6-VI-A 1818.1 2 0.79 1.29 0.74 0.49 0.80 0.44 1.74
BCS-CIO-6-VI-B 1717.6 2 OA8 0.78 0.45 0.18 0.29 0.15 0.62
BCS-CIO-6VI-C 1770.1 2 1.05 1.71 0.99 0.75 1.22 0.69 2.65
BCS-CIO-6VI-D 2089.7 2 0.34 0.56 0.32 0.04 0.07 0.02 0.14
BCS-C1O-7-VI-A 1647.9 2 0.61 0.99 0.57 0.31 0.50 0.27 1.08
BCS-CIO.7-VI-B 1931.2 2 0.49 0.81 0.46 0.19 0.32 0.16 0.67
BCS-ClO-7-VI-C 1568.3 2 0.87 1.42 0.82 0.57 0.93 0.52 2.01
BCS-C1O-7-VI-D 1452.1 2 0.83 1.36 0.78 0.53 0.87 0.48 1.88
BCS-C1O-8-VI-A 2291.9 2 0.31 0.51 0.29 0.01 0.02 -0.01 0.02
BCS-C1O-8-V1-B 1713.0 2 0.89 IA5 0.84 0.59 0.96 0.54 2.09
BCS-CIO-g8-VI-C 1499.1 2 0.80 1.30 0.75 0.50 0.81 0.45 1.76
BCS-CIO-8-V1-D 1624.4 2 1.01 1.65 0.95 0.71 1.16 0.65 2.53

BCS-CIO-8-VI-D(qc) 1624.4 2 0.98 1.59 0.92 0.68 1.10 0.62 2.39
BCS-C1O-9-VI-A 1689.7 2 0.69 1.13 0.65 0.39 0.64 0.35 1.39
BCS-C1O-9-VI-B 2086.4 2 0.54 0.88 0.50 0.24 0.39 0.20 0.83
BCS-C1O-9-V1-C 1747.5 2 0.58 0.94 0.54 0.28 0.45 0.24 0.98
BCS-CIO-9-V1-D 1772.4 2 0.87 1.42 0.82 0.57 0.93 0.52 2.01

BCS-C1O-9-VI-D(qc) 1772.4 2 1.07 1.74 1.00 0.77 1.25 0.70 2.72
BCS-ClI-l-Vl-A 1773.6 2 0.99 1.62 0.93 0.69 1.13 0.63 2.46
BCS-Cl -l-V1-B 1854A 2 0.95 1.55 0.89 0.65 1.06 0.59 2.31
BCS-CIl-1-VI-C 1791.9 2 0.43 0.70 OA 0.13 021 0.11 0.45
BCS-CI-1-VI-D 1806.5 2 0.84 1.37 0.79 0.54 0.88 0.49 1.90
BCS-C11-4-VI-A 1846.1 2 1.01 1.64 0.95 0.71 1.15 0.65 2.50
BCS-CI1-4-V1-B 1826.8 2 1.14 1.86 1.07 0.84 1.37 0.77 2.99
BCS-C11-4-V1-C 1971.8 2 0.85 1.39 0.80 0.55 0.90 0.50 1.95
BCS-C 1-4-VI-D 1875.1 2 0.95 1.54 0.89 0.65 1.05 0.59 2.29
BCS-CII-7-VI-A 1693.0 2 1.21 1.97 1.14 0.91 1.48 0.84 3.23
BCS-CI 1-7-VI-B 1733.8 2 0.57 0.93 0.54 0.27 0.44 0.24 0.94
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Final Status Survey Report for VA-V
The Dow Chemical Company's Bay CAty, Ml Facility

Ih-232 Th-230 Th-228 Total Net
Gamma Th-232 Th-230 Ih-228 Net Net Net Thorium

SAMPLE WT. Spec S~s (pCi) (Pcf g) (P!1)(P g) (.zkg) (AC5/z) (Az
BCS-C11-7-VI-C 1763.9 2 0.59 0.96 0.55 0.29 0.47 0.25 1.01
BCS-Cl1-7-VI-D 1741.9 2 0.96 1.56 0.90 0.66 1.07 0.60 2.32
BCS-C8-2-VI-A 2693.3 2 0.13 0.21 0.12 -0.17 -0.28 -0.18 -0.63
BCS-C8-2-VI-B 3201.5 2 0.21 0.34 0.19 -0.09 -0.15 -0.11 -0.35
BCS-C8-2-VI-C 2874.0 2 0.18 0.29 0.16 -0.12 -0.20 -0.14 -0.46
BCS-C8-2-VI-D 2754.4 2 0.58 0.95 0.55 0.28 0.46 0.25 0.99
BCS-C8-3-VI-A 2907.2 2 0.31 0.51 0.29 0.01 0.02 -0.01 0.03
BCS-C8-3-VI-B 2596.6 2 0.12 0.20 0.11 -0.18 -0.29 -0.19 -0.66
BCS-C8-3-VI-C 3119.8 2 0.42 0.69 0.40 0.12 0.20 0.10 0.42
BCS-C8-3-V1-D 1758.1 2 1.71 2.79 1.61 1.41 2.30 1.31 5.03
BCS-C8-5-VI-A 2971.1 3 0.28 0.45 0.26 -0.02 -0.04 -0.04 -0.10
BCS-C8-5-VI-B 2645.2 3 0.51 0.83 0.48 0.21 0.34 0.18 0.74
BCS-C8-5-VI-C 2540.3 3 0.52 0.85 0.49 0.22 0.36 0.19 0.78
BCS-C8-5-V1-D 2341A 3 1.09 1.77 1.02 0.79 1.28 0.72 2.79
BCS-C8-6-V1-A 2293.7 3 0.80 1.30 0.75 0.50 0.81 0.45 1.76
BCS-C8-6-VI-B 3676.1 3 0.53 0.86 0.50 0.23 0.37 0.20 0.80
BCS-C8-6-VI-C 2126.3 3 1.76 2.87 1.65 1.46 2.38 1.35 5.19
BCS-C8-VI-D 3124.7 3 0.51 0.83 0.48 0.21 0.34 0.18 0.72
BCS-C8-8-VI-A 2506.2 3 0.58 0.95 0.55 0.28 0.46 0.25 0.99
BCS-C8-8-V1-B 1768.3 3 0.26 0.43 0.25 -0.04 -0.06 -0.05 -0.15
BCS-C8-8-V1-C 2407.3 3 1.30 2.11 1.22 1.00 1.62 0.92 3.54
BCS-C8-8-VI-D 2421.7 3 0.58 0.94 0.54 0.28 0.45 0.24 0.97
BCS-C8-9-VI-A 2034.9 3 0.47 0.77 0.44 0.17 0.28 0.14 0.59
BCS-C8-9-VI-B 2677.0 3 0.85 1.39 0.80 0.55 0.90 0.50 1.95
BCS-C8-9-VI-C 2436.0 3 0.87 1.42 0.82 0.57 0.93 0.52 2.02
BCS-C8-9-VI-D 2468.5 3 0.72 1.17 0.67 0.42 0.68 0.37 IA7
BCS-C9-1-VI-A 2616.3 3 0.40 0.66 0.38 0.10 0.17 0.08 0.34
BCS-C9-1-VI-B 3237.2 3 1.20 1.96 1.13 0.90 1.47 0.83 3.20
BCS-C9-1-VI-C 2570.4 3 0.76 1.24 0.71 0.46 0.75 0.41 1.62
BCS-C9-1-VI-D 2563.3 3 0.94 1.53 0.88 0.64 1.04 0.58 2.27

BCS-C9-1-VI-D(qc) 2563.3 3 1.02 1.66 0.96 0.72 1.17 0.66 2.54
BCS-C9-2-V1-A 2400.5 2 0.92 1.51 0.87 0.62 1.02 0.57 2.21
BCS-C9-2-V1-B 2668.1 2 1.04 1.70 0.98 0.74 1.21 0.68 2.62
BCS-C9-2-VI-C 2562.8 2 1.15 1.87 1.08 0.85 1.38 0.78 3.01
BCS-C9-2-VI-D 2123.2 2 0.77 1.25 0.72 0.47 0.76 0.42 1.65

BCS-C9-2-VI-D(qc) 2123.2 2 0.89 1.45 0.84 0.59 0.96 0.54 2.08
BCS-C9-3-V1-A 2117.6 3 1.25 2.03 1.17 0.95 1.54 0.87 3.36
BCS-C9-3-V1-B 2298.1 3 0.92 1.50 0.87 0.62 1.01 0.57 2.20

BCS-C9-3-VI-B (qc) 2298.1 3 0.90 1.47 0.85 0.60 0.98 0.55 2.12
BCS-C9-3-V1-C 2426.9 3 0.82 1.33 0.77 0.52 0.84 0.47 1.83
BCS-C9-3-V1-D 2515.5 3 0.86 1.41 0.81 0.56 0.92 0.51 2.00
BCS-C9-4-V1-A 2880.9 2 0.44 0.71 0.41 0.14 0.22 0.11 0.47
BCS-C9-4-V1-B 2270.3 2 0.47 0.77 0.45 0.17 0.28 0.15 0.60
BCS-C9-4-V1-C 2688.1 2 0.40 0.66 0.38 0.10 0.17 0.08 0.35
BCS-C9-4-VI-D 2015.1 2 0.70 1.14 0.66 0.40 0.65 0.36 IA1
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Final Status Survey Report for VA-V
The Dow Chemical Companys Bay City, MI Facility

Th-232 Th-230 Th-228 Total Net
Gamma Th-232 Th-230 Th-228 Net Net Net Thorium

SAMPLE # WT. )Spec Sys (pCg) (pCiW (p (plg) (pCpif) Pcg) (pCifg) (pCLU
BCS-C9-5-Vl-A 2882.9 3 1.31 2.13 1.23 1.01 1.64 0.93 3.58
BCS-C9-5-VI-B 2491.3 3 1.23 2.00 1.15 0.93 1.51 0.85 3.29
BCS-C9-5-VI-C 2328.5 3 0.91 1.49 0.86 0.61 1.00 0.56 2.17
BCS-C9-5-VI-D 2379.9 3 0.58 0.95 0.55 0.28 0.46 0.25 0.98
BCS-C9-6V1-A 2344.1 3 1.30 2.12 1.22 1.00 1.63 0.92 3.54
BCS-C9-6-VI-B 2582.9 3 0.71 1.15 0.66 0.41 0.66 0.36 1.43
BCS-C9-6VI-C 2464.9 3 0.70 1.14 0.66 0.40 0.65 0.36 1.42
BCS-C9-6VI-D 2430.7 3 0.53 0.86 0.50 0.23 0.37 0.20 0.80

BCS-C9-6-VI-D (qc) 2430.7 3 0.60 0.99 0.57 0.30 0.50 0.27 1.07
BCS-C9-7-V1-A 2356.1 3 0.89 1.44 0.83 0.59 0.95 0.53 2.07
BCS-C9-7-V1-B 2227.2 3 1.70 2.77 1.60 1.40 2.28 1.30 4.98
BCS-C-7-V1-C 2173.7 3 1.35 2.21 1.27 1.05 1.72 0.97 3.74
BCS-C97-VI-D 2602.4 3 0.54 0.88 0.51 0.24 0.39 0.21 0.83
BCS-C98-VI-A 2262.5 2 1.19 1.93 1.12 0.89 1.44 0.82 3.15
BCS-C9-8-V1-B 2408.7 2 0.40 0.66 0.38 0.10 0.17 0.08 0.35
BCS-C9-8-VI-C 2272.1 2 0.38 0.61 0.35 0.08 0.12 0.05 0.25
BCS-C9-8-V1-D 2270.0 2 0.26 0.43 0.25 -0.04 -0.06 -0.05 -0.15
BCS-C99-VI-A 2220.9 2 0.47 0.76 0.44 0.17 0.27 0.14 0.58
BCS-C9-9-VI-B 2116.4 2 0.74 1.21 0.70 0.44 0.72 0.40 1.56
BCS-C9-9-V1-C 2009.3 2 0.56 0.91 0.53 0.26 0.42 0.23 0.90
BCS-C9-9-VI-D 2018.1 2 0.72 1.18 0.68 0.42 0.69 0.38 1.49
BCS-D1O-1-VI-A 3026.8 2 0.00 -0.01 0.00 -0.30 -0.50 -0.30 -1.11
BCS-D1O-1-V1-B 3043.0 2 0.53 0.87 0.50 0.23 0.38 0.20 0.81
BCS-D1O-1-V1-C 2814.0 2 0.46 0.75 0.43 0.16 0.26 0.13 0.56
BCS-DIO-1-V1-D 2918.0 2 0.42 0.69 0.40 0.12 0.20 0.10 0.42
BCS-DIO-2-VI-A 3300.2 2 0.12 0.19 0.11 -0.18 -0.30 -0.19 -0.66
BCS-D1O-2-VI-B 3097.3 2 0.34 0.55 0.32 0.04 0.06 0.02 0.11
BCS-D1O-2-VI-C 3501.9 2 0.18 0.29 0.17 -0.12 -0.20 -0.13 -0.45
BCS-D1O-2-V1-D 2953.2 2 1.00 1.63 0.94 0.70 1.14 0.64 2.48

BCS-D1O-2-VI-D (qc) 2953.2 2 0.67 1.09 0.63 0.37 0.60 0.33 1.31
BCS-D1O-3-VI-A 2900.0 2 1.56 2.55 1A7 1.26 2.06 1.17 4.49
BCS-DIO-3-V1-B 2675.4 2 1.14 1.86 1.08 0.84 1.37 0.78 2.99
BCS-DIO-3-VI-C 2616.4 2 0.82 1.34 0.77 0.52 0.85 OA7 1.84
BCS-DIO-3-V1-D 2711.4 2 0.49 0.81 0.46 0.19 0.32 0.16 0.68

BCS-DIO-3-V1-D(qc) 2711.4 2 0.44 0.72 OA 0.14 0.23 0.11 OA9
BCS-DIO04VI-A 3045.9 3 0.53 0.87 0.50 0.23 0.38 0.20 0.82
BCS-DO14-V1-B 3130.0 3 0.32 0.52 0.30 0.02 0.03 0.00 0.05
BCS-DIO-4-VI-C 2846.3 3 0.68 1.11 0.64 0.38 0.62 0.34 1.34
BCS-D104-VI-D 2431.3 3 0.66 1.07 0.62 0.36 0.58 0.32 1.26

BCS-D104V1-D(gec) 2431.3 3 0.52 0.85 0.49 0.22 0.36 0.19 0.77
BCS-DIO-5-V1-A 3693.9 2 0.72 1.18 0.68 0.42 0.69 0.38 1.50
BCS-D1O-5-VI-B 3056.5 2 0.68 1.12 0.64 0.38 0.63 0.34 1.36
BCS-D1O-5-VI-C 3556.1 2 0.43 0.70 OA1 0.13 0.21 0.11 0.45
BCS-DIO-5-V1-D 2816.4 2 0.52 0.85 0.49 0.22 0.36 0.19 0.78
BCS-DIO-6-VI-A 2939.41 3 1.06 1.74 1.00 0.76 1.25 0.70 2.71

31



Final Status Survey Report for VA-V
The Dow Chemical Company's Bay City, Ml Facility

Th-232 Th-230 Th-228 Total Net
Gamma Th-232 Th-230 Tb-228 Net Net Net Thorium

SAPLE W. SpecSys. (pCL (pCg) (pC!R) (pCgLK3 (pC3 (pug) (pCig)
BCS-DIO-6-VI-B 2173.2 3 0.98 1.59 0.92 0.68 1.10 0.62 2.40
BCS-DIO-6V1-C 2191.2 3 1.00 1.63 0.94 0.70 1.14 0.64 2.49
BCS-DIO-6VI-D 2123.1 3 0.70 1.14 0.66 0.40 0.65 0.36 1.41
BCS-D1O-7-VI-A 2595.7 2 0.47 0.77 0.45 0.17 0.28 0.15 0.60
BCS-DIO-7-VI-B 2574.6 2 0.33 0.54 0.31 0.03 0.05 0.01 0.10
BCS-D1O-7-V1-C 2945.5 2 0.43 0.70 0.40 0.13 0.21 0.10 0.45
BCS-D1O-7-VI-D 2814.2 2 0.24 0.39 0.23 -0.06 -0.10 -0.07 -0.23

BCS-DIO-7-VI-D(gc) 2814.2 2 0.30 0.49 0.28 0.00 0.00 -0.02 -0.01
BCS-D10-8-V1-A 2507.6 2 0.31 0.50 0.29 0.01 0.01 -0.01 0.01
BCS-D10-8-VI-B 2264.8 2 0.69 1.13 0.65 0.39 0.64 0.35 1.38
BCS-DIO-8-VI-C 2468.9 2 0.80 1.30 0.75 0.50 0.81 0.45 1.75
BCS-DIO-8-VI-D 2187.4 2 0.79 1.29 0.74 0.49 0.80 0.44 1.73
BCS-D1O-9-V1-A 2249.5 3 0.64 1.04 0.60 0.34 0.55 0.30 1.19
BCS-DIO-9-VI-B 1618.0 3 0.77 1.25 0.72 0.47 0.76 0.42 1.64
BCS-DIO-9-VI-C 1961.0 3 0.72 1.18 0.68 0.42 0.69 0.38 1.48
BCS-D1O-9-VI-D 1636.6 3 0.92 1.50 0.86 0.62 1.01 0.56 2.18

