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NRC Comments and DOW Responses
DOW Chemical Company’s Bay City, Mi
Magneslum-Thorium Slag Storage Area
Final Status Survey Reports for VA through VA-Vi

fntroduction

The following are Dow Chemical Company’s responses to the comments provided in the USNRC letter of
August 18, 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 (TAC3 L60463).

General Comments

mme

1A

18.

The decommissioning and decontamination efforts of the magnesium-thorium slag storage area
have been performed In part with the NUREG/CR-5849 guldance document. In some cases this
guidance appears not to have been followed.

Severa!l concemns 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 nat
necessary to apply averaging techniques in any of the grids.” However, in reviewing the residual
sol! 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 and/or the unity rule.
Therefore staﬁ recommends that the reports be revised to clearly document in the data table that
the 100 m? average activity levels satisfy the guideline and unity rule.

Response

1A
1B.

See response to Specific Comment #1.

Individual soil samples exceeding the total thorium guideline value were identified in VA-IV and
VA-VI. The statement, "since none of the verification soll sample concentrations exceeded the
guldeline values (no hot spots), it was not necessary to apply averaging techniques in any of the
grids”, has been deleted from VALV and VA-VI. Section 4.2.2 of VAV 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 VAV, the samples were a compostte over 100 m® and therefore, the hot
spot averaging criteria could not be applied. The sample areas were remediated and re-surveyed
as part of the VA-VI survey unit (BCS-K4-8-v1, BCS-K5-7-v1, BCS-K5-8-v1). In the case of VA-
V1, two of the individual samples exceeded mguidelme value (BCSJB—1 -A and BCS-14-9-C).
Since the samples were a composite over 25 m®, the 100 m and (1DOIA) 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 clear 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 fina! verification soll samples were subjected to gamma and alpha analyses in
Dow's Freeport, Texas laboratory. Additionally, 10 percent of the samples were shipped off-site to
a contract laboratory for quality assurance analysis. The reports need to explain how the Th-228
and Th-230 concentrations were inferred and reference the applicable procedures and
documents.



Response

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 Nal detector coupled to an MCA to provide a rapid turnaround for remediation
decisions. For VA-L, VA-Il and VAL, all of the final FSS samples were analyzed by gamma and
alpha spectroscopy at the Freeport laboratory to obtaln Th-232, Th-228, and Th-230
concentrations. Ten percent of these samples were sent to a contractor laboratory for QA
analysis using similar counting techniques. For VAV, VA-V and VA-VI, 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, 040-00017/98002, 040-00017/99001.

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 initiaily found to comply with the release criteria. All of the other
verification areas (i.e., VA-1I to VA-V1) were found to have locations that contained radioactive
material exceeding the release criteria. (Note that NRC performed a follow-up confirmatory only in
VA1) Although these locations were subsequently remediated by the licensee, it appears the
FSSRs reviewed have not been revised 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 1 shows that the FSSRs predate the confirmatory surveys. in the case
of VA, the FSSR was revised after the confirmatory survey identified slag exceeding the
release criteria; however, the revision addressed only the re-abeling of sub-grids. Staff conciudes
that until these FSSRs are revised to include data and analyses for final status surveys
conducted after the NRC confirmatory surveys, the information provided is incomplete for
demonstrating compliance with the release criteria.

Response
3. Section 4.2.4, NRC Confirmatory Surveys, has been added to each of the FSSRs to address

confirmatory findings and Dow actions to those findings. Each of the confirmatory susvey findings
indicated in Table 1 of NRC's comments has been fully resolved in Section 4.2.4 of Reports I-Vi.

Comment

4. in general, the FSSRs do not discuss surface scan findings, 1.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 FSSRs were 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 Dow 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



action survey data was carrled forward and integrated with the final status survey data analysis to
demonstrate compliance with the release criteria.

Response

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.

Comment

6. The FSSR format and content is inconsistent between the six reports reviewed. The reports need
to be revised to be complete and consistent with the requirements in the decommissioning plan,

all subsequently approved revisions and cormrespondence, and all guidance Incorporated by
reference (e.g., NUREG/CR-5849).

Response
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 soil concentrations indicate only one sample per
sub-grid (about 10m x 10m). Under NUREG/CR-5849 guidance, four systematic soll 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,
VAL, VA-IL, and VA-IV were based on one composite sample per sub-grid (i.e., just the results of
the remedial action surveys), whereas, four samples (without compasiting) were taken in VA-V
and VA-VI1. Only the latter follows the guidance in NUREG/CR-5849.

1B.  The FSSRs need to clearly explain how the remedial action survey was conducted and the data
integrated with the final status survey.

1C. In addition, to clarify how the final status survey was performed, each report needs to include an
example figure of a sub-grid with the sampling locations shown.

Response

1A Section 3.4.2 and 3.4.4 of each FSSR have been revised to clarify the respective sofl sampling
method used. The sampling method used for the final verification of areas VA through VA-IV
consisted of nine Individual samples from each 100 m? sub-grid that were combined into one
composite. This method was described in the Decommissioning Plan (and TDCC response to
RAIls) approved in License Amendment No. 7. The final vermcahon samples for areas VA-V and
VA-V1 consisted of 4 composite samples, from each 100 m? sub-grid, one from each 25 m?
quadrant. The method used for VA-V and VA-VI was implemented by the RSO to be more .
consistent with NUREG/CR-5849. It is more conservative than that used in VA through VAV in
that a minimum of 3 individual samples were included in each quadrant composite, providing a
total of 12 individua! soil samples for each 100 m? sub-grid. This exceeds the decommissioning
plan commitment to collect 9 individua! soil samples in each 100 m? sub-grid.



1B.  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. The final samples collected
during the remediation control survey were used as input to the final status survey, providing the
sample concentrations did not exceed the soit guideline value. The sampling and analysis
scheme used during the remediation control survey was designed to meet the quality and design
requirements for FSS as described In the Decommissioning Plan.

1C. Figure 3-3, Reference Grid System, and Figure 3-4, Sub-Grid Quadrant Des:gnabon 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-II).

Response

2. The term “excavation limit” only appeared on the map for VA-IIl. 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-{il map.

Comment

3. For Verification Areas VA-1 to VA-V], 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.

Response

3. Figure 3-5, 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 comrectly
labeled as 26-30.

Comment

4, For VA-1 and VAl FSSRs, the final verification soil concentration data (Table A3 (a) and (b))
does not indicate the analytical technique used to determine the isotopic thorium concentrations.
A footnote needs to be provided that summarizes this technique with reference to the appropriate
procedural document.

Response

4. Neither of the original FSSRs reviewed contained a footnote to the goil concentration data tables
explaining the analytical technique used to determine the isotopic thorium 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.

Comment

5. The FSSR for VA-II 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.



Response
5. The FSSR for VA-Ili has been revised to include a Section 3 and a section on surface scans.
Comment

6. The FSSR for Verification Area VA-IV contains several sub-grids with final verification soll
concentrations in excess of the release criteria (l.e., K4-8, K6-7, and K5-8). Regarding these sub-
grids, the report contains no information on saﬁsfying the area weighted average over 100 m* or
the hot spot criteria. In addition, no summary statistics were provided for the final status survey.

Response

6. * Since the above referenced samples were a compostte over 100 m?, the weighted average test
could not be applied. These three areas were removed from the scope of VA-IV 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.

Comment

7A.  The footnote to Table 44, 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 0.84 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 VAV,

7B. Finally, there needs to be a discussion in each report on the derivation of the site specific thorium
release criteria of 14.5 pCi/g. Relevant information is provided in the Decommissioning Plan
Supplement (December 1996) and the Dow Response to Comments In NRC Letter of February 5,
1996 (March 1996).

Response

7A.  Adetalled review was conducted of the analytical methods used to generate the data provided In
FSSRs VA-l - VA-VI. There was no clear documentation in the Thorad project files describing
the basis for the 0.84 and 1.63 cormrection factors. it appears that the 1.63 Th-230/Th-232
conversion factor was based on the background data provided in the FSSRs. The 0.94 Th-
228/Th-232 conversion factor could be derived assuming that all of the pure thorium metal
feedstock arrived at the site In 1970, the last year of thorium alloy production at the site, and that
the onsite gamma spectroscopy analyses were performed in 1998. The Th-228 concentration
would be about 84% of the Th-232 concentration, l.e., 0.84 conversion factor. The actual
equilibrium would be closer to 1.0 since onsite thorium processing started in the early 1840’s.

The 1.63 and 0.94 conversion factors were used to generate the results provided in FSSRs IV ~
V1. However, the data provided In FSSRs | - 1l was generated using Isotope specific analyses for

The 0.84 conversion factor Is technically justified based on the decay calcudation shown above.
However, without additional documentation, the use of the 1.63 carmrection factor for Th-230 does
not appear justified since it was based on background data as opposed to licensed material. The
only clearly documented Th-230/Th-232 ratio appears to be that provided in the March 1896 Dow
Response to NRC Comments, 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 1 of the respective FSSRs. However, the data was reviewed to



7B.

identify any resutts that did not exceed the 14.5 pCi/g limit using the 1.63 correction factor but
would exceed the 14.5 pCi/g limit if 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 all of the samples are very close to background and that
thorium processing on the site began in the early 1840’s. However, the assumption of equilibrium
used in the gamma spectroscopy analyses could be interpreted as potentially non-conservative
data If a Th-228/Th-232 ratio of 0.84 Is assumed. Therefore, the recalculation test of the higher
results in FSSRs IV-V1 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 0.84 Th-
228/Th-232 ratio. Attachment 1 contains a memorandum from the site RSO to the project files
that contains the recalculated results for the highest reporled values to demonstrate that the
affect Is insignificant.

The recalculation is a very minor technical/administrative correction that Is performed 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-232/Th-228 ratio of 1:1 and a Th-230/Th-232 ratio of 3:1
will be assumed.

The derivation of the 14.5 pCi/g total thorium criteria Is included in Section 2.3 of each FSSR.

Comment

8.

(-]

Section 3.1 Survey Objectives of the FSSRs for Verification Areas VA-| and VA- states, "The
entire Bay City storage area (affected area) Is treated as a single survey unit, and the 85% level
of confidence will be appilied to the entire survey unit. White the residual concentration values are
being provided for individual VAs for convenience of the final validation, the 85% leve! 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
explay;ined how FSS data from the yet to be remediated area will be considered In this statistical
analysis.

se

Section 3.1 of VA and VA-! has been revised to state, "A 85% minimum leve! of confidence that
the above conditions have been met was to be demonstrated. The entire Section (VA-! or VA-I)
of the Bay City storage area (affected area) is treated as a single survey unit, and the 85% leve!
of confidence was applied to the entire survey unit. This statement is consistent with FSSRS VA-
it — VA VI and NUREG/CR-5849.

Comment

9.

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

Response

9.

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



MEMORANDUM

To: TDCC Thorad Project Files

From: Robert F. Yetter, RSO

Date: February 26, 2003

RE: Soil Concentration Tests for VA-I through VA-VI

To ensure the soil concentrations in VA-I through VA-III pass the Unity Rule release
criteria, the test was performed on the three samples containing the highest total thorium
concentrations from each survey unit. The following formula was used in the test:
TH?+ TR + T <1
10 21

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

Sample # Th™ net Th™® net Th™ net Total Thorium | Test Result
| VAL | |
BCS-07-2v1 0.93 0.57 5.33 6.83 0.4
BCS-P7-9vi 0.81 0.53 6.35 7.69 0.44
BCS-R8-3vl 0.12 0.43 5.50 6.04 0.31
- L vAm — ‘ S
BCS-K3-3Avl 1.98 1.77 4.19 7.95 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
_ — T Al N ‘ :
BCS-F13-3vl 1.48 1.24 9.49 12.21 0.72
BCS-111-9v1 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 1




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 conchuded 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
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
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 factors. The new results were compared
to the release criteria, the (100/A)'? averaging criteria, and the 100 m® 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’,
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. All concentrations represent net
values in pCi/g.

The data in the following table represent very minor technical/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.

Attachment 1 2



Sample Original Reported Values Revised Values Average Pass/Fail | Pass/Fail
Number m® | T | Th?* | Total Th Th?? THD® TH Total Th 100m? Average | Hot Spot
Criteria Criteria
VA-V '
BCS-AS-8vl-B | 3.53 5.75 3.30 12.59 3.76 11.26 3.53 18.59
BCS-A8-5v1-C | 0.17 0.28 0.15 0.60 0.18 0.54 0.17 0.89 5.61 Pass Pass
BCS-A8-6vi-C | 048 0.78 0.43 1.70 0.51 1.53 0.48 2.52
BCS-A8-9vi-A | 0.11 0.18 0.09 0.38 0.12 0.35 0.11 0.50
| L L __VAVI
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 -0.84 528 Pass Pass
BCS-E2-1-B 0.39 0.63 0.34 1.36 0.41 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-E2-9-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 3.48 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-E2-9-D 0.55 0.90 0.50 1.96 0.59 1.76 0.55 2.89
BCS-13-6-A 3.16 5.15 2.95 11.26 3.36 10.08 3.16 16.60
BCS-13-6-B 0.21 0.34 0.18 0.73 0.22 0.67 0.21 1.10 542 Pass Pass
BCS-13-6-C 0.20 0.32 0.17 0.68 0.21 0.64 0.20 1.04
BCS-13-6-D 0.56 0.91 0.51 1.97 0.59 1.79 0.56 2.94
Attachment 1 3




Sample Original Reported Values Revised Values Average Pass/Fail | Pass/Fail
Number ™2 | ™ | T | TotalTh Th?? Th2® ThZ® Total Th 100m? Average | Hot Spot
Criteria Criteria
VA-VI continued -
BCS-14-9-C 9.42 15.35 8.83 33.60 10.02 30.06 9.42 49.50
NA N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A Fail
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-16-2-D 334 5.44 3.12 11.89 3.55 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 0.41 2.16
BCS-16-2-C 1.45 2.36 1.35 5.16 1.36 4,09 1.45 6.73
BCS-J4-9-C 4,08 6.59 3.78 14.42 431 12.93 4.05 21.28
BCS-14-9-A 1.44 2.35 1.34 5.13 1.53 4.60 1.44 7.57 9.68 Pass Pass
BCS-J4-9-B 0.33 0.54 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
BCS-J6-1-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 2.33 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-J6-1-B 0.61 0.99 0.55 2.15 0.65 1.95 0.61 3.21

Attachment 1 4
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Final Status Survey Report for VA-!
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 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 acronautical 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) 1. 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-II 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-II 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-] 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-II. This
revision to the original report is provided to include the findings of the NRC conﬁrmatc')ry
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 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 subsurface contamination 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 raithead, 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 throygh 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 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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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
022 +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 Commerts).

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 (se¢ 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:

. Ame residual radionuclide concentrations are at or below the soil guideline values
defined in Section 2.3. Averaging is based on a 100 m’* (10m x 10m) grid area. Note an
actual grid size of 33.3 fi. x 33.3 . was used for convenience in measuring rather than
10mx 10m (32.8 ft. x 32.8 f&.).

e 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 m’, and provided the activity level at any location does not exceed three times
the guideline values.

In addition, exposure rates should not exceed 5 uR/h above background at 1 m above the soil
surface. Exposure rates may be averaged over a 100 m” 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 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.

32 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 a2 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 analysisofthe 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
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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 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 Radionuclide Instrument’ Analytical . | - Approex.
Mesasured : ) ' - Procedures: *- Sensitivity
250 ml soil Th-232 daughters | Canberra Gamma Spectrometer system. The Dow Central 0.2 pCi/g
sample in equilibrium with | components include a 51.5 mm closed ended Research Index
{polypropylene | Th-232 (Ac-228, coaxial germanium detector, crystal, pre- Report:
beaker w/ lid Bi-212, Pb-212, amplifier, amplifier, power supply, multi-channel | CRI-TSP-92-076
Ti-208) analyzer and computer.

0.6 sample Th-232, Th-228, Canberra Model 7404 four channel alpha Dow Central 0.2 pCi/g
from 250 m} Th-230 spectrometer with built-in 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

four 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
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

i Instrument Measures - Detector Efficiency* | 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
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 (gir filters, smears) 43% 0.04 dpm
Ludlum Model 19 Exposure Rate 1 microR/h
N Air Particalate |
Eberiine RAS-1 Air Pump Flow Ratc = 40-100 Ipm
MSA Escort Lapel Sampler Flow Rate =23 Ipm
General Metal Works—2000 High Vol Sampler | Flow Rate = 30-60 cfin
: ' - Test/Catibration Equipment
Ludlum Model 500 Pulser NIST Traceable
AFC-85L Air Flow Calibrator NIST Traceable
GMW-Calibrator Orifice for High Vol Sampler | NIST Traccable
MSA Optiflow 660 Air Flow Calibrator NIST Traceable
‘ o - Field Laboratory Equipment S
Canberra Gamma Spectrometer Soil Th-232 Concentration 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
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: '

o 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
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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 m?) in size. Each full grid was then divided into nine 10m x 10m sub-grids
(100 m” 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,
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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 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.

12
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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
Ludlum Model 19 MicroR meter. '

13
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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.

COZ
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Figure 3-5
Background Sample Locations
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3.6 SAMPLE ANALYSIS

Final survey soil sémples 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
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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 DATAINTERPRETATION

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

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 texmination.

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 thorium site. Summary Tables, data
interpretations and statistical comparisons with residual contamination guidelines in VA-I are
included in Appendix A.

16
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Figure 4-1
Grid locations for VA-I
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4.1 BACKGROUND LEVELS

Background soil concentrations (Table A1) 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
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, .
42 GROUND SURVEYS
42.1 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.

422 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,
AT). The number of samples collected (237 in VA-I) is much greater than the number (<9)

18
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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 than 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 1 (Appendix
A of NUREG/CR-5849).

4.2.3 Exposure Rates

Exposure rate measurements of the remediated VA-I arcas (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 24% and 25® of 1997. This inspection
included the performance of a confirmatory survey. Approximately 20% of VA-I was scanned
using a sodium 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 QA/QC 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 further
remediation was performed and no additional final status surveys were required.

50 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-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 City
Sample “*Th Error | MDA ='Th Error | “*Th | Error
Name (pCi/G) | (20) | (PCVG) | (PCI'G) | (20) | (PCVG) | (20)

BCBKGO1 0.39 0.08 0.13 1.04 0.84 0.48 0.44

BCBKG02 0.36 0.07 0.14 0.46 0.34 0.41 0.31

BCBKG03 0.28 0.08 0.11 0.38 0.31 0.35 0.29

BCBKG04 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

BCBKG06 0.51 0.18 0.13 0.68 0.47 0.48 0.35

BCBKGO07 0.38 0.19 0.13 2.30 3.69 0.77 1.38

BCBKGO08 0.16 0.08 0.11 0.37 0.48 0.12 0.20

BCBKG09 0.13 0.07 0.10 0.21 0.25 0.09 0.12

BCBKG10 0.26 0.09 0.13 0.38 0.39 0.23 0.26

BCBKG11 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

BCBKG1S 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

23



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

Table A2
Background Exposure Rates — Bay City

Sample Value (uR/hr)
BCBKGI1
BCBKG2
BCBKG3
BCBKG4
BCBKGS5
BCBKG6
BCBKG?
BCBKGS8
BCBKG9

BCBKG10
BCBKGI11
BCBKG12
BCBKG13
BCBKG14
BCBKGI5
BCBKGI16
BCBKG17
BCBKGI18
BCBKGI19
BCBKG20
BCBKG21
BCBKG22
BCBKG23
BCBKG24
BCBKG25
ACROSS THE RIVER
BCBKG26(1)
BCBKG27(2)
BCBKG28(3)
BCBKG29(4)
BCBKG30(5)

LRI IR AR SR IRV - AV I T IRV - SEVIN- SEVINVINVI -G BN o N BTY PR T

W] Al A W] W

Number of measurements: 30

Average: S uR/hr
Standard Deviation: 1.3 pR/br (= 1.0 pR/hr)
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Table A3
Final Verification Soil Concentrations — VA-I