BCS-D1O-9-VI-D(qc) 1636.6 3 0.85 1.39 0.80 0.55 0.90 0.50 1.96
BCS-DI 1-1-V1-A 2323.4 3 0.32 0.51 0.30 0.02 0.02 0.00 0.04
BCS-DII--VI-B 1742.9 3 1.30 2.12 1.22 1.00 1.63 0.92 3.55
BCS-DII-I-VI-C 2082.7 3 0.94 1.53 0.88 0.64 1.04 0.58 2.26
BCS-DII-I-VI-D 1939.7 3 0.77 1.25 0.72 0.47 0.76 0.42 1.65
BCS-DIl-4-V1-A 1649.6 3 0.79 1.29 0.74 0.49 0.80 0.44 1.73
BCS-D11-4-V1-B 1647.2 3 0.65 1.06 0.61 0.35 0.57 0.31 1.24
BCS-DI114-VI-C 1725.1 3 0.58 0.95 0.55 0.28 0.46 0.25 0.98
BCS-DI14-V1-D 1851.6 3 1.02 1.66 0.96 0.72 1.17 0.66 2.56
BCS-DI1-7-V1-A 1731.1 3 0.71 1.16 0.67 0.41 0.67 0.37 1.45
BCS-D1 1-7-VI-B 1706.8 3 0.98 1.59 0.92 0.68 1.10 0.62 2.40
BCS-DI1-7-Vt-C 1864.4 3 0.84 1.37 0.79 0.54 0.88 0.49 1.91
BCS-DI1-7-VI-D 1779.0 3 0.99 1.61 0.93 0.69 1.12 0.63 2.45
BCS-D9-6-VI-A 3237.8 3 0.57 0.93 0.54 0.27 0.44 0.24 0.94
BCS-D9-6-V1-B 3356.5 3 0.27 0.44 0.26 -0.03 -0.05 -0.04 -0.12
BCS-D9-6V1-C 3203.1 3 0.71 1.16 0.67 0.41 0.67 0.37 1.46
BCS-D9-W VI-D 2920.7 3 0.85 1.38 0.80 0.55 0.89 0.50 1.94
BCS-D9-9-VI-A 2513A 3 0.98 1.59 0.92 0.68 1.10 0.62 2.40
BCS-D9-9-VI-B 2964.7 3 0.64 1.05 0.61 0.34 0.56 0.31 1.21
BCS-D9-9-V1-C 3026.1 3 0.75 1.22 0.70 0.45 0.73 1 0.40 1.58
BCS-D9-9-VI-D 2763.3 3 0.68 1.11 0.64 0.38 0.62 0.34 1.34
BCS-E1O-1-VI-A 2731.4 3 1.25 2.03 1.17 0.95 1.54 0.87 3.36
BCS-E1O-1-VI-B 2611.3 3 0.75 1.21 0.70 0.45 0.72 0.40 1.57
BCS-ElO-1-VI-C 3094.3 3 0.54 0.89 0.51 0.24 0.40 0.21 0.85
BCS-E1O-1-VI-D 2444.3 3 0.73 1.19 0.69 0.43 0.70 0.39 1.52

BCS-EIO-I-VI-D(qc) 2444.3 3 0.63 1.02 0.59 0.33 0.53 0.29 1.15
BCS-EIO-2-VI-A 2849.7 3 0.46 0.76 0.44 0.16 0.27 0.14 0.56
BCS-EIO-2-VI-B 2981.6 3 0.69 1.12 0.65 0.39 0.63 0.35 1.37
BCS-E1O-2-VI-C 2289.4 3 0.63 1.03 0.59 0.33 0.54 0.29 1.17
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Th-232 Th-230 Th-228 Total Net
Gamma Th-232 Th-230 Th-228 Net Net Net Thorium

SAMPLE # (g Sp Ss (pCg) (pCVz) (pCVg) (pCUg) (PCqPg) ULD (Pci)f
BCS-EIO-2-VI-D 2941.6 3 0.92 1.49 0.86 0.62 1.00 0.56 2.18
BCS-E1O-3-VI-A 2430.3 3 0.81 1.31 0.76 0.51 0.82 0.46 1.79
BCS-EIO-3-VI-B 3407.1 3 0.28 0.46 0.26 -0.02 -0.03 -0.04 -0.08
BCS-EIO-3-V1-C 2721.9 3 0.90 1.46 0.84 0.60 0.97 0.54 2.12
BCS-E1O-3-VI-D 2908.2 3 0.93 1.51 0.87 0.63 1.02 0.57 2.23
BCS-E1O-6-VI-A 2871.0 3 0.86 1.40 0.81 0.56 0.91 0.51 1.97
BCS-EIO-6-VI-B 3069.2 3 0.92 1.50 0.86 0.62 1.01 0.56 2.19
BCS-EIO-6Vl-C 3095.9 3 0.72 1.17 0.67 0.42 0.68 0.37 1.47
BCS-EI0-6-VI-D 2948.6 3 0.81 1.32 0.76 0.51 0.83 0.46 1.80
BCS-E1O-9-VI-A 2964.1 2 1.19 1.95 1.12 0.89 1.46 0.82 3.17
BCS-EIO-9-VI-B 2802.7 2 0.80 1.30 0.75 0.50 0.81 0.45 1.76

BCS-EIO-9-VI-B(qc) 2802.7 2 1.04 1.69 0.98 0.74 1.20 0.68 2.62
BCS-EIO-9-VI-C 3003.2 2 0.56 0.91 0.52 0.26 0.42 0.22 0.90
BCS-E1O-9-V1-D 2990.5 2 0.71 1.15 0.66 0.41 0.66 0.36 1.43
BCS-El 1-1-Vl-A 1505.9 2 0.58 0.94 0.54 0.28 0.45 0.24 0.97
BCS-EII-1-V1-B 2543.5 2 0.38 0.61 0.35 0.08 0.12 0.05 0.25
BCS-EII-1-VI-C 2886.3 2 0.42 0.69 0.40 0.12 0.20 0.10 0.42
BCS-E1I-1-VI-D 3243.6 2 0.45 0.73 0.42 0.15 0.24 0.12 0.51
BCS-Ell-4-VI-A 3243.3 2 0.34 0.56 0.32 0.04 0.07 0.02 0.13
BCS-EI 1-4-V1-B 3198.2 2 0.57 0.94 0.54 0.27 0.45 0.24 0.96
BCS-EI1-4-VI-C 2935.9 2 0.62 1.01 0.58 0.32 0.52 0.28 1.13
BCS-EI 1-4-VI-D 2514.9 2 0.38 0.62 0.36 0.08 0.13 0.06 0.27
BCS-E1I-7-V1-A 2816.4 3 1.07 1.74 1.01 0.77 1.25 0.71 2.73
BCS-E1l-7-V1-B 2687.2 3 0.25 0.40 0.23 -0.05 -0.09 -0.07 -0.21
BCS-EI 1-7-V1-C 2827.3 3 0.50 0.81 0.47 0.20 0.32 0.17 0.68
BCS-E1 1-7-VI-D 1906.7 3 1.03 1.67 0.97 0.73 1.18 0.67 2.58
BCS-E9-1-VI-A 2899.1 2 0.59 0.97 0.56 0.29 0.48 0.26 1.03
BCS-E9-1-VI-B 2799.9 2 0.93 1.52 0.88 0.63 1.03 0.58 2.25
BCS-E9-1-V1-C 3366.5 2 0.32 0.53 0.30 0.02 0.04 0.00 0.06
BCS-E9-1-V1-D 2341.5 2 0.83 1.36 0.78 0.53 0.87 0.48 1.19
BCS-E9-2-V1-A 3157.3 2 0.76 1.23 0.71 0.46 0.74 0.41 1.61
BCS-E9-2-VI-B 2592.1 2 0.61 1.00 0.58 0.31 0.51 0.28 1.09
BCS-E9-2-V1-C 2743.8 2 0.55 0.90 0.52 0.25 OA1 0.22 0.88
BCS-E9-2-V1-D 3150.6 2 0.61 1.00 0.58 0.31 0.51 0.28 1.09

BCS-E9-2-V1- (qc) 3150.6 2 0.67 1.08 0.63 0.37 0.59 0.33 1.29
BCS-E9-3-V1-A 2796.8 2 0.37 0.61 0.35 0.07 0.12 0.05 0.25
BCS-E9-3-Vl-B 2710.8 2 0.65 1.05 0.61 0.35 0.56 0.31 1.22
BCS-E9-3-V1-C 3281.7 2 0.77 1.26 0.73 0.47 0.77 0.43 1.68
BCS-E9-3-VI-D 2778.3 2 0.08 0.12 0.07 -0.22 -0.37 -0.23 -0.82
BCS-F1O-1-V1-A 2765.1 3 0.52 0.84 0.49 0.22 0.35 0.19 0.76
BCS-F1O-1-VI-B 3075.7 3 0.57 0.93 0.53 0.27 0.44 0.23 0.94
BCS-F1O-1-VI-C 3180.0 3 0.30 0.49 0.28 0.00 0.00 -0.02 -0.01
BCS-F1O-1-V1-D 2423.6 3 0.65 1.06 0.61 0.35 0.57 0.31 1.23
BCS-FIO-2-VI -A 2620.1 2 0.48 0.78 0.45 0.18 0.29 0.15 0.62
BCS-F1O-2-VI-B 3318.5 2 0.48 0.79 0.45 0.18 0.30 0.15 0.63
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Th-232 Th-230 Th-228 Total Net
Gamma Th-232 Th-230 Th-228 Net Net Net Thorium

SALE # WT. Spec Sys, (pCig) (p ) (C) (pC )(g) (pCL'g) (pCg) APCLg)
BCS-F1O-2-VI-C 2690.8 2 0.56 0.91 0.52 0.26 0.42 0.22 0.89
BCS-F1O-2-V1-D 2938.6 2 0.42 0.69 0.40 0.12 0.20 0.10 0.42
BCS-FIO-3-V1-A 2411.5 3 0.56 0.92 0.53 0.26 0.43 0.23 0.92
BCS-FIO-3-VI-B 2800.2 3 0.78 1.27 0.73 0.48 0.78 0.43 1.68
BCS-F10-3-VI-C 2370.3 3 0.72 1.18 0.68 0.42 0.69 0.38 1.49
BCS-FIO-3-V1-D 2810.0 3 0.58 0.95 0.55 0.28 0.46 0.25 0.99
BCS-FI04-VI-A 3017.5 2 0.54 0.88 0.51 0.24 0.39 0.21 0.84
BCS-F1O-4-VI-B 2606.4 2 0.52 0.85 0.49 0.22 0.36 0.19 0.77
BCS-F1Q-4-VI-C 2893.0 2 0.49 0.80 0.46 0.19 0.31 0.16 0.66
BCS-FI04-V1-D 2985.2 2 0.63 1.03 0.59 0.33 0.54 0.29 1.17
BCS-FIO-5-Vl-A 2425.0 3 0.40 0.65 0.38 0.10 0.16 0.08 0.34
BCS-F1O-5-VI-B 3105.9 3 0.47 0.76 0.44 0.17 0.27 0.14 0.58
BCS-F1O-5-V1-C 3489.1 3 0.96 1.56 0.90 0.66 1.07 0.60 2.32
BCS-FIO-5-VI-D 3317.7 3 0.17 0.28 0.16 -0.13 -0.21 -0.14 -0.48
BCS-FIO-6VI-A 2895.4 3 0.69 1.13 0.65 0.39 0.64 0.35 1.39
BCS-F1O-6VI-B 3224.4 3 0.43 0.70 0.40 0.13 0.21 0.10 0.44
BCS-FlO-6VI-C 3084.4 3 0.37 0.60 0.35 0.07 0.11 0.05 0.22
BCS-F1O-6VI-D 2744.8 3 0.28 0.46 0.26 -0.02 -0.03 -0.04 -0.09
BCS-F1O-7-V1-A 3174.9 2 0.37 0.60 0.35 0.07 0.11 0.05 0.22
BCS-F10-7-VI-B 2819.7 2 0.72 1.17 0.67 0.42 0.68 0.37 1.47
BCS-FIO-7-VI-C 3636.1 2 0.28 0.46 0.27 -0.02 -0.03 -0.03 -0.08
BCS-F1O-7-VI-D 2769.8 2 0.53 0.86 0.49 0.23 0.37 0.19 0.79
BCS-F10-8-VI-A 3318.3 3 0.31 0.50 0.29 0.01 0.01 -0.01 0.01
BCS-F1O-8-V1-B 3050.5 3 0.98 1.60 0.93 0.68 1.11 0.63 2.42
BCS-F10-8-VI-C 2886.1 3 0.72 1.17 0.68 0.42 0.68 0.38 1.48
BCS-F10-8-VI-D 2744.1 3 0.24 0.39 0.22 -0.06 -0.10 -0.08 -0.24
BCS-F1O-9-VI-A 2971.4 3 0.43 0.71 0.41 0.13 0.22 0.11 0.46
BCS-FIO-9-V1-B 3129.4 3 0.29 0.48 0.27 -0.01 -0.01 -0.03 -0.05
BCS-F1O-9-VI-C 3249.7 3 0.52 0.85 OA9 0.22 0.36 0.19 0.77
BCS-F1O-9-VI-D 3263.4 3 0.28 0.46 0.27 -0.02 -0.03 -0.03 -0.08
BCS-F11-1-V1-A 2870.7 3 0.31 0.51 0.30 0.01 0.02 0.00 0.03
BCS-FII-1-VI-B 3121.5 3 0.66 1.07 0.62 0.36 0.58 0.32 1.25
BCS-Fl 1-1-V1-C 3271.1 3 0.35 0.57 0.33 0.05 0.08 0.03 0.15
BCS-F1 1-1-VI-D 3282.5 3 0.53 0.87 0.50 0.23 0.38 0.20 0.82

BCS-Fl 1-1-VI-D(qc) 3282.5 3 0.50 0.81 0.47 0.20 0.32 0.17 0.69
BCS-F114-VI-A 2953.6 2 0.33 0.53 0.31 0.03 0.04 0.01 0.08
BCS-FI1-4-VI-B 3379.2 2 0.20 0.33 0.19 -0.10 -0.16 -0.11 -0.37
BCS-F11-4-VI-C 3422.0 2 0.21 0.34 0.20 -0.09 -0.15 -0.10 -0.35
BCS-FI1 4-VI-D 3059.0 2 0.40 0.65 0.38 0.10 0.16 0.08 0.34
BCS-F11-7-VI-A 3064.4 2 0.21 0.35 0.20 -0.09 -0.14 -0.10 -0.33
BCS-F11-7-VI-B 3002.7 2 0.53 0.86 0.50 0.23 0.37 0.20 0.80
BCS-F11-7-VI-C 2835.0 2 0.13 0.21 0.12 -0.17 -0.28 -0.18 -0.63
BCS-F11-7-VI-D 2844.4 2 0.46 0.75 0.43 0.16 0.26 0.13 0.56
BCS-F9-1-VI-A 3337.8 3 0.75 1.22 0.71 0.45 0.73 0.41 1.59
BCS-F9-1-VI-B 3067.7 3 0.45 0.74 0.42 0.15 0.25 0.12 0.52
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Th-232 Th-230 Th-228 Total Net
Gamma Th-232 Tb-230 Th-228 Net Net Net Thorium

SAPLE # _WT. SpeSyL (pCiIg) (pCLg) (pCLg) (pCi4f.) p (pCi/g) CiI
BCS-F9-1-VI-C 2847.7 3 0.53 0.86 0.50 0.23 0.37 0.20 0.80
BCS-F9-1-VI-D 3053.0 3 0.34 0.56 0.32 0.04 0.07 0.02 0.13
BCS-F9-2-V1-A 2558.3 3 0.70 1.15 0.66 0.40 0.66 0.36 1.42
BCS-F9-2-VI-B 2315.9 3 1.14 1.86 1.07 0.84 1.37 0.77 2.98
BCS-F9-2-VI-C 2539.5 3 0.52 0.84 0.48 0.22 0.35 0.18 0.75
BCS-F9-2-VI-D 2393.5 3 0.49 0.80 0.46 0.19 0.31 0.16 _ 0.66
BCS-F9-3-VI-A 2956.2 2 0.29 0.48 0.28 -0.01 -0.01 -0.02 -0.04
BCS-F9-3-VI-B 3185.6 2 0.16 0.25 0.15 -0.14 -0.24 -0.15 -0.54
BCS-F9-3-VI-C 3006.0 2 0.33 0.53 0.31 0.03 0.04 0.01 0.08
BCS-F9-3-V1-D 3184.1 2 0.38 0.62 0.36 0.08 0.13 0.06 0.26
BCS-F9-4-V1-A 2559.7 3 0.49 0.80 0.46 0.19 0.31 0.16 0.66
BCS-F9-4-Vl-B 3463.7 3 0.43 0.69 0.40 0.13 0.20 0.10 0.43
BCS-F9-4-V1-C 3393.8 3 0.72 1.17 0.67 0.42 0.68 0.37 1.47
BCS-F94-V1-D 2937.1 3 0.53 0.87 0.50 0.23 0.38 0.20 0.81
BCS-F9-5-V1-A 2842.0 2 0.46 0.75 0.44 0.16 0.26 0.14 0.56
BCS-F9-5-VI-B 3386.2 2 0.24 0.39 0.22 -0.06 -0.10 -0.08 -0.24
BCS-F9-5-VI-C 2922.7 2 0.59 0.96 0.55 0.29 0.47 0.25 1.00
BCS-F9-5-V1-D 3646.5 2 0.71 1.16 0.67 0.41 0.67 0.37 1.45
BCS-F9-6VI-A 3338.5 2 0.36 0.59 0.34 0.06 0.10 0.04 0.20
BCS-F9-6V1-B 3380.3 2 0.44 0.71 0.41 0.14 0.22 0.11 0.47
BCS-F9-6-V1-C 2956.5 2 0.36 0.59 0.34 0.06 0.10 0.04 0.21
BCS-F9-6VI-D 3192.1 2 0.16 0.26 0.15 -0.14 -0.23 -0.15 -0.53
BCS-F9-7-V1-A 3043.2 3 0.76 1.24 0.72 0.46 0.75 0.42 1.64
BCS-F9-7-VI-B 3855.8 3 0.60 0.97 0.56 0.30 0.48 0.26 1.04
BCS-F9-7-VI-C 2916.4 3 0.56 0.91 0.52 0.26 0.42 0.22 0.90
BCS-F9-7-VI-D 2929.6 3 0.53 0.86 0.50 0.23 0.37 0.20 0.80

BCS-F9-7-VI-D(qc) 2929.6 3 0.49 0.80 OA6 0.19 0.31 0.16 0.65
BCS-F9-8-V1-A 3015.2 2 0.59 0.96 0.55 0.29 0.47 0.25 1.01
BCS-F9-8-VI-B 3234.8 2 0.48 0.78 0.45 0.18 0.29 0.15 0.63
BCS-F9-8-VI-C 2456.0 2 0.38 0.62 0.36 0.08 0.13 0.06 0.26
BCS-F9-8-VI-D 2496.1 2 0.61 0.99 0.57 0.31 0.50 0.27 1.09
BCS-F9-9-VI-A 2877.0 2 0.64 1.05 0.60 0.34 0.56 0.30 1.21
BCS-F9-9-V1-B 2838.8 2 0.44 0.72 0.42 0.14 0.23 0.12 0.49
BCS-F9-9-VI-C 3397.6 2 0.55 0.89 0.51 0.25 0.40 0.21 0.86
BCS-F9-9-VI-D 3321.8 2 0.26 0.43 0.25 -0.04 -0.06 -0.05 -0.15

BCS-F9-9-V1-D(qc) 3321.8 2 0.28 0.46 0.26 -0.02 -0.03 -0.04 -0.09
BCS-G10-1-VI-A 2975.4 3 0.69 1.13 0.65 0.39 0.64 0.35 1.37
BCS-G1O-1-VI-B 2990.5 3 0.27 0.44 0.26 -0.03 -0.05 -0.04 -0.12
BCS-G1O-1-V1.C 2959.7 3 0.67 1.09 0.63 0.37 0.60 0.33 1.30
BCS-G10-1-VI-D 3130.8 3 0.66 1.07 0.62 0.36 0.58 0.32 1.26
BCS-GO10-2-VI-A 3132.5 2 0.77 1.25 0.72 0.47 0.76 0.42 1.65
BCS-G1O-2-VI-B 3206.3 2 0.94 1.53 0.88 0.64 1.04 0.58 2.26
BCS-G10-2-VI-C 2724.5 2 0.31 0.51 0.29 0.01 0.02 -0.01 0.02
BCS-G10-2-VI-D 3193.3 2 0.64 1.04 0.60 0.34 0.55 0.30 1.19

BCS-410-2-VI-D(qc) 3193.3 2 0.70 1.14 0.66 0.40 0.65 0.36 1.42
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Ih-232 Th-230 Th-228 Total Net
Gaumna Th-232 Ih-230 Th-228 Net Net Net Thorim

SAMPLE # WT. (g Spe Sy (pcIIg) (i/!(z lg )PC) JcgL OA!) A VL) (Pfg)
BCS-G1O-3-V1-A 2836.0 2 0.83 1.35 0.78 0.53 0.86 0.48 1.86
BCS-G1O-3-VI-B 3690.4 2 0.35 0.57 0.33 0.05 0.08 0.03 0.16
BCS-GI0-3-V1-C 3284.8 2 0.41 0.67 0.39 0.11 0.18 0.09 0.38
BCS-GIO-3-V1-D 3855.6 2 0.32 0.53 0.30 0.02 0.04 0.00 0.07
BCS-GIO-4-VI-A 2809.9 3 0.47 0.77 0.44 0.17 0.28 0.14 0.60
BCS-G1044V1-B 2951.6 3 0.71 1.15 0.67 0.41 0.66 0.37 1.44
BCS-GIO-4-VI-C 3196.5 3 0.57 0.92 0.53 0.27 0.43 0.23 0.93
BCS-G10-4-V1-D 2016.8 3 0.59 0.96 0.55 0.29 0.47 0.25 1.01

BCS-GIO4-V1-D(QC 2016.8 3 0.51 0.83 0.48 0.21 0.34 0.18 0.73
BCS-G1O-5-VI-A 3137.5 2 0.54 0.88 0.51 0.24 0.39 0.21 0.84
BCS-G10-5-V1-B 2884.7 2 0.60 0.98 0.56 0.30 0.49 0.26 1.05
BCS-G1O-5-VI-C 2779.4 2 0.16 0.26 0.15 -0.14 -0.23 -0.15 -0.51
BCS-G1O-5-Vl-D 3180.4 2 0.40 0.66 0.38 0.10 0.17 0.08 0.35
BCS-GIO-6-VI-A 3409.0 3 0.35 0.58 0.33 0.05 0.09 0.03 0.17
BCS-G1O-6-Vl-B 3048.6 3 0.69 1.13 0.65 0.39 0.64 0.35 1.38
BCS-GIO--V1-C 2971.4 3 0.53 0.86 0.50 0.23 0.37 0.20 0.80
BCS-G10-6-V1-D 3347.7 3 0.62 1.02 0.59 0.32 0.53 0.29 1.13
BCS-GIO-7-V1-A 3069.4 2 0.97 1.58 0.91 0.67 1.09 0.61 2.38
BCS-GO10-7-VI-B 2557.3 2 0.31 0.51 0.30 0.01 0.02 0.00 0.03
BCS-GIO-7-V1-C 2959.3 2 0.27 0.45 0.26 -0.03 -0.04 -0.04 -0.12
BCS-GIO-7-V1-D 2880.7 2 0.32 0.53 0.30 0.02 0.04 0.00 0.06
BCS-G1O-8-VI-A 2951.5 3 0.55 0.89 0.51 0.25 0.40 0.21 0.86
BCS-GIO-S-VI-B 2487.9 3 0.92 1.50 0.87 0.62 1.01 0.57 2.20
BCS-G1O-8-VI-C 2937.0 3 0.75 1.22 0.71 0.45 0.73 0.41 1.59
BCS-Gl0-8-V1-D 3167.8 3 0.69 1.12 0.65 0.39 0.63 0.35 1.36
BCS-GIO-9-V1-A 2888.9 2 0.58 0.95 0.55 0.28 0.46 0.25 0.99
BCS-G1O-9-V1-B 2907.4 2 0.36 0.59 0.34 0.06 0.10 0.04 0.21
BCS-G1O-9-VI-C 2959.1 2 0.25 0.41 0.24 -0.05 -0.08 -0.06 -0.19
BCS-G10-9-VI-D 3189.3 2 0.46 0.74 0.43 0.16 0.25 0.13 0.54

BCS-G10-9-Vl-Dqc) 3189.3 2 0.26 0.43 0.25 -0.04 -0.06 -0.05 -0.16
BCS-GII-I-VI-A 2824.8 3 0.70 1.15 0.66 0.40 0.66 0.36 1.42
BCS-GI1-l-VI-B 2962.5 3 0.41 0.67 0.39 0.11 0.18 0.09 0.39
BCS-GI-1-VI-C 2393.4 3 0.54 0.89 0.51 0.24 0.40 0.21 0.85
BCS-G11-1-V1-D 2775.3 3 0.50 0.81 0.47 0.20 0.32 0.17 0.68

BCS-G1 1-1-VI.D(qc) 2775.3 3 0.52 0.85 OA9 0.22 0.36 0.19 0.77
BCS-Gll-4-V1-A 3031.7 3 0.59 0.96 0.55 0.29 0.47 0.25 1.01
BCS-GII 4-Vl-B 2875.3 3 0.38 0.63 0.36 0.08 0.14 0.06 0.28
BCS-G11-4-V1-C 3146.8 3 0.31 0.50 0.29 0.01 0.01 -0.01 0.00
BCS-GI1-4-VI-D 3651.6 3 0.33 0.54 0.31 0.03 0.05 0.01 0.10

BCS-GII-4-VI-D(qc) 3651.6 3 0.48 0.79 0.45 0.18 0.30 0.15 0.63
BCS-G11-7-VI-A 2889.6 2 0.29 0.47 0.27 -0.01 -0.02 -0.03 -0.07
BCS-GI 1-7-VI-B 2982.1 2 0.36 0.59 0.34 0.06 0.10 0.04 0.20
BCS-G11-7-VI-C 2897.1 2 0.63 1.03 0.59 0.33 0.54 0.29 1.17
BCS-G11-7-VI-D 3369.1 2 0.36 0.58 0.34 0.06 0.09 0.04 0.19
BCS-G9-2-VI-A 2839.3 2 0.95 1.55 0.89 0.65 1.06 0.59 2.31
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Th-232 Th-230 Th-228 Tol Net
Gamma Th-232 Th-230 Th-228 Net Net Net Thorium

SAMPLE # WT. Spec S (pCL) (pC!g) (pCQ z) (p!g) ( g) (g) (g)
BCS-G9-2-VI-B 3100.6 2 0.55 0.90 0.52 0.25 0.41 0.22 0.87
BCS-G9-2-VI-C 2628.9 2 1.00 1.64 0.94 0.70 1.15 0.64 2.50
BCS-G9-2-VI-D 1991.8 2 0.61 0.99 0.57 0.31 0.50 0.27 1.07
BCS-G9-3-V1-A 2838.3 2 0.63 1.03 0.59 0.33 0.54 0.29 1.16
BCS-G9-3-VI-B 2443.2 2 0.80 1.30 0.75 0.50 0.81 0.45 1.75
BCS-G9-3-VI-C 2459.8 2 0.95 1.55 0.89 0.65 1.06 0.59 2.31
BCS-G9-3-VI-D 2824.5 2 0.38 0.61 0.35 0.08 0.12 0.05 0.25
BCS-G9-5-V1-A 3083.2 3 1.12 1.82 1.05 0.82 1.33 0.75 2.91
BCS-G9-5-VI-B 2271.4 3 0.89 1.46 0.84 0.59 0.97 0.54 2.10
BCS-G9-5-VI-C 3148.3 3 0.95 1.54 0.89 0.65 1.05 0.59 2.28
BCS-G9-5-VI-D 2975.3 3 0.30 0.49 0.29 0.00 0.00 -0.01 -0.01
BCS-G9.-VI-A 2641.0 3 0.88 1.43 0.83 0.58 0.94 0.53 2.05
BCS-G9-6VI-B 2585.0 3 0.88 1.43 0.83 0.58 0.94 0.53 2.04
BCS-G9-6-VI-C 2937.4 3 0.59 0.97 0.56 0.29 A.48 0.26 1.02
BCS-09-6-VI-D 2312.8 3 0.63 1.03 0.59 0.33 0.54 0.29 1.17
BCS-G9-8-V1-A 2917.7 2 0.60 0.97 0.56 0.30 0.48 0.26 1.04
BCS-G9-8-VI-B 2970.1 2 0.24 0.39 0.23 -0.06 -0.10 -0.07 -0.23
BCS-G9-8-VI-C 3210.3 2 0.28 0.45 0.26 -0.02 -0.04 -0.04 -0.11
BCS-G9-8-VI-D 3116.8 2 0.39 0.64 0.37 0.09 0.15 0.07 0.30
BCS-G9-9-VI-A 3054.9 3 0.31 0.51 0.29 0.01 0.02 -0.01 0.02
BCS-G9-9-VI-B 3057.6 3 0.61 0.99 0.57 0.31 0.50 0.27 1.07
BCS-G9-9-VI-C 3201.8 3 0.49 0.79 0.46 0.19 0.30 0.16 0.64
BCS-G9-9-V1-D 3472.8 3 0.64 1.05 0.60 0.34 0.56 0.30 1.21

BCS-H1O-7-VI-A 2998.9 2 0.59 0.96 0.56 0.29 0.47 0.26 1.02
BCS-H1O-7-VI-B 3205.0 2 0.33 0.53 0.31 0.03 0.04 0.01 0.08
BCS-H1O-7-VI-C 3027.8 2 0.51 0.83 0.48 0.21 0.34 0.18 0.72
BCS-H1O-7-VI-D 2898.0 2 0.71 1.16 0.67 .OAI 0.67 0.37 1.46
BCS-H1O-8-VI-A 2796.3 3 0.63 1.03 0.59 0.33 0.54 0.29 1.16
BCS-HIO-8-V1-B 2921.6 3 0.55 0.90 0.52 0.25 OA1 0.22 0.89
BCS-H1O-8-V2-C 3396.3 2 0.42 0.68 0.39 0.12 0.19 0.09 0.41
BCS-H10-8-VI-D 3151.6 3 0.37 0.61 0.35 0.07 0.12 0.05 0.25

BCS-H1O-8-VI-D(qc) 3151.6 3 0.44 0.71 0.41 0.14 0.22 0.11 0.47
BCS-HIO-9-VI-A 2700.4 3 0.47 0.76 0.44 0.17 0.27 0.14 0.58
BCS-H1O-9-VI-B 2882.7 3 0.58 0.94 0.54 0.28 0.45 0.24 0.97
BCS-HIO-9-VI-C 3027.8 3 0.63 1.02 0.59 0.33 0.53 0.29 1.15
BCS-HIO-9-V1-D 3299.8 3 0.61 0.99 0.57 0.31 0.50 0.27 1.07
BCS-H1I-7-VI-A 2919.8 3 0.50 0.82 0.47 0.20 0.33 0.17 0.70
BCS-H1I1-7-VI-B 2679.1 3 0.64 1.04 0.60 0.34 0.55 0.30 1.18
BCS-HI1-7-VI-C 3128.6 3 0.78 1.28 0.74 0.48 0.79 0.44 1.71
BCS-HI1-7-VI-D 3313.8 3 0.39 0.63 0.37 0.09 0.14 0.07 0.30
BCS-9-5-VI-A 2632.3 3 0.52 0.85 0.49 0.22 0.36 0.19 0.78
BCS-H9-5-VI-C 2700.9 3 0.47 0.77 0.45 0.17 0.28 0.15 0.60
BCS-H9-5-VI-D 2899.0 3 0.57 0.93 0.54 0.27 0.44 0.24 0.95

BCS-H9-5-VI-D(qc) 2899.0 3 0.52 0.85 0.49 0.22 0.36 0.19 0.78
BCS-H9-8-VI-A 2973.3 3 0.64 1.04 0.60 0.34 0.55 0.30 1.19
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Th-232 Th-230 Th-228 Total Net
Gamma Th-232 Th-230 Th-228 Net Net Net Thorium

SAMPLE# WT. e SYS (Wl) ( g) ( dg) (APg) (Aifg) A2L) (Wilk)
BCS-H9-8-VI-B 2955.7 3 0.54 0.89 0.51 0.24 0.40 0.21 0.85
BCS-H9-8-VI-C 3076.0 3 0.70 1.15 0.66 0.40 0.66 0.36 1.42
BCS-H9-8-VI-D 2978.1 3 0.59 0.97 0.56 0.29 0.48 0.26 1.03

BCS-H9-8-V1 D(qc) 2978.1 3 0.56 0.92 0.53 0.26 0.43 0.23 0.92
BCS-H9-9-VI-A 3098.4 2 0.38 0.62 0.36 0.08 0.13 0.06 0.28
BCS-H9-9-VI-B 3070.8 2 0.64 1.04 0.60 0.34 0.55 0.30 1.18
BCS-H9-9-VI-C 3690.3 2 0.57 0.93 0.54 0.27 0.44 0.24 0.95
BCS-H9-9-VI-D 2489.8 2 0.70 1.15 0.66 0.40 0.66 0.36 1.42

L Avenage 2509.4 0.66 1.08 0.62 0.36 0.59 032 1.28

Equations
Ih-230 (pCi/g) = 1.63 * Th-232 (pCi/g)
Th-228 (pCi/g) = 0.94 * Th-232 (pCi/g)
Ih-232 Net (pCi/g) = Th-232 (pCi/g) - 0.3
Th-230 Net (pCilg) = Th-230 (pCilg) -
OA9
Th-228 Net (pCi/g) = Ih-228 (pCi/g) - 0.3
Total Net Thoium - Th-232 Net + Th-230 Net + Th-228
Net
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Table A5

Final Gamma Exposure Rates - VA-V

Gross Exposure Net Exposure
Grid Number uR/hr uPl/r

BCS-AIO-I-VI 8 3

BCS-A1O-2-VI 8 3
BCS-A10-3-VI 8 3

BCS-A1O-4-V1 9 4

BCS-AIO-5-V1 8 3

BCS-AIO-6VI 8 3

BCS-A1O-7-VI 8 3

BCS-A1O-8-V1 6 1
BCS-A11-1-V1 7 2
BCS-Al 1-4-Vl 7 2

BCS-A8-l-VI 8 3

BCS-A8-2-VI 9 4
BCS-AS-3-V1 8 3

BCS-A8-4-VI 7 2
BCS-AS-5-VI 8 3

BCS-A8-6-VI 10 5

BCS-AS-7-V1 8 3

BCS-AS-8-V1 8 3

BCS-A8-9-V1 8 3
BCS-A9-1-V1 11 6

BCS-A9-2-VI 11 6

BCS-A9-3-V1 S 3
BCS-A9-4-VI 10 5

BCS-A9-5-VI 10 5

BCS-A9-6VI 9 4

BCS-A9-7-V1 9 4

BCS-A9--VI 8 3

BCS-A9-9-Vt 8 3

BCS-BIO-1-VI 10 5
BCS-BIO-2-VI 11 6
BCS-BIO-3-VI 10 5

Gross Exposure Net Exposure
Grid Number pRj phr

BCS-B1O-8-VI 7 2
BCS-B1O-9-VI 8 3
BCS-BI 1-1-Vl 10 5

BCS-BI-4-VI 11 6

BCS-B1 1-7-VI 7 2

BCS-BS-2-VI 12 7
BCS-B8-3-VI 11 6

BCS-B8-5-V1 12 7
BCS-B8g-VI 12 7
BCS-B1-8-Vt 13 8
BCS-B&-9-V1 12 7

BCS-B9-1-VI 11 6
BCS-B9-2-VI 9 4

BCS-B9-3-VI 9 4
BCS-B9-4-V1 11 6
BCS-B9-5-VI 11 6

BCS-B9-6-VI 8 3

BCS-B9-7-V1 12 7
BCS-B9-8-VI 11 6
BCS-B9-9-V1 7 2

BCS-CIO-I-VI 11 6
BCS-C10-2-VI 9 4
BCS-C1O-3-VI 10 5
BCS-CIO-4-VI 10 5

BCS-CIO-5-Vt 9 4

BCS-CIO-6-VI 11 6
BCS-CIO-7-Vt 10 5
BCS-CIO-8-VI 1 6
BCS-ClO-9-VI 12 7
BCS-ClI-1-VI 9 4

BCS-CI14-VI 10 5
BCS-BIO-4-VI 7 2 BCS-CI 1-7-VI 9 4
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Gross Exposure Net Exposure
uR/hr