Sample 2 Ervor MDA o1 Ervor Z*Th Emor | ¥°Th (Net) | ®°Th (Net) | Z*Th (Net) |TOTAL
[Name (PCYG} {0) PCIG) {pClg) {29) {pC¥g) Qa) (] (oC¥g) vy |Thorium
[ecs-S10-8vt 0.55 0.22 o 3.4 3.59 0.78 0.86 0.25 285 0.47 3.67
|ecs-sioevi-Rj  0.78 0.19 0.30 277 1.15 0.51 0.7 0.48 228 0.20} 2.96)
|BCS-S11-4v1 0.37 0.16 0.13 1.9 0.84 021 0.13 0.07 1.10] -0.10 1.08
|BCS-S11-5v1 0.15 0.08 6.13 0.2 0.19 0.13 0.08 -0.15 0.17 -0.18 050
|BCs-s11-6v1 0.38 0.13 0.18 1.62 0.75 0.15 0.09 0.06} 1.13 -0.16 1.03]
|BCS-S11-71 0.38 0.13 0.16 0.62 0.44 0.26 0.2 0.08 0.13 0.05 0.16
BCS-S11-8v1 0.28 0.13 0.28 0.09 0.12 0.00 0.00 0.01 0.40 0.31 0.73
|scs-si1-8vi-R| 052 0.26 0.35 0.64 0.44 0.51 0.35 0.22 -0.15 0.20} 057
BCS-S11-6v1 0.47 0.25 0.34 0.82 0.58 .44 0.33 0.17 0.33 0.13 0.62
BCS-S12-1vi 0.17 0.12 0.16 0.72 0.57 023 0.18 0.13 0.23 -0.08| 0.01
BCS-S12-2vi-R| 0.15 Q.10 0.09 0.77 0.60 0.19 0.15 0.15 0.28 0.12 0.02]
BCS-S123v1 XL .10 0.03 0.03 .03 0.10 0.09 -0.19 -0.45 £0.21 -0.86]
BCS-S1223vi-R] 035 0.15 0.26 206 217 0.57 .69 "~ Q.05 1.57 0.25} 1.88]
BCS-S12-4v1 1.75 0.28 0.320 3.67 1.17 1.43 0.54 1.45 3.18 1.12 5.75}
BCS-S12-5v1 0.29 0.10 0.1 113 0.47 0.28 0.12 0.0t 0.64, -0.03} 0.59}
BCS-S12-6v1 0.25 0.12 0.25 2.01 1.43 0.37 0.30 -0.05 1.52 0.06| 1.52
BCS-S12-6vi-Rl 0.2 0.10 0.12 1.40 0.77 0.16 0.10 .07 0.91 0.15 0.69
BCS-S12-7v1 0.44 0.21 0.38 0.87 0.70 0.38 0.34 0.14 0.38 0.07| 053
BCS-S12-8vt 0.34 0.17 0.26 1.87 1.39 027 0.25 0.04 1.38 0.04 1.39
BCS-S12-6v1 0.45 0.19 0.23 2.48 1.51 0.82 0.53 Q.15 1.99 0.51 265]
13-1v1 0.35 0.11 0.14 1.08 0.43 0.37 0.16 0.05 0.59 0.06] 0.69
ﬁﬁ-m 0.14 0.11 0.17 0.46 0.40 0.15 0.13 £0.16 -0.03 £.16 -0.35¢
CS-S13-3v1 0.81 0.29 0.27 1.80 0.87 0.59 0.33 0.51 1.31 0.28 2.10]
BCS-S513-4v1 1.15 027 0.28 3.04 0.89 1.26 0.45 0.85 255 0.85 435
BCS-S134vi-R] 087 .27 0.29 1.7 0.69 0.60 0.37 0571 . 1.26 0.59 241
BCS-S513-5v1 0.52 0.16 0.28 1.61 0.83 0.73 0.47 0.22) 1.12 0.42 1.77]
|BCs-s136vi-R] 1.42 0.31 0.34 255 0.63 1.2 0.43 1.12 2.06 0.81 4.09|
|BCS-S13-6v1 0.60 0.17 0.20 1.53 0.64 0.88 0.52 0.30] 1.04 0.57 1.91
BCS-S13-7v1 C.42 022 0.34 0.42 0.88 0.85 1.54 0.12 -0.07 0.54 0.60
BCS-S13-8v4 C.19 0.13 0.13 0.39 0.32 0.20 0.18 0.1% -0.10 0.1 -0.32
|6CS-S13-8v1 0.53 0.18 0.27 2.7 1.41 0.26 0.23 [ F=] 1.78 £0.05 1.96}
BCS-S14-Tv1 0.2 0.09 0.16 1.03 0.52 0.19 0.1 -0.08 0.54 -0.12 0.34
BCS-S8-0v1 0.24 0.14 0.13 214 1.44 0.21 Q.15 0,06} 1.65 -0.10 1.48
BCS-§9-6v1 0.38 0.1 0.25 1.32 0.77 0.55 Q.35 0.08 0.63 0.24 1.16
BCS-S8-7vi 0.24 0.09 0.10 1.68 0.84 0.21 0.13 0.061 1.17 £.10 1.01
BCS-S55-8v1 0.34 0.21 0.29 1.30 1.05 0.55 0.47 0.04 0.81 0.24 1.08
BCS-SS-91 0.61 0.19 0.26 1.73 0.74 0.42 0.21 0.31 1.24 0.1 1.67
AVERAGE 0.36 1.08 0.34 0.08 0.59 0.03 0.67
St Dev. 0.2 1.10 0.24 0.22 1.10 0.24 1.40
Maximum 1.75 6.84 1.43 1.45 6.35 1.12 7.69
Note: Net concentrations are gross values less background (Table A1)
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Table A3
Final Verification Soil Concentrations - VA-I
Sample 22Th Emor MDA bt 1) Emor Z2Th Emor | 72Th (Net) | °Th (Net)| Z5Th (Net) [TOTAL
Name (PCVG) (20} (PUG) {pCVg) 29 pCrg) 29} (pCiG) {pcvg) eCug)  [Thocdum
BCS-07-1v1 0.50 0.18 0.24 0.53 0.30 0.59 0.33 0.20{ 0.04 0.28 0.52
|BCS-07-2v1 1.3 0.28 0.32 582 1.83 0.88 0.34 0.83 5.33 0.57 6.83
[ecs-07-3v1 0.38 0.18 0.16 3.38 2.94 0.29 o2 0.08 2.89 0.02 295
[BCS-07-4v3 0.34 0.14 0.14 0.21 0.15 0.32 0.22 0.04 0.28 0.01 0.23
|eCs-07-8v1 0.61 0.18 0.15 520 262 Q.56 Q.35 0.31 471 0.25 £.27]
|BCs-07-6v1 0.54 Q.16 0.15 0.65 0.59 0.49 0.47 0.24 0.16 0.18 0.57]
|scs-07-m1 0.53 0.16 0.15 0.32 0.25 0.63 0.43 0.23 -0.17, 0.32] 0.37
|BCs-07-8v1 0.50 0.2 0.20 0.96 0.63 0.48 0.45 0.20} 0.47 0.15 0.81
|BCs-07-8v1 0.61 0.28 0.30 1.19 0.84 0.45 0.36 Q.31 0.70 Q.14 1.15
jeCs-08-1vt 0.38 Q.18 Q.16 1.95 1.02 0.38 (%3] 0.06 1.46 0.05! 1.58
[Bcs-0s-2v1 0.58 0.2 0.29 0.85 0.69 0.49 0.40 0.26 0.45 0.18 0.89
|BCs-08-3vt 0.29 0.1 0.19 0.23 0.14 0.03 0.03 -0.01 -0.26 -0.28 0.55
[BCS-08-4v1 0.16 0.13 0.16 1.08 0.89 0.19 0.19 -0.14 0.57 0.12 0.3
|B8CS-08-5v1 0.27 0.09 0.14 0.37 0.19 0.23 Q.13 -0.03] .12} -0.08] Q.22
lscs-o86vi | 028 Q.09 C.14 0.3 Q.25 0.33 0.33 -0.04 -0.26] 0.02| 028
{BCs-08-6vi-R | 022 0.08 0.12 1.12 0.69 0.26 0.18 -0.08 0.63 0.05 0.51
|BCs-08-t 0.16 0.09 0.07 0.75 0.50 0.17 0.13 0.14 0.26 0.14 -0.02
lecs-o8-mi-R|] 020 0.13 0.16 0.28 0.25 0.41 0.35 -0.10 0.2 0.10 Q2
|8cs-08-8v1 0.18 0.42 0.18 0.24 0.3 0.18 Q.18 Q.13 0.25 0.13 -0.50}
{BCS-08-6vt 017 Q.12 0.19 0.28 0.3 0.15 0.13 -0.13 0.21 -0.16 -0.49
V1 0.29 0.13 0.17 0.60 0.37 0.25 0.17 .01 0.11 -0.06 0.04
$-09-1VI-R| 0.32 0.15 0.18 0.78 0.48 0.47 0.29 0.02} 0.27 0.16 0.45
BCS-08-2v1 0.16 0.14 0.16 0.2% 0.22 0.18 0.18 0.14 -0.28 0.3 Q.54
lecs-0s-avt 0.20 0.12 047 }i ©0.10 c.18 Q.15 0.25 <0.10{ -0.39 -0.16 -0.65!
[BCS-09-4vt 0.37 0.23 025 | 073 Q.61 0.35" Q.32 Q.07 0.24 0.04 0.35
|BCs-08-5v1 0.16 0.13 015 0.85 0.90 0.16 0.16 -0.14 0.46 0.15 0.7}
|ecs-0s-6vt 0.23 Q.15 0.18 0.65 0.74 0.23 0.29 0.07 0.18 -0.08 0.00{
|BCS-09-7v1 0.31 0.13 0.17 0.44 0.47 0.52 0.54 0.01 0.05 0.21 0.16{
|BCs-08-NVi-R| 039 0.28 0.37 0.33 0.26 0.18 0.15 0.09 0.16 Q.13 0.2}
|ecs-09-8v 0.47 0.18 0.18 0.63 0.68 0.32 0.28 0.17 0.44 0.0% 0.62
[BCS-P10-av1 0.28 0.18 0.24 0.33 0.42 0.14 0.2 -0.02] 0.16 0.7, 0.35!
|BCS-P10-4v1 0.4 0.21 0.36 0.45 0.40 0.28 027 Q.18 0.04 .03 0.12]
|Bcs-P10-51 0.28 0.7 0.15 o7 0.57 0.25 0.2 £.04 0.22] £2.05 0.14
lacs-P10-6vt Q.11 0.11 0.17 0.05 0.06 0.04 Q.05 -0.18 0.44 0.27 -0.50}
[8CS-P10-Av1 0.33 0.11 0.11 0.48 0.20 0.10 0.05 0.03 0.0% 0.28 -0.18}
[scs-P10-8v1 047 0.10 0.14 0.5 0.43 0.10 0.11 -0.13 0.01 0.2t -0.33)
|sCs-P10-8v1 0.27 0.12 0.20 1.24 0.79 0.23 0.16 0.03 0.85 0.08 0.74
{BCS-P11-1vi 0.35 0.18 027 0.53 1.0 0.36 0.73 0.06} 0.04 0.05 0.15
IBcs-Pit-avt 0.70 0.2 0.33 281 2.94 0.58 0.77 Q.40{ 232 0.25 298
|[BCS-P11-3v1 0.33 0.12 0.14 1.44 0.64 0.35 0.17 0.03 0.85 0.04 1.02
BCS-P11-4V1 0.32 0.15 0.17 0.24 0.14 0.03 0.03 0.02 .25 -0.28 0.5
BCS-P11-5v1 0.17 0.11 0.16 203 1.69 0.2 0.20 0.13 1.54 0.09 1.32
BCS-P11-6v1 0.19 0.10 .13 .19 0.32 0.18 032 -0.11 <0.201 0.12 0.54
{BCS-P11-7v1 0.48 0.13 Q.15 5.84 212 0.50 0.21 0.18 5.35 0.18 s.73
|BCS-P11-8vt 0.18 0.08 0.08 117 0.71 0.15 0.11 -0.11 0.68 0.16 0.40
|BCS-P11-6v1 0.2 0.08 0.13 1.64 0.85 0.13 0.08 -0.03 1.15 <0.18 0.88
$-P12-1v1 0.18 0.10 0.14 0.74 0.78 0.15 0.20 -0.12 0.25 0.16 -0.04
$-P12-2v1 0.28 0.20 0.22 1.48 1.51 0.28 0.34 -0.02] 0.99 .03 0.94
8CS-P12-3v1 0.45 0.15 Q.17 0.40 0.26 0.10 0.10 0.15 -0.09 Q.21 -0.15
‘BCS-P12-4v1 0.36 0.26 0.34 0.97 0.87 .0.34 0.33 0.06 0.48 0.03 0.58
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Table A3
Final Verification Soil Concentrations ~ VA-I
Sampie =m Emor MDA #O7h Error Z1h Emer | 7°Th (Net)] Z°Th (Net) | 2*Th (Net) | TOTAL
Name (PeVs) 20) pcvs) {pCyg) 29) (] 29) {pCyG) g pclg) | Thorium
BCS-P12-5v1 0.13 0.12 0.16 0.58 0.55 0.14 0.14 0.17 0.09 -0.17 -0.24
BCS-P12-6v1 0.60 0.21 0.19 5.47 214 0.63 0.26 0.30 4.88 0.32} 5.60}
BCS-P12-7v1 023 0.21 0.32 1.08 1.14 0.23 0.26 -0.08 0.57 0.0 0.41
BCS-P12-8vt 028 0.17 0.24 0.7 Q.64 0.41 0.39 -0.04 022/ 0.10 0.268}
BCS-P12-9v1 0.22 0.15 0.2 1.87 1.09 035 0.3 0.02} 1.38 0.04 1.43]
BCS-P13-1vt 0.23 0.10 0.13 1.01 '1.09 0.18 0.26 -0.07 0.52| -0.13} 0.22
BCS-P13-211 0.28 0.13 021 0.27 0.17 0.09 0.07 -0.02 0.22] 0.22} -0.46
BCS-P13-3v1 0.16 0.15 0.18 0.20 0.23 0.16 0.18 0.14 0.29 -0.15{.  -0.59]
BCS-P13-4v1 0.25 0.18 0.2 1.59 1.52 0.2 0.30 -0.05 1.10} 0.02 1.03
BCS-P13-5v1 0.39 0.11 0.15 1.69 1.07 0.38 0.25 0.09 1.50] Q.07 1.68!
BCS-P13-6v1 023 0.15 0.18 0.34 0.2 [¥>] 0.20 -0.07 0.15 -0.08 -0.31
BCS-Pi4-1vt 0.42 0.27 0.33 0.87 0.7 0.35 0.31 0.12 0.38 0.04 0.53}
|BCs-Pi4-2v1 0.18 0.11 0.15 0.57 0.52 0.26 0.25 -0.12 0.08 -0.05 -0.09}
BCS-P14-3vt 0.1 0.10 Q.15 0.99 1.24 0.17 0.23 -0.20} 0.50 .15 0.16}
[BCS-P144vi 0.31 0.14 0.18 1.45 1.06 0.33 0.28 0.0t 0.96 0.02} 1.00}
[BCS-P14-5v1 0.18 0.14 0.18 0.63 0.49 0.18 0.15 -0.11 0.14 -0.12 -0.08¢
|BCS-P14-6v1 0.33 0.12 0.14 1.33 0.82 0.34 0.24 0.03 0.6 0.03} 0.85
|BCS-P15-1v1 0.52 0.25 0.32 2.85 1.83 0.50 0.29 0.2} 2.36 0.18 .77
|BCS-P15-4v1 0.20 0.13 0.18 0.52 0.44 0.12 0.12 <0.10 0.03 0.19 0.26]
|ecs-P6-1vi 0.34 0.13 0.18 0.72 0.49 0.58 0.40 0.04 6.23 027! 0.54
N 0.3 0.13 0.17 .35 0.25 0.20 0.15 -0.07 -0.14 -0.11 -0.32
S-P6-avt 0.33 0.28 0.39 0.39 0.31 0.32 0.03} 0.10 0.00 -0.07
CS-PE-5v1 0.31 0.15 0.17 0.58 0.39 0.36 0.26 0.0t 0.09 0.05 0.16
|scs-Pe-6vt 0.58 0.16 0.13 0.38 0.3t 0.67 0.47 0.28 0.1 0.35 0.54
{BCsS-Pe-8vt 0.29 0.18 0.23 0.30 0.26 0.23 0.20 0.0t Q.18 £0.08 <0.28
|ecs-Pe-avt 0.38 0.18 0.26 0.7 Q.17 0.27 0.17 0.08 0.2} 0.04 -0.18
IBCS-F7-1vi 0.25 0.14 0.19 0.38 Q.32 0.19 0.18 0.05| .11 -0.12 0.28
{BCS-PT-2V1 0.33 020 0.28 1.12 0.93 0.39 0.35 0.03 0.63 0.08] 0.72
|ecs-P7-avt 0.34 0.14 0.18 0.58 0.33 0.28 0.20 0.04 0.09 -0.03 0.0
[BCS-P74vt 0.47 0.18 0. 0.53 0.3 0.41 0.27 0.17 0.04 0.10 0.3
|BCS-P7-5v1 0.71 0.18 0.27 Q.58 0.3¢ .83 0.45 0.41 0.09 0s2] .0
|BCS-P7-6v1 0.48 0.2t 0.2 0.44 0.39 0.61 0.51 0.18 -0.05 0.30 0.4
[BCS-PT-7vi 0.33 0.94 017 0.57 0.33 0.4 0.34 0.03 0.c8 0.18 0.2
[sCs-P7-8vt 0.34 Q.15 0.24 1.18 0.80 047 0.35 0.04 0.70} 0.16 0.9
BCS-P7-9v1 .11 0oz 0.2 6.84 213 0.84 0.33 0.81 6.35} 0.53 - 76
BCS-PB-1vt 0.56 03¢ 0.41 0.49 0.41 043 0.38 0.25 0.00} 0.12 0.2
B8CS-Pg-2rt 0.64 0.18 0.20 0.28 0.14 0.64 0.26 0.34 0.1 0.3 0.4
BCS-PB-4v1 0.35 0.1% 0.13 1.93 0.78 0.31 0.15 0.05} 1.44 0.00 1.
BCS-PE4vi-R | 0.38 020 0.36 1.55 1.25 0.67 0.58 0.08 1.06 0.36 1.
BCS-Pa-5v1 0.19 0.10 0.13 0.38 0.25 0.21 0.1 0.1% 0.13 0.10 Q.
BCS-P8-6v1 0.31 0.10 0.23 0.00 0.00 0.00 0.00 0.01 -0.49 -0.31 Q.
B8CS-P8-7vt 0.12 0.10 0.06 0.00 0.00 0.00 0.00 0.18 0.49] 0.31 0,
BCS-P8-8vt 0.2 0.14 0.28 0.2 0.65 0.00 0.00 <0.08 Q.27 -0.31 0
BCS-P8-9v1 0.10 0.10 0.12 0.20 0.39 0.10 .2 £0.20 -0.29 0.2 -0
BCS-Po-4vi 0.1 0.15 0.00 0.00 0.28 0.78 0.15 0.43 0.02 i
BCS-PS4vi-R | 0.33 0.17 0.24 0.33 0.28 0.31 0.27 0.03 -0.16] 0.00 <
:S-PS-5v1 0.49 0.26 0.15 1.08 0.67 0.18 0.14 0.19 0.57) £.13 (
‘s-Ps-aw 0.20 0.14 0.28 0.27 0.28 0.32 0.32 -0.10 0.22 0.01 4
BCS-PS-7vi-R | 006 0.05 0.08 0.12 0.31 0.06 0.17 -0.24 0.37 -0.25 r
BCS-Pe-7vi-R | 0.18 0.26 0.42 0.83 0.18 0.39 0.12 0.07 0.13 -
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Table A3
Final Verification Soil Concentrations — VA-I
Sample =2 Error MDA oM Error 2Th Emor | Z2Th (Net){ Z°Th (Net)| Z2Th (Net) [TOTAL
Name pas) | o) {PCVG) {pCYQ) (20) (pCig) Qo) (pCVG) (pC¥g) tcvg)  [Thorium

BCS-PS-8v1 .21 0.10 0.12 1.7 0.90 0.48 0.36 0.09 0.78 0.17] 0.86
BCS-Po-ov1 0.2 0.08 0.13 0.2 0.45 0.2 0.45 -0.08 0.27 .09 0.44
BCS-Q6-8vi 0.38 .18 0.20 0.51 0.41 0.46 0.38 0.08 0.02 0.15 0.25]
BCS-Q7-3V1 0.32 0.16 0.18 0.53 0.38 0.34 0.25 0.02| 0.04 0.03] 0.09
BCSQ7avi-R| 0.28 0.35 017 0.53 0.73 0.25 0.36 0.02 0.04 0.06 -0.04
BCS-Q7-6v1 0.67 0.17 0.16 0.61 .27 0.54 0.25 0.37] 0.12 0.23} 0.72
BCS-Q7-6vI-R | ©.98 0.20 0.19 0.54 0.1 Q.74 0.27 0.65 0.05] 0.43 1.15
BCS-Q7-8vi 031, | 047 0.19 0.81 0.70 0.60 0.53 0.01 0.22| 0.29 0.61
|BCsS-Q7-8vi 0.44 0.18 0.2 0.87 0.49 0.46 0.28 0.14 0.28 0.15 0.67
|BCS-Q8-tvt 0.11 0.10 0.15 o3 0.31 Q.10 0.10 0.18 0.17 -0.24 -0.58
[ecs-qs-vi-R|  0.72 0.40 037 0.41 0.33 0.14 0.14 0.42 .08 0.17 0.7
{BCS-Q8-2v1 0.23 0.2 0.3 0.39 0.41 0.3 0.25 -0.07 0.10} -0.08 0.25
BCS-Q8-3v1 0.52 0.20 0.2 0.75 0.51 0.40 0.30 0.22 0.26} 0.09 0.56)
BCS-Q8-4vi 0.16 0.08 0.10 0.04 0.09 0.08 0.14 <0.14, .45 0.3 -0.82
BCS-Q8-5v1 0.53 .40 0.80 0.78 0.50 0.52 0.23 0.31 0.19 0.73
|ecs-ae-evi 0.16 0.11 0.20 0.00 0.00 0.05 0.13 0.14 0.49 0.26 -0.88!
|acs-ae-7vt 0.14 0.11 0.16 0.32 0.34 0.04 0.05 <0.16 0.17] 0.27 <0.60
|BCs-Qe-8vt 0.2 0.12 0.16 0.30 0.20 0.2 0.3 0.08 0.18 -0.09 0.37
jecsag-evi-R|] 0.62 [F>) 0.20 0.67 0.37 0.14 0.11 0.32} 0.18 0.17 0.32
|BCs-Q8-evi 0.59 o2 0.14 0.31 0.1 0.53 0.25 029 -0.18 o2 0.33
S-R10-1v1 0.28 0.15 0.20 1.03 0.79 0.20 0.18 -0.02{ 0.54 -0.11 0.41
10-2n1 0.54 Q.18 0.12 0.50 0.26 0.07 0.06 0.24 0.01 -0.24 0.01
BCS-R10-3vt 0.44 0.16 0.19 283 1.65 0.64 0.42 0.14 234 0.33 2.80]
BCS-R104v1 0.51 0.18 0.31 3.03 1.60 0.78 0.46 o2t 254 0.48 3
|eCs-R16-5v1 0.48 Q.16 0.32 3.00 1.51 0.50 0.30 0.18 2.51 0.19 2.88
|BCs-R10-6v1 0.34 0.12 0.13 275 2.78 1.37 1.45 0.04 2.26] 1.06 3.35)
B8CS-R10-71 0.45 0.28 022 1.49 1.00 a.27 0.21 Q.15 1.00 0.04 1.1
BCS-R11-1vt 0.58 1 0.21 0.55 0.39 0.39 0.30 0.28| 0.06 0.08 0.42
BCS-R11-2v1 0.21 0.12 0.17 0.48 0.48 0.00 0.00 -0.09 -0.03 0.31 0.48
8CS-R11-3vt 628 0.10 G.14 0.35 0.43 0.35 0.49 -0.02 0.14 0.04 Q.11
BCS-R114v1 0.36 0.1 0.16 1.05 0.59 0.24 0.17 0.06 0.58) -0.07 0.55
BCSRi114vi-Rl 035 0.19 0.23 . 1.20 0.84 Q.41 0.31 0.05 0.71 0.10 0.86
BCS-R114vi-R| Q.60 025 0.37 0.60 0.38 0.44 0.30 0.30 0.11 0.13 0.53
BCSR11-5v1 0.44 o 0.28 1.29 0.88 0.41 0.29 0.14 0.50} 0.10 1.13}
BCS-R11-6vt 0.42 0.24 0.37 0.63 0.48 0.41 0.32 0.12 0.14 .10} 0.36]
B8CS-R11-8vi 0.17 o0z 0.34 0.2 0.33 0.14 0.2 0.13 Q.27 0.17 -0.57
BCS-R11-01 0.37 0.5 0.35 0.85 g2 0.41 0.43 0.07 0.45 0.10 0.63
BCS-R12-1v1 0.27 0.19 0.21 Q.36 0.30 0.31 0.28 -0.03 -0.13 0.00} 0.16
B8CS-R12-2v1 0.24 0.11 0.15 0.70 0.63 0.40 0.39 -0.06 0.21 0.09 0.25
BCS-R12-av1 0.7 G.11 0.18 0.36 0.28 0.24 0.18 -0.03 0.13 £0.07 0.24
BCS-R12-4v1 0.39 o 0.30 0.85 0.60 0.35 0.24 0.09 0.45 0.04 0.59
BCS-R12-5vt 0.24 0.1 0.11 Q.30 0.21 0.2 0.16 -0.06 0.18 -0.09 0.34
BCS-R12-6v1 0.35 020 0.38 053 043 0.28 0.2 0.05 0.10 0.03 0.12
BCS-R12-6v1-R| 054 0.5t 0.89 0.99 0.75 0.85 0.24 0.40 0.44 1.08
BCS-R12-7v1 0.37 0.13 0.18 257 1.85 0.34 0.31 0.07 208 0.03 2.18
BCS-R12-8v1 0.16 0.10 0.14 0.81 0.63 0.15 0.13 0.14 0.32 -0.16 0.01
12-Gv1 0.11 0.08 0.11 0.36 0.32 0.12 Q.12 0.18 .13 0.18 0.51
ﬁu—svm 0.2 0.19 0.24 0.49 0.56 0.2 0.27 -0.08 0.00 -0.03 0.17
BCS-R13-1v1 0.28 .0.24 0.34 0.72 0.78 0.42 0.48 0.02{ 0.23 0.11 0.32
BCS-R13-2v1 0.13 0.11 0.16 0.22 0.2 0.12 0.13 017 0.27 0.18 0.63
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Table A3
Final Verification Soil Concentrations — VA-I

Semple B2, Error MDA o, Error 2m, Eror_ JZ2Th (Net)| °Th (Net) | *Th (Net) | TOTAL
Name {PCUG) (2c) (pCYe) o) c) (pC¥g) (20) (pCVG) PCUD) tocky)  [Thorium
BCS-R13-3v1 0.27 0.2 0.33 0.26 0.28 026 0.28 0.03 0.23 -0.05 0.31
BCS-R134v1 0.60 0.18 0.32 0.51 0.59 0.26 0.36 0.30 0.02 0.05 0.27
BCSR135v1 0.40 0.18 0.30 0.80 0.52 037 0.28 0.10 0.31 0.06| 0.47
BCS-R13-6v1 0.62 0.20 .27 267 1.21 55 0.27 0.32] 238 0.24 295
BCS-R13-7v1 0.34 0.15 0.18 1.44 0.53 023 0.19 0.04 0.95| 0.08 0.91
BCS-R13-8v1 0.12 0.13 0.20 0.53 0.72 0.24 0.34 .18 004l 007 0.21
BCS-R13-8v1 0.16 0.12 0.19 0.26 0.5 015 0.15 0.14 0.23} -0.16 054
BCS-R13-6vi-R| 0.23 0.15 0.21 1.09 1.03 0.14 0.17 0.07 0.60 017 0.35
BCS-R14-1v1 0.07 0.08 0.12 0.40 053 0.09 0.12 0.3 0.09 0.22| 0.54
BCS-R14-vi-R| 0.19 0.09 0.10 0.78 0.47 0.18 0.12 Q.11 0.30 0.13 0.06}
BCS-R14-2v1 0.16 0.09 0.12 0.84 0.5¢ 0.20 0.14 0.14 0.35 011 0.10
BCS-R14-3v1 0.35 0.20 0.12 1.72 1.12 025 0.19 0.06 1.3 0.06 1.23|
BECS-R14-4v1 0.55 0.20 0.25 1.24 0.87 0.48 0.39 0.25 0.75 0.17 1.18
BCS-R14-5v1 0.16 0.08 0.10 0.70 0.40 013 0.08 0.14 0.21 0.18 011
BCS-R14-6v1 017 0.11 0.15 0.70 0.55 01§ | 012 0.13 0.30 0.16 0.01
BCS-R14-7v1 0.43 0.18 0.33 234 1.20 0.31 0.18 0.13 1.85 0.00 4.88
BCS-R14-vi-R| 0.36 0.17 0.23 2.25 1.55 0.51 0.39 0.06]. 1.77 0.20{ 203}
BCS-R14-8v1 0.38 0.3 0.32 1.3 0.83 0.29 0.2 0.08 0.82 -0.02} 0.87
BCS-R14-8vi-R] 0.42 0.17 0.25 1.04 0.65 0.42 0.31 0.12 0.55 0.11 0.77
BCS-R14-8vi-R| 0.38 0.30 1.11 1.2 0.35 0.34 0.06 0.62 0.04 0.72

15-4v1 0.42 0.14 0.22 1.63 0.84 0.30 0.18 0.12 1.20 0.01 131
-RE-4v1 0.31 0.14 0.11 0.33 0.3 0.41 0.28 0.01 0.16 0.10 -0.05
BCS-R7-6v1 0.45 0.2 0.26 0.69 0.48 0.27 0.21 0.15 0.20 0.04 0.31
BCSR7-9v1 0.55 0.17 0.20 0.86 0.63 0.43 0.33 0.25 0.47 0.12 0.84
BCSR7-v1R | -0.75 0.2t 0.25 1.70 083 0.45 0.32 0.45 1.2 0.15 1.80]
BCS-R&-1v1 0.31 0.16 0.26 1.41 0.93 0.22 0.24 0.01 0.82 0.01 0.94
BCS-R&-2v1 0.34 0.15 0.18 2.07 119 0.30 0.20 0.04 1.58 0.01] 1.61
|BCS-RBav1 0.42 0.16 0.26 5.99 6.60 0.74 0.96 0.12 5.50 0.43 6.04
|BCS-RE4vi 0.38 0.14 0.17 0.38 0.30 0.29 0.24 0.06] 0.1 0.02 0.07
BCS-RE-5v1 0.18 0.13 0.18 0.42 0.35 c11 0.10 0.12 007 0.20 0.39
BCS-RE-6v1 0.27 0.10 0.12 0.74 0.51 .14 0.14 0.03 0.2l 017 0.02
BCS-R8-7v1 017 0.10 0.18 0.1¢ 0.13 0.14 0.10 0.13 030 0.7 0.60
BCS-RE-8v1 0.31 0.14 0.31 0.68 0.35 0.46 0.24 0.01 018] . 015 0.35
|BCs-Re-ovt 0.03 0.08 0.14 021 0.19 0.09 0.08 0.21 -0.28 o2 0.74
BCSRE-Vi-R | 0.10 0.10 0.16 0.23 0.25 0.09 0.11 0.20( 0.26 0.22] 0.67
BCS-RS-1vA 0.29 0.16 0.19 2.65 1.64 0.23 0.16 0.01 217 -0.08 2.08
BCS-RS-2v1 0.08 0.10 0.16 0.15 026 0.02 0.16 0.24 -0.34 -0.22| 0.7%
BCS-RS-avi 0.13 .11 0.16 0.13 0.14 0.05 0.08 017 -0.36 026 0.78
BCS-RS-4v1 0.07 0.12 0.18 0.39 0.65 0.07 0.11 -0.23} -0.10] 024 0.57
BCS-R9-5v1 0.40 0.21 0.28 0.58 0.67 0.45 0.33 0.10 0.49 0.14 0.73
BCS-RS-61 0.16 0.12 0.18 0.52 0.71 0.24 0.35 044 0.03 007 0.18
BCS-RS-Tvi Q.15 0.11 0.17 0.16 017 0.05 0.06 0.15 0.33 0.26 0.74
BCS-RS-8v1 0.41 0.2 0.34 0.68 072 0.70 0.59 0.11 0.39 0.39 0.89
BCS-Ra-ovt 0.16 0.10 0.15 035 0.2 0.02 0.04 0.14 014 0.23 0.56
BCS-Re-VI-R | 032 0.24 0.15 043 0.38 0.31 0.28 0.02]  -0.06 0.00 0.05
BCS-S10-4v1 0.43 0.33 0.25 1.31 1.14 0.52 0.47 0.13 0.62 0.21 1.6

10-5v1 0.26 0.3 0.26 1.88 215 0.50 0.61 0.04 1.38 0.19 155

10-6v1 0.28 0.15 0.16 212 1.35 0.34 0.24 002 163 0.03 163
BCS-S106v1-R| 0.70 0.28 0.25 368 208 1.26 072 . 0.40 3.47 0.85 4.83
8CS-S10-7vt 04.33 0.20 0.26 1.08 0.73 0.23 0.17 0.03 0.58 -0.08 0.54
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Final Gamma Exposure Rates — VA-I
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Table AS
Final Gamma Exposure Rates — VA-I