Gross Exposure Net Exposure
I uR/hr I uR.JhrGrid Number uR/hr Grid Number

BCS-B1O-5-VI 8 3

BCS-B1O-6VI 10 5

BCS-BIO-7-VI 9 4

BCS-Cg-6V1 10 5

BCS-CS-8-V1 10 5

BCS-C89-V1 11 6

BCS-C9-1-V1 11 6

BCS-C9-2-V1 11 6

BCS-C9-3-V1 10 5

BCS-C9-4-VI 10 5

BCS-C9-5-V1 10 5

BCS-C9-6-V1 10 5

BCS-C9-7-VI 12 7

BCS-C9-8-VI 10 5

BCS-C9-9-VI 10 5

BCS-DIO-1-V1 8 3

BCS-DIO-2-VI 9 4

BCS-DIO-3-VI 10 5

BCS-DIO-4-V1 9 4

BCS-DIO-5-VI 10 5

BCS-DIO--VI 10 5

BCS-D10-7-VI 9 4

BCS-DIO-8-VI 10 5

BCS-D10-9-V1 9 4

BCS-DI1-1-Vl 10 5

BCS-D 1-4-VI 9 4

BCS-D11-7-V1 10 5

BCS-D9-6V1 9 4

BCS-D9-9-VI 10 5

BCS-E1O-I-VI 9 4

BCS-E1O-2-VI 9 4

BCS-EIO-3-V1 8 3

BCS-E1O-6-V1 8 3

BCS-E1O-9-VI 10 5

BCS-Ell-l-VI 7 2

BCS-EI1-4-V1 9 4

BCS-CS-2-V1 10 5

BCS-C8-3-VI 10 5

BCS-C8-5-VI 10 5

BCS-E9-2-VI 9 4

BCS-E9-3-V1 9 4

BCS-FIO-1-VI 7 2

BCS-F1O-2-V1 8 3

BCS-FIO-3-VI 8 3

BCS-FIO-4-VI 7 2

BCS-F1O-5-VI 7 2

BCS-F1O-6-VI 7 2

BCS-F1O-7-VI 9 4

BCS-F1O-8-V1 9 4

BCS-F1O-9-V1 7 2

BCS-Fl1-l-V1 7 2

BCS-F1l4-VI 8 3

BCS-F1-7-V1 7 2

BCS-F9-1-VI 10 5

BCS-F9-2-V1 10 5

BCS-F9-3-VI 8 3

BCS-F9-4-VI 10 5

BCS-F9-5-VI 9 4

BCS-F9-6VI 9 4

BCS-F9-7-Vl 10 5

BCS-F9-8-VI 9 4

BCS-F9-9-VI 9 4

BCS-G10-1-VI 6 1

BCS-O10-2-VI 6 1

BCS-GO10-3-V1 6 1

BCS-GIO-4-V1 7 2

BCS-G10-5-V1 6 1

BCS-G10-6VI 6 1
BCS-GI0-7-VI 6 1

BCS-G10-8-VI 8 3

BCS-O10-9-Vl 9 4

BCS-G1 I-i-Vt 7 2

BCS-EI 1-7-V1 9 4 BCS-GI 1-4-VI 7 2
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rGross Exposure Net Exposure
uR/hr uIiEihr

--- Gross Exposure I Net Exposure
pRUhr lR/krGrid Number Grid Number

BCS-E9-1-VI 10 5

BCS-G9-2-V1 10 5

BCS-G9-3-V1 9 4

BCS-G9-5-V1 10 5

BCS-G9-6-V1 8 3

BCS-G9-8-VI 9 4

BCS-G9-9-V1 9 4

BCS-H1-7-V1 10 5

Trob Number of Sub-grids 153

Lvcra e Gross Expo9ure

Average Net Exposure 4 WREN

Batgrnmd ExposreRhL

BCS-G11-7-VI 7 2

BCS-H1O-8-VI 9 4

BCS-HIO-9-VI 10 5

BCS-HI 1-7-VI 8 3

BCS-H9-5-V1 8 3

BCS-H9-8-V1 10 5

BCS-H9-9-V1 9 4

* Net Expme = Gross Exposure - Background Exposure
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Table A6

Final Status Survey: Statistical Analysis

The following statistical relations were used to assess the database for the Bay City survey unit:

Survey Data Average (x):

n id

StandardDeviation (S.):

| n ~~2

n-I

Determination of Number of Background data points (nB):

_ 12

t9534dS
flB J
Comparison of statistical mean (pa) with guideline values:

la = x + ti-a,-

Idenijing additional measurement/sampling needs:

Estimaing Factor = Cr_-

(Tables B-2 in NUREG/CR-5849)

Note: See chapter 8.0 of NUREG/CR-5849 for detailed discussion of above-listed statistical
analyses.

Where:

Xi = measurement (analysis) at point i
n = number of measurem (analyses)
tj - a, df= 95% confidence level from Table B-I of AppendixB of NUREG/CR-5849
Cc = Guideline Value
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Table A7

Final Status Survey: Summary Statistics

Exposure Rates

Section n X (tim) Sx (PR/) a (WMth) co (1 ) Estimating No. Verification
l__ _ l_ _ ______ _______ _ _ _ _ _ _ _ ______ Factor Sam ples Needed

VA-V 153 3.9 1.5 4.1 5.0 0.7 17

-_____ _ .Th-232 Soil Concentrations - - _--_._:

Section n X (pCi/g) Sx (pCi/g) Pa (pCig) C. (pCifg) Estimating No. Verification
; ____ _______ I I Factor Samples Needed

VA-V 594 0.7 0.3 0.7 3.2 8.3 <9
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Final Status Survey Report for VA-VI
The Dow Chemical Company's Bay City, Mi Facility

1.0 BACKGROUND INFORMATION

The radioactive material at the Dow Chemical Compay's Bay City site consisted primarily of

foundry slag containing Thorium. This material, and similar material originally stored at Dow's

Midland site, was produced in the period from 1940 to 1970 as the residual from the production

of a magnesium-thorium, alloy. This lightweight alloy was used for defense purposes, including

aircraft engines and aeronautical structural components.

A single'license (STB-527) was originally granted by the NRC in 1973 for the Bay City and

Midland sites to store up to 200,000 pounds of thorium slag. The license expired in 1978, but has

remained in effect under timely renewal

The Midland site was decontaminated with the material removed and transported to Bay City for

consolidation with the Bay City material and subsequent transport to the Envirocare facility in

Clive, Utah. A final survey was conducted at the Midland site by Dow with the results

documented in a Final Status Survey Report of March, 1997, showing that the residual

contamination criteria had been met. The NRC subsequently conducted an independent survey of

the Midland site and verified that the residual contamination criteria had been met.

The material transported from the Midland site to the Bay City site originally consisted of

magnesium with up to two percent thorium Portions of this process slag were mixed with soil or

limited amounts of construction debris. As a result of this mixing, the thorium concentrations, as

determined by Dow characterization soil sampling, varied from 2-7000 pCi/g at the Bay City

Site (with an average concentration of 188 pCi/g) . A total activity of 9.7 Ci of Th-232 was

originally distributed throughout approximately 52,000 cubic yards of soil, slag, and construction

debris.

Initial remedial action support surveys, performed in 1996, identified wide spread areas of

elevated contamination. The gamma scan surveys were conducted using a sodium iodide

detector. Readings were generally higher the closer the proximity to the original thorium pile but

several hot spots in the 300,000 to 600,000 cpm range were identified. Construction debris, such

as drums, was removed from these areas along with the contaminated soil.

1



-

Final Status Survey Report for VA-VI
The Dow Chemrcal Company's Bay City, Ml Facility

Decontamination of the Bay City site is ongoing. In accordance with NRC and Dow discussions,

as confirmed in Dow's letter of June 12, 1997, verification that residual contamination criteria

have been achieved on this large site is being performed in sections. This Final Status Survey

Report (FSR) provides the descriptive text on the site and the parameters of the survey program

and includes the analyzed verification data for Verification Area (VA) VI. As the database is

acquired for subsequent VAs addendums to the Final Survey Report will be submitted to the

NRC containing the anablzed database.

Supporting information on the Bay City site and decommissioning project is presented in the

October, 1993 Decommissioning Work Plan, the December, 1995 Supplement to the

Decommissioning Work Plan, and the March, 1996 Response to Comments.

This document is a revision to the original Final Status Survey Report for VA-VI dated June 22,

1999.

On July 13* through July 140 of 1999, after the original report submittal, the NRC Region m
conducted an inspection of the VA-VI portion of the Dow Bay City facility. The primary purpose

of the inspection was to conduct an independent confirmatory survey of VA-VI. This revision to

the original report is provided to include the findings of the NRC confirmatory surveys

documented inNRC Report No. 040-00017/99001 (DNMS) dated August 5, 1999.

Additionally, this revision to the original report is provided to address deficiencies identified by

NRC staff in a letter to Dow dated August 16, 2002 (Review of Final Status Survey Reports for

the Previously Remediated Areas VA-I through VA-VI, Dow Chemical Company's Bay City,

Mt, SDMP Site (TAC# L60463)).
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2.0 SITE INFORMATION

2.1 SITE DESCRIPTION

The Bay City thoriated material storage site is on a Dow facility near the Town of Bay City,

Michigan about one-mile south of Saginaw Bay. The Bay City site (pile) is shown on Figure 2-1

in relation to adjacent land features and other facilities.

The thoriated material site is located adjacent to and north of an inlet canal, which enters the

Saginaw River to the east. The Saginaw River is located to the north and east of the material.

Access to the Dow manufctg facility is restricted to authorized personneL The storage site

within the facility is posted as a radiation control area and delineated with a fence.

The area surrounding the material is relatively level, with some marshy areas and ponds. Any

sediments containing elevated levels of thorium are being excavated as part of the

decontamination program.

The affected area of the Bay City storage site was initially based on knowledge of the operating

history, and subsequently on radiological characterization surveys. While areas immediately

surrounding the Bay City storage area were included in the affected area, some firther outward

adjustment of the affected area boundary was required during site remediation to encompass

surface and subsurface contamination uncovered during remedial operations.
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Figure 2-1

Bay City Thorim Disposal Site
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2.2 SITE CONDITIONS AT TIME OF FINAL SURVEY

The decommissioning activities at the Bay City site involve excavation of the contaminated soil,

loading on to trucks, onsite transportation of the material to the stockpile at the raflhead, loading

on to the rail cars, and transport of the material to the Envirocare burial site in Clive, Utah. Soil

removal is to varying depths continuing until sample analysis showed residual concentrations to

be within NRC defined limits. Final verification samples were taken in the VA and analyzed on

site through gamma spectroscopy. When the gamma spectral analysis results showed the Th-232

levels to be less than the guideline value, a conversion factor was applied to the Th-232

concentration to obtain the Th-230 and Th-228 concentrations. After the net total thorium

concentration was determined, five percent of all final verification soil samples were sent to Dow

Chemical's radioanalytical laboratory, Freeport, Texas, where the samples were monitored by

the Dow Quality Assurance coordinator.

2.3 IDENTITY OF POTENTIAL CONTAMINANTS AND RELEASE GUIDELINES

Based on the knowledge of the process that generated the slag material, and the results of the

characterization survey, the significant radiological contaminants were determined to be Th-232,

Th-230, and Th-228. The above background residual soil concentration measurements used as a

basis for the final verification for all the verification samples analyzed to date at Bay City

provided the average soil activity ratios at Bay City of approximately:

Th-232 - 22%

Th-230 - 60%

Th-228 - 18%

Using the approach described in Section 3.1 ("Release Criteria) of the December, 1995

Supplement to the Decommissioning Work Plan and response No. S of the Response to

Comments (on the Work Plan) of March, 1996, in conjunction with the methodology in

Appendix A of NUREG/CR 5849 gives a residual soil gross activity guideline of 14.5 pCi/g total
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thorium. The site-specific guideline levels for each of the contributory radionuclides is thus 3.2

pCi/g for Th-232, 2.6 pCi/g for Th-228, and 8.7 pCi/g for Th-230.

The gross activity guideline is determined as follows:

Gross Activity Guideline 1 = 14.5 pCi/g

0.22+0.18 + 0.60
10 21

where Th-232, Th-230, and Th-228 are present in net activity ratios of 0.22, 0.60, and 0.18

respectively in the residual soil. The guideline concentrations for Th-232 plus Th-228 are 10

pCi/g and 21 pCi/g for Th-230 (see March, 1996 Response to Comments).

3.0 FINAL STATUS SURVEY OVERVIEW

3.1 SURVEY OBJECTIVES

The purpose of the final status survey was to demonstrate that the residual radiological

concntrations in the soil at the Bay City thorium storage site satisfy the NRC guidelines (see 2.3

above) and that the storage site can, therefore, be released for future use without radiological

controls. Specifically, the final status survey soil database should show that:

* Average residual radionuclide concentrations are at or below the soil guideline values

defined in Section 2.3. Averaging is based on a 100 m2 (lOmi x 1Om) grid area. Note an

actual grid size of 33.3 ft. x 33.3 ft. was used for convenience in measuring rather than

lOin x lOin (32.8 ft. x 32.8 ft.).

* Reasonable efforts have been made to identify, evaluate, and remove, if necessary, areas

of residual activity exceeding the guideline values. Areas of residual activity exceeding

the guideline value (elevated areas) may be acceptable provided they do not exceed the

guideline value by greater than a fiactor of (100/A)'7, where A is the area of residual
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activity in m2, and provided the activity level at any location does not exceed three times

the guideline values.

In addition, exposure rates should not exceed 5 KR/h above background at 1 m above the soil

surfitce. Exposure rates may be averaged over a 100 m2 grid area. Maximum exposure rates over

any discrete area may not exceed 10 pR/h above background.

A 95% minimum level of confidence that the above conditions have been met was to be

demonstrated. The entire Section VI of the Bay City storage area (affected area) is treated as a

single survey unit, and the 95% level of confidence was applied to the entire survey unit.

3.2 ORGANIZATION AND RESPONSIBILITIES

The final status survey was conducted by the same qualified Dow and subcontractor personnel

who had conducted the characterization survey, and remediation control survey. The Project

Organization is shown in Figure 3-1.

The sampling and analysis methods to be used during the remediation control survey was

designed to achieve the sampling sensitivity and elevated activity guidelines defined in

NUREG/CR-5849 relative to the site specific residual contamination criteria. The approach

consisted of first performing a gamma scan survey of the remediated area to determine if any

localized areas of elevated activity remained. Elevated areas of activity identified by the scan

survey were remediated. If no areas of elevated activity were identified, composite soil samples

were then collected and analyzed in the field laboratory using a Nal crystal coupled to the MCA

to provide rapid turnaround on the Th-232 levels. If the Th-232 level exceeded the guideline

value, further remediation was performed. The soil sample results of the analysis of the final

samples collected, that demonstrated that the administrative cleanup level had been achieved,

were then used as input into the final status survey.
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Figure 3-1

Project Organization for Remediation of the Midland and Bay City Storage Sites

Mr. Ben Baker
The Dow Chemical Co.

Program Manager

teiss Mr. Jerry Sgro
sentative - Field Services

| Manager

3.3 INSTRUMENTATION

Table 3-2 lists the field radiological monitoring instrumentation used on the project inclusive of

the specific use of each instrumentation and detection sensitivities. Each instrument was initially

calibrated to NIST-traceable standards prior to use on the project, and then checked for radiation

response and efficiency prior to daily use.
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Table 3-1

Field Radiological Monitoring Instrumentation

Insftment Masures : Detector Efficiency* LLDWMDA

Ludlum Model 43-5 wJ Ludlum Model 12 Alpha Surface 15% 22 dpm

LudTuI Model 43-90 w/ Ludlum Model 2221 Alpha Surface 22r% 12 dpm

Ludlum Model 44-9 w/ Ludlum Model 12 Alpha, Beta, Gamma 12% alpha

15% beta

1% gamma

Ludlurn Model 43-10 w1 Ludluim 1000 Alpha (air filters, smears) 43% 0.04 dpm

LudIwn Model 19 Exposure Rate 1 microRih

Ur Particulate

Eberline RAS-1 Air Pump Flow Rate =40-100 Ipm

MSA Escort Lapel Sampler Flow Rate - 2-3 Ipm

General Metal Wark-2000 High Vol Sampler Flow Rate 30-60 cfin

-Te;TCalibrationEquipment

Ludlum Model 500 Pulser NIST Traceable

AFC-8ML Air Flow Caliator NIST Traceable

GMW-Caliator Orifice for High Vol Sampler NIST Traceable

MSA Optfflow 660 Air Flow Calibrator N|IST Traceable

FieldLaboratoryEquipment

Canberra Gamma Spectrometer Soil Th-232 Conctation | 0.8 pCi/g

* Detector efficiencies are approximate and appropriate for Th-230, To.99, and Co-60

3.4 SURVEY PROCEDURES

Survey planning and procedures are consistent wuith the methods described in the

Decommissioning Plan. The soil survey procedures are summarized in this section and can be

found in greater detail in Appendices D-2 and D-3 of the March, 1996 Response to Comments.
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3.4.1 Area Classification

The Bay City storage site was divided into affected and unaffected areas to establish the

sampling pattern and frequency. The basis for the affected and unaffected classification, as

applied to the Bay City site are:

* Affected Area - As shown in Figure 3-2, the thorium material storage area and region

immediately surrounding the storage area was defined as the affected area based on both

historical records and prior characterization surveys. This location had known thorium

contamination in the soil that had been placed there via backfill operations and storage.

* Unaffected Area - The region surrounding the affected area (see Figure 3-2) was treated

as unaffected since it did not contain residual radioactivity.
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Figure 3-2

Bay City Site Affected Areas
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3.4.2 Reference Grid

A grid was established over the affected area upon completion of material excavation for the

purpose of referencing locations of samples and measurements (see Figure 3-2). These full grids

were 30m x 30m (900 m2) in size. Each full grid was then divided into nine tIOm x lOm sub-grids

(100 in2 each). Each sub-grid was marked into 5-meter increments to establish the four quadrants

(A-D) where soil samples were taken to obtain four composite samples per sub-grid. Figure 3-3

depicts the breakdown of the reference grid system. As previously noted, the entire Section VI

(affected area) constituted the survey unit.
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Figure 3-3

Reference Grid System

AL

3 6 9 li-lo
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: Full Grid - 30m x 30 m (900 m)

_ Decontamination Grid Block - 1 Om x 1 Om (100 m')

3.4.3 Surface Scans

One hundred percent of the soil surface was initially scanned to identify locations of elevated

activity. The gammuna scans were conducted in accordance with procedure SOP 1.5, Measurement

of Gamma-Ray Fields using a Sodium Iodide (NaY) Detector. As soil was removed, additional

gamma scans were conducted to identify remaining locations of contaminated soiL After

completion of contaminated soil removal, a final scan was perifrmed of the soil surface prior to

obtaining final verification soil samples.
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3.4.4 Soil sampling

Final survey soil samples consisted of 4 composite samples (approximately 2 kg each) from each

sub-grid (see Figure 3-4). This sampling method differs from the method used in VA-I through

VA-IV where nine individual samples were combined into one composite sample for each sub-

grid. The modification to the sampling procedure was made by the RSO to be more consistent

with NUREG/CR-5849. The sampling method used in VA-V and VA-VI is conservative relative

to that ued in VA-I - VA-IV in that a minimum of 3 soil samples from each 25 m2 quadrant

were composited, providing a total of 12 individual samples from each 100 mn2 sub-grid. This

exceeds the decommissioning plan requirement of 9 soil samples (comnposited into 1) in each 100

m2 sub-grid. One of the three individual samples from each quadrant was collected at the

location with the highest scan reading. The remaining two sample locations were randomly

selected.

The samples were collected after gamma levels were measured to preliminarily determine that all

contaminated soil had been removed. Each of the twelve locations where the individual samples

were collected was scanned prior to soil sampling to validate that elevated levels did not exist

(>3 times background). These final verification soil samples were anablzed on site through

gamma spectroscopy. When the analytical results for Th-232 were less than the guideline value,

a conversion factor was applied to the Th-232 concentration to obtain the Th-230 and Th-228

concentrations. After the net total thorium concentration was determined, five percent of all final

verification soil samples were sent to Dow Chemical's radioanalytical laboratory in Freeport,

Texas for duplicate QA analyses. Soil sample collection was performed in accordance with

procedure SOP 1.8, Guide to the Handling, Packaging and Shipping of Samples, and SOP 1.9,

Sample Control and Documentation.

3.4.5 Exposure Rate Measurements

Gamma exposure rates were measured in the affected area at I meter above the soil surffce at the

center of each sub-grid (see Figure 3-4). Exposure rate measurements were obtained using a

Ludlum Model 19 MicroR meter.
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Figure 3-4

Sub-grid Quadrant Designation
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3.5 BACKGROUND LEVEL DETERMINATION

Background soil samples were collected from 30 locations in the unaffected area (Figure 3-5),

and 29 samples analyzed for Th-230, Th-232, and Th-228 concentrations in the Freeport

Laboratory (sample no. 14 was lost in transit). Sample numbers 1-25 were collected from

locations on Dow property that were not impacted by site operations. Sample numbers 26-30

were coUected from locations east of the Dow property, across the Saginaw River. Background

exposure rates were measured at the same locations as the soil samples. Statistical procedures

described in NUREG/CR-5849 (see Table A6) were used to assure that the average thorium

concentrations determined were representative of true average background levels.
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Figure 3-5

Background Sample Locations

3.6 SAMPLE ANALYSIS

Final survey soil samples were analyzed for Th-232 in the field laboratory using the Nal detector

coupled to the MCA. Soil samples were analyzed in accordance with "Procedure for Counting

Soil Samples for EOP Characterization". Th-228 and Th-230 concentrations were determined by

multiplying the Th-232 result by 0.94 and 1.63, respectively. Five percent of the FSS samples

were analyzed for Th-232, Th-230, and Th-228 using gamma and alpha spectroscopy in the
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Freeport Laboratory to satisfy QA requirements. The onsite analytical methods were determined

to be acceptable by NRC as documented in Inspection Report 040-00017/99001.

3.7 DATA INTERPRETATION

Soil sample locations and survey results for fixed measurements were recorded on data sheets.

The data conversion and statistical analysis techniques in NUREG/CR-5849 (Chapter 8.0) were

used to qonvert the reported data into a form that permitted a direct comparison with residual

contamination guidelines and thus assess if remediation goals were met. The statistical

relationships are shown with the analyzed data in Appendix A (Tables A6, A7). Soil

concentrations were converted into units of pCifg and exposure rates to ARL The reported

affected area data in Appendix A has been adjusted by subtracting the natural background levels.

Additional soil removal was performed when the remediation control survey measurements

showed that residual contamination guidelines were not being met.

3.8 RECORDS

All soil samples, original survey data records, and log-books have been archived at the Dow Bay

City fcility and will be held until after license termintion.

4.0 SURVEY FINDINGS AND RESULTS

Appendix A contains the radiological database collected during the final status survey for VA-VI

(as defined in Figure 4-1) that provides the basis for verifying that the residual contamination

objectives have been achieved for this area at the Bay City thorium site. Summary Tables, data

interpretations and statistical comparisons with residual contamination guidelines in VA-VI are

included in Appendix A.
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Figure 4-1

Grid Locations for VA-VI
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4.1 BACKGROUND LEVELS

Background soil concentrations (Table Al) averaged 0.30 pCi/g for Th-232, 0.49 pCi/g for Th-

230, and 0.31 pCilg for Th-228. Background exterior exposure rates averaged 5 pR/h (Table

A2). Both the number of data points collected to obtain the average background soil

concentrations and exposure rates are more than sufficient to meet the test for demonstrating that
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the measured average background is within :h 20% of the true average at the 95% confidence

level.

4.2 GROUND SURVEYS

4.2.1 Scans

Surface spans were used during the remediation control survey to identify locations of elevated

gamma radiation to guide the excavation of the material and locate remaining hot spots. There

were 41 sub-grids with discreet areas of elevated activity identified during the verification scan

survey. These areas were remediated and re-scanned with satisfactory results.

4.2.2 Thorimn Concentrations in Soil

The results of the analyses of the verification soil samples from VA-VI are provided in Table

A3, and related to the grid locations shown in Figure 4-1. QA soil analyses, performed by Dow's

Freeport Laboratory on duplicate analysis of 5 percent of the FSS samples, are. also shown in

Table A3. Numerous soil samples contained concentrations in excess of the guideline value in

grids G7, G8, G9, H7, H8, H9 and 17. These grids failed the final status survey and were

removed from Table A3. These areas will be remediated and re-surveyed as part of a future VA.

For the remainder of the grids within the scope of this report, two of the FSS samples and none

of the QA samples contained total thorium concentrations in excess of the soil residual activity

guideline (see Section 2.3).

Table A3 shows the final verification soil concentrations in the 2 sub-grid quadrants that exceed

the total net thorium guideline value of 14.5 pCi/g (BCS-J6-1-A was 14.83 pCi/g and BCS-14-9-

C was 33.60 pCi/g).

As stated in Section 3.1 of this report, areas of elevated activity between one and three times the

site guideline value may be tested to ensure that the average concentration is less than (100 /
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A)"2 times the guideline value, where A is the area of the elevated activity in m2 . A , the

average over each 100 m2 sub-grid must be less than the guideline value.

Samples J6-1-A and 14-9-C were both composited over a 25 m2 area and therefore, the formula is

applied as follows:

Activity S (100 / 25)"2 x 14.5 pCilg = 29 pCi/g

The sample concentration for J6-1-A was 14.83 pCi/g which is less than the averaging criteria of

29 pCi/g and the overall average over sub-grid J6-1 is less than the guideline value. Therefore,

sample J6-1-A passes the final status survey. The sample concentration for 14-9-C was 33.60

pCifg which is greater than the averaging criteria of 29 pCi/g and therefore, the sample ftils the

final status survey. Sub-grid 14-9 has been removed from the scope of VA-VI and will be

remediated, or additional samples collected to demonstrate compliance with the averaging

criteria, at a later date and the results reported in a subsequent FSSR.

Discounting the soil sample result for sub-grid 14-9 which exceeded the guideline value and was

removed from this survey unit and soil sample J6-1-A which passed the final status survey

through use of the averaging technique, the maximum total residual thorium concentrations

(above background) as measured in sample BCS-J4-9-C was 14.42 pCifg which is less than the

residual guideline of 14.5 pCi/g.

Analysis of the mean concentration of Th-232 shows that the concentration meets the guideline

value at the 95% confidence level (Table A6, A7). The number of samples collected (401 in VA-

VI) is much greater than the number (<9) statistically required to demonstrate that the

concentrations satisfies the guideline value at the 95% confidence level (Table A6, A7).

All of the verification soil samples in VA-VI (with the exception of sub-grid 14-9) meet the

criteria that the sum of the ratios of the concentration of each radionuclide to its respective

guideline must not exceed 1 (Appendix A ofNUREG/CR-5849).
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4.2.3 Exposure Rates

Exposure rate measurements of the remediated VA-VI areas (Figure 4-1) and for each grid block

are provided in Table A5. Exposure rates ranged from 0 to 8 pR/h above background. All

individual values are within the guideline levels of 5 pR/h above background with the exception

of 16 sub-grids. The average exposure rate over 100 m2 for each of the subgrids is less than 5

pR/h and no individual exposure rate exceeded 10 pR/h, thus meeting the release criteria.

Analysis of the statistical mean also shows that the exposure rates in VA-VI meet the guideline

at the 95% confidence level (Table A6, A7). The number of measurements (109) is in excess of

the number required (11) to demonstrate that the exposure rate satisfies the guideline value at the

95% confidence level (Table A6, A7).

4.2.4 NRC Confirmatory Surveys

The NRC performed an inspection of VA-VI on July 13h and July 14t of 1999. This inspection

included the performance of a confirmatory survey. Approximately 50% of VA-VI was scamed

using a sodium iodide detector. Grids H7, H8, H9, 17, G7, G8 and G9 indicated radiation levels

in various locations which exceeded three times background. These grids, as well as sub-grid I4-

9, have been deleted from the VA-VI final status survey database and will be remediated and re-

surveyed at a later date. Dow personnel collected 19 soil samples, per NRC staff direction, at the

19 individual scan locations having the highest scan readings. The soil samples were analyzed

for Th-232 at the Bay City field laboratory, under inspector observation, following QA/QC and

calibration checks of the counting systems. When analyzed, no activity above release guidelines

was found in any of the samples. Exposure rate measurements were also conducted with all

readings in the acceptable ranges.

5.0 SUMMARY

Decontamination of the affected area by soil removal at Dow's Bay City ficility is an ongoing

process. Since the affected area is quite large it is more efficient for Dow to verify that residual

contamination criteria have been met in sections, and for the NRC to subsequently validate each
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section. Thus area VA-VI has been verified and the evaluated database from the final status

survey provided in the Appendm Remediation control surveys were performed to guide the

decontamination effort, and a final status survey conducted of VA-VI during June 1999.

Independent QA analysis of soil samples was performed. Results of the final status survey

demonstrate that the decontamination program successfully reduced residual activity in VA-VI

to within the NRC limits for unrestricted use with the exception of sub-grid 14-9. As each

subsequent VA is surveyed, a FSSR will be submitted to NRC.
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Table Al

BACKGROUND SOIL CONCENTRATONS
Bay City

Sample 732Th Error MDA 230Th Error nTh Error
Name (pCiG) (2a) (pCiIG) (pCiIG) (2a) (pCiIG) (2a)
BCBKGO1 0.39 0.08 0.13 1.04 0.84 0.48 0.44
BCBKGO2 0.36 0.07 0.14 0.46 0.34 0.41 0.31
BCBKGO3 0.28 0.08 0.11 0.38 0.31 0.35 0.29
BCBKGO4 0.44 0.10 0.13 0.80 0.91 0.62 0.74
BCBKGO5 0.43 0.10 0.15 0.70 0.51 0.52 0.40
BCBKG66 0.51 0.18 0.13 0.68 0.47 0.48 0.35
BCBKGO7 0.38 0.19 0.13 2.30 3.69 0.77 1.38
BCBKGO8 0.16 0.08 0.11 0.37 0.48 0.12 0.20
BCBKGO9 0.13 0.07 0.10 0.21 0.25 0.09 0.12
BCBKG1O 0.26 0.09 0.13 0.38 0.39 0.23 0.26
BCBKGlI 0.19 0.07 0.11 0.04 0.04 0.14 0.10
BCBKG12 0.18 0.08 0.14 0.18 0.14 0.11 0.09
BCBKG13 0.18 0.08 0.14 0.21 0.12 0.19 0.11
BCBKG15 0.23 0.07 0.11 0.12 0.15 0.32 0.31
BCBKG16 0.56 0.12 0.16 0.76 0.51 0.66 0.46

[BCBKG17 0.41 0.10 0.16 0.30 0.47 0.30 0.47
BCBKG18 0.10 0.08 0.12 0.18 0.21 0.16 0.19
BCBKG19 0.12 0.06 0.10 0.15 0.14 0.06 0.07
BCBKG20 0.14 0.07 0.11 0.29 0.25 0.09 0.09
BCBKG21 0.19 0.07 0.15 0.23 0.17 0.13 0.11
BCBKG22 0.20 0.07 0.10 0.36 0.39 0.13 0.18
BCBKG23 0.15 0.06 0.11 0.24 0.24 0.30 0.29
BCBKG24 0.12 0.08 0.11 0.13 0.16 0.05 0.08
BCBKG25 0.22 0.07 0.08 0.93 0.89 0.72 0.70
BCBKG26 0.32 0.09 0.13 0.27 0.23 0.16 0.15
BCBKG27 0.56 0.20 0.20 0.93 0.69 0.90 0.67
BCBKG28 0.68 0.24 0.20 0.41 0.45 0.07 0.14
BCBKG29 0.43 0.19 0.21 0.65 1.22 0.43 0.89
BCBKG30 0.34 0.08 0.15 0.44 0.45 0.10 0.16

AVERAGE 0.30 0.49 0.31
St. Dev. 0.16 0.44 0.24
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Table A2

Background Exposure Rates - Bay City

Sample Value (piR/hr)
BCBKG1 5
BCBKG2 7
BCBKG3 5
BCBKG4 6
BCBKG5 4
BCBKG6 4
BCBKG7 5
BCBKG8 5
BCBKG9 5

BCBKGIO 6
BCBKG1l 5
BCBKG12 6
BCBKG13 5
BCBKG14 5
BCBKG15 7
BCBKG16 5
BCBKG17 4
BCBKG18 5
BCBKG19 5
BCBKG20 4
BCBKG21 4
BCBKG22 4
BCBKG23 4
BCBKG24 3
BCBKG25 3

AcRoss TmE RIVER
BCBKG26(l) 3
BCBKG27(2) 5
BCBKG28(3) 5
BCBKG29(4) 4
BCBKG30(5) 5

Number of measurements: 30
Average: 5 pR/br
Standard Deviation: 1.3 pR/hr (_ 1.0 pRlbr)
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Table A3

Final Verification Soil Concentrations - VA-VI

- mma Th-232 Th-230 Th-228 Total Net
Weight Spec Th-232 Th-230 Th-228 Net Net Net Thorium

Sampke# J) _ sy (pCW- (pCilt) (pCi/9) / fPCila) (009) 0pC01k)
BCS-CI-2-A&C 3051.3 2 0.60 0.97 0.56 0.30 0.48 0.26 1.04
BCS-CI-2-B 3122.9 2 1 0.99 1.61 0.93 0.69 1.12 0.63 2.44
BCS-C1-2-D 3313.7 2 2.07 3.38 1.95 1.77 2.89 1.65 6.31
BCS-C1-2-D(DUP) 3313.7 2 2.07 3.37 1.94 1.77 2.88 1.64 6.29
BCS-CI-3-A 2966 3 1.30 2.12 1.22 1.00 1.63 0.92 3.56
BCS-C1-3-B 2989 3 1.36 2.22 1.28 1.06 1.73 0.98 3.77
BCS-CI-3-C 3087 3 1.19 1.93 1.12 0.89 1.44 0.82 3.15
BCS-CI-3-D 2901 3 0.54 0.88 0.50 0.24 0.39 0.20 0.83
BCS-C2-1-A 2828 3 1.16 1.90 1.09 0.86 1.41 0.79 3.07
BCS-C2-1-B 3201 3 0.52 0.84 0.48 0.22 0.35 0.18 0.75
BCS-C2-1-C 2786 3 0.34 0.56 0.32 0.04 0.07 0.02 0.13
BCS-C2-1-D 2939 3 0.33 0.54 0.31 0.03 0.05 0.01 0.10
BCS-C2-2-A 2825 3 0.64 1.04 0.60 0.34 0.55 0.30 1.18
BCS-C2-2-B&C 3003.5 3 0.63 1.03 0.59 0.33 0.54 0.29 1.17
BCS DI-2-B 2845.5 3 0.33 0.53 0.31 0.03 0.04 0.01 0.07
BCS-D1-2-D 3030.5 3 1.61 2.63 1.51 1.31 2.14 1.21 4.66
BCS-D1-3-A 2703.7 3 0.41 0.66 0.38 0.11 0.17 0.08 0.36
BCS-DI-3-B 2570.4 3 0.37 0.60 0.35 0.07 0.11 0.05 0.23
BCS-Dl-3-C 2791A 3 1.35 2.20 1.27 1.05 1.71 0.97 3.72
BCS-DI-3-D 2790.6 3 1.58 2.58 1.49 1.28 2.09 1.19 4.55
BCS-DI-5-B 2545.3 3 0.77 1.25 0.72 0.47 0.76 0.42 1.65
BCS-DI-5-D 2636.9 3 1.00 1.63 0.94 0.70 1.14 0.64 2.47
BCS-D1-5-D(DUP) 2636.9 3 1.11 1.82 1.05 0.81 1.33 0.75 2.89
BCS-DI-A 3264.7 3 0.33 0.53 0.31 0.03 0.04 0.01 0.07
BCS-DI-6B 2939.8 3 1.28 2.09 1.20 0.98 1.60 0.90 3A8
BCS-DI-6C 2971.6 3 1.71 2.79 1.61 1.41 2.30 1.31 5.02
BCS-Dt-6-D 3101.3 3 0.80 1.31 0.75 0.50 0.82 0.45 1.77
BCS-DI-8-B 2882.5 3 0.90 1.46 0.84 0.60 0.97 0.54 2.11
BCS-DI-8-D 2845.5 3 0.92 1.50 0.87 0.62 1.01 0.57 2.20
BCSE-D-9-A 3010.7 3 0.95 1.55 0.90 0.65 1.06 0.60 2.31
BCS-DI-9-B 3141.3 3 1.74 2.84 1.64 1.44 2.35 1.34 5.12
BCS-Dl-9-C 2779.6 3 1.71 2.79 1.61 1.41 2.30 1.31 5.03
BCS-DI-9-D 3245 3 1.20 1.96 1.13 0.90 1.47 0.83 3.21
BCS-D2-1-A 2713.2 3 0.75 1.22 0.70 0.45 0.73 0.40 1.58
BCS-1D2-1-B 2607.9 3 2.20 3.59 2.07 1.90 3.10 1.77 6.77
BCS-D2-1-C 2988 3 1.30 2.12 1.22 1.00 1.63 0.92 3.56
BCS-D2-1-D 2734.6 3 2.28 3.72 2.15 1.98 3.23 1.85 7.06
BCS-D2-1-D(DUP) 2734.6 3 1.93 3.15 1.82 1.63 2.66 1.52 5.81
BCS- D2-2-A 2810.6 2 0.85 1.38 0.80 0.55 0.89 0.50 1.94
BCS-D2-2-B 2832 2 1.40 2.29 1.32 1.10 1.80 1.02 3.92
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Gamma Th-232 Th-230 Th-228 Total Net
Weight Spec Th-232 Th-230 Th-228 Net Net Net Thorium