09-2 6 1 R10-5 6 1
05-3 6 1 l R10-6 6 1
094 5 0 I R10-7 7 2
09-5 6 1 j R11-1 7 2
09-6 5 0 ] RI1-2 7 2
05-7 6 1 R11-3 7 2
09-8 4 -1 R114 6 1
010-1 ¢ 1 ﬁ RIS 6 1 |
PS-1 4 -1 R11-6 4 -1 ﬂ
P7-2 5 0 I RI12-1 6 T
P7-3 4 -1 _I R12-2 6 1 I
P74 5 0 RI12-3 6 1
P7-5 4 -1 RI12-4 5 0
P7-6 5 0 RI12-5 5 0
P1-7 5 0 R12-6 5 0 !
P7-8 6 1 R13-1 6 1
P7-9 5 0 RI3-2 5 0
P8-1 5 0 R13-3 5 0
P8-2 5 0 R134 5 0
P84 5 0 R13-5 6 1
P8-5 6 1 R13-6 6 1
P8-6 5 0 R13-8 4 -1
P8-7 4 -1 R13-9 5 0
P8-8 6 1 __Rl4-1 5 0

31



Fina! Status Survey Report for VA-
The Dow Chemical Company’s Bay City, Mi Facility

Table AS
Final Gamma Exposure Rates — VA-I

P8-9 4 -1 R14-2 4 -1
P94 5 0 R14-4 5 o ¥
P9-5 4 -1 R14-5 5 0
P96 6 1 R14-6 4 -1
P9-7 5 0 R14-7 s 0
P9-8 6 1 RI14-8 6 1
P9-9 6 1 R14-9 4 -1
P10-3 6 1 58-9 3 -2
P10-4 7 2 59-5 5 0
P10-5 s 0 59-6 5 0
P10-6 7 2 $9-7 "5 0
P14 4 -1 S9-8 5 0
PIL-S 4 1 S10-1 5 o

| Pi16 4 -l $10-2 5 0

i pna s 0 $10-3 6 1

B P11-8 5 0 5104 6 1

B P11-9 4 -1 $10-5 5 0

n P12-1 6 1 $10-6 6 1

n P122 5 0 $10-7 6 1
P12-3 5 0o ‘I si08 6 1 "

u P12+ 5 0 $10-9 6 1 "

“ P12-5 s 0 S11-1 6 1 n
P12-6 5 0 511-2 5 0

ng:r 4 -1 S11-3 4 ___:__]

i
\
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Table AS
Final Gamma Exposure Rates — VA-I

P13-1 6 1 S114 6 1
P13-2 4 4 | sus 7 2
P13-3 4 4 | sus 5 0
P134 5 o | s 8 3
P13-5 4 A s11-8 7 2
P13-6 5 0 S11-9 7 2
P14-1 4 -1 s124 5 0

| P2 4 1 127 6 1

n Pl4-4 5 0 $12-8 6 |
P14-5 5 0 1 sno 6 |
P14-6 5 0 S13-7 6 |
P154 4 J S13-8 5 o |
Q7-3 5 0 513-9 4 a |
Q7-6 6 1 5147 5 o |
Q7-9 6 1 T10-9 5 I
Q8-1 7 2 T11-7 5 o |
Qs-2 5 0 u n

no. measurements - 183

average 0.2 uR/hr (=0 uR/hr)
Standard Deviation 0.9 uR/hr (=0 xR/hr)

Notes

1. Net value is gross value less background of § pR/hr.

Where rising waters have covered a subgrid whcrr: final verification soil samples were collcctcd. gamma
MEASUIEMENTs 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 ):

Determination of Number of Background data points (ng):

2
195.5%.d15:
ne =
0.2eXs

Comparison of statistical mean (por) with guideline values:

p¢=f+t1-—a,df%
n

Identifying additional measurement/sampling needs:

Estimating Factor = Ci;: 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:

X; = 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
Cg = Guideline Value :
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Table A7
Final Status Survey: Summary Statistics

Exposure Rates - -

Section | n | X(uRM) | Sx(uRM) | po(uR/Mh) | Cq@R/Mh) Estimating No. Verification
Factor Samples Needed

VA-1 | 183 0.2 0.9 0.31 5.0 5.3 <9
: , __Th-232 Soil Concentrations ~_ -~~~ .. .
Section | n | X(pCi/g) | Sx(pCi/g) | wa (pCifg) | Co (PCi/g) Estimating No. Verification
Factor Samples Needed

VA-1 | 237 0.06 0.22 0.08 3.2 14.9 <9
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Fina! Status Survey Report for VA-I
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 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 acronautical 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 wverification data for Verification Area (VA) II. 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-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, afier the original report submittal, the NRC Region III 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-II, 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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20 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 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 subsurface contamination uncovered during remedial operations.
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Figure 2-1
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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 throygh gamma spectroscopy. When the gamma spectral analysis resuits 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.

23 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 - 2%
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 = 14.5 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 purposc 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:

e Average residual radionuclide concentrations are at or below the soil guideline values
defined in Section 2.3. Averaging is based on a 100 m® (10m x 10m) grid area. Note an
actual grid size of 33.3 fi. x 33.3 f. was used for convenience in measuring rather than
10m x 10m (32.8 ft. x 32.8 ft.).

e 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)'?, where A is the area of residual
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activity in m’, and provided the activity level at any location does not exceed three times
the guideline values.

In addition, exposure rates should not exceed 5 uR/h above background at 1 m above the soil
surface. Exposure rates may be averaged over a 100 m’ 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 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 umnit.

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 ficld laboratory using a Nal crystal coupled to the MCA
to provide repid 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.



Final Status Survey Report for VA-II
The Dow Chemical Company’s Bay City, Mi Fagcility

Figure 3-1
Project Organization for Remediation of the Midland and Bay City Storage Sites
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33 INSTRUMENTATION

Table 3-1 describes the laboratory instrumentation used for soil analyses along with the detection
sensitivities 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 |. Radionuclide | © - Imstrument. . |0 - Analytical. ' | . Approx..
250 mt soil Th-232 daughters | Canberra Gamma Spectrometer system. The Dow Central 0.2 pCi/g
sample in equilibrium with | components include & 51.5 mm closed ended Research Index
(polypropylenc | Th-232 (Ac-228, coaxial germanium detector, crystal, pre- Report:
beakerw/lid | Bi-212, Pb-212, amplifier, amplifier, power supply, multi-channel | cRLTSP-92-076
Ti-208) analyzer and computer.

0.6 sample Th-232, Th-228, Canberra Model 7404 four channel alpha Dow Central 0.2 pCi/g
from 250 mi Th-230 spectrometer with built-in power supply, vacuum | Rescarch
soil sample guage, detector bias supply, generator, pre- Report:

amplifier/amplifiers, multi-channcl analyzer CRI-TSP-92-076

having a mixer-router input. The detectors are

four 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
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 Measares Detector Efficiency” | LLD/MDA
Ludium Model 43-3 w/ Ludium Model 12 Alpha Surface 5% TZ épm
Ludlum Model 43-90 w/ Ludlum Model 2221 | Alpha Surface 2% 12 dpm
Ludlum Model 44-9 w/ Ludlum Model 12 Alpha, Beta, Gamma 12% alpha

15% beta
1% gamma
Ludtum Model 43-10 w/ Ludlum 1000 Alpha (air filters, smears) 43% 0.04 dpm
Ludlum Model 19 Exposure Rate 1 microR/h
— T Alr Particalate g
Eberlinc RAS-1 Alr Pump Fiow Rate = 40-100 Ipm
MSA Escort Lapel Sampler Flow Rate = 2-3 Ipm
General Metal Works-2000 High Vol Sampler | Flow Rate = 30-60 cfin
ST Test/Calibration Equipment

| Ludlum Model 500 Pulser NIST Traccable
AFC-85L Air Flow Calibrator NIST Traceable
GMW-Calibrator Orifice for High Vol Sampler | NIST Traceable
MSA Optifow 660 Air Flow Calibrator NIST Traceable
X . v Field Laboratory Equipment . R
~Canberra Gamma Spectromeler Soil Th-232 Concentration. ‘ [03 Vg

* Detector efficiencies are approximate and appropriate for Th-230, T¢-99, and Co-60

34 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 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:

o 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.

o 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
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 m’) in size. Each full grid was then divided into nine 10m x 10m sub-grids
(100 m® 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.

11
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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 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 (NaI) 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.

12
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3.44 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 mdividual 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.

34.5 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.

13
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Figure 3-4
Sampling Pattern for Composite Preparation Within Decontaminated Grid Block

A 57 A
2.5m
® 8 B I-
25m
c @ o
2.5m

@ & ® X
2.5m
8

t—————10m —
. Soil Sample Location | Exposure Rate Measurement 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.

14
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Figure 3-5
Background Sample Locations
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3.6 SAMPLE ANALYSIS

Final survey soil samples were analyzed for Th-232 in the ficld laboratory using the Nal detector
coupled to the MCA. Soil samples were analyzed in accordance with “Procedure for Counting

15
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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 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

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-II
(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, Surnmary Tables, data
interpretations and statistical comparisons with residual contamination guidelines in VA-II are
included in Appendix A.

16
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Figure 4-1
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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 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
the measured average background is within + 20% of the true average at the 95% confidence

level.
42 GROUND SURVEYS
42.1 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 11 discreet areas of elevated activity were identified during the verification scan survey. These
areas were remediated and re-scanned with satisfactory results. Areas covered by water were not
scanned, however, sediment samples were obtained.

4.2.2 Thorium Concentrations in Soil

The results of the analyses of the verification soit 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-H) 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).

18
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The maximum total residual thorium concentrations (above background) as measured in sample
BCS-K5-3Av] 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 measurements of the remediated VA-II 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 with the single exception of sub-grid K2-8 where the exposure rate was 7 uR/h. 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-II 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).

424 NRC Confirmatory Surveys

The NRC performed an inspection of VA-II on July 24® and 25% 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
analyzed 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 pCi/g).
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, K34 and K3-5). These areas were further remediated and re-scanned 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
pCi/g, K3-4 = 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-II on October 28% and 29th of 1997 (as well as
VA-I). Approximately 20% of VA-II was scanned with a sodium iodide detector with no
elevated areas of activity identified. Exposure rate measurements were within acceptable ranges.
No detectable activity was found in any of the soil samples collected in VA-II.

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.

20
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50 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-II 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-II 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-II to
within the NRC limits for unrestricted use. As each subsequent VA is surveyed, 2 FSSR will be
submitted to NRC.
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Table Al
BACKGROUND SOIL CONCENTRATIONS
Bay City
Sample BTh | Error | MDA | ®Th | Error | 2°Th | Error
Name ®CilG) | (20) | (PCI/G) | (pCi/G) | (20) | (pCi/G) | (20)

BCBKGO1 0.39 0.08 0.13 1.04 0.84 0.48 0.44

BCBKGO02 0.36 0.07 0.14 0.46 0.34 0.41 0.31

BCBKGO03 0.28 0.08 0.11 0.38 0.31 0.35 0.29

BCBKG04 0.44 0.10 0.13 0.80 0.91 0.62 0.74

BCBKGO3 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

BCBKG07 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

BCBKG09 0.13 0.07 0.10 0.21 0.25 0.09 0.12

BCBKG10 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

BCBKG135 0.23 0.07 0.11 0.12 0.15 0.32 031

BCBKG16 0.56 0.12 0.16 0.76 0.51 0.66 0.46

BCBKG17 0.41 0.10 0.16 0.30 047 0.30 047

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 0.29 025 | 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 (uR/hr)

BCBKG1

5

BCBKG2

BCBKG3

BCBKG4

BCBKGS

BCBKG6

BCBKG7

BCBKGS8

BCBKGY

BCBKG10

BCBKGl11

BCBKG12

BCBKG13

BCBKG14

BCBKG15

BCBKG16

BCBKG17

BCBKG18

BCBKG19

BCBKG20

BCBKG21

BCBKG22

BCBKG23

BCBKG24

BCBKG25

Wl Wl il & S]] ] ] )] Q] ] N Y] OVl ] ] B ROV

ACROSS THE RIVER

BCBKG26(1)

BCBKG27(2)

BCBKG28(3)

BCBKG29(4)

BCBKG30(5)

W | tal ] W

Number of measurements: 30
Average: 5 uR/hr

Standard Deviation: 1.3 pR/hr (= 1.0 puR/hr)
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Table A3
Final Verification Soil Concentrations — VA-II

Sampie =, Error MDA o, Emor 2 Emor | %2Th (Net)| Z°Th (Net)| Z*Th (Net)] TOTAL
|Name (PCVG} 20 (pCVG) [ {20) pcyy) 0) (pCiG) pCrg) ecvg) | Thorium
|scs-K7-1Av1 0.85 0.2 0.20 0.31 0.12 0.80 0.27 0.58 -0.18 0.49 0.87
[cs-K7-1B8v1 0.30 0.12 0.16 0.1S 0.12 027 0.18 6.00 0.34 -0.04 -0.38
{BCS7-2vt 0.8 0.2 0.28 0.40 0.33 0.65 0.46 0.59 -0.03 0.34 0.84
|BCS-K74Av1 0.53 014 .| 018 0.63 021 0.47 0.17 0.23 0.14 0.16 0.53
[scs-K7-aBvi 0.21 0.12 0.16 c.18 0.14 026 0.19 -0.09 -0.30 -0.05 -0.44
jaCcsK7-6v1 231 0.35 037 0.57 023 22 0.64 201 0.08 1.82 4.01
JECS-L4-2Av1 127 0.32 0.3% 27 0.78 1.07 0.23 087 | 22 0.76 385
{8Cs-L4-28v1 0.48 0.16 020 0.87 0.38 0.54 0.25 0.18 0.38 0.3 0.78
|BCS-L4-5AV1 1.78 0.48 0.2 4.00 1.35 1.59 0.55 1.49 3.51 1.20 €.18
|BCS-L4-5Bv1 0.24 0.2 0.28 0.48 0.3 0.24 0.52 -0.06 0.0 0.07 -0.13 -
jecs-L4-8Bvt 0.30 C.14 017 0.15 0.11 0.07 0.06 000 | -0.34 0.24 -0.53
|Bcs-1saAv 1.63 0.3 027 e 1.08 1.35 0.41 1.33 3 1.04 5.70
[Bcs-Ls-38vt 0.2 0.16 0.8 0.17 0.15 0.15 0.14 -0.08 0.2 -0.16 -0.56
jscs-Ls-3Bvi-R|  0.30 013 024 0.43 032 0.21 0.17 0.00 -0.06 -0.10 -0.17
{BCS-L5-6AV1 1.35 0.33 0.35 1.29 0.45 0.63 0.25 1.05 0.80 0.32 217
|BCs-L5-6Bv1 020 0.42 0.5 0.24 0.21 0.16 0.1 £0.10 0.25 015 { 050
[Bcs-Ls-e8vt 0.40 0.18 033 0.67 Q.38 0.3 0.20 0.10 0.18 0.05 0.33
{8CS-L7-1Bvt 1.52 028 0.19 1.21 0.37 1.02 0.23 1.2 0.72 0.71 265
|scs-L7-2v1 0.2 0.18 0.20 0.50 0.31 0.86 0.47 0.62 0.01 0.55 1.18
BCS-L7-4AV1 0.63 0.23 0.15 0.39 0.19 0.63 029 0.33 -0.10 0.32 0.61
7-4Avi-R]  0.61 0.13 0.15 0.45 0.20 0.48 020 0.31 --0.04 C.15 0.42
CS-L7-4Bv1 Q.52 0.20 0.3 0.18 e.10 0.62 0.30 0.22 -0.31 0.31 0.2
[8Cs-L7-5v1 0.64 0.19 0.15 0.49 0.28 0.64 0.35 0.34 0.00 0.33 0.67
|scs-L7-7Av1 0.18 0.18 0.3 0.11 0.10 0.02 0.02 £0.12 -0.38 -0.29 0.78
|BCs-L7-78v1 0.64 0.18 0.20 0.23 0.14 0.60 0.3 0.34 -0.16 0.25 0.47
jsCs7-8v1 0.74 0.17 0.20 0.42 0.30 0.45 0.31 0.41 Q.07 0.14 0.49
BCS-M4-8Avt 0.57 0.2¢ Q27 1.12 0.51 0.55 0.26 0.7 0.63 0.25 1.15
|BCS-M4-8Bvt 0.34 0.16 021 0.54 0.5 028 0.18 0.04 0.05 -0.05 0.04
|pCS-M5-7AV1 0.58 0.33 -0.23 0.85 057 0.64 0.43 0.26 0.37 0.33 0.85
|BCS-Mm5-7Bvt 1.68 0.33 0.30 3.5 0.62 1.38 0.33 1.38 3.10 1.07 5.54
jscs-ms-8Av1 035 0.24 0.48 0.42 0.35 0.31 0.05 -0.01 0.04 0.07
|scs-M5-88v1 1.1 038 0.3 231 0.87 1.08 0.42 0.81 1.82 0.77 3.39
|8Cs-M5-8Av1 0.62 0.22 0.41 2.18 0.92 0.68 0.44 0.62 1.69° 0.67 2.98
BCS-M5-5Bv1 0.28 0.18 0.21 0.38 0.24 o 0.15 0.04 -0.12 -0.10 -0.28
VERAGE 0.84 1.45 0.76 0.54 0.86 0.45 1.95
Dev. 0.71 1.60 0.63 0.71 1.60 c.e3 262
Maximum 344 851 a3 3.14 8.02 2.82 13.88
Nate: Net concentrations are gross values less background (Table A1)
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Table A3
Final Verification Soil Concentrations — VA-II

Sample ZTh Error MDA 1 Eror ZTh Emvor | Z2Th (Net)] Z°Th (Net)] ZTh (Net)]  TOTAL

Name (PCHG) Q20) CiG) Ve [ ecYg) Q) (PCVG) (pCYg) (PClg) | Thorum
BCS-K2-1V1 025 0.12 Q.15 0.33 0.30 0.17 0.17 -0.05 -0.16 0.14 -0.35
iBcs-K2-2an1 0.48 Q.18 0.23 0.84 0.62 0.41 0.33 0.16 0.35 0.10 0.61
|BCs-K2-3Av1 0.28 0.16 0.20 0.68 0.35 0.52 0.28 0.08 0.18 0.21 0.43
|Bcs-K2-3evi 0.1 0.10 Q1S 0.18 0.18 0.12 0.12 -0.18 -0.30 -0.19 -0.69
[BCS-K2-4v1 oz 0.15 (%] 0.65 0.56 0.48 0.42 -0.08 0.16 0.7 0.25
1BCS-42-Ev1 0.37 0.15 017 0.88 1.01 0.65 0.80 0.07 0.48 0.54 1.10
jscs-K2-6vt 0.58 0.17 0.19 2.14 1.11 0.74 0.43 0.26 1.65 0.43 233
|BCS-K3-1Avt 0.72 0.18 0.31 1.53 0.56 0.81 0.32 0.42 1.04 0.50 1.97
|BCS-K3-1Bv1 0.35 0.12 0.16 0.74 0.34 0.45 0.22 0.05 025 0.15 0.45
|BCS-K3-2Av1 1.2 0.39 07 2.68 0.58 0.72 0.29 0.82 217 0.41 350
|BCS-K3-2Bv1 0.14 0.13 0.18 0.22 02 0.15 0.15 0.18 027 0.16 0.58
|BCsK3-3av1 223 0.36 0.35 4.68 1.05 208 0.5 1.88 4.18 1.77 7.95

|scsK3-38v1 0.51 0.16 0.19 0.69 0.31 0.47 0.17 0.21 0.40 0.16 0.77
|BCs-K3-4vi 0.58 0.18 ['F=] 0.67 0.28 0.39 0.17 0.28 0.18 0.08 0.54
[gCs-K3-5v1 1.36. 0.26 0.30 1.58 0.5 1.02 0.39 1.06 1.07 0.71 284
[BCs-K3-6Av1 1.74 0.27 024 285 0.80 1.72 0.50 1.41 245 1.41 527
|BCS-K3-6Bv1 1.08 021 020 1.78 0.41 1.00 0.24 0.78 1.29 0.69 276
|BCS-k4-1AV1 201 0.37 0.34 - 4.82 1.1 1.68 0.42 1.74 4.33 1.37 7.41
[BCS-K4-181, 0.64 (¥ 023 1.48 0.58 0.59 0.24 0.34 0.93 0.28 1.61
[eCsK4-2A1 2.31 0.35 0.30 4.62 0.52 1.91 0.40 201 4.33 1.60 7.84
2Bvi 0.52 0.16 0.18 1.06 0.47 0.66 0.30 0.2 0.57 0.35 1.14
S-K4-3AV1 210 0.39 0.40 6.64 1.68 1.77 0.51 1.80 6.15 1.46 .40
BCS-K4-3BV1 0.62 0.17 0.14 0.74 0.31 0.33 0.18 0.32 0.25 0.08 0.65
[BCS-Ké-4v2 0.53 0.7 0.41 0.78 0.51 0.41 0.25 0.23 .0.28 0.10 0.63
{8CS-K4-5Bvt 0.85 0s4 |. 018 310 207 0.55 0.40 0.56 2.61 0.25 3.42
{BCS-K4-5v2 0.46 0.14 0.27 0.55 0.29 0.33 0.18 0.16 007 | 002 0.25
jBCsS-K4-8v2 1.3 0.30 0.40 1.99 Q.79 1.21 0.52 0.83 1.50 0.0 - 333
BCS-K4-6v2-R | 0.88 0.24 0.31 255 1.07 1.30 0.58 0.68 207" 0.89 arn
[BCsK4-6v2R | 1.0 0.25 0.42 1.41 0.77 118 0.66 0.75 0.92 0.68 2.55
|aCs-K5-1Av1 218 0.58 0.37 4.48 1.33 1.86 0.57 1.88 3.99 1.85 7.42
|BCS-K5-1Bv1 0.59 0.39 0.24 1.15 0.E2 0.53 Q.29 0.29 Q.68 o2 147
|BCS-K5-28v1 0.16 0.17 o2 0.28 0.30 0.20 0.2 0.14 0.1 Q.11 -0.45
|BCsKs-3Avt 3.44 0.54 0.39 8.51 1.89 313 0.78 314 8.02 282 13.68
|acs-xs-agv1 0.49 017 0.27 1.11 0.46 0.47 0.20 0.18 0.62 0.16 0.87
JBCS-K5-4v2 248 0.36 0.46 - 388 1.02 246 0.63 216 3.39 215 7.70
|BCSK5-5v2 0.59 0.2 0.35 1.06 0.48 0.51 0.25 0.25 0.57 0.20 1.06
[BCs-ks-6v2 0.50 025 0.33 1,20 0.85 0.43 0.32 0.20 0.81 0.12 1.43
|BCSK6-1AV1 2.37 0.38 0.39 1.41 0.33 2.02 0.45 207 0.92 1.7 4.7
j8CS-K6-18vt 0.21 0.16 0.23 0.61 0.49 0.30 0.24 <0.08 0.12 £.01 0.01
{BCS-KE-2Av1 1.98 0.28 0.27 328 0.73 1.64 0.41 1.68 2.7 1.33 5.78
|ecs-«s-28v1 015 012 0.05 0.15 0.13 0.10 0.09 0.15 0.34 0.21 0.70
|ecs-k6-3av1 0.78 0.29 025 214 0.82 0.81 0.37 0.49 1.65 0.50 2.64
|BCS-KB8-3Bv1 0.11 0.14 0.16 0.04 0.04 0.07 0.07 0.18 0.45 0.24 -0.88
[BCS-KB5-3v1 0.31 0.26 0.38 0.35 0.34 025 0.25 0.01 -0.13 -0.08 -0.18
BCS-KE-4v2 0.41 0.3 0.26 0.2 0.60 0.43 0.29 0.11 0.43 0.12 0.67
BCS-K6-5Bv1 0.23 0.20 0.00 0.25 0.26 0.21 0.21 -0.07 -0.23 0.10 -0.41
S-KE-5v2 0.28 018 0.28 0.44 0.35 0.32 0.26 -0.01 -0.06 0.01 0.06
SKE-EAVT 1.64 0.37 0.29 3.75 1.04 1.75 0.52 1.34 3.2 1.44 6.05
BCS-KB-6Bv1 0.30 0.12 0.24 0.54 0.29 0.31 0.17 0.00 0.05 0.00 0.04
BCSKE-EBvi- 0.2 0.16 0.25 0.30 0.25 0.18 0.15 -0.08 0.18 -0.13 -0.41
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Table AS
Final Gamma Exposure Rates — VA-I

|
H K2-7 .8 3
l K2-8 12 | 7o
K2-9 10 S
K34 7 2 I
K3-7 7 2
K3-8 7 2
K3-9 8 3
| K47 9 4
| K4-8 7 2
K7-2 7 r |
K7-5 9 4
K7-8 9 4
L7-§ 7 2
L7-8 7 2
no. measurements 16
Average 3 uR/hr .
Standard devigtion 1.4 gR/hr (= 1.0 uR/hr)
Notes:
L. Net value is gross value less background of 5 uR/hr

~
.

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

3. Average exposure rate over the K2 grid is 4.5 uR/hr (< 5 zR/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 ):

Determination of Number of Background data points (ng):

2
195.5%.d/5:
neg=
0.2eXx5

Comparison of statistical mean (po) with guideline values:

[la=f+tl—a,df:/-&—:
n

Identifying additional measurement/sampling needs:
Ce-X

Estimating Factor =

(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:

X; = 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
Cg = Guideline Value
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Table A7
Final Status Survey: Summary Statistics

Exposure Rates : :

Section| n | X(uRMh) | Sx(uRh) po (uR/h) | Co (MR/M) Estimating No. Verification
Factor Samples Needed

VALl | 16 3.0 1.4 3.61 3.0 14 <9

2 ... Th-232 Soil Concentrations . . . - 0o e

Section | n | X(pCi/lg) | Sx(pCi/g) | wa (pCilg) | Co (PCi/R) Estimating No. Verification
: Factor Samples Needed

VA-Il | 84 0.54 0.71 0.67 3.2 3.8 <9
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Final Status Survey Report for VA-IlI
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 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 acronautical 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 & 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) HI. 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-III 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 III
conducted an inspection of the VA-III portion of the Dow Bay City facility. The primary purpose
of the inspection was to conduct an independent confirmatory survey of VA-III. This revision to
the original report is provided to include the findings of the NRC confirmatory surveys
documented in NRC 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,
M1, 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 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 subsurface contamination 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 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 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 - 2%
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 = 14.5 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 OBIJECTIVES

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:

. Aver;age residual radiomuclide concentrations are at or below the soil guideline values
defined in Section 2.3. Averaging is based on a 100 m* (10m 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
10m x 10m (32.8 ft. x 32.8 f.).

¢ 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 m’, 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 m’ 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 III 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
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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 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 " Radionuclide A o :lnstmmznt.~ i 4 "~ "Analytical - |.. Approx..
250 ml soil Th-232 daughters | Canberra Gamma Spectrometer system. The Dow Central 0.2 pCi/g
sample in equilibrium with | components include a 51.5 mm closed ended Research
(polypropylenc | Th-232 (Ac-228, coaxial germanium detector, crystal, pre- Report:
beaker w/lid | Bi-212, Pb-212, amplifier, amplifier, power supply, multi-channel | cRI.TSP-92.076
Ti-208) analyzer and computer.