Sample# N (g) SY& (PcfK) C (pCi/g) (pCU/) (pCYzg) (pCg) (pCUL)
BCS-D2-2-C 2807.7 2 1.89 3.09 1.78 1.59 2.60 1A8 5.67
BCS- D2-2-D 3120.9 2 1.21 1.97 1.14 0.91 1.48 0.84 3.23
BCS-D2-3-A 3362.2 3 0.51 0.83 0.48 021 0.34 0.18 0.72
BCS-D2-3-B 2851.1 3 1.03 1.68 0.97 0.73 1.19 0.67 2.58
BCS-D2-3-C 2899 3 0.63 1.03 0.60 0.33 0.54 0.30 1.17
BCS-D2-3-D 3400.6 3 0.30 0.50 029 0.00 0.01 -0.01 0.00
BCS-D2-4-A 3413.8 3 1.09 1.78 1.03 0.79 1.29 0.73 2.81
BCS-D2-4-B 3030 3 2.11 3.44 1.98 1.81 2.95 1.68 6.44
BCS-D2-4-C 3688.3 3 1.02 1.66 0.96 0.72 1.17 0.66 2.55
BCS-D2-4-D 3550.3 3 1.50 2.45 1.41 1.20 1.96 1.11 4.27
BCS-D2-5-A 3091.1 3 0.67 1.08 0.63 0.37 0.59 0.33 128
BCS-D2-5-B 3157.9 3 0.39 0.64 0.37 0.09 0.15 0.07 0.30
BCS-D2-5-C 3095.8 3 0.40 0.65 0.38 0.10 0.16 0.08 0.34
BCS-D2-5-D 3341 3 0.47 0.76 0.44 0.17 027 0.14 0.58
BCS-D2-5D(DUP) 3341 3 0.55 0.90 0.52 0.25 0.41 0.22 0.88
BCS-D2-6-A 2665.9 3 0.39 0.64 0.37 0.09 0.15 0.07 0.32
BCS-D2-6-B 2888.3 3 0.41 0.68 0.39 0.11 0.19 0.09 0.39
BCS-D2-6-C 2862.7 3 1.76 2.87 1.66 1.46 2.38 1.36 5.20
BCS-D2-6-D 3017.8 3 0.16 0.26 0.15 -0.14 -0.23 -0.15 -0.52
BCS-D2-7-A 3680.6 3 0.75 1.23 0.71 0.45 0.74 0.41 1.60
BCS-D2-7-B 3585.9 3 1.64 2.67 1.54 1.34 2.18 1.24 4.76
BCS-D2-7-C 2925.8 3 0.95 1.54 0.89 0.65 1.05 0.59 2.29
BCS-D2-7-D 3424.4 3 0.36 0.59 0.34 0.06 0.10 0.04 0.21
BCS-D2-7-D(DUP) 3424.4 3 0.38 0.62 0.36 0.08 0.13 0.06 0.26
BCS-D2-8-A 3254.8 3 1.29 2.10 1.21 0.99 1.61 0.91 3.51
BCS-D2-8-A 3254.8 3 1.29 2.11 1.22 0.99 1.62 0.92 3.53
BCS-D2-8-B 3610.8 3 1.09 1.78 1.03 0.79 1.29 0.73 2.81
BCS-D2-8-C 3259.1 3 0.61 0.99 0.57 0.31 0.50 0.27 1.08
BCS-D2-8-D 3245A 3 0.45 0.73 0.42 0.15 0.24 0.12 0.52
BCS-D2-9-A 3344.1 2 0.53 0.87 0.50 0.23 0.38 0.20 0.81
BCS-D2-9-B&C 3399.3 2 0.30 0.49 0.28 0.00 0.00 -0.02 -0.01
BCS-El-2-B&D 1819.7 3 0.44 0.72 0.42 0.14 0.23 0.12 0.50
BCS-E1-3-A 2081.3 3 0.61 0.99 0.57 0.31 0.50 0.27 1.07
BCS-EI-3-B 20832 3 0.75 1.23 0.71 0.45 0.74 0.41 1.60
BCS-EI-3-C 2115 3 0.33 0.53 0.31 0.03 0.04 0.01 0.07
BCS-EI-3-D 2089.3 3 0.60 0.98 0.56 0.30 0.49 0.26 1.05
BCS-EI-3-D(DUP) 2089.3 3 0.50 0.81 OA7 020 0.32 0.17 0.69
BCS-E1-5-B&D 2593.6 3 0.17 0.28 0.16 -0.13 -0.21 -0.14 -0.47
BCS-E 1-6-A 2748 3 0.34 0.55 0.32 0.04 0.06 0.02 0.12
BCS-E1-6-B 2430A 3 0.28 0.46 027 -0.02 -0.03 -0.03 -0.07
BCS-EI-6-C 2621.6 3 0.43 0.70 0.40 0.13 021 0.10 0.44
BCS-EI-6-D 2515.8 3 0.19 0.32 0.18 -0.11 -0.17 -0.12 -0.39
BCS- EI-8-B&D 2377.9 3 0.50 0.82 0.47 0.20 0.33 0.17 0.71
BCS-El-9-A 2821 3 0.39 0.63 0.37 0.09 0.14 0.07 0.30
BCS-E1-9-B 2537.9 3 0.36 0.59 0.34 0.06 0.10 0.04 0.21
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Gammaw lh-232 lh-230 Th-228 Total Net
Weight Spec Th-232 Th-230 Th-228 Net Net Net Thorium

Sample# (g) S (p(g) (pCIg) (PCVg) (pCAg) (Wilk) (pCig) (pC!g)
BCS-EI-9-C 2714.3 3 0.37 0.60 0.34 0.07 0.11 0.04 0.21
BCS-El-9-D 2892.3 3 0.50 0.82 0.47 0.20 033 0.17 0.71
BCS-El-9-D(DUP) 2892.3 3 0.57 0.92 0.53 0.27 0.43 0.23 0.93
BCS-E2-1-A 2244.5 2 0.14 0.23 0.13 -0.16 -0.26 -0.17 -0.59
BCS-E2-1-B 1885.5 2 0.69 1.12 0.64 0.39 0.63 0.34 1.36
BCS-E2-1-C 2256.3 2 3.37 5.50 3.17 3.07 5.01 2.87 10.96
BCS-E2-1-D 1921.3 2 1.02 1.66 0.96 0.72 1.17 0.66 2.55
BCS-E2-2-A 2189.1 2 0.61 0.99 0.57 0.31 0.50 0.27 1.08
BCS-E2-Z-B 1834.3 2 0.46 0.75 0.43 0.16 0.26 0.13 0.55
BCS-E2-2-B(DUP) 1834.3 2 0.24 0.39 0.23 -0.06 -0.10 -0.07 -0.23
BCS-E2-2-C 2190.6 2 0.74 1.20 0.69 0.44 0.71 0.39 1.54
BCS-E2-2-D 1846.9 2 0.33 0.53 0.31 0.03 0.04 0.01 0.07
BCS-E2-3-A 2856 3 0.35 0.57 0.33 0.05 0.08 0.03 0.16
BCS-E2-3-B 2808 3 0.52 0.84 0.48 0.22 0.35 0.18 0.75
BCS-E2-3-C 2881 3 0.60 0.99 0.57 0.30 0.50 0.27 1.07
BCS-E2-3-D 2913 3 0.64 1.05 0.60 0.34 0.56 0.30 1.20
BCS-E2-4-A 2177.8 3 0.60 0.97 0.56 0.30 0.48 0.26 1.04
BCS-E2-4-B 2402.1 3 0.65 1.07 0.61 0.35 0.58 0.31 1.25
BCS-E2-4-C 2230.4 3 0.42 0.68 0.39 0.12 0.19 0.09 0.40
BCS-E2-4-D 23452 3 0.47 0.76 0.44 0.17 0.27 0.14 0.58
BCS-E2-4-D(DIJP) 23452 3 0.61 1.00 0.58 0.31 0.51 0.28 1.10
BCS-E2-5-A 2571.6 3 0.74 1.21 0.70 0.44 0.72 0.40 1.55
BCS-E2-5-B 2913.8 3 0.54 0.89 0.51 0.24 0.40 .0.21 0.86
BCS-E2-5-C 2654.3 3 0.42 0.69 0.40 0.12 020 0.10 0.43
BCS-E2-5-D 3039.6 3 0.55 _ 0.89 0.52 0.25 0.40 0.22 0.87
BCS-E2-6-A 3531 2 0.75 1.23 0.71 0.45 0.74 .41 1.59
BCS-E2-6B 3436.9 2 0.17 0.28 0.16 -0.13 -0.21 -0.14 -0.47
BCS-E2-6-C 3226.3 2 0.95 1.54 0.89 0.65 1.05 0.59 2.29
BCS-E2-6D 32672 2 0.68 1.11 0.64 0.38 0.62 0.34 133
BCS-E2-6D(DUP) 32672 2 0.62 1.02 0.59 0.32 0.53 0.29 1.14
BCS-E2-7-A 2473.4 3 0.39 0.64 0.37 0.09 0.15 0.07 0.32
BCS-E2-7-B 2308.5 3 0.30 0.49 0.29 0.00 0.00 -0.01 -0.01
BCS-E2-7-C 2299.2 3 0.65 1.06 0.61 0.35 0.57 0.31 1.23
BCS-E2-7-D 2396.5 3 0.59 0.96 0.56 029 0.47 0.26 1.02
BCS-E2-8-A 3193.2 2 0.79 1.29 0.74 OA9 0.80 0.44 1.74
BCS-E2-8-B 3232.9 2 0.55 0.89 0.51 0.25 0.40 0.21 0.86
BCS-E2-8-C 3059.3 2 0.68 1.10 0.64 0.38 0.61 0.34 1.32
BCS-E2-8-D 3035.2 2 0.62 1.01 0.58 0.32 0.52 0.28 1.12
BCS-E2-9-A 2979.2 3 1.39 226 1.31 1.09 1.77 1.01 3.87
BCS-E2-9-B 2816 3 0.97 1.59 0.92 0.67 1.10 0.62 2.39
BCS-E2-9-C 3080.5 3 3.22 525 3.03 2.92 4.76 2.73 10.42
BCS-E2-9-D 3038.8 3 0.85 1.39 0.80 0.55 0.90 0.50 1.96
BCS-E2-9-DPDUP) 3038.8 3 0.66 1.08 0.62 0.36 0.59 0.32 128
BCS-E3-1-A 2564.1 3 0.25 0.42 0.24 -0.05 -0.07 -0.06 -0.18
BCS-E3-1-B 2453.9 3 0.59 0.96 0.55 0.29 0.47 0.25 1.00
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Gamma Th-232 Th-230 TM-228 Total Net
Weight Spec Th-232 Th-230 Th-228 Net Net Net Thorium

Sample # (g) Sys, (pg) (pCg) (pCVg) (pC19 (pCQg) (pCvg) (pC9g)
BCS-E3-1-C 2834.4 3 0.39 0.63 0.37 0.09 0.14 0.07 0.30
BCS-E3-1-D 2499.7 3 0.21 0.34 0.20 -0.09 -0.15 -0.10 -0.34
BCS-E3-2-A 2604 3 0.38 0.62 0.36 0.08 0.13 0.06 0.26
BCS-E3-2-B 3049 3 0.54 0.88 0.51 0.24 0.39 0.21 0.85
BCS-E3-2-C 2575 3 0.34 0.56 0.32 0.04 0.07 0.02 0.13
BCS-E3-2-D 3025 3 0.31 0.50 0.29 0.01 0.01 -0.01 0.02
BCS-E3-4-A 2923 3 0.21 0.35 0.20 -0.09 -0.14 -0.10 -0.33
BCS-E304B 2977.5 3 0.51 0.84 0.48 0.21 0.35 0.18 0.75
BCS-E3-4-C 3138 3 0.32 0.52 0.30 0.02 0.03 0.00 0.05
BCS- E3-4-D 2965.3 3 0.33 0.53 0.31 0.03 0.04 0.01 0.07
BCS-E3-5-A 2832 3 0.33 0.54 0.31 0.03 0.05 0.01 0.10
BCS-E3-5-B 2933 3 0.24 0.39 0.22 -0.06 -0.10 -0.08 -0.24
BCS-E3-5-C 3071 3 0.98 1.60 0.92 0.68 1.11 0.62 2.42
BCS-E3-5-D 2940 3 0.90 1.46 0.84 0.60 0.97 0.54 2.11
BCS-1E3-7-A 2989.9 3 0.68 1.11 0.64 0.38 0.62 0.34 1.34
BCS-E3-7-B 3092.6 3 0.28 0.46 0.26 -0.02 -0.03 -0.04 -0.09
BCS-E3-7-C 2519.1 3 0.39 0.64 0.37 0.09 0.15 0.07 0.32
BCS-E3-7-D 2461.7 3 0.25 0.41 0.24 -0.05 -0.08 -0.06 -0.19
BCS-E3-8-A 2979 3 0.41 0.67 0.39 0.11 0.18 0.09 0.37
BCS-1E3-8-B 3089.1 3 0.33 0.53 0.31 0.03 0.04 0.01 0.08
BCS-E3-8-C 3102.7 3 0.66 1.07 0.62 0.36 0.58 0.32 1.25
BCS- E3-8-D 3009.8 3 0.32 0.52 0.30 0.02 0.03 0.00 0.05
BCS-F3-3 NA In-situ 0.6 0.98 0.56 0.30 0.49 0.26 1.05
BCS-G3-3 NA In-situ 0.6 0.98 0.56 0.30 0.49 0.26 1.05
BCS-G3-6 NA In-situ 0.6 0.98 0.56 0.30 0.49 0.26 1.05
BCS-G3-9-A 3211.5 3 0.32 0.52 0.30 0.02 0.03 0.00 0.05
BCS-G3-9-B 3439.6 3 0.25 0.41 0.24 -0.05 -0.08 -0.06 -0.19
BCS-G3-9-C 3401.2 3 0.09 0.14 0.08 -0.21 -0.35 -0.22 -0.78
BCS-G3-9-D 3422.3 3 0.33 0.54 0.31 0.03 0.05 0.01 0.10
BCS-G4-1 NA ha-situ 0.9 1.47 0.85 0.60 0.98 0.55 2.12
BCS-G4-4 NA Ih-situ 0.8 1.30 0.75 0.50 0.81 0.45 1.77
BCS-H3-3-A 3230.8 3 0.27 0.44 0.26 -0.03 -0.05 -0.04 -0.12
BCS-H3-3-B 3546.7 3 0.47 0.76 0.44 0.17 0.27 0.14 0.57
BCS-H-3-C 2677 3 0.52 0.85 0.49 0.22 0.36 0.19 0.78
BCS-B3-3-D 3439.2 3 0.68 1.10 0.64 0.38 0.61 0.34 1.33
BCS-3-6-A 2951.9 2 0.56 0.91 0.53 0.26 0.42 0.23 0.91
BCS-HB3-B 2864.3 2 0.33 0.54 0.31 0.03 0.05 0.01 0.08
BCS-H3-6-C 2765.6 2 0.45 0.73 0.42 0.15 0.24 0.12 0.50
BCS-H3-6-D 2505.4 2 0.51 0.83 0.48 0.21 0.34 0.18 0.73
BCS-H3-9-A 2979.5 2 0.51 0.84 0.48 0.21 0.35 0.18 0.75
BCS-H3-9-B 2473 3 0.94 1.53 0.88 0.64 1.04 0.58 2.25
BCS-H3-9-C 2826 3 1.39 2.26 1.31 1.09 1.77 1.01 3.87
BCS-H3-9-D 3312.2 2 0.43 0.71 0.41 0.13 0.22 0.11 0.46
BCS-14-1-A 3582 3 0.62 1.02 0.59 0.32 0.53 0.29 1.14
BCS-H4-1-B 3069.7 3 ± 0.47 0.77 0.44 0.17 0.28 0.14 0.59
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Gamma Th-232 Th-230 Th-228 Total Net
Weight Spec Th-232 Th-230 Ih-228 Net Net Net Thorium

Sample# (g) SYS Wpigl) (pCLg) (pOI) (pCVg) WpYK) 0p01) (pC)
BCS-H4-1-C 2817.6 3 0.31 0.50 0.29 0.01 0.01 -0.01 0.00
BCS-H4-1-D 3341.6 3 0.43 0.69 0.40 0.13 0.20 0.10 0.43
BCS-H4-2-A 3509.4 3 0.45 0.74 0.42 0.15 0.25 0.12 0.52
BCS-H4-2-B 2728.6 3 0.28 0.46 0.26 -0.02 -0.03 -0.04 -0.09
BCS-H4-2-C 3255.8 3 0.44 0.71 0.41 0.14 0.22 0.11 0.47
BCS-1H4-2-D 2999.5 3 0.24 0.40 0.23 -0.06 -0.09 -0.07 -0.22
BCS-H4-3-A 3026.4 3 0.21 0.34 0.20 -0.09 -0.15 -0.10 -0.34
BCS-H4-3-B 3482.4 3 0.47 0.76 0.44 0.17 0.27 0.14 0.58
BCS-14-3-C 2588.7 3 0.46 0.75 0.43 0.16 0.26 0.13 0.55
BCS-H4-3-D 2556.2 3 0.34 0.55 0.32 0.04 0.06 0.02 0.11
BCS-H4-4-A 2912 3 0.50 0.81 0.47 0.20 0.32 0.17 0.68
BCS-1H4-4-B 2975.8 3 0.29 0.47 0.27 -0.01 -0.02 -0.03 -0.07
BCS-H4-4-C 2301.3 3 0.33 0.55 0.31 0.03 0.06 0.01 0.10
BCS-H4-4-D 2979.9 3 0.16 0.26 0.15 -0.14 -0.23 -0.15 -0.52
BCS-H4-5-A 2537.5 2 0.47 0.76 0.44 0.17 0.27 0.14 0.58
BCS-H4-5-B 3083.1 2 0.41 0.67 0.39 0.11 0.18 0.09 0.38
BCS-H4-5-C 2728.1 2 0.39 0.64 0.37 0.09 0.15 0.07 0.32
BCS-H4-5-D 2898.9 2 0.42 0.69 0.40 0.12 0.20 0.10 0.42
BCS-H4-5-D(DIUP) 2898.9 2 0.29 0.47 0.27 -0.01 -0.02 -0.03 -0.06
BCS-H4-6A 3087 2 0.42 0.69 0.40 0.12 0.20 0.10 0.42
BCS-14-6-B 2716 2 0.27 0.44 0.25 -0.03 -0.05 -0.05 -0.14
BCS-H4-6-C 3028.5 2 0.31 0.50 0.29 0.01 0.01 -0.01 0.00
BCS-H4-6D 2601 2 0.15 0.25 0.15 -0.15 -0.24 -0.15 -0.54
BCS-H4-7-A 2751.1 3 0.96 1.56 0.90 0.66 1.07 0.60 2.33
BCS-H4-7-B 3089.7 3 0.61 1.00 0.57 0.31 0.51 0.27 1.09
BCS-H4-7-C 3069 3 1.21 1.97 1.14 0.91 1.48 0.84 3.22
BCS-H4-7-D 2602.5 3 1.46 2.38 1.37 1.16 1.89 1.07 4.11
BCS-H5-1-A 3229.5 2 0.33 0.54 0.31 0.03 0.05 0.01 0.10
BCS-H5-1-B 3145.1 2 0.61 1.00 0.58 0.31 0.51 0.28 1.10
BCS-H5-1-C 3202.4 2 0.38 0.63 0.36 0.08 0.14 0.06 0.28
BCS-H5-1-D 2448.8 2 0.32 0.51 0.30 0.02 0.02 0.00 0.04
BCS-H5-2-A 2691.5 2 0.50 0.81 0.47 0.20 0.32 0.17 0.68
BCS-H5-2-B 2810.9 2 0.69 1.13 0.65 0.39 0.64 0.35 1.38
BCS-H5-2-C 3284.3 2 0.21 0.34 0.20 -0.09 -0.15 -0.10 -0.34
BCS-H5-2-D 2915 2 0.37 0.60 0.34 0.07 0.11 0.04 0.22
BCS-H5-3-A 3302 3 0.37 0.60 0.35 0.07 0.11 0.05 0.22
BCS-H5-3-B 2727.4 3 0.51 0.83 0.48 0.21 0.34 0.18 0.72
BCS-H5-3-C 3165.3 3 0.29 0.47 0.27 -0.01 -0.02 -0.03 -0.06
BCS- H5-3-D 2977.7 3 0.51 0.83 0.48 0.21 0.34 0.18 0.72
BCS-H5-5-A 2945.8 3 0.37 0.61 0.35 0.07 0.12 0.05 0.24
BCS-H5-5-B 2548.7 3 0.46 0.75 0.43 0.16 0.26 0.13 0.55
BCS-H-5-C 2745.4 2 2.34 3.82 2.20 2.04 3.33 1.90 7.27
BCS-H5-5-D 2813.8 3 0.65 1.06 0.61 0.35 0.57 0.31 1.24
BCS-H5-6-A 3137.8 3 0.33 0.54 0.31 0.03 0.05 0.01 0.10
BCS- H5-6-B 2474.5 3 0.41 0.67 0.38 0.11 0.18 0.08 0.37
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Gamma Th-232 Th-230 Th-228 Total Net
Weight Spec Th-232 Th-230 Th-228 Net Net Net Thorium

Sample # (j) SYS, (pCi/g) (pCUfg) (pC) (pCiJ) (pCIt) (Wilt) (piCL)
BCS-H5-6-C 2880.8 3 0.99 1.61 0.93 0.69 1.12 0.63 2.44
BCS-H5-6-D 2306.5 3 0.39 0.63 0.36 0.09 0.14 0.06 0.29
BCS-H6-1-A 3467.1 3 0.26 0.43 0.25 -0.04 -0.06 -0.05 -0.14
BCS-H6-1-B 3314.9 3 0.90 1.47 0.85 0.60 0.98 0.55 2.12
BCS-H6-1-C 3036 3 0.43 0.71 0.41 0.13 0.22 0.11 0.46
BCS-H6-1-D 3207.5 3 0.52 0.84 0.49 0.22 0.35 0.19 0.76
BCS- 13-3-A 2516.7 3 0.79 1.29 0.74 0.49 0.80 0.44 1.74
BCS- 13-3-B 3004.1 3 0.77 1.25 0.72 0.47 0.76 0.42 1.65
BCS-13-3,C 3255.1 3 0.61 1.00 0.58 0.31 0.51 0.28 1.10
BCS 13-3-D 3426.7 3 0.47 0.77 0.44 0.17 0,28 0.14 0.60
BCS- 13-6-A 2072.3 2 3.46 5.64 3.25 3.16 5.15 2.95 11.26
BCS-13-6B 2775.8 2 0.51 0.83 0.48 0.21 0.34 0.18 0.73
BCS- 13-6C 2585.6 2 0.50 0.81 0.47 0.20 0.32 0.17 0.68
BCS-I3-6-D 1862.8 2 0.86 1.40 0.81 0.56 0.91 0.51 1.97
BCS-13-9-A 3190.2 3 0.47 0.76 0.44 0.17 0.27 0.14 0.58
BCS-13-9-B 2809.1 3 1.03 1.67 0.96 0.73 1.18 0.66 2.57
BCS- 13-9-C 2695.6 3 0.93 1.52 0.88 0.63 1.03 0.58 2.24
BCS-13-9-D 3011.5 3 0.77 1.26 0.73 0.47 0.77 0.43 1.66
BCS- I3-9-D(DUP) 3011.5 3 0.85 1.39 0.80 0.55 0.90 0.50 1.94
BCS-14-1-A 3101.7 3 0.80 1.31 0.75 0.50 0.82 0.45 1.77
BCS-14-1-B 2814.5 3 0.53 0.87 0.50 0.23 0.38 0.20 0.81
BCS-14-1-C 2879.8 3 0.57 0.94 0.54 0.27 0.45 0.24 0.96
BCS-14-1-D 2783.8 3 0.75 1.22 0.70 0.45 0.73 .0.40 1.58
BCS- 14-4-A 2724.8 3 0.85 1.38 0.80 0.55 0.89 0.50 1.93
BCS-14-4-B 2725.1 3 0.82 1.33 0.77 0.52 0.84 0.47 1.83
BCS-I4-4-C 2711.5 3 0.45 0.73 0.42 0.15 0.24 0.12 0.52
BCS-14-4-D 2817.5 3 0.71 1.16 0.67 0.41 0.67 0.37 1.45
BCS-14-7-A 2355.6 2 0.35 0.57 0.33 0.05 0.08 0.03 0.15
BCS-14-7-B 2379.4 2 0.83 1.36 0.78 0.53 0.87 0.48 1.89
BCS- 14-7-C 2655.2 2 2.39 3.90 2.25 2.09 3.41 1.95 7.44
BCS- I4-7-D 2845.6 2 0.33 0.53 0.31 0.03 0.04 0.01 0.08
BCS- I4-8-A 2348.4 3 0.23 0.37 0.22 -0.07 -0.12 -0.08 -0.27
BCS-144-B 1993.7 3 0.48 0.78 0.45 0.18 0.29 0.15 0.63
BCS- I4-8-C 2293.6 3 0.45 0.74 0.43 0.15 0.25 0.13 0.53
BCS-14-8-D 2544.7 3 0.57 0.92 0.53 0.27 0.43 0.23 0.94
BCS-14-9-A 2271.2 2 0.89 1.46 0.84 0.59 0.97 0.54 2.10
BCS- 14-9-B 2522.7 2 0.92 1.50 0.86 0.62 1.01 0.56 2.19
BCS-14-9-C 2126.5 2 9.72 15.84 9.13 9.42 15.35 8.83 33.60
BCS-14-9-D 1914.6 2 0.87 1.41 0.81 0.57 0.92 0.51 2.00
BCS-I5-1-A 2945.6 2 1.16 1.89 1.09 0.86 1.40 0.79 3.06
BCS-15-1-B 3417 2 0.53 0.86 0.50 0.23 0.37 0.20 0.80
BCS-15-1-C 2798.9 2 0.69 1.13 0.65 0.39 0.64 0.35 1.38
BCS- 15-1 -D 3093.9 2 0.62 1.02 0.59 0.32 0.53 0.29 1.14
BCS- 15-2-A 2997.6 2 0.61 0.99 0.57 0.31 0.50 0.27 1.07
BCS- 15-2-B 3264.5 2 0.15 0.24 0.14 -0.15 -0.25 -0.16 -0.56
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Gamma Th-232 Th-230 Th-228 Total Net
Weight Spec Th-232 Th-230 Th-228 Net Net Net Thorium

Sample S S W) yit (pAIJ1g) (P9~g) (pcjV) (pcU9) (Pci/g) (pgL
BCS-15-2-C 2833.6 2 0.49 0.79 0.46 0.19 0.30 0.16 0.64
BCS-15-2-D 3141.1 2 0.50 0.81 0.47 0.20 0.32 0.17 0.69
BCS-15-3-A 3313.1 3 0.43 0.69 0.40 0.13 0.20 0.10 0.43
BCS- 15-3-B 3038.1 3 0.78 1.28 0.74 0.48 0.79 0.44 1.71
BCS-15-3-C 3178.2 3 0.11 0.18 0.10 -0.19 -0.31 -0.20 -0.70
BCS-15-3-D 3368 3 0.30 0.48 0.28 0.00 -0.01 -0.02 -0.03
BCS-15-7-A 3456.3 2 0.48 0.78 0.45 0.18 0.29 0.15 0.61
BCS-15-7-B 3210.4 2 1.27 2.06 1.19 0.97 1.57 0.89 3A3
BCS-15-7-C 3364.7 2 1.53 2.50 1.44 1.23 2.01 1.14 4.38
BCS-15-7-D 3225.9 2 0.69 1.12 0.64 0.39 0.63 0.34 1.36
BCS- 15-8-A 3462.2 2 0.72 1.18 0.68 0.42 0.69 0.38 1.49
BCS-15-8-B 2652.1 2 0.29 0.48 0.28 -0.01 -0.01 -0.02 -0.04
BCS-15-8-C 3865.6 2 0.51 0.83 0.48 0.21 0.34 0.18 0.74
BCS-I5-8-D 3168.6 2 0.37 0.60 0.35 0.07 0.11 0.05 0.22
BCS-I5-9-A 1977.6 3 0.70 1.13 0.65 0.40 0.64 0.35 1.39
BCS- I5-9-B 2312.6 3 0.32 0.52 0.30 0.02 0.03 0.00 0.05 1
BCS- I5-9-C 2235 3 0.50 0.82 0.47 0.20 0.33 0.17 0.71
BCS-I5-9-D 2269.6 3 0.59 0.96 0.56 0.29 0.47 0.26 1.02
BCS- 16-1 -A 2829.1 3 0.66 1.07 0.62 0.36 0.58 0.32 1.26
BCS-16-1-B 2936.1 3 1.46 2.37 1.37 1.16 1.88 1.07 4.11
BCS-16-1-C 3071.2 3 0.68 1.11 0.64 0.38 0.62 034 1.34
BCS-16-1-D 3321.1 3 0.71 1.16 0.67 0.41 0.67 0.37 1.44
BCS-16-2-A 3109.7 3 1.58 2.57 1.48 1.28 2.08 1.18 4.55
BCS-16-2-B 2351.5 3 0.71 1.15 0.66 0.41 0.66 0.36 1.43
BCS- I6-2-C 2679 3 1.75 2.85 1.65 1.45 2.36 1.35 5.16
BCS-16-2-D 2558.7 3 3.64 5.93 3.42 3.34 5.44 3.12 11.89
BCS- 16-3-A 3070.8 3 2.73 4.46 2.57 2.43 3.97 2.27 8.67
BCS-16-3-B 2777 3 2.09 3.41 1.96 1.79 2.92 1.66 6.37
BCS-16-3-C 2645.7 3 2.33 3.79 2.19 2.03 3.30 1.89 7.21
BCS-16-3-D 2249.6 3 2.29 3,73 2.15 1.99 3.24 1.85 7.07
BCS-16-6A 3219.4 3 1.56 2.54 1.46 1.26 2.05 1.16 4.47
BCS 6-6-B 3265 3 2.19 3.58 2.06 1.89 3.09 1.76 6.74
BCS- 16-6-C 2654.3 3 0.58 0.94 0.54 0.28 0.45 0.24 0.98
BCS-16-6-D 2515.2 3 1.67 2.72 1.57 1.37 2.23 1 .27 4.87
BCS-16-7-A 3291.5 2 0.47 0.77 0.44 0.17 0<28 0.14 0.59
BCS-I6-7-B 3052.2 2 0.63 1.02 0.59 0.33 0.53 0.29 1.15
BCS- I6-7-D 3332.3 2 0.73 1.18 0.68 0.43 0.69 0.38 1.50
BCS- I6-7-D(DUP) 3332.3 2 0.73 1.19 0.69 0.43 0.70 0.39 1.51
BCS-J-3-A 3163.9 3 0.43 0.70 0.40 0.13 0.21 0.10 0.45
BCS-J4-3-B 2678.1 3 0.72 1.17 0.68 0.42 0.68 0.38 1.48
BCS-i4-3-C 3090 3 1.90 3.10 1.79 1.60 2.61 1.49 5.71
BCS-14-3-D 3214.6 3 0.56 0.91 0.53 0.26 0.42 0.23 0.91
BCS-J4--A 3052.5 3 0.63 1.03 0.59 0.33 0.54 0.29 1.16
BCS-J4-6-B 3276.2 3 0.55 0.90 0.52 0.25 OAI 0.22 0.88
BCS-4-6-C 2897.8 3 0.59 0.96 0.56 0.29 .OA7 0.26 1.02
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Gamma Th-232 Th-230 Th-228 Total Net
Weight Spec Th-232 Th-230 Th-228 Net Net Net Thorium