0.6 sample Th-232, Th-228, Canberra Model 7404 four channel alpha Dow Central 0.2 pCi/g
from 250 ml Th-230 spectrometer with built-in power supply, vacuum | Research Index
soil sample guage, detector bias supply, generator, pre- Report:

amplifier/amplifiers, multi-channel analyzer CRI-TSP-92-076

having & mixer-router input. The detectors are

four 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
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 R . Measures .. .| Detector Efficiency* | LLD/MDA

“Taudium Model 43-5 w/ Ludium Model 12 Alpha Surface 5% | 22 dpm
Ludlum Model 43-90 w/ Ludium Model 2221 | Alpha Surface 22% 12dpm
Ludlum Modct 44-9 w/ Ludlum Model 12 Alpha, Beta, Gamma 12% alpha

15% beta

1% gamma
Ludium Modet 43-10 w/ Ludlum 1000 Alpha (air filters, smears) 43% 0.04 dpm
Ludlum Modet 19 Exposure Rate 1 microR/h
T L e i . AlrParfielate: .. o o oo
Ebcriine RAS-1 Air Pump Flow Ratc = 40-100 Ipm
MSA Escort Lapcl Sampler Flow Rate =2-3 lpm
General Metal Works—2000 High Vol Sampler | Flow Rate =30-60 cfin
e T T - - Test/Calibration Equipment
Ludium Model 500 Pulser NIST Traceable
AFC-85L Air Flow Calibrator NIST Traceable
GMW.-Calibrator Orifice for High Vol Sampler | NIST Traceable
MSA Optifiow 660 Air Flow Calibrator NIST Traceable
T Field Laboratory Equipment- = .~ ... .: L
Canberra Gamma Specirometer Soil Th-232 Concentration 0.8 pCig

* Detector eficiencies are approximate and eppropriate for Th-230, Te-99, and Co-60

34 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 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:

o 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.

o 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
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 m’) in size. Each full grid was then divided into nine 10m x 10m sub-grids
(100 m* 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.

1l
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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 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.

12
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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
bad 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
Ludlum Model 19 MicroR meter.

13
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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.

C0%
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Figure 3-5
Background Sample Locations
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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

15
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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 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

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-III
(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-III are
included in Appendix A.

16
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Figure 4-1
Grid Locations for VA-III
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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
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

42.1 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-III 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-III) 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-F13-3vl 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-III 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-III (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).

18
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4.2.3 Exposure Rates

Exposure rate measurements of the remediated VA-III areas (Figure 4-1) and for each grid block
are provided in Table AS. All individual values are within the guideline levels of 5 uR/h above
background with the exception of sub-grids C11-2 and D11-8 where the exposure rate was 6
uR/b. The average exposure rate for the C11 grid is 4.7 pR/h and 5.0 uR/h for the D11 grid, thus
meeting the criteria of 5 uR/h for both grids. Analysis of the statistical mean also shows that the
exposure‘rates in VA-III meet the guideline at the 95% confidence level (Tables A6, A7). The
number of measurements (207) is far in excess of the number required (<9) to demonstrate that
the exposure rate satisfies the guideline value at the 95% confidence level (Table A7).

424 NRC Confirmatory Surveys

The NRC performed an inspection of VA-III on October 28™ and 29" of 1997. This inspection
included the performance of a confirmatory survey. Approximately 20% of VA-III 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 Iaboratory,
under inspector 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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50 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-III during September, 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-II to
within the NRC limits for unrestricted use. As each subsequent VA is surveyed, a FSSR will be
submitted to NRC.

20
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Table Al
BACKGROUND SOIL CONCENTRATIONS
Bay City
Sample Z*Th | Error | MDA | ®Th | Error | *Th | Error
Name (PCi'G) | (20) | (pCi/G) | (pCi/G) | (26) | (PCi/G) | (20)

BCBKGO1 0.39 0.08 0.13 1.04 0.84 0.48 0.44

BCBKG02 0.36 0.07 0.14 0.46 0.34 0.41 031

BCBKG03 0.28 0.08 0.11 0.38 0.31 0.35 0.29

BCBKG04 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

BCBKG06 0.51 0.18 0.13 0.68 0.47 0.48 0.35

BCBKGO07 0.38 0.19 0.13 2.30 3.69 0.77 1.38

BCBKGO08 0.16 0.08 0.11 0.37 0.48 0.12 0.20

BCBKG09 0.13 0.07 0.10 0.21 0.25 0.09 0.12

BCBKG10 0.26 0.09 0.13 0.38 0.39 0.23 0.26

BCBKG11 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

BCBKGI13 0.18 0.08 0.14 0.21 0.12 0.19 0.11

BCBKG1S5 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

BCBKGI18 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 0.19 021 | 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 (uR/hr)

BCBKGI1

5

BCBKG2

BCBKG3

BCBKG4

BCBKGS

BCBKG6

BCBKG7

BCBKGS8

BCBKG9

BCBKGI10

BCBKG11

BCBKGI12

BCBKG13

BCBKG14

BCBKG15

BCBKG16

BCBKG17

BCBKG18

BCBKG19

BCBKG20

BCBKG21

BCBKG22

- BCBKG23

BCBKG24

BCBKG25

W W il )R] ] & ] ] ] ] WOV W n BB B

ACROSS THE RIVER

BCBKG26(1)

BCBKG27(2)

BCBKG28(3)

BCBKG29(4)

BCBKG30(5)

Wl K]l Ww

Number of measurements: 30
Average: 5 uR/hr

Standard Deviation: 1.3 pR/hr (= 1.0 uR/hr)
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Table A3
Final Verification Soil Concentrations — VA-III
Samgle *Th Error MDA BTy Error =*Th Eror | 237h (Net) | *Th (Nett | Z*Th(Nety |  TOTAL
Name | ecva a1 JCUP. pCGY|  (pe) a) PCig) (o) (5CYC) (BT \oCig) Thonum
BES-Sii-2vi 0.a1 V.23 0i¢ T.03 114 103 14 N K] usd 072 136,
HCHATIav] 0.29 020 026 034 0.27 05 0.21 X 015 006 ]}
BCSXIT-5¢1 0.33 0.18 0.28 055 0.36 0.35 024 0.08 005 002 033
BCBATT-AvI 0.33 0.20 .21 0488 035 0.38 0.25 005 .01 D.08 617
BCBATSIvI 0.20 0.15 0.22 053 o3t 0.5 0.24 0.30 018 JI6 032
BCERIL-Ivi-R|  0.38 3.21 028 038 | 038 i) 2.2 0.08 0.07 0.02 013
BEEATZaT 030 0.16 0.2 L 0.38 0.40 0.33 a0 D02 005 Ly
HC3-BIT-v1 T01 033 1.75 143 0.82 T.01 —o81 o 05 0.70 235
BCSBI-2 057 030 | 0.39 T.11 0.58 )] 0352 Y] (X7} 0.50 753
BCSBII-vAR| 084 0.32 0.4l (VE:) 054 077 04 054 035 046 145 |
BCS-Bit-av! 0.40 017 0.24 0.54 0.27 0.45 0.3 0.10 0.05 0.15 030 |
gC5BI-WiI-R| 038 | 018 0.27 0.38 043 023 033 .08 0.1 02 05
BCSBIT-3ve 078 0.26 033 117 0.69 042 056 0.48 0.65 061 1.78
BCSHIT-5v1 063 022 0.2 037 073 08 0865 0.33 043 054 T35 |
HESTHITET 039 018 018 053 D3 | 035 | 027 003 0.04 0.04 0.16
‘SgTi-avi (V) 018 T30 | 0.2 0.4l 017 028 [I7 524 015 058
3BT o 0.18 0.20 1.1 1.30 0.37 050 .01 0562 .06 085 |
BCSIBINIVIT | T3S 0iY 0.3 677 o058 UED 050 T2 053 i) 065
BCSBUERT a2y o3 0,15 05 | D43 057 (Xf] 003 I .26 i
1 [olote - S pale I axs 0.21 014 063 0.43 058 0431 [0 )] 014 .27 06y
CSBIS 028 013 017 0.56 0.5/ 067 0.79 002 0.07 0.3 032
BCETBIYEN K13 0.18 038 T65 072 0.55 0. oA 116 028 .74
BCSHITETY T3 032 025 169 77 1.3 055 034 1.20 7.08 ki3]
BCERTT BT 05T 015 017 1.23 050 0.47 028 0.4 oS 018 T11
BCE BTV (o] 012 GRE) 0.33 032 0.3 052 .05 .16 ooz 523
BCE BTGV 127 025 0.28 AT T06 0.62 04t E-14 165 [+ X5 293
BCSETI VT K] o7 020 058 033 043 0% [0k} 0,10 D12 0353
HLEBTISN 05T 032 0.58 046 | 032 0.28 .21 008 0.1 032
BESCTI-N TUal 020 (1 JnL] 03 [ 038 0.09 015 0.1 .13 E )] D24
BCS.C11-3v? 022 0.14 0.24 0.03 0.07 0.12 017 D08 0.45 419 473
BCECTiEeT 7038 CAK 'R L] 0.11 0.73 0.1 0.13 0.08 T35 .20 048
BESCTiBvi |~ 025 016 (o ]] 0= 0.15 = XES J05 D27 .05 ]
AC3-Cl1-6v1-R| 030 016 0.26 0.43 0.25 0.29 017 0.00 .06 0.02 -0.08
CETTBT | 041 | 0B 029 0.8 074 o7 82 B KL o4 L e -qad
STETTAVISR[ 040 — a8 027 102 o081 068 056 030 053 037 TO0T ]
gCSETigvy | 032 | 0.8 037 0.47 025 (1) 021 0.02 D02 [1Xe7] [ KeJad
B3 CTEOv 028 | o1 023 0.44 0.62 0.5 027 .01 DB 08 | V2|
BTETTE VI 6.32 AL LR 0.51 .25 03B [\ W] 0.02 002 007 010
BCESST RN | 038 0.2 018 .00 0.00 0.00 0.00 005 335 .37 = Id]
BECSCiTavi V7] 018 0.5 085 036 0.5 0.32 012 0.16 0.5 05y |
BESITCIRENM 251 015 0.28 ) 52 038 0.18 305 a7 J.03 025
BCSITTavi |- 028 U4 0.20 0.55 1.41 0.00 0.00 J02 o7 o 05
BCIZTEWN 021 018 0.23 a3 043 [ K] 0.2 005 D19 0.18 0a7 |
BCS-CTEET 633 0.20 o 053 o3| U.4b 032 u.04 004 0.15 0.55
BeS.C12ovt | 030 | 014 0.20 0.25 0.18 0.18 013 070 g DI AT
BC3-C12:6vi-R{ 7053 021 036 054 087 | uEB 051 (aJbeic) PSS 037 T05
- Yolciral i M T7E S R v 1Y —0.21 05 | 036 038 02 024 006 013 .05 0I5
BEECTTENA Y] 30 0.21 (1 }orir] G.27 012 a.17 tos .37 51 .41
8CsS-C12.ant 019 0.1 0.15 0.21 0.16 0.16 012 0.2 028 0.15 -0.53
B R E] 013 018 013 033 013 0.28 D7 .36 2.8 D77
~UI8 XL L) 09 021 0.0 OKE) i3 T30 3.5 YT
0Es 0.2 057 038 o057 0.38 033 0.08 0% 4]
LR 04 0.26 0.2 D.15 0.1% R T Uiz J37 018 063
TR 0.10 a7 019 0.1% 012 011 007 [ 030 ET) J).sz""‘l
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Table A3
Samoie 22 gmor | MDA 3o Errer 1h Emer | %1 (Nety | =*Th(Net) | =Th(Nety | TOTAL
Name -pCYG) 25 ¢ ot GG eCR) 12a) eCig) 2 +CIG) (pCig) (pCg) Thonum
ECS-< 1 3-av1 785 .20 D ) 3.58 333 080 | 068 015 0.0 0935 .33
BT5-S13-0v1 030 0.1 T.45 o Jc s B N ¥ A 0.25 0.20 003 0.06 0.23
BCSSiS-svi-R] 03 b Reic] 3.0 0.0 KX 1.20 312 049 0.3d 337
BCS3-Cld1v1 2.21 2.12 216 0.18 0.14 0.19 Q.14 .03 -0.30 Qi ~3.31
BCS-Cia-2v1 0.24 o1 014 0.31 0.2 0.12 0.10 .06 g8 | 110 .43
BCE-C T a3v] 0.9 0.2 g 338 0.24 —0.a0 3] o.01 .01 0.09 0.09
BCSOTI-NT | 068 R - BL 70 | 058 113 U35 R R )
BC5-011-3vi 0.a7 J15 v J.34 0.4 027 0.20 0.1/ J5 J.04 D00
S3-011-5v1 0.3 0.18 21 0.36 045 | URN 020 0.3 047 0.05 088 |
HES-DTi0vi 027 U0 b eic 121 0.33 03 0.5 <503 D22 J.08 0.4
E50T 131 0.53 .34 75 057 337 —0.70 0.3 0.23 0.38 U35 L'
BES-00 1.9 0.i8 0z A [ i 3.0 0.8 .13 T2 022 .13 Jar
EC3-0T2-ivi 0.37 i) A J.ar .32 0.3 .21 .07 02 .02 .03
BLS-O1%vi-R]  0.25 .13 337 0.33 038 | 928 .18 J5 300 J03 305
BCSOI-™1 | 0.18 J.12 318 011 0.1 d.16 033 J.13 .38 a5 .58
BCS-OiZ-avl | d.64 0.27 hET S T2 T.42 .39 T.12 0.3 1.24 1.02 259
B3 UT-3vi 0.23 OB T8 0.53 315 %) 07 J07 T3 D% a5
BC3012-5vi 038 Ji6 21 T8 0.5 .42 o Joek U.08 204 T 015
<5-D12-5¢1-Rl  0.47 0.1a 0.16 3.38 0.52 0.47 0.61 0.7 .11 0.16 [l
-1 -5v1 ~0.30 J.i8 037 v.a1 0.8 .33 0.23 I+ .08 0.02 0043
SO 58 o o kit 088 Y T D.ar 0.5 L XYE ) .82
B8CTOT2-ov1 031 05 = T 0.1 D81 043 bR 0./5 050 .11
BEITOEIVT | V2B Jia 2 Je-Y 0.08 908 004 008 J02 T4 D27 0.1
BC3UTS-NI-R[ 028 ARE e ) by Rk 0.1% 0.2 U.13 J.02 3.8 J10 3.8 |
BC3-OT3- 1wl 057 16 T 9% 0az 0.3 | 9% V.28 2503 305 703 703
BCE Ui —0.33 Y 320 .35 0.30 0.5 0.5 J07 374 0.05 .76
BCESDIT IR 0.3 38 | I3 0.00 0.00 0% | 9.5 004 333 305 =8
aCcE oI Fo 7Y 3.3 = 0.5 053 —o51 o e L 013 03 V] 085 ]
BC3-OTIAn 063 Qs &8 ] .75 -] 045 [X] 035 T35 0.18 1.2
BES-OTIvi-R[ U.68 TI0 B 039 0.538 .75 030 2.38 0.40 D44 1.2
: Tokci s PR MR 0.3 16 s 318 0= 017 015 J18 pry e §| ~0.19 055
BC3-013-6v1 027 |. 218 2.20 334 0.21 0.26 0.17 J.03 435 | 005 D53
BCEOTI-vl 710 (oJd 3,19 g.18 0.3 N ER] D14 J.20 =] 20 V.2
BUEOTIoVIR] oS 318 335 a.78 V.95 OES 036 035 030 | 0.8 073
8US-OTI9v1 D VAT R ¥ - bR-1) 0.2 0.5 0.6 | 003 0.0 .02 003
BSOS | 0 RS B DR O | 04 | 05 | 085 003 5L 073
Iated Wy FER T a7 318 323 .31 0.32 035 | 0.28 .07 .08 0.04 0.03
BOTE&H B J.:5 T4 3315 0.1 X 008 | 0.8 038 373 381
LEOTEw .20 U.14 B | 0.16 0.6 008 0.08 D0 0.3 ok .65
ColcRe JP-] —0.08 J.11 T17 a.10 0.18 U003 017 523 3.5 T3 785 |
BCE-0T35v1 DAL U.11 9.8 Ja7 034 V.15 0.12 J15 32 — .16 3.
HCH-O1a6v1 —3.51 iy e .35 0.3 057 0.a7 0.21 .01 0.6 0.93
BCS-Otlavi 0.10 012 J.18 0.08 g1 032 0.5 .30 3.4 0.19 030
HCSOTE&wi-R| 019 DA ) 0.12 035 000 0.00 D32 337 s i .05
BRES-OTEvi-/| 9.7 AR .20 0.7 .23 015 —GiZ 313 o Jo) 016 37
BCH-015vl 0156 R XE N 318 0.21 0.18 (104 ] [N 2 J.14 0.28 — 310 352
BES 0I5 N J1 [ e} 319 hAT D7 .18 J.16 2.0 J.a 360 |
BES-OTEvI-R[ 011 sid b Brindl 308 b I 905 |  0.08 .20 J.a1 0.5 J.56
BeaeTi-wvi U3 015 353 03 Nein} 0.6 [ 523 DRE) .27 XY 007
BCEETTOv1 T 918§ 329 0.39 337 01 0.48 03 .10 U.%6 030
HUSETT-5v1 03 o ok Wei - .08 .75 053 032 = 055 = T.04
BCSETi5ve 333 JIE t Si2 U.3¢ v.at ~ D38 0.30 0.3 .08 007 V.28 |
BCSETT A G ] RT3 j 375 | o T.37 )] T.97 D05 | D06 DED) 039
ECE =T T-8v1 DR 4187 )y 33 1353 .39 =9 2.29 0.°3 i Q.06 Q.28 0.<9
BCSETI-Ovi-R[ 0.30 P XD R W « R R k) i)} 0z4 R ol | 048 023 XY
BESETT SV -R] 053 (] VRN I Y| T3¢} 1.2 102 | Q.6 X B T (] 3 4
BC3-E12-1v1 T 723 122 z3r | 220 tar | oa§ | J2v 138 T 339
BCSIET ST TS ot E T E S= 355 ] 0.37 T TS 2 A=)
BLETIIETTTTTE £ e i1 R U S 7 S -5 : Juliel- S

b

l
|
|
1
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Table A3
Sarmole 3Th Seror MDA =5Th Eeror =*Th Emor | 221 (Nety | =*Th (Net | Z*Thineny | TOTAL
Name 1gCGH I T ) a1 {pCug) 20) 1pCIG) (PCYQ) (eCug) Thorurn
BCS-c 151 ~0.39 J.2a o Jied 05 1,12 .94 342 0.09 J10~ 1.03 T.52
BCA TV V.50 0.3 D43 125 .35 hg] UES 080 057 0.3 104
BCEEi2evi 353 0.2 oar 1.76 T 14 108 063 .27 0.83 273
BCE el ViR 1.2 0.35 .55 .31 53 0.37 0.96 0.82 0.92 088 i
BCE=128vi | 085 0.2 0= 035 | 0.3 058 0.26 0.35 0.36 0.27 X1 S
BC3-cle-ave bR 0.20 s e 0.8 05 | 0.7 0.24 043 .01 0.16 055
BCS3-212-9vt 0.ad .15 0.18 0.72 0.30 0.55 0.32 Q.18 u.c2 U.24 U852
< [odcie=g JuX - UNER 30 9.25 .06 J81 057 T57 05 057 X 1.59
B S 3538 T1g Fs icl 3 143 b .81 0.43 0.28 1.35 9.50 AV
BCSCia-&i 1.6 0.35 0.45 305 1.25 1.04 0.48 0.66 =57 0.7 318
BESsidwi-A| 0.9 0.18 .23 .57 ~U0.38 9.94 0.30 0.05 0.08 (k] k3]
BCAETIWIR[ oo 0.5 0.3 T.30 ~9.80 T u.66 0.47 0.87 072 200
BCSEia<vin| 0.3 020 0.6 .35 0.7 095 033 0.5 008 0.64 138
IBCS-cia-3vi 37 0.13 0.26 037 1.07 000 0.00 0.07 T2 D31 335
BCAE136v1 LK 835 0.42 [E-7] U.48 R (1) 038 032 033 0. .32
BESEI3VT —0.40 136 013 057 9.33 .23 0.16 0.0 X I A X o.11
BCS-c19-8v1 0.73 028 | 043 .14 XY 0.73 0.4 0.33 0.55 0.a7 1.51
f:lajelt g g -7 043 [0 ] 52 435 J53 082 052 013 0.37 0.3 080
B =Ta vt | 035 016 0.3 0.5 ) 085 0.35 005 | 006 035 0.48
Seela-lviR] 0.38 9,15 0.20 V.00 .00 D.00 0.00 .08 .48 .01 .0
fu—3 proyrrryn- | mmr, y.) 0.20 R a.a7 B o 0.30 0.16 0.8 002 .00 015
uC3-E1avt 023 .19 0.28 0.14 0.12 9.14 0.13 0.07 35 Q.17 T80 ]
BCSETEW a1 0.16 022 064§ 933 E) 032 0.11 U5 0.9 X
gtsEiaavt 3,51 ) 0 i3 081 .38 0.48 031 el 012 017 V.50
g 31351 0.6 .31 0.3 U35 0.2 0.34 0.57 9.16 Q.03 0.03 ~ Q.16
BCS-E148vt [V i) 0.4 0= 0.30 0.%2 0.2 0.6 308 VR 305 3% |
BCS 2TV B 0.5 0.1 T3 0.50 0.2 05 v.14 «.05 .09 0.01
B3 ETaavi 33T =ia 3.5 05 T ()11} 000 0.02 i Ner ] .31 3353
J: ol B4 M- vy By IV el 9.1, 024 0.6 = 5.0 D19 J.04 33 s lind J.58
BCE-FTi-vt v e PR D I o7 V.35 Oy I v Bk 0.24 0.07 .00 V.07 To8 |
HCAFTiolhd | d3% 1 =18 019 033 W] k] 0.30 0.3 .18 0.20 0.%7
ECs-FTiovl .35 D.13 0.15 050 0.6 9.76 v.64 —0.06 —0.00 T35 V.52
HU3Fiiowl | 038 i3 ~0.18 LEY) T T.a5 .35 008 0.08 U.18 034
BE3FTi-av 730 3.1 0.4 O ) 9.2 0.28 0.2 0.00 .38 EeXok! 3.9
BUEFTI-3v] 700 J20 D3] )7} 9.8 — 0.63 0.5 Q.70 J35 0.32 .86
HCErTYV B\ T DRE 015 35 X Y] 052 AL BT —0.a0 — 339
BC3FIZTN 030 | dib bER) s 337 035 03 | 020 006 (o Xe 2 .30
NEETEE Uz bR J.06 ) 1.38 07 V) (V5] 3 002 1.39 J.05 T.38
Pt g g 053 U6 PRT? .31 0.1 0.a0 | 0.6 313 018 —0.09 0.03
3TN b el) 014 V.18 [ pN rr .52 058 0.0% 0.3 (Ve 353
BE3-F o v lich 912§ 035 U.ie 0.10 [ e 07 J03 337 .08 J.48
BCSF T U385 J.14 018 T3 o0 0.76 ~0.65 U.38 —u.06 0y 0.5/
BCIFTZavd 035 bR 0.1; 1 i (o Jaj] 5.ar 0.3 0.5 Jiu 016 032
BESFTE-Gv .98 DN 0% 0.20 p k) XY 030 | -006 18 010 3903
BU3F IV 730 013 0.7 T.37 oai ki 21 .00 PR 001 0.50
BC3.F13-o1 073 022 023 252 | 089 0.70 0.25 043 I3 539 | 95 |
BCS-FT33v1 T/} 9.4y 043 3% ] o5 55 087 .48 339 1.4 Tt
CSF T U3 Jia a5 T35 | 1.6 3358 073 338 J86 027 1.30
BEBF DN TS T TTTENT ih T30 | 933 DX Y} 0.16 g.81 0.1 08
BE3FIESN LR SRS - R 5o £y J s M T .50 k) 53.14 0 30 J15
| (ST eIy e I - S RO W g DAL 0.8 3.32 .92 U.a1 018 J95 T i}
BCIFTEG PRSCR Wl a2 ol 3.5 315 0.21 035 By i 12 S0
BLEFTIEN 033 T 9 038 03] 918 0.8 0.2z J4.03 V.5 <302 -0.3a
BC5FTEIN 5 e RS B Y} 0.5 1 4438 .38 0.18 .13 0.27 —0.08 RO N
f: Todeptoipencon =5 BEY, .01 oS 558 367 055 983 | 046 —0.36 .30
BCIFTEavy | K] [1 )] Bein] 3 R I 1.04 0.43 Nty [T 0.9 T30
BOETFTINT | | 2.0 935 P o3 | 9w LB 2,01 < 034 ]
iBC3FTERE R T JIE Jr . -9 7 23s a1 ~OE T .38 ~ i T
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Table A3
Sampie | Emor | MCA ZTh Error S1h Emor | =Th (Nett | PTh iNets | =*Th (Nety |  TOTAL
Name | eC4Gh 201 Jt*°C0.2CSGY  1pClg {20) {pCig} ) 1£CIG) ipCug) eCg) " henum
BC S5 Teav] 035 0.5 v.ia 031 DXL 0.5 0.29 PR 0.32 002 0.38
BUSGi1-avi 0.30 0.2 0.1 035 038 030 023 500 0.38 TO0 0.5
BCSTSTiovi 0.32 0.16 0.19 0.32 C.20 bR 0.5 0.2z 27 (o Jocl1] 0.5
BTE-511-9v1 .38 X1 G 1.50 T8 (K- 1Y) 0.38 .81 034 T2
BEIST1-8n 033 0.18 0.19 ~0.60 035 Y] 0.3 008 ot .10 0.29
BTE-ST1-9n P LA E I N - .37 0.Z an 014 A0 oz 9.2 348
BCS-Si2-1v1 Y13 716 0.18 15 0.5 V&g | 0.27 0.3 1.66 0.18 17
BCSTa-avt 035 [Vl U.14 T30 .20 0s U653 ai5 T.01 X7 139
BC3-Gi12-3vi Uss 018 015 .16 .35 033 | 0.3% 0.23 1.67 (1 57) Z11
BCS-GT-avi-R 038 T V.20 1.98 088 04 | 033 008 089 diq 1.10
BCS-Gi3-W1 027 0.11 0.16 3.48 032 (1 )k §] V.22 003 D01 0.00 304
BESGie-avi 083 PRE) .20 360 1.50 03| 0.43 05T 30 D) 333
BCA-Gia-avi-n G.73 0.18 0.1 362 155 085 | 0.37 043 313 038 | 334
BC3-512-6v1 032 LAY 0.20 i3 053 032 .26 002 0.3 04l 0%
BL3-Gisavi-n  d.aa g4 dia .35 0.78 031 | 0.9 014 0.85 0.20 1.20
BCSGiZovi 0.37 .13 0.16 023 0.5 ) B N W2 007 ey g 008 Q12
[BCS-G129v1 | 4.38 0.15 L§I°) .53 0./9 0.33 1.0 0.0% 1.0 002 1.16
[BC3-GicBvi-R 080 0.6 018 080 | o= | 088 I - B I K o) TH 037 (K-
Sl e - e J.14 9.18 987 | 057 018 ~0.16 007 0.8 D2 i I
e i X- 7 Pt~ VS 0.36 0.23 05 | W88 034 | 0.3 V] — U.&0 003 9.8
SE-GTEv 4.4% 0.5 038 T.48 077 [k I WA [N 0.59 0.04 1.18
BCSGT3 ViR 068 o, 016 ) 08 087 0.3 U.36 RXe ) 036 272
BCE-313-ov1 062 019 1 017 T.78 ] 084 032 032 1.29 033 1.54
BCS-Gig-2vi-®| . 9.59 [13c} I x| 1,72 s e 088 0.3¢ 058 T3 .37 Z18
BCSETFi 053 018 0.0 ] 058 0&E | 0.8 033 030 034 17
BTSN | 038 | 043 | 0% 0.58 TS | 048 | 036 | 102 KAL) 7 73q
BTSSIIvi-y 03D D Rel by I -} 038 0.5 030 0.5 .00 00 D01 .02
BC3-513-5v1 b Ry 03 0.2y & 0% (1= 0.5 Va2 T35 0.33 30
B 13-5vi- 08 o 03 s 115 1R} 0.30 048 — 2.8 051 ki Joeic )
IBCS-GT33w 077 ) 00X ] 00 v} i) 0EZ 0.4 037 132 053 X
ol 37 0.3 — 0.0 0.1y X I 1.90 0.B7 ~0.a7 033 T L 0.50 3% |
FESETTIA 7.3 X k) k) 8 T2 05y V.98 v.14 157 0.28 209
BC3-G135 Q.37 5k} 918 .70 124 038 KX 007 [ 08 1,45
BCS-STav | 062 [+ 351 :) [ XY 053 0.3 043 | U..8 032 | a08 0.12 052
[BCS- BTN | 030 | 0.8 316 0.30 "0.23 037 0.3 0.00 319 0.06 12
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Table AS
Final Gamma Exposure Rates — VA-III