Sample # (_) SYS. WYK) (pCU9) Wilk) (pCg) (P9 (PcYz (pCAg)
BCS-14-6-D 3008.3 3 0.72 1.17 0.67 0.42 0.68 0.37 1.46
BCS-.J4-9-A 2603.6 3 1.74 2.84 1.64 1.44 2.35 1.34 5.13
BCS- J4-9-B 3063.7 3 0.63 1.03 0.60 0.33 0.54 0.30 1.17
BCS-J4-9-C 2447.8 3 4.35 7.08 4.08 4.05 6.59 3.78 14.42
BCS-J4-9-D 2586.4 3 1.85 3.02 1.74 1.55 2.53 1.44 5.51
BCS-J4-9-D(DUP) 2586.4 3 1.78 2.90 1.67 1.48 2.41 1.37 5.27
BCS-J5-1-A 2900.2 3 0.75 1.22 0.70 0.45 0.73 0.40 1.57
BCS-J5-1-B 3260.6 3 0.67 1.09 0.63 0.37 0.60 0.33 1.30
BCS-J5-1-C 3203 3 0.72 1.18 0.68 0.42 0.69 0.38 1.48
BCS-J5-1-D 3245.3 3 0.76 1.24 0.72 0.46 0.75 0.42 1.63
BCS-J5-2-A 3699.4 3 0.73 1.18 0.68 0.43 0.69 0.38 1.50
BCS- J5-2-B 3473.2 3 0.58 0.95 0.55 0.28 0.46 0.25 0.98
BCS- J5-2-C 3705.8 3 0.55 0.90 0.52 0.25 0.41 0.22 0.88
BCS-J5-2-D 3604.6 3 0.38 0.61 0.35 0.08 0.12 0.05 0.25
BCS-J5-3-A 2928.9 3 1.47 2AO 1.38 1.17 1.91 1.08 4.16
BCS-J5-3-B 2661 3 2.06 3.35 1.93 1.76 2.86 1.63 6.25
BCS-J5-3-C 2906.7 3 1.19 1.94 1.12 0.89 1.45 0.82 3.16
BCS-J5-3-D 2946.8 3 1.47 2.39 1.38 1.17 1.90 1.08 4.15
BCS-35-3-D(DUP) 2946.8 3 .IA9 2.44 1.40 1.19 1.95 1.10 4.25
BCS-J54-A 3443 3 0.66 1.07 0.62 0.36 0.58 0.32 1.26
BCS-J5-4-B 2998.4 3 0.51 0.83 0.48 0.21 0.34 0.18 0.72
BCS-454C 3353.3 3 0.67 1.10 0.63 0.37 0.61 0.33 1.32
BCS-J5-4-D 3579.2 3 0.56 0.91 0.52 0.26 0.42 .0.22 0.90
BCS-J5-5-A 2552.1 3 0.85 1.38 0.80 0.55 0.89 0.50 1.94
BCS-J5-5-B 3225.1 3 0.69 1.13 0.65 0.39 0.64 0.35 1.38
BCS-J5-5-C 3823.9 3 0.69 1.13 0.65 0.39 0.64 0.35 1.38
BCS-J5-5-D 3547 3 3.03 4.93 2.84 2.73 4.44 2.54 9.71
BCS-J5-6-A 3531 2 1.01 1.64 0.95 0.71 1.15 0.65 2.50
BCS- J5-6-B 3688 2 0.30 OA9 0.28 0.00 0.00 -0.02 -0.03
BCS- J5-6-C 3863.7 2 0.68 1.10 0.64 0.38 0.61 0.34 1.33
BCS-J5-6-D 3841.2 2 0.63 1.02 0.59 0.33 0.53 0.29 1.15
BCS- J5-7-A 2883.3 2 0.49 0.80 0.46 0.19 0.31 0.16 0.66
BCS-J5-7-B 3733 2 0.42 0.68 0.39 0.12 0.19 0.09 0.41
BCS- J5-7-C 2439 2 0.77 1 .25 0.72 0.47 0.76 0.42 1.66
BCS-J5-7-D 3037 2 0.57 0.92 0.53 0.27 0.43 0.23 0.93
BCS-J5-8-A 3738.8 2 0.82 1.34 0.77 0.52 0.85 0.47 1.84
BCS- J5-8-B 3089.2 2 0.67 1.09 0.63 0.37 0.60 0.33 1.29
BCS-J5-8-C 3013 2 0.72 1.18 0.68 0.42 0.69 0.38 1.49
BCS-J5-8-D 3707.1 2 0.61 0.99 0.57 0.31 0.50 0.27 1.07
BCS- J5-8-D(DUP) 3707.1 2 0.44 0.72 OA1 0.14 0.23 0.11 0.48
BCS- J5-9-A 3645.8 3 0.57 0.93 0.54 0.27 0.44 0.24 0.94
BCS- 15-9-B 3627.3 3 0.57 0.93 0.54 027 0.44 0.24 0.95
BCS-J5-9-C 3592.1 3 0.92 1.50 0.86 0.62 1.01 0.56 2.19
BCS- J5-9-D 3669.8 3 0.32 0.52 0.30 0.02 0.03 0.00 0.06
BCS-J6-1-A 2722 3 4.46 7.27 4.19 4.16 6.78 3.89 14.83
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Gamma Th-232 Th-230 Th-228 Total Net
Weight Spec Th-232 Th-230 Th-228 Net Net Net Thorium

Sample # (I!) Sys Wpilg) (pCIg) (Pci/g) APcYg) (pCO (pCAg) A L)
BCS-J6-1-B 3044.2 3 1.10 1.79 1.03 0.80 1.30 0.73 2.83
BCS-J6-1-C 3035.4 3 0.57 0.92 0.53 0.27 0.43 0.23 0.93
BCS-J6-1-D 3007.7 3 0.91 1.48 0.85 0.61 0.99 0.55 2.15
BCS- J6-2-A 3232.7 3 0.68 1.11 0.64 0.38 0.62 0.34 1.33
BCS-16-2-B 2930.5 3 0.44 0.71 0.41 0.14 0.22 0.11 0.47
BCS- 6-2-C 3357.5 3 0.32 0.53 0.31 0.02 0.04 0.01 0.07
BCS-J6-2-D 3444.9 3 0.27 0.44 0.25 -0.03 -0.05 -0.05 -0.13
BCS- J6-2-D(DUP) 3444.9 3 0.26 0.42 0.24 -0.04 -0.07 -0.06 -0.17
BCS-J6-3-,A 3089.1 3 1.83 2.98 1.72 1.53 2.49 1.42 5.44
BCS-56-3-B 3189.2 3 1.09 1.78 1.03 0.79 1.29 0.73 2.81
BCS-16-3-C 3071.4 3 0.85 1.39 0.80 0.55 0.90 0.50 1.95
BCS-J6-3-D 3341.2 3 0.72 1.17 0.67 0.42 0.68 0.37 1.46
BCS- 6-4-A 3743.5 3 0.57 0.92 0.53 0.27 0.43 0.23 0.93
BCS- 6-4-B 3956.7 3 0.79 1.28 0.74 0.49 0.79 0.44 1.72
BCS-J6-4-C 3767.6 3 0.77 1.26 0.73 0.47 0.77 0.43 1.67
BCS-J6-4-D 3859.7 3 0.62 1.01 0.58 0.32 0.52 0.28 1.12
BCS-16-5-A 3284.9 3 0.53 0.87 0.50 0.23 0.38 0.20 0.81
BCS-J6-5-B 3248.7 3 0.19 0.30 0.17 -0.11 -0.19 -0.13 -0.43
BCS-J6-5-C 3413.1 3 0.50 0.82 0.47 0.20 0.33 0.17 0.70
BCS-KP-5-D 3253.8 3 0.59 0.96 0.56 0.29 0.47 0.26 1.02
BCS-J6-6-A 2760.8 3 0.80 1.30 0.75 0.50 0.81 0.45 1.76
BCS-J6-6-B 3364.7 3 0.36 0.59 0.34 0.06 0.10 0.04 0.21
BCS- 6-6-C 3020.5 3 0.37 0.60 0.34 0.07 0.11 D.04 0.21
BCS-J6-6-D 2729.5 3 0.56 0.91 0.52 0.26 0.42 0.22 0.90
BCS- 6-7-A 3576.2 2 0.76 1.25 0.72 0.46 0.76 0.42 1.64
BCS-J6-7-B 3526.6 2 0.92 1.51 0.87 0.62 1.02 0.57 2.21
BCS-J6-7-C 3719.6 3 0.23 0.37 0.21 -0.07 -0.12 -0.09 -0.28
BCS-J6-7-D 3571.4 3 1.38 2.25 1.30 1.08 1.76 1.00 3.84
BCS-J6-8-A 3357.6 3 0.45 0.74 0.42 0.15 0.25 0.12 0.52
BCS-J6-8-B 3311.7 3 0.59 0.97 0.56 0.29 0.48 0.26 1.03
BCS-J6-8-C 3263.1 3 0.65 1.07 0.61 0.35 0.58 0.31 1.24
BCS-J6-8-D 3564.1 3 0.97 1.58 0.91 0.67 1.09 0.61 2.38
BCS-J6-9-A 3031.2 3 0.46 0.75 0.43 0.16 0.26 0.13 0.56
BCS-J6-9-B 3050.4 3 0.88 1.44 0.83 0.58 0.95 0.53 2.07
BCS-J6-9-C 3235.4 3 1 .00 1.64 0.94 0.70 1.15 0.64 2.49
BCS-J6-9-D 2752.3 3 1.85 3.02 1.74 1.55 2.53 1.44 5.52
BCS-K4-9-A 3448.8 2 0.58 0.94 0.54 0.28 0.45 0.24 0.96
BCS-K4-9-B 3167.9 2 0.46 0.76 0.44 0.16 0.27 0.14 0.56
BCS-K4-9-C 3162.5 2 0.58 0.94 0.54 0.28 0.45 0.24 0.98
BCS- K4-9-D 3543.7 2 0.43 0.71 0.41 0.13 0.22 0.11 0.46
BCS-K5-7-A 3303.6 2 0.62 1.01 0.58 0.32 0.52 0.28 1.12
BCS-K5-7-B 3346.5 2 0.58 0.94 0.54 0.28 0.45 0.24 0.97
BCS-K5-7-C 2849.1 2 0.40 0.65 0.38 0.10 0.16 0.08 0.34
BCS-K5-7-D 3271 2 0.70 1.13 0.65 0.40 0.64 0.35 1.39
BCS-K5-8-A 3010.1 3 0.80 1.30 0.75 0.50 0.81 0.45 1.77
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Gamma Th-232 Th-230 Th-228 Total Net
Weight Spec Th-232 Th-230 Th-228 Net Net Net Thorium

Sample i J) SYL (pCig) (pCig) (pCtg) (pChig) (pCg) (p01g) (pAIR
BCS-K5-8-B 3141.6 3 0.74 1.20 0.69 0.44 0.71 0.39 1.54
BCS-K5-8-C 3472.8 3 1.23 2.01 1.16 0.93 1.52 0.86 3.31
BCS-K5-8-D 2716 3 1.02 1.66 0.96 0.72 1.17 0.66 2.55
BCS-K5-9-A 3383.1 2 0.44 0.71 0.41 0.14 0.22 0.11 0.47
BCS-K5-9-B 3587.7 2 0.50 0.81 0.47 0.20 0.32 0.17 0.68
BCS-K5-9-C 3060.5 2 2.10 3.42 1.97 1.80 2.93 1.67 6.39
BCS-K5-9-D 3028.4 2 1.29 2.10 1.21 0.99 1.61 0.91 3.50
BCS-K5-9-D(DUP) 3028.4 2 1.18 1.93 1.11 0.88 1.44 0.81 3.13
BCS-K6-7-A 3017.8 3 0.66 1.07 0.62 0.36 0.58 0.32 1.26
BCS-K6-7-B 3313.3 3 0.60 0.97 0.56 0.30 0.48 0.26 1.04
BCS-K6-7-C 3297.6 3 1.28 2.09 1.21 0.98 1.60 0.91 3.49
BCS-K6-7-D 3475.5 3 0.40 0.65 0.38 0.10 0.16 0.08 0.34
BCS-K6-7-D(DUP) 3475.5 3 0.47 0.76 0.44 0.17 0.27 0.14 0.58
BCS-K6-S-A 3296.4 2 0.43 0.70 0.40 0.13 0.21 0.10 0.43
BCS-K6-8-B 3288.4 2 0.68 1.11 0.64 0.38 0.62 0.34 1.33
BCS-K6-8-C 3474 2 0.40 0.65 0.38 0.10 0.16 0.08 0.34
BCS-K6-8-D 3249.5 2 1.11 1.80 1.04 0.81 1.31 0.74 2.86
BCS-K6-9-A 3319.8 2 0.46 0.75 0.43 0.16 0.26 0.13 0.54
BCS-K6-9-B 3471 2 0.36 0.58 0.33 0.06 0.09 0.03 0.18
BCS-K6-9-C 3076.3 2 0.93 1.52 0.88 0.63 1.03 0.58 2.24
BCS-K6-9-D 2743.6 2 0.80 1.30 0.75 0.50 0.81 0.45 1.75

_ Average 2976.5 0.80 1. 0.75 0.50 08 0.45 L75
3011.1 0.6 1.0 0.6 0.3 0.5 0.3 1.1

Standard
~Deviidon 417 0.7 1.2 0.7 0.7 1.2 0.7 2.6

Equafi-n

I-230 (pCg) - 1.63 * Th-232 (pCilg)
rh 22g (pCi/g) - 0.94 T h-232 (pCi/g)
Ih-232 Net (pCi/g) - lb-232 (pCg) -0.3

Ih-230 Net (pCi/g) l- M230 (pCifg) -0.49
Th.22n Net (pCilg)- Th-22S (pCUg) -0.3

rota Net horium= -Th-232 Net + Th-230 Net + Th-228 Net
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Table A5

Final Gamma Exposure Rates - VA-VI

Gross
Sample # Exposure Net Exposure

BCS- Cl-2 -VI 10 5

BCS- Cl-3 -VI I 6

BCS- C2-1 -VI 9 4

BCS- C2-2 -VI 12 7

BCS- DI-2 -VI 8 3

BCS- Dl-3 -VI 8 3

BCS- DI-5 -VI 10 5

BCS- D1-6 -Vl 11 6

BCS- Di-8 -VI Il 6

BCS- Dl-9 -VI 12 7

BCS- D2-4 -VI 1 6

BCS- D2-2 -VI 13 8

BCS- D2-3 -VI 10 5

BCS- D2-4 -VI I 1 6

BCS- D2-5 -VI 9 4

BCS- D2-6 -VI 10 5

BCS- D2-7 -VI 12 7

BCS- D2-8 -VI 10 5

BCS- D2-9 -VI 1 3

BCS- E1-2 -VI 8 3

BCS- Ei-3 -VI 7 2

BCS- El-5 -VI 7 2

BCS- Ei-6 -VI 7 2

BCS- El-S -VI 6 1

BCS- El-9 -VI 7 2

BCS- E2-1 -VI 8 3

BCS- E2-2 -VI 8 3

BCS- E2-3 -VI 9 4

BCS- E2-4 -VI 7 2

BCS- E2-5 -VI 9 4

BCS- E2-6 -Vi I1 6

Gross
Sample # Exposure Net Exposure

u/r
BCS- E3-5 -VI 12 7

BCS- E3-7 -VI 8 3

BCS- E3-8 -VI I 1 6

BCS- F3-3 -VI 9 4

BCS- G3-3 -Vi 8 3

BCS- G3-6 -VI 7 2

BCS- G3-9 -VI 8 3

BCS- G4-1 -VI 9 4

BCS- G44 -VI 9 4

BCS- H3-3 -VI 8 3

BCS- H3-6 -VI 8 3

BCS- H13-9 -VI 8 3

BCS- H4-1 -VI 8 3

BCS- H4-2 -VI l 3

BCS- H4-3 -VI 9 4

BCS- H44 -VI 8 3

BCS- H4-5 -VI 9 4

BCS- H4-6 -VI 9 4

BCS- H4-7 -VI 10 5

BCS- H5-i -VI 8 3

BCS- H15-2 -VI 8 3

BCS- H5-3 -Vi 7 2

BCS- H5-5 -Vi 7 2

BCS- H5-6 -VI 7 2

BCS- H6-1 -Vi 8 3

BCS- 13-3 -VI 8 3

BCS- 13-6 -VI 7 2

BCS- 13-9 -Vi 9 4

BCS- 14-1 -VI 9 4

BCS- 14-4 -VI 9 4

BCS- I4-7 -VI 9 4

BCS- E2-7 -VI 7 2 BCS- 14-8 -VI 8 3
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Gross
Exposure

uR/hr
Net Exposure

uR/hr

Gross
Eyxosure

uR/hr
Net Exposure

uR/hrSample # Sample #

BCS- E2-8 -VI 10 5

BCS- E2-9 -VI l 6

BCS- E3-1 -VI 9 4

BCS- E3-2 -VI 11 6

BCS- E3-4 -VI 10 5

BCS- 15-8 -VI 7 2

BCS- 15-9 -Vi 7 2

BCS- 16-1 -VI 7 2

BCS- 16-2 -VI 9 4

BCS- I6-3 -VI 11 6

BCS- I6-6 -VI 11 6

BCS- 16-7 -VI 7 2

BCS- J4-3 -VI S 3

BCS- J4-6 -VI 9 4

BCS- J4-9 -VI 9 4

BCS- J5-1 -VI 8 3

BCS- J5-2 -VI 9 4

BCS- J5-3 -VI 8 3

BCS- J5-4 -VI 8 3

BCS- J5-5 -VI 10 5

BCS- 15-6 -VI 7 2

BCS- J5-7 -VI 8 3

BCS- 15-8 -VI 9 4

Total Number of Sub-Grids 109
Average Gross Exposure Rate 9 PMR/h
Average Net Exposure Rate 4 pR/
Background Exposure Rate S M

BCS- 14-9 -VI 9 4

BCS- I5-1 -VI 7 2

BCS- 15-2 -VI 8 3

BCS- 15-3 -VI 7 2

BCS- U-7 -VI 9 4

BCS- J5-9 -VI 9 4

BCS- 6-1 -VI 9 4

BCS- J6-2 -VI 8 3

BCS- J6-3 -VI 8 3

BCS- J6-4 -VI 8 3

BCS- 36-5 -Vi 8 3

BCS- J6-6 -VI 8 3

BCS- J6-7 -VI 9 4

BCS- 36-S -VI 9 4

BCS- J6-9 -VI 9 4

BCS- K4-9 -VI 8 3

BCS- K5-7 -VI 8 3

BCS- K5-8 -Vi 7 2

BCS- K5-9 -VI 8 3

BCS- K6-7 -VI 8 3

BCS- K6-8 -Vi 8 3

BCS- K6-9 -VI 7 2

* Net Exposure = Gross Exposure - Background Exposure
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Table A6

Final Status Survey: Statistical Analysis

The following statistical relations were used to assess the database for the Bay City survey unit:

Survey Data Average (Y):

1 of

n=

Standard Deviation (S.):

If

li (x-xi)

n-I

Determination of Number of Background data points (nB):

12
nB =

0.2 91B

Comparison of statistical mean (pua) with guideline values:

Aua =i+ti-a,dfS

IdentifYing additional measurement/sampling needs:

Estimating Factor = S.

(Tables B-2 in NUREG/CR-5849)

Note: See chapter 8.0 of NUREG/CR-5849 for detailed discussion of above-listed statistical
ana .

Where:

Xi = measurement (analysis) at point i
n = number of measurements (analyses)
ti - ao, df= 95% confidence level from Table B-i of Appendix B oftNUREG/CR-5849
CG = Guideline Value
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Table A7

Final Status Survey: Summary Statistics

Exposue Rates

Section n X (RI) SPh) pa (PMh) C. (iR/h) Estimating No. Verification
._ __ ___ Factor Samples Needed

VA-VI 109 3.7 1.4 3.9 5.0 0.9 11
._____. TM-232 Soil Concentrations : :_:_:_:- _:_;

Section n X (p~i/g) Sx ((pCilg) Co (pCi/g) Estimating No. Verification
_ J Factor Samples Needed

VA-VI 401 0.8 0.5 0.9 3.2 4.8 <9

39