Incorrect Grid |Corrected Grid Gross Exposure Net (1) Exposure
Identification | Identification Rate (uR/hr) Rate {uR/hr)

A11-27 6 1

A11-.3" 6 1

A11-5" 6 1

. A12-1" 6 1
A11-1 B11-2 g 4
A11-2 B11-3 9 4
A11-4 B11-5 8 3
A11-5 B11-6 10 S
B11-8* 7 2

B11-9* 7 2

A11-3 B12-1 9 4
B12-4* 8 3

B12-5* 6 1

B12-7" 6 1

B12-8* 6 1

B11-1 C11-2 11 6
B11-2 C11-3 10 5
B11-4 C11-5 Q 4
B11-5 . Ci11-6 10 5
B11-7 C11-8 9 4
Bt11-8 c11-9 9 4
B11-3 C1241 9 4
B12-1 c12-2 10 5
B12-2 C12-3 9 4
B11.6 ci12-4 10 5
B12-4 Cc12-5 8 3
B12-5 C12-6 7 2
B11-9 ci2-7 9 4
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Table AS
Incorrect Grid |Corrected Grid Gross Exposure Net (1) Exposure
ldentification | Identification Rate (uR/hr) Rate (uR/hr)

B12-7 c12-8 9 4

c12-9* 7 2
B12-3 C13-1 9 4

C13-4" 7 2

Cc13-7* 8 3
C1141 D112 10 L}
c1-2 D11-3 10 5
Ci1t-4 D11-5 10 S
Ci1.5 D11-6 10 5
C11-7 D11-8 11 6
c11-8 D11-8 4
C11-3 D121 9 4
C12-1 D12-2 ' )
C12-2 D12-3 10 5
C11-6 D12-4 2] 4
C12-4 D12-5 9 4
C12-5 D12-6 9 4
C11-9 D12-7 10 S
C12-7 D12-8 10 5
C12-8 D12-8 -8 4
C12-3 D13-1 8 4
C131 D13-2 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 D13-7 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 E11-5 9 4
D11-5 E11-6 9 4
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Table AS
Incorrect Grid |Corrected Grid Grosggxposure Net (1) Exposure
Identification | Identification Rate (uR/hr) Rate (uR/hr)
D11.7 E11-8 9 4
D11-8 E11-9 8 3
D11-3 E12-1 7 2
D12-1 E12-2 8 3
D12-2 E12-3 6 1
D11-6 E124 8 3
D12-4 E12-5 8 3
D12-5 E12-6 & 3
D11-9 E12-7 8 3
D12-7 E12-8 ) 4
D12-8 E12-9 8 3
D12-3 E13-1 7 2
D13-1 E13-2 8 3
D13-2 E13-3 g 4
D12-6 E134 8 3
D13-4 E13-5 9 4
D13-5 E13-6 ) 4
D12-9 E13-7 8 3
D13-7 E13-8 8 3
D13-8 E13-8 8 3
D13-3 E14-1 8 3
D14-1 £14-2 g 4
D13-6 E14-4 8 3
D14-4 E14-5 7 2
013-9 E14-7 8 3
D14-7 E14-8 8 3
E1i-1 Fl1-2 7 2
E11-2 F11-3 ] 1
El1-4 F11-5 7 2
£11-5 F11-6 6 1
E11-7 F11-8 7 2
E11-8 F11-9 6 1
E11-3 F12-1 6 1
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Table AS
Incorrect Grid |Corrected Grid Gross\E-i;osure Net (1) Exposure
Identification | |dentification Rate (nR/hr) Rate (uR/hr)
£12-1 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 & 3
E13-2 F13-3 7 2
E12-6 F13-4 5 (]
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 Fl4-4 8 3
E14-4 F14-5 7 2
E13-9 F14-7 8 3
E14-7 F14-8 8 3
F11-1 G11-2 7 2
F11-2 G113 7 2
F11-4 G115 7 2
F11-5 G11-8 7 2
F11-7 G11-8 8 3
F11-8 G11-9 7 2
F11-3 G12-1 6 1
F12-1 G12-2 6 1
F12-2 G12-3 7 2
F11-6 G124 7 2
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Table AS
Incorrect Grid |Corrected Grid Gross\Exposure Net (1) Exposure
Identification | Identification Rate {uR/hr) Rate {pR/hr)

F12-4 G12-5 7 2
F12-5 G12-6 6 1
F11-3 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 1
F13-4 G13-5 € 1
F13-S G13-6 6 1
F12-9 G13-7 6 1
F13-7 G13-8 7 2
F13-8 G13-9 8 3
F13-3 G14-1 6 1
F14-1 G14-2 5 0
£14-2 G14-3 S 0
F13-6 Gla-4 6 1
G14-57 S 0

G14-6~ 6 1

. F13-9 G14-7 7. 2
F14-7 G14-8 6 1
G11-1 H11-2 8 3
G11-2 H11-3 7 2
G114 H11-5 8 3
G11-5 H11-6 8 3
G11-7 H11-8 7 2
G11-8 H11-9 7 2
G11-3 H12-1 7 2
G121 H12-2 7 2
G12-2 H12-3 6 1
G11-6 H12-4 8 3
Gi2-4 H12-5 6 1
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Table AS
Incorrect Grid |Corrected Grid Gros:Exposure Net (1) Exposure
Identification | Identification Rate (uR/hr) Rate (uR/hr)

G12-5 H12-6 5 0
G11-9 H12-7 6 1
G12-7 H12-8 6 1
G12-8 H12-8 7 2
G12-3 H13-1 5 0
G13-1 H13-2 6 1
G13-2 H13-3 5 0
G12-6 H13-4 5 0
G134 H13-5 5 0
G13-5 H13-6 6 1
G12-9 H13-7 5 0
G13-7 H13-8 S 0
G13-8 H13-9 6 1
G13-3 H14-1 ) 4]
G141 H14-2 5 0
G13-6 H14-4 5 0
G14-4 H14-5 4 -1
G13-9 H14-7 6 1
G14-7 H14-8 4 -1
G14-8 H14-9 See note @

H11-2 111-3 4 -1
H11-4 111-5 5 4]
H11-5 1116 5 1]
H11-7 11-8 6 1
H11-8 111-9 7 2
H11-3 112-1 4 -1
H1241 112-2 4 -1
H12-2 112-3 4 -1
H11-6 112-4 4 -1
H12-4 112-5 4 -1
H12-5 112-6 4 -1
H11-8 112-7 6 1
H12-7 {12-8 5 0
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Table AS
Final Gamma Exposure Rates ~ VA-III

Incorrect Grid |Corrected Grid Gross Exposure Net (1) Exposure
ldentification | Identification Rate (uR/hr) Rate {(uR/hr)
H12-8 112-9 5 0
H12-3 113-1 3 2
~ H134 13-2 3 -2
‘ H12-6 13-4 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
H13-8 114-7 5
H14-7 114-8 4 )
111-9 J12-7 4 -1
n2-7 J12-8 4 -1
112-8 J12-9 4 -1
112-9 J13-7 4 -1
AVERAGE 1.96 uR/Nr (~2)
ST. DEVIATION 1.74uR/Mr (~1.8)
Noles

1. Net Exposure = Gross Exposure - Background Exposure (SuR/hr)
2. Denotes a submerged grid
3. (") Denotes additional grids due to corrections
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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 ):

- I
x-'—";ZXi

Determination of Number of Background data points (ng):

2
195.5%.dr5:
ns=
0.2exe

Comparison of statistical mean (pa) with guideline values:

,ua=f+t1—a,df—-si

Jn
Identifying additional measurement/sampling needs:

Estimating Factor = Co-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 measurements (analyses)

ti - a, df = 95% confidence level from Table B-1 of Appendix B of NUREG/CR-5849

Cg = Guideline Value
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Table A7
Final Status Survey: Summary Statistics

Exposure Rates :

Section | n | X(uRMh) | Sx(uRMh) | pa(pRhb) | Cq(uR/M) Estimating No. Verification
Factor Samples Needed

VA-III | 207 2.0 1.8 2.2 5.0 1.7 <9

g ~Th-232 Soil Concentrations i o

Section | n | X (pCi/g) | Sx(pCi/g) | pa (pCi/g) | Co (PCi'g) Estimating No. Verification
' Factor Samples Needed

VA-III | 265 0.17 0.26 0.20 3.2 11.7 <9
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Final Status Survey Report for VA-IV
The Dow Chemical Company’s Bay City, Mi Facility

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 facility in
Clive, Utsh. 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 gehera]ly 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) 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
Decommissioning 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 1% of 1997, after the original report submittal, the NRC
Region III 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,
M, SDMP Site (TAC# 1L60463)).
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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 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 nitially 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.



»!

Final Status Survey Report for VA-IV
The Dow Chemical Company’s Bay City, M! Facility

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 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, 2 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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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 (sece 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:

e Average residual radiomiclide concentrations ar'e at or below the soil guideline values

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

~ actual grid size of 33.3 f. x 33.3 fi. was used for convenience in measuring rather than
10m x 10m (32.8 ft. x 32.8 f&.).

e 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 m’, and provided the activity level at any location does not exceed three times
the guideline values.

In addition, exposure rates should not exceed 5 uR/h above background at 1 m above the soil
surface. Exposure rates may be averaged over a 100 m? 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 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 bhad 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

Mr. Bob Reiss Mr. Jerry Sgro
Owner Representative Field Services
Manager

Ms. Maria Sandow
l"—‘_“"_' Health & Safety —

i Officer
‘ Mr. David Hunter Mr. Al Sandow
| Radiation Safety Officer Field Superintendent
(RSO)
1
I [ ]
Ms. Charlene Loar Field Technicians Equipment Operators
Assistant RSO

I
[ ]
Environmental Operational
Monttoring Health Physics

3.3 INSTRUMENTATION

Table 3-1 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

: Instrument Measares ‘Detector Efficiency* | < LLD/MPA -
Tudium Model 43-5 w/ Ludtum Model 12 Alpha Surface 15% 22 dpm
Ludium Mode! 43-90 w/ Ludlum Model 2221 | Alpha Surface 2% 12 dpm
Ludlum Model 44-9 w/ Ludlum Model 12 Alpha, Beta, Gamma 12% alpha
‘ 15% beta
1% gamma
Ludium Model 43-10 w/ Ludlum 1000 “Alpha (air filiers, smears) % 0.04 dpm
Ludium Model 19 Exposure Rate 1 microR/h
“Eberiine RAS-T Air Pump Fiow Rate =40-100 1pm ‘ ~
MSA Escort Lapel Sampler Flow Rate =2-3 Ipm
General Metal Works-2000 High Vol Sampler | Flow Rate = 30-60 cfin
Tudium Model 500 Pulser TNIST Traceable '
AFC-85L Air Fiow Calibrator NIST Traceable
GMW-Catibratar Orifice for High Vol Sampler | NIST Traceable
MSA Optifiow 660 Air Fiow Calibrator NIST Traceable
i e "~ Field Laboratory Equipment T
Canbcira Gamma Spectrometer Soil Th-232 Concentration 08 pCilg

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

34 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 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:

e 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.

o 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
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 m?) in size. Each full grid was then divided into nine 10m x 10m sub-grids
or “Decontaminated Grid Blocks” (100 m’ 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.

ClO
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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 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, & final scan was performed of the soil surface prior to
obtaining final verification soil samples.

12
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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 Contro! and Documentation.

34.5 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 — IIT where a single exposure rate measurement was obtained in the center
of the sub-grid. This revised methodology is conservative in that 8 additional measurements are
obtained in each sub-grid. Exposure rate measurements were obtained using 2 Ludlum Model 19
MicroR meter.

13
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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.

Ccll
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Figure 3-5
Background Sample Locations
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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

15
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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 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-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.

16
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Figure 4-1

Grid Locations for VA-IV
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BACKGROUND LEVELS

4.1

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 pR/h (Table

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

AL
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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.

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. 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 Thorium 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-IV) 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-K5-8v1l 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-K5-7v1. These sub-grids
(K4 and K5) were removed from the VA-IV survey unit to be remediated and re-surveyed at.a

18
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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 m® 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 K5) 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 measurements of the remediated VA-IV areas (Figure 4-1) and for each grid block
are provided in Table AS5. All individual values are within the guideline levels of 5 uR/h above
background. Analysis of the statistical mean also shows that the exposure rates in VA-IV meet
the guideline at the 95% confidence level (Table A6, A7). The number of measurements (133) is
far 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 scammed 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

19
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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 afier 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.

Additionally, scan surveys in grids J5 and J6, which were under water up to 8 feet deep,
indicated some activity levels well abave 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 J6, as well as grids
K4 and K5 mentioned previously, were dewatered and/or remediated, and have all subsequently
been re-surveyed as part of VA-VL

50 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 decontamination program successfully 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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Table Al
BACKGROUND SOIL CONCENTRATIONS
Bay City
Sample S2Th Error | MDA | “'Th | Error | **Th | Error
Name (pCiG) | (o) | (PCi/G) | (pCi/G) | (20) | (pCi/G) | (20)

BCBKGO1 0.39 0.08 0.13 1.04 0.84 0.48 0.44

BCBKG02 0.36 0.07 0.14 0.46 0.34 041 0.31

BCBKG03 0.28 0.08 0.11 0.38 0.31 0.35 0.29

BCBKG04 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

BCBKGO06 0.51 0.18 0.13 0.68 0.47 0.48 0.35

BCBKGO07 0.38 0.19 0.13 2.30 3.69 0.77 1.38

BCBKG038 0.16 0.08 0.11 0.37 0.48 0.12 0.20

BCBKG09 0.13 0.07 0.10 0.21 0.25 009 | 012

BCBKG10 0.26 0.09 0.13 0.38. 0.39 0.23 0.26

BCBKG11 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 0.30 047 0.30 047

BCBKG18 0.10 0.08 0.12 0.18 0.21 0.16 0.19

BCBKG19 0.12 0.06 0.10 0.15 0.14 006 |. 007

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 (uR/hr)

BCBKG1

BCBKG2

BCBKG3

BCBKG4

BCBKGS

BCBKG6

BCBKG7

BCBKGS8

BCBKG9

BCBKGI10

BCBKGl11

BCBKG12

BCBKG13

BCBKG14

BCBKGI1S

BCBKG16

BCBKG17

BCBKGI18

BCBKG19

BCBKG20

BCBKG21

BCBKG22

BCBKG23

BCBKG24

BCBKG25

Wi bl &l ] ] n] B Q] ] o] wn] A wn] ] wn] sl Bl nal v

ACROSS THE RIVER

BCBKG26(1)

BCBKG27(2)

BCBKG28(3)

BCBKG29(4)

BCBKG30(5)

Wl Hl ] nw

Number of measurements: 30
Average: 5 uR/hr

Standard Deviation: 1.3 pR/hr (= 1.0 uR/hr)
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Table A3
Final Verification Soil Concentrations — VA-IV

i Total Net

Gamms Th-232 Th-230 Th-228 Th-232 Th-230 Th-228 J Thoriam

SAMPLE # WT. (g) {Spec. Sys. (pCig) {pCi’g) {(pC¥g) [Net (pCig)Net (pCi/ggNet (pCif (pCVg)_
BCSF16-V1 2653.6 3 0.11 0.18 0.10 0.19 031 -0.20 -0.71
BCS-FI-9-V1 2502.5 3 037 0.60 035 0.07 0.11 0.05 023
BCS-F2-1-V1 28893 3 028 045 026 0.02 -0.04 0.04 0.10
BCS-F2-2-V1 26573 3 025 0.47 027 20.01 0.02 0.03 007
BCS-F2-3-Vi 2544.7 3 023 038 022 0.07 0.1 -0.08 0.26
3 1.17 0.68 0.42 0.68 038 147
R0 142 0.86 0.61 0.99 0.56 2.16
. 1 . 0.66 038 0.10 0.17 0.08 0.35
BCS-F2-3-V1 2451.8 2 1.15 1.87 1.08 0.85 138 0.78 3.01
BCS-F2-9-Vi 27063 2 0.59 0.97 0.56 029 048 0.26 1.03
BCS-F3-1-V] 27312 3 0.55 0.89 0.51 025 0.40 0.21 0.86
BCS-F3-2-V1 2468.0 3 1.00 1.64 094 0.70 1.15 0.64 2.50
BCS-F34-V1 2811.8 3 0.36 0.59 034 0.06 0.10 0.04 020
BCS-F3-5-V1 2628.0 3 041 0.67 039 0.11 0.13 0.09 037
BCS-F3-7-Vi 3 13§ 0.78 0.53 0.86 0.43 1.87
SBCS-F3- V(@) |I=23: 1.14 0.66 0.40 0.65 036 1.40
BCS-F3-8-VI 0.52 030 0.02 0.03 0.00 0.06
BCS-G1-3-V1 0.84 0438 021 035 0.18 0.75
BCS-G1-6-Vi 0.57 0.33 0.05 0.08 0.03 0.15
BCS-G19-VI 0.25 0.14 20.15 0.24 0.16 0.54
BCS-G2-1-Vi 0.61 035 0.07 0.12 0.05 0.2¢
BCS-G2-1LVI{qc); 034 0.19 .00 0.5 0.11 033
BCS-G2-2-VI 1.07 0.62 0.36 0.58 0.32 1.25
BCS-2-2-VIac). ST 028 0.50 024 0.39 0.20 0.83
BCSG2-3-V1 3 0.51 0.29 0.01 0.02 .01 0.02
BCS-G2-4-V) 1 041 024 .05 0.08 .06 20.19
BCS-G2-5-Vi 1 0.34 020 0.09 20.15 20.10 2035
BCS-G2-6-V1 ] 0.45 0.26 0.02 0.04 0.04 0.10
BCS-G2-7-V1 . 1 0.39 0.22 0.06 -0.10 0.08 0.24
BCS-G2-8-V1 2789.0 1 034 0.56 0.32 0.04 0.07 0.02 0.13
BCS-GZ-5-V1 28359 1 027 044 0.25 -0.03 .05 0.05 2013
BCS-G3-1-V1 2800.6 1 0.29 0.47 0.27 0.0 .02 0.03 007
BCS-G3-2-VI 2660.9 3 051 0.84 0.48 021 0.35 0.18 0.75
BCS-G34-V1 3050.4 1 0.11 0.18 0.10 20.19 031 0.20 0.70
BCS-G3-5-VI 27134 1 046 0.75 0.43 0.16 0.26 0.13 0.55
BCS-G3-7-Vi 3034.3 3 1.19 1.94 1.12 0.89 1.45 0.82 3.16
BCS-G3-8-VI 2959.8 1 0.33 0.53 0.31 0.03 0.04 0.01 0.08
DCS-H2-1-VI 2392.8 2 1.98 123 1.86 1.68 2.74 1.56 5.99
BCS-12-2-V2 19993 2 1.15 1.87 1.08 085 138 0.78 3.01
BCS-H23-V2 2166.5 2 0.46 0.75 0.43 0.16 0.26 0.13 055
BCS-H24-V2 2296.9 2 0.94 1.54 0.89 0.64 1.05 0.59 228
BCS-H2-5-V2 2434.1 2 2.10 143 1.98 1.20 294 1.68 642
BCS-H2-6-Vi 2622.5 2 0.23 038 0.22 007 | . 0.1 0.08 027
BCS-H2.7-V2 2412.0 2 0.53 087 0.50 023 038 0.20 082
BCS-2-8-Vi 27119 2 0.62 1.01 0.58 032 0.52 0.28 1.12
BCSH2.9-vi | 29212 i 0.51 0.83 0.48 021 034 0.18 0.72
-BCS-H29-¥1{qc) |2 [2AR) ] e piob .54 3555 D33 0.51 0.24 039 0.2} 0.83
BCS-H3-1-Vi 23954 1 044 0.71 0.41 0.14 022 0.11 0.46
BCS-H3-2-Vi 24574 1 0.68 1.10 0.64 038 0.61 034 133
BCS-H34-Vi 25248 1 0.47 0.77 0.44 0.17 028 0.14 0.59
B4V AR A | R 045 0.13 042 0.15 023 0.12 0.51
BCS-H3-5-V1 24939 2 0.34 0.56 0.32 0.04 0.07 002 0.13
BCS-HI-7-V1 2308.9 F] 0.40 0.65 037 0.10 0.16 0.07 0.33
[(BCSHITVI(Ge 9%, TR 052 0.86 0.49 022 037 0.19 0.78
BCS-H3-8-V1 2557.0 2 0.35 0.56 033 0.05 0.07 0.03 014
BCS-H3-1-VI 2388.0 2 1.10 1.19 1.03 0.80 130 0.73 284
BCS-HE-2-V1 3195.3 1 0.65 1.07 061 0.35 0.58 031 1.24
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Table A3
Tota] Net
Gamma Th-232 Th-230 Te-228 § Th-232 | Th-230 | Th-228 | Thorium
SAMPLE # WT.(z) §Spee.Sys.}  (pClp) {pCi/e) (pCig) Net (pGisglNet ¢ Net (pClig}  (pCig)

BCS-H8-3-V1 2779.0 2 0.54 0.37 0.50 024 0.38 0.20 0.82 |
BCS-HS-1-V1 24639 2 0.63 1.03 0.59 033 0.54 0.29 .17
BCS-12-1-V1 28632 2 0.51 0.84 048 021 035 0.18 0.7
BCS12-2-Vi 2619.0 2 0.60 0.97 0.56 0.30 048 026 1.04
BCS-12-3-V1 2543.9 2 0.39 0.64 037 0.09 0.15 0.07 0.32
BCS-24-V1 2663.7 3 0.35 1.39 0.30 0.55 0.90 0.50 1.96
BCS-D4-ViDup | 29458 3 0.80 1.30 0.75 0.50 0.81 0.45 1.75
BCS-2-5-V1 2324.1 1 0.31 131 0.76 0.5 0.32 0.46 1.79
BCS-R6-V1 23420 ] 0.74 121 0.70 0.44 0.72 0.40 1.58
BCS-R-1-V1 24359 1 0.57 0.93 0.54 0.27 044 024 0.96
BCS12-8-V1 2024.7° { 1.52 247 1.43 1.22 1.98 1.13 433
BCS-12-9-VI 1619.9 3 0.43 0.70 0.40 0.13 0.21 0.10 0.44
BCS-13-1-V2 2450.0 3 0.98 L.60 052 0.63 (KT 0.62 2.41
BCS-DB-2-V1 2589.3 3 1.12 1.82 1.05 0.82 1.33 0.75 2.90
BCS-134-VI 2173 3 0.3 1.35 0.78 0.53 0.86 0.43 1.87
BCS-13-5-V1 2742.0 3 0.89 145 084 0.59 0.95 0.54 2.08
BCS-13-7-V1 2513.4 3 0.93 1.52 0.87 0.63 1.03 0.57 223
BCS-13-8.V1 26312 3 0.71 118 0.66 0.41 0.66 0.36 1.43
BCS-15-2-V1 27979 2 0.4% 0.79 046 0.13 030 0.16 0.64
BCS-15-3-V1 2602.2 2 0.53 0.86 0.50 0.23 037 0.20 0.80
BCS-16-3-Vi 2 1.68 097 0.73 1.19 0.67 2.58
PBESI6 MG IR g 1.87 1.08 0.85 138 0.78 3.01
BCS-17-1-V1 1 1.64 0.95 0.7t 1.15 0.65 2.51
BCS-17-2-V1 28413 1 0.76 123 ©71 045 0.74 0.41 1.6
BCS-17-3-V1 2730.7 3 0.77 125 0.72 0.47 0.76 0.42 1.66
BCS-17-5-V1 24349 1 0.76 1.3 0.71 0.46 0.74 0.41 1.61
BCS-17-6-V1 3045.0 2 0.51 0.83 043 021 034 011 0.72
BCS-17-2-V1 3215.8 1 1.97 3.21 1.88 1.67 2.72 1.55 5.95
~ BCS-179-Vi 2498.2 2 0.87 1.42 0.82 0.57 0.93 0.52 203
17:9; 1.53 1.06 0.82 1.3¢ 0.76 2.93
BCS-18-1-V1 2172.7 3 1.3 2.00 118 0.93 1.51 0.35 3.30
BCS134-V1 26158 2 0.24 1.38 0.79 0.54 0.89 0.49 1.92
BCS-18-5-V1 20389 2 0.89 146 0.34 0.59 097 0.54 2.10
; 127 0.73 0.42 0.78 043 1.69
BCS-18-7-VI 2963.2 1 1.39 227 1.31 1.09 .78 Lot 3.89
BCS18-4-V1 2339.6 1 [X1] 0.66 0.38 0.1 0.17 0.08 0.36
185 0.70 0.40 0.13 021 0.10 0.44
BCS-18-5-V1 2682.7 2 0.69 1.12 0.65 039 0.63 0.35 137
BCS-12-1-V1 2513.6 3 1.72 2.50 1.61 1.42 231 131 5.04
BCS-J22.V1 | 2571.8 3 1.29 2.10 1.21 0.99 1.61 0.91 3.51
BCS-12-3-Vi 3072.8 3 2.25 3.66 201 1.95 317 1.81 6.93
4.05 2.33 2.18 3.56 203 137
BCSJ24-V] 2686.9 2 125 2.03 1.17 0.95 1.54 087 336
BCS-12-5-Vi 3171.7 3 0.69 1.13 0.65 0.3% 0.64 035 138
BCS5-12-6-V1 24664 3 1.70 2.76 1.5%9 1.40 227 129 4.96
BCS-12-7-V1 2474.6 2 0.58 0.94 0.5¢ 0.28 043 024 0957
BCS-J2-8-VI 2929.8 3 0.61 0.99 0.57 031 0.50 027 1.09
BCS-J2-9-V1 2736.1 2 0.50 0.81 0.47 0.20 0.32 0.17 0.68
BCS-J3-1-V1 2731.7 3 0.80 130 0.75 0.50 0.81 045 1.76
BCS-J3-2-V1 2805.9 3 0.53 1.51 0.87 0.63 1.02 0.57 222
BCS-133-V1 2830.5 3 1.00 1.63 054 0.70 1.14 0.64 248
BCS-134-V1 2595.6 1 0.74 121 0.70 0.44 0.72 040 1.57
BCS-13-5-Vi 28994 2 1.16 1.90 1.09 0.86 141 0.79 3.06
BCS-13-6-V1 2402.4 i 0.31 051 0.29 0.01 0.02 -0.01 0.03
BCS-J3-7-V1 2639.8 2 0.77 1.26 0.72 0.47 0.77 042 1.66
BCS-13-8-V1 2673.8 3 1.08 1.76 1.0 0.78 127 0.71 275
BCS-J3-5-V1 2919.4 1 0.42 0.68 0.39 0.12 0.19 0.09 039
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Table A3
Total Net
Gsmma Th-232 Th-230 Th-228 | Th-232 | Th-230 |} Th-228 } Thorium

SAMPLE # WT.(2) |Spec.Sy) (pCifp) (pCle) § (pCUg) Net (pCUgiNet (pCigfNet (pCligR (pCi/)
BCS-34-1-V1 2612.5 L 0.84 137 Q.79 0.54 0.88 .49 1.91
BCS-14-2-V1 2166.7 2 1.95 3.18 1.83 1.65 269 1.33 5.87
BCS-J4-3-V1 17326 3 1.11 181 1.04 0.81° 132 0.74 233
BCS-J4-4-V1 2583.7 1 0.54 0.87 0.50 024 038 0.20 0.82
BCS-J4-5-V1 2930.6 3 0.72 117 .67 042 0.68 .37 1.47
BCS-H-6-Vi 24733 1 0.30 0.48 028 0.00 <0.01 0.02 0.03
BCS-J4-7-Vi 31536 1 049 0381 047 0.19 0.32 0.17 0.68
BCS-J4-3-V1 2725.1 ] 0.87 141 0.82 0.57 0.92 0.52 2.0)
BCS-15-1-V2 2508.7 1 118 1.92 1.11 Q.88 143 0.81 .n
BCS-1§-2-Vi 2420.1 3 2.05 34 193 1.78 2.85 1.63 623
2J352 420 1 3.15 1.82 1.63 2.66 1.52 581
BCS-15-3-V1 2336.1 3 1.97 321 185 1.67 272 1.55 594
BCS-15-4-V1 2514.0 1 0.720 1.14 0.66 .40 0.65 036 141
BCS-J5-5-Vi 23837 3 1.01 1.64 0.95 0.71 1.15 0.65 2.50
BCS-15-6-V1 2971.1 2 1.19 1.95 1.12 0.39 1.46 0.82 3.17
BCS-J5-8-Vi 23543 i 0.86 1.40 0.1 0.56 091 0.51 1.97
BCS-15-9-Vi 27374 2 0.73 1.19 0.68 0.43 0.70 038 151
ABCSJSH: £\ .18 0.68 043 0.6% 038 1.50
BCS-16-1-V1 2194.7 3 1.5% 2.59 149 129 2.10 119 4.59
BCS-J6-2-Vi 2354.2 2 0.79 128 0.74 04$ 0.79 Q44 1.72
BCS-J§-3-V1 2833.9 2 1.04 1.0 0.98 0.24 1.2} 0.68 2.63
BCS-16-4-V1 2499.7 2 0.93 1.52 0.88 0.63 1.03 0.58 2.24
BCS-J6-5-V1 2096.0 2 143 2.41 139 118 1.92 1.0 4.13
BCS-16-6-V1 26014 2 0.63 1.03 0.5 033 0.54 029 117
BCS-J6-9-VL 4232 2 0.78 1.28 0.74 048 0.79 0.44 1.7
BCS-J?-1-V1 2893.1 3 1.28 2.09 1.21 0.98 1.60 091 349
BCS-17-2-v1 28217.1 { 1.68 2.74 1.58 138 225 1.28 4.92
BCS-J7-3-V1 11144 2 1.06 1.713 1.00 0.76 1.24 0.70 2.70
8CS-174-Vi 23148 3 t.oo 1.62 0.94 0.70 1.13 0.64 247
BCS-J7-5-V1 31459 3 0.76 124 0.71 0.46 0.75 041 1.62
BCS-17-6-V1 13319 2 0.83 .35 0.78 0.53 0.26 048 1.87
BCS-17-7-V1 2616.8 2 1.24 2.02 1.17 0.94 1.53 0.87 3.4
BCS-J7-3-V1 2846.7 2 1.04 1.70 0.98 0.74 1.21 0.68 2.64
BCS-17-9-V2 13733 3 0.86 1.41 0.51 0.56 0.92 0.51 2.00
S-11 8 R 1.67 0.96 0.73 .18 0.66 2.57
BCS-K2-7-V1 2752.0 2 091 1.49 0.86 0.61 1.00 0.56 2.16
BCS-K2-3-V1 2836.2 2 0.86 1.41 0.81 0.56 092 0.51 1.99
BCS-K2.9-Vi 28569 2 0.69 1.13 0.65 0.39 0.64 0.35 1.33
BCS-K3-7-V1 2972.1 2 0.60 0.98 0.57 03¢0 0.49 0.27 1.06
BCS-K3-3-V1 26423 2 0.57 0.94 0.54 027 0.43 0.24 0.96
¢BCS-K: 1.23 0.71 0.45 0.74 .41 1.59
BCS-K3-5-v( 2653.3 2 0.65 1.07 0.62 035 0.58 032 1.25
BCS-K4-7-V1 2533.3 3 0952 1.49 0.86 0.62 1.00 0.56 2.18
BCS~K4-3-V1 2399.5 1 0.70 1.14 Q.66 040 0.6 0.36 141
BCS-K4-9-Vi 2221.6 2 4.66 7.5% 438 - 436 7.10 4.08 15.54
: =V $.53 492 493 .04 4.62 17.59
BCS-K5-7-V1 1851.5 i 5.67 9.24 533 5.37 8.75 $.03 19.15
; A $.63 499 5.01 8.16 4.69 17.86
BCS-K5-8-V1 1846.9 3 4.63 7.53 4.36 433 7.06 4.06 15.45
BCS-KS-5-Vi 2817.7 3 1.85 3.02 1.74 1.33 2.53 144 5.52
BCS-K6-7-V1 2625.3 3 1.56 2.55 1.47 1.26 2.06 1.17 4.49
BCS-K6-3-V1 23549 2 0.33 1.44 0.83 0.58 0.95 0.53 2.06
BCS-K6-9-Vi 29453 3 1.45 237 137 1.15 1.88 1.07 4.10
BCS-K7-7-V1 28152 2 0.63 1.10 0.63 0.38 0.61 Q.33 1.32
BCS-K7-8-V1 29232 3 0.98 .60 0.92 0.68 1.11 0.62 2.41
BCS-K7-9-VI 1406.7 3 1.82 297 1.71 1.52 248 141 541
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Table A3

Final Verification Soil Concentrations — VA-IV

Equations  *

Th-230 (pCi/g) = 1.63 * Th-232 (pCi/g)
Th-228 (pCi/g) = 0.94 * Th-232 (pCi/g)
Th-232 Net (pCi/g) = Th-232 (pCi/g) - 0.3
Th-230 Net (pCi/g) = Th-230 (pCi/g) - 0.49
Th-228 Net (pCi/g) = Th-228 (pCi/g) - 0.3

[Total Net Thorium = Th-232 Net + Th-230 Net + Th-228 Net
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Table A5
Final Gamma Exposure Rates — VA-IV

Gross Net Gross Net ﬂ
Exposure | Exposure Exposure } Exposure

Grid Number | (WR/hr) | (uR/kr) | Grid Number | (uR/hr) (uR/hr)
BCS-F1-6-V1 7 2 BCS-H2-6-V1 6 1
BCS-F1-9-V1 7 2 BCS-H2-7-V2 6 |
BCS-F2-1-V1 6 1 BCS-H2-8-V1 7 2
BCS-F2-2-V1 6 1 BCS-H2-9-v1 8 3
BCS-F2-3-V1 7 2 BCS-H3-1-V1 8 3
BCS-F2-4-V1 7 2 BCS-H3-2-V1 7, 2
BCS-F2-5-V1 6 | BCS-H34-V1 7 2
BCS-F2-8-V1 8 3 BCS-H3-5-V1 7 2
BCS-F2-9-V1 9 4 BCS-H3-7-V1 7 2
BCS-F3-1-V1 6 1 BCS-H3-8-V1 6 1
BCS-F3-2-V1 7 2 BCS-H8-1-V1 8 3
BCS-F3-4-V1 7 2 BCS-H8-2-V1 7 2
BCS-F3-5-V1 8 3 BCS-H8-3-V1 7 2
BCS-F3-7-V1 8 3 BCS-H9-1-V1 7 2
BCS-F3-8-V1 8 3 BCS-12-1-V1 8 3
BCS-G1-3-V1 7 2 BCS-12-2-V1 7 2
BCS-G1-6-V1 7 2 BCS-12-3-V1 8 3
BCS-G1-9-V1 6 1 BCS-12-4-V] 8 3
BCS-G2-1-V1 6 1 BCS-12-5-V1 7 2
BCS-G2-2-V1 6 I -BCS-12-6-V1 8 3
BCS-G2-3-V1 6 1 BCS-12-7-V1 8 3
BCS-G2-4-V1 7 2 BCS-12-8-V1 7 2
BCS-G2-5-V1 6 | BCS-12-9-V1 6 }
BCS-G2-6-V1 6 1 BCS-13-1-V2 7 2
BCS-G2-7-V1 6 1 BCS-13-2-V1 7 2
BCS-G2-8-V1 6 1 BCS-I3-4-V1 7 2
BCS-G2-9-V1 7 2 BCS-13-5-V1 7 2
BCS-G3-1-V1 6 1 BCS-13-7-V1 7 2
BCS-G3-2-V1 7 2 BCS-13-8-V1 7 2
BCS-G3-4-V1 6 1 BCS-15-2-V1 7 2
BCS-G3-5-V1 7 2 BCS-15-3-V1 7 2
BCS-G3-7-V1 6 1 BCS-16-3-V1 10 5
BCS-G3-8-V1 7 2 BCS-17-1-V1 11 6
BCS-H2-1-V1 7 2 BCS-17-2-V1 8 3
BCS-H2-2-V2 8 3 BCS-17-3-V1 7 2
BCS-H2-3-V2 6 1 BCS-17-5-V1 8 3
BCS-H2-4-V2 7 2 BCS-17-6-V1 7 2

9 4 8 3

BCS-H2-5-V2

BCS-17-8-V1
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Table AS
Final Ganmmna Exposure Rates ~ VA-IV
Gross Net Gross Net
Exposure } Exposure Exposure | Exposure
Grid Number § (uR/Mr) | (uR/Ar) | Grid Number § (uR/hr) (uLR/hr)
BCS-17-9-V1 8 3 BCS-J4-6-V1 8 3
BCS-18-1-V1 7 2 BCS-J4-7-V1 9 4
BCS-18-4-V1 7 2 BCS-J4-8-V1 10 5
BCS-18-5-V1 8 3 BCS-15-1-V2 6 1
" BCS-18-8-V1 8 3 BCS-J5-5-V1 7 2
BCS-18-9-V1 7 2 BCS-)5-8-V1 9 4
BCS-J2-1-V1 8 3 BCS-J5-9-V1 7° 2
BCS-J2-2.V1 7 2 BCS-16-9-V1 9 4
BCS-J2-3-V1 7 2 BCS-)7-1-V] 9 4
BCS-J2-4-V} 8 3 BCS-17-2-V1 9 4
BCS-J2-5-V1 8 3 BCS-17-3-V1 6 1
BCS-J2-6-V1 8 3 BCS-J7-4-V1 7 2
BCS-J2-7-V1 8 3 BCS-J7-5-V1 7 2
BCS-32-8-V1 6 1 BCS-17-6-V1 7 2
BCS-J2-9-V1 6 | BCS-J7-7-V1 10 5
BCS-J3-1-V1 7 2 BCS-}7-8-V1 8 3
BCS-J3-2-V1} 7 2 BCS-17-9-V1 7 2
BCS-J3-3-V1 7 2 BCS-K2-7-V1 8 3
BCS-J3-4-V1 8 3 BCS-K2-8-V1 8 3
BCS-J3-5-V1 7 2 BCS-K2-9-V1 7 2
BCS-J3-6-V1 9 4 BCS-K3-7-V1 7 2
BCS-J3-7-V1 7 2 BCS-K3-8-V1 7 2
BCS-J3-8-V1 8 3 BCS-K3-9-V] 7 2
BCS-J3-9-V1 9 4 BCS-K4-7-V1 7 2
BCS-J4-1-V1 8 3 BCS-K4-8-Vi 7 2
BCS-J4-2-V1 8 3 BCS-K7-7-V1 8 3
BCS-J4-3-V1 9 4 BCS-K7-8-V1 8 3
BCS-J4-4-V1 9 4 BCS-K7-9-V1 6 1
BCS-J4-5-V1 10 5 :
Total Number of Sub-grids 133
Average Gross Exposure 7IpR/hr
'Average Net Exposure 2{puR/r
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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 ):

f:-l—zn:xi

nog

Standard.Deviation (Sx):

Determination of Number of Background data points (np):

2
195.5%.dfSx
ne=
0.2ex5 |

Comparison of statistical mean (uot) with guideline values:

= Sz
,Ua=x+t1—a,t#'—-‘/=
n

Identifying additional measurement/sampling needs:

Ce-X

Estimating Factor =

(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:
X = measurement (analysis) at point i

n = pumber of measurements (analyses)

t; - a, df = 95% confidence level from Table B-1 of Appendix B of NUREG/CR-5849
Cg = Guideline Value
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Table A7
Final Status Survey: Summary Statistics

Exposure Rates :

Section { n | X(uRMh) | Sx(uRMh) | pa(ERh) | Cq(uR/Ab) Estimating No. Verification
Factor Samples Needed

VA-IV | 133 24 1.0 2.5 5.0 2.6 _ 5

- Th-232 Soil Concentrations ST

Section | n | X(pCi/g) | Sx(pCi/g) | pa(pCig) | Ce(PCig) Estimating No. Verification
' Factor Samples Needed

VA-IV | 170 0.6 0.7 0.7 3.2 3.7 <9
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Final Status Survey Report for VA-V
The Dow Chemical Company's Bay City, M1 Facility

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 acronautical 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.



S

Final Status Survey Report for VA-V
The Dow Chemical 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) 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 March, 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 8™ through December 9% of 1998, after the original report submittal, the NRC
Region Il 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 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 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 subsurface contamination 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 raithead, 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 throygh 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.

23 IDENTITY OF POTENTIAL CONTAMINANTS AND RELEASE GUIDELINES

Based on the knowledge of the process that gencrated 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 - 2%
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 = 14.5 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
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? (10m x 10m) grid area. Note an
actual grid size of 33.3 fi. x 33.3 fi. was used for convenience in measuring rather than
10m x 10m (32.8 . x 32.8 ft.).

e 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)'?, where A is the area of residual
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activity in m?, and provided the activity level at any location does not exceed three times
the guideline values.

In addition, exposure rates should not exceed 5 uR/h above background at 1 m above the soil
surface. Exposure rates may be averaged over a 100 m 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 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 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.



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

Figure 3-1
Project Organization for Remediation of the Midland and Bay City Storage Sites
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3.3 INSTRUMENTATION

Table 3-1 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

Instrament Measures Detector Efficiency* LLD/MDA
Ludlum Model 43-5 w/ Ludlum Model 12 Alpha Surface 15% 22 dpm
Ludlum Model 43-90 w/ Ludium Model 2221 | Alpha Surface 22% 12 dpm
Ludlum Model 44-9 w/ Ludium Model 12 Alpha, Beta, Gamma 12% alpha
15% beta
1% gamma
Ludium Mo:*lcl 43-10 w/ Ludlum 1000 Alpha (air filters, smears) 43% 0.04 dpm
Ludlum Model 19 Exposure Rate 1 microR/h
~ . ‘ L - - Afr Particulate
Eberline RAS-1 Air Pump Flow Rate = 40-100 Ipm
MSA Escort Lapel Sampler Flow Rate = 2-3 Ipm
General Metal Works-2000 High Vol Sampler | Flow Rate = 30-60 cfim
Gl T ¢ Test/Calibration Equipment
Ludlum Model 500 Pulser NIST Traccable '
AFC-85L Air Flow Calibrator NIST Traceable
GMW-Calibrator Orifice for High Vol Sampler | NIST Traceable
MSA Optiflow 660 Air Flow Calibrator NIST Traceable
P T Field Laboratory Equipment LT
Canberra Gamma Spectrometer T Sofl Th-232 Concentration 0.8 pCig

* 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
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:

e 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.

e 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
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 m?) in size. Each full grid was then divided into nine 10m x 10m sub-grids

(100 m® 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
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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.

12
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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 m® quadrant
were composited, providing a total of 12 individual samples from each 100 m* sub-grid. This
exceeds the decommissioning plan requirement of 9 soil samples (composited into 1) in each 100
m’ 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 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 the

center of each sub-grid (see Figure 3-4). Exposure rate measurements were obtained using a
Ludlum Model 19 MicroR meter.

13
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Figure 3-4
Sub-grid Quadrant Designationi
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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 (sce 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
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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

15
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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 pR/h. The reported
affected area data in Appendix A has been adjusted by subtracting the natural background Jevels.

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.

40 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.

16
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Figure 4-1
Grid Locations for VA-V
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4.1 BACKGROUND LEVELS

Background soil concentrations (Table A1) 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
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.

42  GROUND SURVEYS

42.1 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

17
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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.

422 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-A8-8v1 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 measurements of the remediated VA-V areas (Figure 4-1) and for each grid block
are provided in Table AS5. Exposure rates ranged from 0 to 8 uR/h above background. All
individual values are within the guideline levels of 5 uR/h above background with the exception
of 23 sub-grids. The average exposure rate over 100 m® for each of the sub-grids is less than 5

18
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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-V meet the guideline at
the 95% confidence level (Table A6, A7). The mumber 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 8 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.

50 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-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
decontamination 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 successfully 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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Table Al
BACKGROUND SOIL CONCENTRATIONS
Bay City
Sample “iTh Error | MDA “'Th Error | *“*Th | Error
Name (pCilG) | (o) | (rCi/G) | (PCVG) | (26) | (pCi/G) | (20)

BCBKGO1 0.39 0.08 0.13 1.04 0.84 048 0.44

BCBKG02 0.36 0.07 0.14 0.46 0.34 0.41 0.31

BCBKG03 0.28 0.08 0.11 0.38 0.31 0.35 0.29

BCBKG04 0.44 0.10 0.13 0.80 0.91 0.62 0.74

BCBKGO0S 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

BCBKGO07 0.38 0.19 0.13 2.30 3.69 0.77 1.38

BCBKGO08 0.16 0.08 0.11 0.37 0.48 0.12 0.20

BCBKG09 0.13 0.07 0.10 0.21 0.25 0.09 -~ 0.12

BCBKG10 0.26 0.09 0.13 0.38 0.39 0.23 0.26

BCBKG11 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

BCBKG1S5 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 0.16 030 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 0:1 1

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 | 027 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 0.20 041 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 (pR/hr)

BCBKG1

5

BCBKG2

BCBKG3

BCBKG4

BCBKGS

BCBKG6

BCBKG7

BCBKGS8

BCBKG9

BCBKG10

BCBKG11

BCBKG12

BCBKG13

BCBKG14

BCBKGI15

BCBKG16

BCBKG17

BCBKG18

BCBKG19

BCBKG20

BCBKG21

BCBKG22

BCBKG23

BCBKG24

BCBKG25

(IR IR S-S NI SRV RV SRV N IRV IRV IN- YRV IN- SRV IRV IRV N - N Y RV ] RN

ACROSS THE RIVER

BCBKG26(1)

BCBKG27(2)

BCBKG28(3)

BCBKG29(4)

BCBKG30(5)

W ) nw

Number of measurements: 30
Average: 5 uR/br

Standard Deviation: 1.3 pR/br (= 1.0 pR/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 # @®_Jspec syl peim | (pcip) | peiip| pCivg) | (eCi) | (pCie) | Cip)

BCS-A10-1-VI-A  |2209.5 030 | 049 | 0.28 0.00 0.00 -0.02 -0.03

BCS-Al10-1-V1-B  |2122.6 0.10 | 0.16 | 0.09 -0.20 -0.33 0.21 -0.73

BCS-A10-1-V1-C  12229.0 051 | 0.83 | 048 0.21 0.34 0.18 0.73

BCS-A10-1-V1-D  12328.8 0.12 | 029 | 0.17 -0.12 -0.20 <0.13 -0.44

BCS-A10-2-V1-A  11953.3 0.19 | 031 | 0.18 -0.11 -0.18 -0.12 -0.41

BCS-A10-2-V1-B | 1862.4 034 | 055 | 0.32 0.04 0.06 0.02 0.12

BCS-A10-2-V1-C | 1645.7 0.10 | 0.16 | 0.09 -0.20 -0.33 -0.21 -0.75

BCS-A10-2-V1-D {2118.5 030 { 049 | 028 0.00 0.00 -0.02 -0.02

BCS-A10-3-V1-A {23844 0.18 | 030 | 0.17 -0.12 -0.19 -0.13 -0.44

BCS-A10-3-V1-B  12387.2 029 | 047 | 027 -0.01 -0.02 -0.03 -0.07

BCS-A10-3-V1-C  |2213.8 036 | 059 | 0.34 0.06 0.10 0.04 0.20
BCS-A10-3-V1-D | 1809.5 030 | 048 | 0.28 0.00 -0.01 -0.02 -0.03
BCS-A10-3-V1-D(qc) | 1809.5 032 | 052 | 030 0.02 0.03 0.00 0.04
BCS-A10-4-V1-A | 2089.6 0.69 | 1.12 | 0.65 0.39 0.63 0.35 1.36
BCS-A104-V1-B  12475.6 036 | 059 | 0.34 0.06 0.10 0.04 0.20
BCS-A104-V1-C  {2144.6 047 | 0.76 | 0.44 0.17 0.27 0.14 0.57
BCS-A10-4-V1-D [12267.8 8.28 | 046 | 0.27 -0.02 -0.03 -0.03 -0.08
BCS-A10-4-V1-D(qc) [ 2267.8 041 | 067 | 0.39 0.11 0.18 0.09 0.37

BCS-A10-5-V1-A 117982 0.19 | 031 | 0.18 0.11 0.18 -0.12 -0.40

BCS-A10-5-V1-B  |2177.8 029 | 047 | 0.27 -0.01 -0.02 -0.03 -0.05

BCS-A10-5-V1-C  |2199.3 0.17 | 028 | 0.16 -0.13 -0.21 -0.14 -0.47

BCS-A10-5-V1-D | 2223.6 0.60 | 098 | 0.57 0.30 0.49 0.27 1.06
BCS-A10-6-V1-A 12626.0 029 | 047 | 027 -0.01 -0.02 -0.03 -0.05
BCS-A10-6-V1-B  [2071.8 033 | 054 | 031 0.03 0.05 0.01 0.10
BCS-A10-6-V1-C  12188.7 054 | 0.88 | 0.5t 0.24 0.39 0.21 0.84
BCS-A10-6-V1-D 124184 0.19 | 031 | 0.18 -0.11 -0.18 -0.12 -0.42
BCS-A10-7-V1-A {25600 039 | 063 | 0.36 0.09 0.14 0.06 0.29
BCS-A10-7-V1-B {25722 051 | 083 [ 048 0.21 0.34 0.18 0.72
BCS-A10-8-V1-A |2493.6 032 | 052 | 0.30 0.02 0.03 0.00 0.05
BCS-A11-1-Vi-A | 1890.1 026 | 042 | 0.24 -0.04 -0.07 -0.06 -0.17
BCS-A11-1-V1-B  |2001.0 034 | 055 | 032 0.04 0.06 0.02 0.12
BCS-A11-1-V1-C  }2202.3 035 | 056 { 0.33 0.05 0.07 0.03 0.15
BCS-A11-1-V1-D 12551.5 021 | 034 | 020 -0.09 -0.15 -0.10 -0.34
BCS-A11-4-VI-A ]12156.4 032 | 0.53 | 0.30 0.02 0.04 0.00 0.06

BCS-Al11-4-V1-B  [2265.7 0.13 { 021 { 0.12 -0.17 -0.28 -0.18 -0.62

BCS-A114-V1-C 12063.3 0.17 | 028 | 0.16 -0.13 -0.21 -0.14 -0.47

WIWIWIIRINNININININININIWIWIRNIN NIV N[NNI NN IN NNV IRININ NN ININININ D

BCS-Al14-V1-D }2190.4 049 | 0.80 | 0.46 0.19 0.31 0.16 0.67
BCS-A8-1-V1-A  12710.7 056 | 092 | 0.53 0.26 0.43 0.23 0.92
BCS-A8-1-VI-B  [2441.1 043 | 0.70 | 040 0.13 0.21 0.10 045
BCS-A8-1-V1-C  {2606.0 022 | 037 | 0.2t -0.08 -0.12 -0.09 -0.29
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Th-232 | Tk-230 | Th-228 | Total Net
Gamma | Th-232{Th-230|Th-228| Net Net Net Thorium

SAMPLE# __ |WT. (g)Spec Sys.| (pCi/g) |(pCi/g) | (pCiVg) | (pCi/e) | (pCi/g) | (pClE) | (pCl/g) |

BCS-A8-1-V1-D | 2601.5 034 | 055 | 0.32 0.04 0.06 0.02 0.12
BCS-A8-2-V1-A  }1678.7 0.53 | 0.87 | 0.50 0.23 0.38 0.20 0.81
BCS-A8-2-V1-B  12038.2 1.02 | 1.66 | 0.95 0.72 1.17 0.65 2.54
BCS-A8-2-V1-C  12682.2 0.13 | 021 | 0.12 -0.17 -0.28 -0.18 -0.64
BCS-A8-2-V1-D {2302.2 043 | 0.70 { 0.40 0.13 0.21 0.10 0.44
BCS-A8-3-V1-A  12214.3 130 | 212 | 1.22 1.00 1.63 0.92 3.56
BCS-A8-3-V1-B | 1594.2 143 | 233 | 1.34 1.13 1.84 1.04 4.01
BCS-A8-3-V1-C  12479.7 073 | 1.19 | 0.69 0.43 0.70 0.39 1.53
BCS-A8-3-V1-D | 1513.5 1.28 | 2.08 | 1.20 0.98 1.59 0.90 3.47
BCS-A8-4-V1-A  |2823.6 041 | 0.66 | 0.38 0.11 0.17 0.08 0.37
BCS-A84-V1-B  |2635.0 037 | 0.61 | 035 0.07 0.12 0.05 0.24
BCS-A8-4-V1-C  |2594.0 053 | 0.87 | 0.50 0.23 0.38 0.20 0.82
BCS-A8-4-V1-D | 2555.3 096 | 1.56 | 0.90 0.66 1.07 0.60 2.33
BCS-A8-5-V1-A  |2425.8 0.50 | 0.82 | 047 0.20 0.33 0.17 0.71
BCS-A8-5-V1-B  |2162.5 030 | 049 | 0.29 0.00 0.00 -0.01 -0.01
BCS-A8-5-V1-C {25514 047 | 0.77 | 045 0.17 0.28 0.15 0.60
BCS-A8-5-V1-D | 2693.7 033 | 054 | 031 0.03 0.05 0.01 0.10
BCS-A8-6-V1-A |16184 083 | 135 | 0.78 0.53 0.36 0.48 1.87
BCS-A8-6-V1-B_ | 1917.0 054 | 089 | 0.51 024 0.40 0.21 0.85
BCS-A8-6-V1-C  [2284.2 0.78 | 127 | 0.73 0.48 0.78 0.43 1.70
BCS-A8-6-V1-D |2144.5 0.60 ! 098 | 0.57 0.30 0.49 0.27 1.06
BCS-A8-7-V1-A  |2407.4 1.50 | 245 | 141 1.20 1.96 1.11 4.27
BCS-A8-7-V1-B  |2687.6 1.18 | 192 | L1l 0.88 1.43 0.81 3.12
BCS-A8-8-VI-A |2294.8 3.04 | 495 | 2.86 2.74 4.46 2.56 9.76

BCS-A8-8-VI-B 122419 383 | 624 | 3.60 3.53 5.75 3.30 12.59

BCS-A8-9-VI-A 126150 041 | 0.67 | 0.39 0.11 0.18 0.09 0.38

WWiIWlWlWIWIVLIWLIWIW[W | W]IRIWIWIWIWIIR NI N WL IR N NINININIDIWIVWIWIWILIWILIWLIN ININ N W

BCS-A8-9-Vi-B  |3203.2 037 | 0.61 | 035 0.07 0.12 0.05 0.24
BCS-A8-9-V1-B(qc) |3203.2 032 | 052 | 0.30 0.02 0.03 0.00 0.06
BCS-A9-1-V1-A  |1821.8 1.19 | 1.94 | 1.12 0.89 1.45 0.82 3.17
BCS-A9-1-V1-B  |2000.0 1.53 | 2.50 | 1.44 1.23 2.01 1.14 4.39
BCS-A9-1-V1-C | 1854.1 124 | 2.02 | 116 0.94 1.53 0.86 3.33
BCS-A9-1-V1-D | 1805.0 129 | 210 | L21 0.99 1.61 0.91 3.51
BCS-A9-2-V1-A | 19404 140 | 228 | 1.32 1.10 1.79 1.02 3.91
BCS-A9-2-V1-B  |1724.5 139 | 227 | 131 1.09 1.78 1.01 3.89
BCS-A9-2-VI-C 119814 0.79 | 1.29 | 0.74 0.49 0.80 0.44 .73
BCS-A9-2-V1-D  }2017.1 1.07 | 1.75 | 1.01 0.77 1.26 0.71 2.74
BCS-A9-2-V1-D(qc) }2017.1 080 | 1.30 [ 0.75 0.50 0.81 045 1.76
BCS-A9-3-V1-A  }2388.6 0.80 | 130 | 0.75 0.50 0.81 0.45 1.76
BCS-A9-3-V1-B | 2106.1 0.53 | 0.86 | 0.50 0.23 0.37 0.20 0.79
BCS-A9-3-V1-C  }1450.5 1.06 | 1.73 | 1.00 0.76 1.24 0.70 2.69
BCS-A9-3-V1-D  |2065.1 1.12 | 1.82 | 105 0.82 1.33 0.75 2.89
BCS-A9-4-V1-A  |2230.4 1.01 | 1.64 | 0.95 0.71 1.15 0.65 2.50
BCS-A94-VI-B | 1985.2 1.04 | 1.70 { 0.98 0.74 1.21 0.68 2.64
BCS-A9-4-V1-C  |2980.9 042 | 0.69 { 040 0.12 0.20 0.10 0.42
BCS-A9-4-V1-D [2772.0 0.71 | 1.15 | 0.67 0.41 0.66 0.37 1.44
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Th-232 | Th-230 | Th-228 | Total Net
Gamma | Th-232 |'Fh-230 | Th-228{ Net Net Net Thorium
SAMPLE # ___WT. (g)lSpec Sys.| (pCifg) | (pCi/g) | (pCiVg) | (pCi/g) | (pCi/p) | (pCig) | (pCifg)
BCS-A9-5-V1-A 11807.9 2 1.10 1.79 1.03 0.80 1.30 0.73 2.84
BCS-A9-5-V1-B | 1981.4 2 076 | 124 | 0.71 0.46 0.75 0.41 1.62
BCS-A9-5-VI-C  (2392.6 2 062 | 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-V1-D{qc) |2116.1 2 0.52 | 0.85 | 049 0.22 0.36 0.19 0.77
BCS-A9-6-Vi-A {1907.5 2 061 | 099 | 0.57 0.31 0.50 0.27 1.08
BCS-A9-6-V1-B | 1848.6 2 069 | 1.13 | 0.65 0.39 0.64 0.35 1.38
BCS-A9-6-V1-C  |2533.5 2 030 | 048 | 0.28 0.00 -0.01 -0.02 -0.03
BCS-A9-6-V1-D [2396.6 2 044 | 0.72 | 042 0.14 0.23 0.12 0.50
BCS-A9-7-V1-A  |2897.5 2 051 | 0.82 | 048 0.21 0.33 0.18 0.72
BCS-A9-7-V1-B  |3041.1 2 046 | 0.75 | 043 0.16 0.26 0.13 0.54
BCS-A9-8-V1-A  [2606.3 3 069 | 1.13 | 0.65 0.39 0.64 0.35 1.38
BCS-A9-8-V1-B  |2483.3 3 065 | 1.06 | 0.61 0.35 0.57 031 1.23
BCS-A9-9-Vi-A |2374.2 2 041 | 0.67 | 0.39 0.11 0.18 0.09 0.37
BCS-A9-9-V1-B |2545.4 2 038 | 062 | 0.36 0.08 0.13 0.06 027
BCS-B10-1-V1-A | 1701.4 3 0.73 | 1.18 | 0.68 0.43 0.69 0.38 1.51
BCS-B10-1-V1-B {19124 3 077 | 125 | 0.72 047 0.76 0.42 1.64
BCS-B10-1-V1-C |1910.1 3 075 | 123 | 0.71 0.45 0.74 0.41 1.60
BCS-B10-1-V1-D  {2074.5 3 043 | 071 | 041 0.13 022 0.11 046
BCS-B10-1-V1-D(qc) | 2074.5 3 062 | 1.01 | 0.58 0.32 0.52 0.28 1.12
BCS-B10-2-V1-A | 1628.5 3 095 | 154 | 0.89 0.65 1.05 0.59 2.29
BCS-B10-2-V1-B 17524 3 101 | 165 | 095 0.71 1.16 0.65 2.53
BCS-B10-2-V1-C ]1735.6 3 093 | 1.52 | 0.88 0.63 1.03 0.58 2.24
BCS-B10-2-Vi-D |1575.2 3 090 | 147 | 0.85 0.60 0.98 0.55 2.13
BCS-B10-2-V1-D{qc) | 1575.2 3 0.84 1.36 | 0.79 0.54 0.87 0.49 1.90
BCS-B10-3-V1-A | 1456.5 3 0.84 | 138 | 0.79 0.54 0.89 0.49 1.92
BCS-B10-3-V1-B | 1502.0 3 0.87 | 142 | 0.82 0.57 0.93 0.52 2.03
BCS-B10-3-V1-C | 15194 3 1.15 | 1.87 | 1.08 0.85 1.38 0.78 3.00
BCS-B10-3-V1-D | 1636.2 3 .14 | 185 | 1.07 0.84 1.36 0.77 2.96
BCS-B10-4-V1-A |1659.7 3 071 | 116 | 0.67 0.41 0.67 0.37 1.45
BCS-B10-4-V1-B  {1628.9 3 073 | 1.19 | 0.69 0.43 0.70 0.39 1.52
BCS-B10-4-Vi-C |1871.3 3 075 | 1.22 | 0.70 045 0.73 0.40 1.58
BCS-B10-4-V1-D | 1966.1 3 068 | 1.10 | 0.64 0.38 0.61 0.34 1.33
BCS-B10-5-V1-A | 1547.2 3 061 | 099 | 0.57 0.31 0.50 0.27 1.09
BCS-B10-5-V1-B | 1580.9 3 072 | 1.18 | 0.68 0.42 0.69 0.38 1.49
BCS-B10-5-V1-C |1643.7 3 060 | 097 | 0.56 030 0.48 0.26 1.04
BCS-B10-5-V1-D |17374 3 1.23 | 2.01 | 1.i6 0.93 1.52 0.86 3.31
BCS-B10-6-V1-A [15494 3 092 | 1.50 { 0.86 0.62 1.01 0.56 220
BCS-B10-6-V1-B | 1611.5 3 091 | 149 | 0.86 0.61 1.00 0.56 2.17
BCS-B10-6-V1-C [1885.4 3 044 | 072 | 042 0.14 0.23 0.12 0.50
BCS-B10-6-V1-D | 2551.5 3 049 | 080 | 046 0.19 0.31 0.16 0.66
BCS-B10-7-V1-A {2053.7 3 064 | 1.05 | 0.60 0.34 0.56 0.30 1.20
BCS-B10-7-V1-B | 2061.9 3 0.78 | 128 | 0.74 0.48 0.79 0.44 1.71
BCS-B10-7-V1-C | 1968.1 3 063 | 1.02 | 0.59 0.33 0.53 0.29 1.15
BCS-B10-7-V1-D |2221.6 3 0.21 0.34 0.19 -0.09 -0.15 -0.11 -0.36
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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. (g¥Spec Sys.| (pCifg) | (nCivg) | (pCi/g) | (pCig) | (pCVp) | (@Cifg) | (pCie) |

BCS-B10-8-V1-A |2222.7 049 | 0.79 | 046 0.19 0.30 0.16 0.65
BCS-B10-8-V1-B | 2308.9 046 | 075 | 043 0.16 0.26 0.13 0.56
BCS-B10-8-V1-C 12575.5 032 | 052 | 030 0.02 0.03 0.00 0.06
BCS-B10-8-V1-D |2044.5 057 | 093 | 0.54 0.27 0.44 0.24 0.95
BCS-B10-9-V1-A 12368.0 036 | 059 | 0.34 0.06 0.10 0.04 0.21
BCS-B10-9-V1-B  |2469.5 036 | 0.58 | 0.33 0.06 0.09 0.03 0.18
BCS-B10-9-V1-C  |2434.6 033 | 053 | 031 0.03 0.04 0.01 0.07
BCS-B10-9-V1-D | 2282.4 045 | 0.74 | 043 0.15 0.25 0.13 0.53
BCS-B1]-1-V1-A | 1668.4 083 | 135 | 0.78 0.53 0.86 0.48 1.86
BCS-B11-1-V1-B  |1561.8 093 | 1.51 | 0.87 0.63 1.02 0.57 222
BCS-B11-1-V1-C | 1653.5 097 { 1.57 | 091 0.67 1.08 0.61 2.36

BCS-B11-1-V1-D 14523 096 | 1.56 | 0.90 0.66 1.07 0.60 2.33

BCS-B11-1-V1-D(qc) | 1452.3 1.00 | 1.63 | 0.94 0.70 1.14 0.64 248

BCS-B114-V1-A 11635.0 1.06 | 1.72 | 099 0.76 1.23 0.69 2.69

BCS-B11-4-V1-B  ]11578.7 1.04 | 1.69 | 0.98 0.74 1.20 0.68 2.62
BCS-B114-V1-C ]2686.6 0.37 | 0.60 | 0.35 0.07 0.11 0.05 0.23
BCS-B11-4-V1-D |2815.6 026 | 042 | 024 -0.04 -0.07 -0.06 -0.16
BCS-B11-7-V1-A |2093.8 041 | 067 | 039 0.11 0.18 0.09 0.39

BCS-B11-7-V1-B _ {2456.7 038 | 062 | 0.36 0.08 0.13 0.06 0.26

BCS-B11-7-V1-C _ |2637.5 028 | 045 | 026 -0.02 -0.04 -0.04 -0.09

BCS-B11-7-VI-D |25272 035 | 056 | 032 | 005 | 007 | o0.02 0.14
BCS-B8-2-V1-A | 2608.0 086 | 141 | 081 | 056 | 092 0.51 1.99
BCS-B8-2-V1-B | 2249.9 082 | 133 | 077 | 052 | 084 | 047 1.83
BCS-B8-2-V1-C_ |2473.1 139 | 226 | 130 | 1.09 1.77 1.00 3.86
BCS-B8-2-VI-D |2575.8 060 | 098 | 056 | 030 | 045 | 026 1.05
BCS-BS-3-VI-A |2793.4 246 | 401 | 231 | 216 | 3.52 | 201 7.69
BCS-B3-3-VI-B |2525.3 058 | 094 | 054 | 028 | 045 0.24 0.97
BCS-B3-3-VI-C  |2410.7 092 | 149 | 0.86 | o0.62 1.00 | 0.56 2.18
BCS-B8-3-VI-D |2752.6 062 | 1.02 | 059 | 032 | 053 0.29 1.14

BCS-B8-3-V1-D (qc) | 2752.6 067 | 1.09 | 063 | 037 | o060 [ 033 1.30
BCS-B8-5-VI-A | 2197.6 1.17 | 1.90 | 1.10 | 0.87 1.41 0.80 3.08
BCS-B8-5-VI1-B | 2424.5 070 | 1.14 | 066 | 040 | 065 | 0.6 1.42
BCS-B3-5-VI-C | 1270.5 1.50 | 2.44 | 141 | 120 1.95 .11 426
BCS-B8-5-V1-D | 1809.9 172 | 280 | 161 | 142 | 231 1.31 5.04
BCS-B8-6-VI-A |2143.6 138 | 224 | 129 | 1.08 175 | 099 3.82

BCS-B8-6-V1-B  [1898.9 1.65 | 2.68 | 1.55 1.35 2.19 1.25 4.79

BCS-B8-6-V1-C  {1843.9 105 | 1.72 | 0.99 0.75 1.23 0.69 2.67

BCS-B8-6-V1-D ]2012.2 064 | 1.04 | 0.60 0.34 0.55 0.30 1.20
BCS-B8-8-V1-A  |1715.7 106 | 1.73 | 1.00 0.76 1.24 0.70 2.70
BCS-B8-3-V1-B  |2011.8 176 | 2.87 | 1.66 1.46 2.38 1.36 5.21
BCS-B8-8-V1-C  11599.9 134 ¢ 2.18 | 1.26 1.04- 1.69 0.96 . 3.69
BCS-B8-8-V1-D | 1982.2 099 | 161 { 0.93 0.69 1.12 0.63 244

BCS-B8-9-Vi-A  {1392.8 1.67 | 2.73 | 1.57 1.37 2.24 1.27 4.88

BCS-B8§-9-V1-B  [1934.1 145 | 236 | 1.36 1.15 1.87 1.06 4.07

NRIRININININIWIWIWILIN D N[N [N NI RN NN W IWIWIWIWIWIW[WIW[W W WIWIW W WY [WIWW|W

BCS-B3-9-VI-C  |2359.0 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, Mi Facility

Th-232 | Th-230 | Th-228 | Total Net

Gamma | Th-232| Th-230 | Th-228] Net Net Net Thorium

SAMPLE # 'WT. (g)Spec Sys.| (pCi‘g) | (pCi/g) | (pCi/g)| (pCi/g) | (pCi/®) | (pCifg) | (pCi'g)
BCS-B8-9-V1-D | 1836.1 1.26 | 2.05 1.18 0.96 1.56 0.88 3.41
BCS-B9-1-V1-A  |2643.7 1.03 1.68 | 097 0.73 1.19 0.67 2.58
BCS-B9-1-V1-B  {2298.6 090 | 147 | 0.85 0.60 0.98 0.55 2.13
BCS-B9-1-V1-C  {2641.3 070 | 113 | 0.65 0.40 0.64 0.35 1.39
BCS-B9-1-VI-D |2178.5 098 | 1.60 | 0.92 0.68 1.11 0.62 2.41
BCS-B9-2-V1-A ]2848.5 022 | 037 | 0.21 -0.08 -0.12 -0.09 -0.29
BCS-B9-2-V1-B  12862.3 035 | 057 | 033 0.05 0.03 0.03 0.16

BCS-B9-2-V1-C _ |2492.2 021 | 034 | 020 -0.09 -0.15 -0.10 -0.34

BCS-B9-2-V1-D  |2769.9 027 | 043 | 0.25 -0.03 -0.06 -0.05 -0.14

BCS-B9-3-V1-A | 1944.7 091 | 149 | 0.86 0.61 1.00 0.56 2.17
BCS-B9-3-V1-B  |2171.4 0.60 | 0.97 | 0.56 0.30 0.48 0.26 1.04
BCS-B9-3-V1-C  [2019.7 048 | 0.78 | 045 0.18 0.29 0.15 0.62
BCS-B9-3-V1-D _ {2021.5 0.57 | 093 | 0.53 0.27 0.44 0.23 0.94
BCS-B9-4-V1-A {23021 0.74 { 1.21 | 0.70 0.44 0.72 0.40 1.56
BCS-B9-4-V1-B  {2300.2 0.85 | 139 | 0.80 0.55 0.90 0.50 1.96
BCS-B9-4-V1-C  2358.5 082 | 133 | 0.77 0.52 0.84 0.47 1.83
BCS-B9-4-V1-D  12643.3 1.08 | 1.76 | 1.01 0.78 1.27 0.71 2.76
BCS-B9-4-V1-D(qc) [2643.3 112 | 1.82 | 1.05 0.82 133 0.75 291
BCS-B9-5-V1-A 121174 0.54 | 088 | 0.51 0.24 0.39 0.21 0.84
BCS-B9-5-V1-B | 2464.2 032 | 052 | 030 0.02 0.03 0.00 0.05
BCS-B9-5-V1-C 123214 071 | 1.16 | 0.67 0.41 0.67 0.37 1.44
BCS-B9-5-V1-D | 1977.2 082 | 133 | 0.77 0.52 0.84 0.47 1.83
BCS-B9-6-V1-A  12514.8 0.58 | 095 | 0.55 0.28 0.46 0.25 0.99
BCS-B9-6-V1-B  }2181.2 075 { 122 { 0.71 0.45 0.73 041 1.59
BCS-B9-6-V1-C  [2053.6 094 | 1.53 | 0.88 0.64 1.04 0.58 2.26
BCS-B9-6-V1-D  {2331.7 0.59 | 096 | 0.55 0.29 0.47 0.25 1.01
BCS-B9-7-V1-A  }1932.5 .79 | 291 1.68 1.49 242 1.38 5.29
BCS-B9-7-V1-B {19414 0.92 | 149 | 0.86 0.62 1.00 0.56 2.18
BCS-B9-7-V1-C_ 11939.6 137 | 223 | 1.29 1.07 1.74 0.99 3.79
BCS-B9-7-V1-D  |1732.3 136 | 222 | 1.28 1.06 1.73 0.98 3.78
BCS-B9-8-V1-A  |1921.0 142 | 231 1.33 1.12 1.82 1.03 3.98
BCS-B9-8-V1-B | 1617.5 074 | 121 | 0.70 0.44 0.72 0.40 1.55
BCS-B9-8-V1-C | 1452.0 146 | 2.38 | 1.37 1.16 1.89 1.07 4.13
BCS-B9-8-VI1-D {17782 1.56 | 2.54 | 147 1.26 2.05 1.17 4.48

BCS-B9-8-V1-D(gc) | 1778.2 1.69 | 2.75 | 1.59 1.39 2.26 1.29 4.93

BCS-B9-9-V1-A  }1931.1 093 | 1.51 | 0.87 0.63 1.02 0.57 222

WIINININININIWIWIWIWINDINDININDININDIN]IND VW IWIVIWVININ NIV |WIW W WIW W] WL [WIN [N NV W Wi

BCS-B9-9-V1-B | 2063.9 050 | 081 | 047 0.20 0.32 0.17 0.69
BCS-B9-9-VI-C 20184 089 | 146 | 0.84 0.59 0.97 0.54 2.10
BCS-B9-9-V1-D  |2101.2 049 | 0.80 | 0.46 0.19 0.31 0.16 0.66
BCS-C10-1-V1-A  12079.8 043 | 0.70 | 0.40 0.13 0.21 0.10 0.44
BCS-C10-1-V1-B  {3188.5 028 | 045 | 0.26 -0.02 -0.04 -0.04 -0.10
BCS-C10-1-V1-C [2376.2 062 | 1.01 | 0.58 0.32 0.52 0.28 1.13
BCS-C10-1-V1-D |2522.1 074 { 121 | 0.70 0.44 0.72 0.40 1.56
BCS-C10-1-V1-D(qc) | 2522.1 058 | 095 | 0.55 0.28 0.46 0.25 0.99
BCS-C10-2-V1-A  [2094.4 078 | 1.27 | 0.73 0.48 0.78 0.43 1.68
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Final Status Survey Report for VA-V
The Dow Chemical Company’s 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. (2)iSpec Sys.| (pCi/g) | (pCi/g) | (pCi/g)| (pCi/g) | (pCi/e) | (pCi/g) | (pCi’p)
BCS-C10-2-V1-B | 1958.5 3 065 | 1.06 | 061 0.35 0.57 0.31 1.24
BCS-C10-2-V1-C 12294.8 3 051 | 0.83 | 048 0.21 0.34 0.18 0.73
BCS-C10-2-V1-D {2287.1 3 059 | 096 | 0.56 0.29 0.47 0.26 1.02
BCS-C10-2-V1-IXqc) | 2287.1 3 062 | 1.01 | 0.59 0.32 0.52 0.29 1.13
BCS-C10-3-V1-A | 1994.4 2 037 | 0.60 | 035 0.07 0.11 0.05 0.23
BCS-C10-3-V1-B | 1765.0 2 0.60 | 097 | 0.56 0.30 0.48 0.26 1.04
BCS-C10-3-V1-C | 1736.4 2 0.57 | 092 | 0.53 0.27 0.43 0.23 0.93
BCS-C10-3-V1-D | 1885.8 2 0.96 | 1.56 | 0.90 0.66 1.07 0.60 233
BCS-C10-4-V1-A |2428.9 2 040 | 0.65 | 0.37 0.10 0.16 0.07 0.33
BCS-C10-4-V1-B {15350 2 0.66 | 1.07 | 0.62 0.36 0.58 0.32 1.26
BCS-C104-V1-C |1918.7 2 074 | 120 | 0.69 0.44 0.71 0.39 1.55
BCS-C10-4-Vi-D |2375.8 2 047 | 0.77 { 045 0.17 0.28 0.15 0.60
BCS-C10-5-V1-A  {2130.7 2 059 | 095 | 0.55 0.29 0.46 0.25 1.00
BCS-C10-5-V1-B | 1770.3 2 062 | 1.01 | 0.59 0.32 0.52 0.29 1.13
BCS-C10-5-V1-C | 1911.3 2 044 | 0.72 | 042 0.14 0.23 0.12 0.49
BCS-C10-5-V1-D |1710.0 2 073 | 1.19 | 0.69 0.43 0.70 0.39 1.52
BCS-C10-5-V1-D{(qc) | 1710.0 2 072 | 1.17 | 0.68 0.42 0.68 0.38 1.48
BCS-C10-6-V1-A | 1818.1 2 0.79 | 129 | 0.74 0.49 0.0 0.44 1.74
BCS-C10-6-V1-B  {1717.6 2 048 | 078 | 045 0.18 0.29 0.15 0.62
BCS-C10-6-V1-C [1770.1 2 1.05 | 1.71 | 0.99 0.75 1.22 0.69 2.65
BCS-C10-6-V1-D |2089.7 2 0.34 | 0.56 | 0.32 0.04 0.07 0.02 0.14
BCS-C10-7-V1-A |1647.9 2 061 | 099 | 057 0.31 0.50 0.27 1.08
BCS-C10-7-V1-B | 1931.2 2 049 | 081 | 0.46 0.19 0.32 0.16 0.67
BCS-C10-7-V1-C | 1568.3 2 087 | 142 | 0.82 0.57 0.93 0.52 2.01
BCS-C10-7-V1-D {1452.1 2 083 | 136 | 0.78 0.53 0.87 0.48 1.88
BCS-C10-8-V1-A |2291.9 2 031 | 051 | 0.29 0.01 0.02 -0.01 0.02
BCS-C10-8-V1-B | 1713.0 2 089 | 145 | 0.84 0.59 0.96 0.54 2.09
BCS-C10-8-V1-C |1499.1 2 0.80 | 130 | 0.75 0.50 0.81 0.45 1.76
BCS-C10-8-V1-D | 1624.4 2 1.01 | 165 | 095 0.71 1.16 0.65 2.53
BCS-C10-8-V1-D(qc) | 1624.4 2 098 | 159 | 092 0.68 1.10 062 | 239
BCS-C10-9-V1-A | 1689.7 2 069 | 1.13 [ 0.65 0.39 0.64 0.35 1.39
BCS-C10-9-V1-B  |2086.4 2 054 | 088 | 050 |- 0.24 0.39 0.20 0.83
BCS-C10-9-V1-C | 1747.5 2 058 | 094 | 0.54 0.28 0.45 0.24 0.98
BCS-C10-9-VI-D | 17724 2 087 | 142 | 0.82 0.57 0.93 0.52 2.01
BCS-C10-9-V1-D{qc) | 1772.4 2 | 107 | 174 | 1.00 0.77 1.25 0.70 2.72
BCS-Ci11-1-V1-A {1773.6 2 099 | 1.62 | 093 0.69 1.13 0.63 246
BCS-C11-1-V1-B {18544 2 095 | 1.55 | 0.89 0.65 1.06 0.59 2.31
BCS-C11-1-V1-C |1791.9 2 043 | 0.70 | 041 0.13 0.21 0.11 0.45
BCS-C11-1-V1-D | 1806.5 2 0.84 | 137 | 0.79 0.54 0.838 0.49 1.90
BCS-C114-V1-A | 1846.1 2 1.01 | 1.64 | 095 0.71 1.15 0.65 2.50
BCS-C114-V1-B | 1826.8 2 .14 | 1.86 | 1.07 0.84 1.37 0.77 299
BCS-C11-4-V1-C  {1971.8 2 085 | 1.39 | 0.80 0.55 0.90 0.50 1.95
BCS-C114-Vi-D |1875.1 2 095 | 154 | 0.89 0.65 1.05 0.59 229
BCS-C11-7-Vi-A | 1693.0 2 1.21 | 197 | L.14 0.91 1.48 0.84 3.23
BCS-C11-7-V1-B  {1733.8 2 0.57 | 093 | 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 City, Mi Facility

Th-232 | Th-230 | Th-228 | Total Net
Gamma | Th-232|Th-230|Tb-228| Net Net Net | Thorium
SAMPLE # __|WT. (g)Spec Sys.| (pCi/g) | (pCifg) | (pCi/)| (pCifp) | (pCitg) | (pCitp) | @Civg)
BCS-C11-7-V1-C_[1763.9] 2 | 0.59 | 096 | 055 | 029 | 047 | 025 1.01
BCS-C11-7-V1-D [17419] 2 | 096 | 1.56 | 090 | 0.6 107 | 060 2.32
BCS-C8-2-VI-A (26933 2 [ 013 | 021 | 012 | 017 | 028 | -0.18 | -0.63
BCS-C82-VI-B_ [3200.5] 2 | 021 | 034 | 0.19 | 009 | -0.15 | -0.11 0.35
BCS-C8-2-VI-C (28740 2 [ 018 | 029 | 016 | 012 | -020 | 014 | -0.46
BCS-C8-2-VI-D (27544 2 | 058 | 095 | 0.55 | 028 | 046 | 025 0.99
BCS-C83-VI-A [29072] 2 [ 031 | 051 | 029 | 001 | 002 | -0.01 0.03
BCS-C8-3-VI-B_[25966] 2 | 012 [ 020 | 011 | 018 | 029 | 019 | -0.66
BCS-C83-VI-C [31198] 2 | 042 [ 069 | 040 | 0.12 | 020 | o0.10 0.42
BCS-C8:3-VI-D_ [1758.1] 2 171 {279 | 161 | 141 | 230 | 131 5.03
BCS-C8-5-VI-A {2971.1] 3 | 028 | 045 | 026 | 002 | 004 | -004 | -0.10
BCS-C8-5-VI-B_126452] 3 | 051 | 083 | 048 | 021 | 034 | 018 0.74
BCS-C8-5-VI-C [25403] 3 | 052 | 0.85 | 049 | 022 | 036 | 0.19 0.78
BCS-C8-5-VI-D_ |23414] 3 .00 | 1.77 | 1.02 | 079 | 128 | 072 2.79
BCS-C8-6-VI1-A 22937 3 [ 080 | 130 | 0.75 | 0.50 | 0.1 045 176
BCS-C8-6-VI-B_ 13676.1] 3 | 053 | 086 | 050 | 023 | 037 | 020 0.80
BCS-C8-6-VI-C_[21263] 3 176 | 2.87 | 1.65 | 146 | 238 1.35 5.19
BCS-C8-6-VI-D [31247] 3 [ 051 | 083 | 048 | 021 | 034 | 0.8 0.72
BCS-C8-8-Vi-A [25062] 3 | 058 | 095 | 055 | 028 | 046 | 025 0.99
BCS-C88-Vi-B_[17683] 3 | 026 | 043 | 025 | 004 | -0.06 | 005 | -0.15
BCS-C8-8-VI-C_ [2407.3] 3 130 | 211 | 122 | 100 | 162 | 092 3.54
BCS-C8-8-VI-D [2421.7] 3 | 058 | 094 | 054 | 028 | 045 | 024 0.97
BCS-C8-9-V1-A [20349] 3 [ 047 | 077 | 044 | 017 | 028 | 0.4 0.59
BCS-C8-9-Vi-B_[26770] 3 | 085 [ 139 [ 080 | 055 | 090 | 050 1.95
BCS-C8-9-VI-C [24360] 3 | 087 | 142 | 082 | 057 | 093 | o052 2.02
BCS-C8-9-VI-D [24685] 3 | 072 | 1.17 | 067 | 042 | 068 | 037 147
BCS-C9-1-VI-A [26163] 3 | 040 | 0.66 | 038 | 010 | 017 | 008 0.34
BCS-C9-1-VI-B_ |3237.2] 3 120 | 196 | 1.13 | 090 | 147 | 0.83 320
BCS-C9-1-VI-C_[25704] 3 | 076 | 124 | 0.71 | 046 | 075 | 041 1.62
BCS-C9-1-VI-D_[25633] 3 | 094 | 153 | 088 | 064 | 104 | 058 227
BCS-C9-1-V1-D(qgc) [2563.3] 3 1.02 | 166 | 096 | 072 | 1.17 | 0.6 2.54
BCS-C9-2-VI-A [24005] 2 | 092 | 1.51 | 087 | 0.2 .02 | 057 221
BCS-C9-2-VI-B_ [2668.1] 2 .04 | 1.70 | 098 | 0.74 121 | 0.8 2.62
BCS-C9-2-VI-C_ [2562.8 2 115 | 1.87 | 1.08 | 0s8s 138 | 0.78 3.01
BCS-C9-2-VI-D_[21232] 2 | 077 | 125 [ 072 | 047 | 076 | 042 1.65
BCS-C9-2-VI-D(qc) [21232] 2 | 089 | 145 | 0.84 | 059 | 096 | 0.54 2.08
BCS-C9-3-VI-A__[2117.6] 3 125 | 203 | 1.17 | 095 154 | 087 3.36
BCS-C9-3-VI-B_ [2298.1] 3 | 092 | 1.50 | 0.87 | 062 | 101 0.57 220
BCS-C9-3-V1-B(gc) [2298.1] 3 | 090 | 147 | 085 | 060 | 098 | 0.55 2.12
BCS-C9-3-VI-C [24269] 3 [ 082 | 133 [ 077 | 052 | 084 | 047 1.83
BCS-C9-3-VI-D_[25155] 3 | 0.86 | 141 | 081 | 056 | 092 | o051 2.00
BCS-C9-4-V1-A_ [28809] 2 | 044 | 071 | 041 | 014 | 022 | o.1 047
BCS-C9-4-VI-B_ 1227031 2 | 047 | 0.77 | 045 | 0.17 | 028 | 0.15 0.60
BCS-C9-4-VI-C_ [2688.1] 2 | 040 | 0.66 | 038 | 0.10 | 0.17 | 0.8 035
BCS-C94-VI-D_ [2015.1] 2 | 0.70 | 1.14 | 066 | 040 | 065 | 036 141
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Fina! Status Survey Report for VA-V
The Dow Chemical Company’s 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. (g)Spec Sys.| (pCip) | (pCV/g) | (pCi/g) | (pCifp) | (pCip) | (pCip) | (pCig) |

BCS-C9-5-V1-A  12882.9 131 | 2.13 | 1.23 1.01 1.64 0.93 3.58
BCS-C9-5-V1-B  }2491.3 123 | 200 | L.15 0.93 1.51 0.85 3.29
BCS-C9-5-Vi-C  |2328.5 0.91 149 | 0.86 0.61 1.00 0.56 2.17
BCS-C9-5-V1-D  12379.9 058 | 095 | 055 0.28 0.46 0.25 0.98
BCS-C9-6-V1-A  |2344.1 130 | 212 | 1.22 1.00 1.63 0.92 3.54
BCS-C9-6-V1-B | 2582.9 071 | 1.15 | 0.66 041 0.66 0.36 1.43
BCS-C9-6-V1-C | 2464.9 070 | 1.14 | 0.66 0.40 0.65 0.36 142
BCS-C9-6-V1-D  12430.7 0.53 | 0.86 | 0.50 0.23 0.37 0.20 0.80
BCS-C9-6-V1-D (qc) | 2430.7 0.60 | 099 | 0.57 0.30 0.50 0.27 1.07
BCS-C9-7-V1-A  |2356.1 089 | 144 | 0.83 0.59 0.95 0.53 2.07

BCS-C9-7-V1-B 22272
BCS-C9-7-V1-C  |12173.7

1.70 | 277 | 1.60 1.40 228 1.30 4.98
1.35 | 221 | 127 1.05 1.72 0.97 3.74

BCS-C9-7-V1-D  |2602.4 0.54 | 0.88 | 0.51 0.24 0.39 0.21 0.83
BCS-C9-8-V1-A | 2262.5 1.19 | 193 | 112 0.8% 1.44 0.82 3.15
BCS-C9-8-V1-B | 2408.7 040 | 066 | 0.38 0.10 0.17 0.08 0.35
BCS-C9-3-V1-C  |2272.1 038 | 061 | 035 0.08 0.12 0.05 0.25
BCS-C9-8-V1-D  |2270.0 026 | 043 | 0.25 -0.04 -0.06 -0.05 -0.15
BCS-C9-9-V1-A  |2220.9 047 | 0.76 | 0.44 0.17 0.27 0.14 0.58
BCS-C9-9-V1-B {21164 074 | 121 | 0.70 0.4 0.72 0.40 1.56
BCS-C9-9-V1-C  12009.3 0.56 | 091 | 0.53 0.26 0.42 0.23 0.90
BCS-C9-9-V1-D  |2018.1 072 | 1.18 | 0.68 0.42 0.69 0.38 1.49
BCS-D10-1-V1-A |3026.8 0.00 | -0.01 | 0.00 -0.30 -0.50 -0.30 -1.11
BCS-D10-1-V1-B | 3043.0 0.53 | 0.87 | 0.50 0.23 0.38 0.20 0.81
BCS-D10-1-V1-C | 2814.0 046 | 0.75 | 043 0.16 0.26 0.13 0.56
BCS-D10-1-V1-D | 2918.0 042 | 069 | 040 0.12 0.20 0.10 0.42
BCS-D10-2-V1-A 33002 012 | 0.19 | 0.11 -0.18 -0.30 -0.19 -0.66
BCS-D10-2-V1-B_ |3097.3 034 | 055 | 0.32 0.04 0.06 0.02 0.11

0.18 | 029 | 0.17 -0.12 -0.20 -0.13 -0.45
1.00 | 1.63 | 0.94 0.70 1.14 0.64 248

BCS-D10-2-V1-C ]3501.9
BCS-D10-2-V1-D {29532

WINININ|NIWIWIWIWIWINININ I I[N INININININININDID DD IN W IWIWIWIVIVWIW VWLV WL IW

BCS-D10-2-V1-D (gc)| 2953.2 067 | 1.09 | 063 | 037 | 060 | 033 1.31
BCS-D10-3-V1-A_|2900.0 1.56 | 2.55 | 147 | 126 | 2.06 1.17 4.49
BCS-D10-3-VI-B_ |2675.4 114 | 1.86 | 1.08 | 0.84 137 | 0.78 2.99
BCS-D10-3-VI-C | 2616.4 082 | 134 | 077 | 052 | o085 0.47 1.84
BCS-D10-3-V1-D |2711.4 049 [ 081 | 046 | 019 | 032 | 0.6 0.68

BCS-D10-3-V1-D{qc) | 2711.4 044 | 072 | 041 | 014 | 023 0.11 0.49
BCS-D104-VI-A 30459 053 | 087 | 050 | 023 038 | 020 0.82
BCS-D10-4-VI-B_|3130.0 032 | 052 | 030 | 002 | 003 0.00 0.05
BCS-D104-VI-C_ | 2846.3 068 | 1.11 | 0.64 | 0.38 062 | 034 1.34
BCS-D104-V1-D 24313 066 | 1.07 | 062 | 036 | 058 | 032 1.26

BCS-D10-4-V1-D(gc) | 2431.3 052 | 085 | 049 | 022 | 036 | 0.19 0.77
BCS-DI10-5-VI-A_ |3693.9 072 | 1.18 | 068 | 042 | 069 | 038 1.50
BCS-D10-5-V1-B_ | 3056.5 068 | 1.12 | 0.64 | 038 | 063 0.34 1.36
BCS-D10-5-V1-C_ |3556.1 043 [ 070 | 041 | 0.3 021 0.11 0.45
BCS-D10-5-Vi-D |2816.4 052 | 085 | 049 | 022 | 036 | 0.19 0.78
BCS-D10-6-VI-A |2939.4 106 | 1.74 | 1.00 | 0.76 125 0.70 2.71
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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 # __[WT. (g)Spec Sys.| (pCVg) | (pCi/g) |(pCifg) | (pCVg) | (pCifg) | (pCUg) | (pCifg) |
BCS-D10-6-V1-B | 2173.2 3 098 | 159 | 0.92 0.68 1.10 0.62 2.40
BCS-D10-6-V1-C  j2191.2 3 1.00 | 1.63 | 0.94 0.70 1.14 0.64 249
BCS-D10-6-Vi-D |2123.1 3 070 | 114 | 0.66 0.40 0.65 0.36 1.41
BCS-D10-7-V1-A }2595.7 2 047 | 0.77 | 045 0.17 0.28 0.15 0.60
BCS-D10-7-V1-B  |2574.6 2 033 | 0.54 | 031 0.03 005 | 0.01 0.10
BCS-D10-7-V1-C  {2945.5 2 043 | 0.70 | 0.40 0.13 0.21 0.10 0.45
BCS-D10-7-V1-D |[2814.2 2 024 | 039 | 023 -0.06 0.10 -0.07 -0.23
BCS-D10-7-V1-D{qc) | 2814.2 2 030 | 049 | 028 0.00 0.00 -0.02 -0.01
BCS-D10-8-V1-A |2507.6 2 031 | 0.50 | 0.29 0.01 0.01 -0.01 0.01
BCS-D10-8-Vi-B {2264.8 2 069 | 1.13 | 0.65 0.39 0.64 0.35 1.38
BCS-D10-8-V1-C {24689 2 080 | 130 { 0.75 0.50 0.81 045 1.75
BCS-D10-8-V1-D [2187.4 2 079 | 1.29 | 0.74 0.49 0.80 0.44 1.73
BCS-D10-9-V1-A |2249.5 3 064 | 1.04 | 0.60 0.34 0.55 0.30 1.19
BCS-D10-9-V1-B {1618.0 3 077 | 125 | 0.72 047 0.76 0.42 1.64
BCS-D10-9-V1-C }1961.0 3 072 | 1.13 | 0.68 0.42 0.69 0.38 1.48
BCS-D10-9-V1-D |1636.6 3 092 | 150 | 0.86 0.62 1.01 0.56 2.18
BCS-D10-9-V1-D{gc) | 1636.6 3 085 | 139 | 0.80 0.55 0.90 0.50 1.96
BCS-D11-1-V1-A |2323.4 3 032 | 0.51 { 030 0.02 0.02 0.00 0.04
BCS-D11-1-V1-B }1742.9 3 130 | 212 | 122 1.00 1.63 0.92 3.55
BCS-D11-1-V1-C  {2082.7 3 094 | 153 | 0.88 0.64 1.04 0.58 2.26
BCS-D11-1-V1-D |1939.7 3 077 | 125 | 0.72 047 0.76 0.42 1.65
BCS-D11-4-V1-A | 1649.6 3 079 | 129 | 0.74 0.49 0.80 0.44 1.73
BCS-D114-V1-B [1647.2 3 065 | 1.06 | 0.61 0.35 0.57 0.31 1.24
BCS-D114-V1-C |1725.1 3 058 | 0.95 | 0.55 0.28 0.46 0.25 0.98
BCS-D114-Vi-D |[1851.6 3 102 | 1.66 | 096 0.72 1.17 0.66 2.56
BCS-D11-7-V1-A |1731.1 3 0.71 1.16 | 0.67 0.41 0.67 0.37 1.45
BCS-D11-7-V1-B | 1706.8 3 098 | 1.59 | 0.92 0.68 1.10 0.62 2.40
BCS-D11-7-V1-C {1864.4 3 084 | 137 | 0.79 0.54 0.88 0.49 1.91
BCS-D11-7-V1-D |1779.0 3 099 | 161 | 093 0.69 1.12 0.63 245
BCS-D9-6-V1-A [3237.8 3 057 { 093 | 0.54 0.27 0.44 0.24 0.94
BCS-D9-6-V1-B  |3356.5 3 027 | 044 | 0.26 -0.03 -0.05 -0.04 -0.12
BCS-D9-6-V1-C  |3203.1 3 0.71 1.16 | 0.67 041 0.67 0.37 1.46
BCS-DS-6-V1-D | 2920.7 3 085 | 1.38 | 0.80 0.55 0.89 0.50 1,94
BCS-D9-9-V1-A {25134 3 098 | 159 | 0.92 0.68 1.10 0.62 240
BCS-D9-9-V1-B  {2964.7 3 064 | 1.05 | 0.61 0.34 0.56 0.31 1.21
BCS-D9-9-V1i-C }3026.1 3 075 | 1.22 | 0.70 0.45 0.73 0.40 1.58
BCS-D9-9-V1.D [2763.3 3 068 | 111 | 0.64 0.38 0.62 0.34 1.34
BCS-E10-1-V1-A 27314 3 125 | 2.03 | 1.17 0.95 1.54 0.87 3.36
BCS-E10-1-V1-B [2611.3 3 075 § 1.21 | 0.70 045 0.72 0.40 1.57
BCS-E10-1-V1-C [3094.3 3 054 | 089 | 0.51 0.24 0.40 0.21 0.85
BCS-E10-1-V1-D [2444.3 3 073 | 1.19 | 0.69 0.43 0.70 0.39 1.52
BCS-E10-1-V1-D{gc) | 2444.3 3 063 | 1.02 | 0.59 0.33 0.53 0.29 1.15
BCS-E10-2-V1-A |2849.7 3 046 | 0.76 | 0.44 0.16 0.27 0.14 0.56
BCS-E10-2-V1-B  |2981.6 3 069 | 1.12 | 0.65 0.39 0.63 0.35 1.37
BCS-E10-2-V1-C |2289.4 3 063 | 1.03 | 0.59 0.33 0.54 0.29 1.17
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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 # WT. (g)Spec Sys.| (pCi/g) | (pCVg) | (pCi/g) | (pCi/g) | (pCi/g) | (PCi'g) | (pCifp)
BCS-E10-2-V1-D [2941.6 3 092 | 149 | 0.86 0.62 1.00 0.56 2.18
BCS-E10-3-V1-A [2430.3 3 0.81 131 | 0.76 0.51 0.82 0.46 1.79
BCS-E10-3-V1-B  {3407.1 3 028 | 046 | 0.26 -0.02 -0.03 -0.04 -0.08
BCS-E10-3-V1-C [2721.9 3 090 { 146 | 0.84 0.60 0.97 0.54 2.12
BCS-E10-3-V1-D }2908.2 3 093 | 151 | 087 0.63 1.02 0.57 2.23
BCS-E10-6-V1-A [2871.0 3 0.86 { 140 | 0.81 0.56 0.91 0.51 1.97
BCS-E10-6-V1-B  {3069.2 3 092 | 150 | 0.86 0.62 1.01 0.56 2.19
BCS-E10-6-V1-C |3095.9 3 072 | 117 | 0.67 0.42 0.68 0.37 1.47
BCS-E10-6-V1-D [2948.6 3 081 | 132 | 0.76 0.51 0.83 0.46 1.80
BCS-E10-9-V1-A [2964.1 2 1.19 | 195 | 112 0.89 1.46 0.82 3.17
BCS-E10-9-V1-B  |2802.7 2 0.80 | 130 | 0.75 0.50 0.81 045 1.76
BCS-E10-9-V1-B{(qc) | 2802.7 2 104 | 1.69 | 0.98 0.74 1.20 0.68 2.62
BCS-E10-9-V1-C [3003.2 2 0.56 | 091 | 0.52 0.26 0.42 022 0.90
BCS-E10-9-V1-D |2990.5 2 071 | L15 | 0.66 0.41 0.66 0.36 1.43
BCS-E11-1-V1-A | 1505.9 2 058 | 094 | 0.54 0.28 0.45 0.24 0.97
BCS-E11-1-V1-B  ]2543.5 2 038 | 061 | 0.35 0.08 0.12 0.05 0.25
BCS-E11-1-V1-C |2886.3 2 042 | 0.69 | 040 0.12 0.20 0.10 0.42
BCS-E11-1-V1-D {3243.6 2 045 | 0.73 | 042 0.15 0.24 0.12 0.51
BCS-E114-V1-A {3243.3 2 034 | 056 | 0.32 0.04 0.07 0.02 0.13
BCS-E11-4-V1-B ]3198.2 2 057 | 094 | 0.54 0.27 0.45 0.24 0.96
BCS-E11-4-V1-C 29359 2 062 | 1.01 | 0.58 0.32 0.52 0.28 1.13
BCS-E114-Vi-D {25149 2 038 | 062 | 036 0.08 0.13 0.06 0.27
BCS-E11-7-V1-A [2816.4 3 1.07 | 1.74 | 1.01 0.77 1.25 0.71 273
BCS-E11-7-V1-B  |2687.2 3 025 | 040 | 0.23 -0.05 -0.09 -0.07 021
BCS-E11-7-V1-C | 2827.3 3 050 | 0.81 | 047 020 0.32 0.17 0.68
BCS-E11-7-V1-D ]1906.7 3 1.03 | 1.67 | 097 0.73 1.18 0.67 2.58
BCS-E9-1-V1-A | 2899.1 2 059 | 097 | 0.56 0.29 0.48 0.26 1.03
BCS-E9-1-Vi-B  |2799.9 2 093 | 152 { 0.88 0.63 1.03 0.58 225
BCS-E9-1-V1-C  ]3366.5 2 032 | 053 | 0.30 0.02 0.04 0.00 0.06
BCS-E9-1-V1-D |2341.5 2 0.83 | 136 | 0.78 0.53 087 |- 048 1.89
BCS-E9-2-V1-A  |3157.3 2 076 | 123 | 0.71 0.46 0.74 0.41 1.61
BCS-E9-2-V1-B  |2592.1 2 061 | 1.00 | 0.58 0.31 0.51 0.28 1.09
BCS-E9-2-V1-C  [2743.8 2 0.55 | 090 | 0.52 0.25 0.41 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-D(gc) {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-V1-B  {2710.8 2 065 { 105 | 061 0.35 0.56 0.31 122
BCS-E9-3-V1-C  |3281.7 2 0.77 | 126 | 0.73 0.47 0.77 0.43 1.68
BCS-E9-3-V1-D |2778.3 2 008 | 0.12 | 0.07 -0.22 -0.37 -0.23 -0.82
BCS-F10-1-V1-A 12765.1 3 0.52 | 0.84 | 049 0.22 0.35 0.19 0.76
BCS-F10-1-V1-B  {3075.7 3 057 | 093 § 0.53 0.27 0.44 0.23 0.94
BCS-F10-1-Vi-C | 3180.0 3 030 | 049 { 028 0.00 0.00 -0.02 -0.01
BCS-F10-1-Vi-D }2423.6 3 065 | 1.06 | 0.61 0.35 0.57 0.31 1.23
BCS-F10-2-V1-A {2620.1 2 048 | 0.78 | 045 0.18 0.29 0.15 0.62
BCS-F10-2-V1-B |3318.5 2 048 | 0.79 | 045 0.18 0.30 0.15 0.63
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Final Status Survey Report for VA-V
The Dow Chemical Company’s 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. (g)/Spec Sys.| (pCi/g) | (pCi/g) | (pCivg) | (eCifp) | (pCVe) | (pCifg) | (@Cig) |

BCS-F10-2-V1-C _ |2690.8 0.56 | 091 | 0.52 0.26 0.42 0.22 0.89
BCS-F10-2-V1-D  |2938.6 042 | 069 | 040 0.12 0.20 0.10 0.42
BCS-F10-3-V1-A |2411.5 056 | 092 | 0.53 026 0.43 0.23 0.92
BCS-F10-3-V1-B _ |2800.2 078 { 127 | 0.73 0.48 0.78 043 1.68
BCS-F10-3-V1-C  |2370.3 0.72 | 1.18 | 0.68 0.42 0.69 0.38 1.49
BCS-F10-3-V1-D | 2810.0 058 | 095 | 055 0.28 0.46 0.25 0.9
BCS-F10-4-V1-A _13017.5 054 { 088 | 0.51 0.24 0.39 0.21 0.834
BCS-F10-4-V1-B | 2606.4 0.52 | 0.85 | 049 0.22 0.36 0.19 0.77
BCS-F10-4-V1-C  |2893.0 049 | 080 § 046 0.19 0.31 0.16 0.66
BCS-F10-4-V1-D 129852 0.63 | 1.03 | 0.59 0.33 0.54 0.29 1.17
BCS-F10-5-V1-A  12425.0 040 | 0.65 | 038 0.10 0.16 0.08 0.34
BCS-F10-5-V1-B _ }3105.9 047 | 0.76 | 0.44 0.17 0.27 0.14 0.58

BCS-F10-5-V1-C | 3489.1 096 | 1.56 { 0.90 0.66 1.07 0.60 2.32

BCS-F10-5-V1-D _|3317.7 0.17 | 0.28 | 0.16 -0.13 -0.21 -0.14 -0.48

BCS-F10-6-V1-A /28954 0.69 | 1.13 | 0.65 0.39 0.64 0.35 1.39
BCS-F10-6-V1-B  |3224.4 043 | 0.70 | 0.40 0.13 0.21 0.10 0.44
BCS-F10-6-V1-C {30844 0.37 | 0.60 | 035 0.07 0.11 0.05 0.22
BCS-F10-6-V1-D  |2744.8 028 | 046 | 0.26 -0.02 -0.03 -0.04 -0.09
BCS-F10-7-V1-A 131749 037 | 060 | 0.35 0.07 0.11 0.05 0.22
BCS-F10-7-Vi-B_ |2819.7 0.72 | 1.17 | 0.67 042 0.68 0.37 1.47
BCS-F10-7-V1-C | 3636.1 028 | 046 | 0.27 -0.02 -0.03 -0.03 -0.08
BCS-F10-7-V1-D | 2769.8 053 | 0.86 | 049 0.23 0.37 0.19 0.79
BCS-F10-8-V1-A [3318.3 031 | 050 | 0.29 0.01 0.01 -0.01 0.01
BCS-F10-8-V1-B | 3050.5 098 | 1.60 | 0.93 0.68 1.11 0.63 242
BCS-F10-8-V1-C | 2886.1 072 I 1.17 | 0.68 042 0.68 0.38 1.48
BCS-F10-8-V1-D  {2744.1 024 | 039 | 022 -0.06 -0.10 -0.08 -0.24
BCS-F10-9-V1-A |2971.4 043 | 0.71 | 041 0.13 0.22 0.11 046
BCS-F10-9-V1-B _ |3129.4 029 | 048 ; 0.27 -0.01 -0.01 -0.03 -0.05
BCS-F10-9-V1-C  |3249.7 052 | 085 | 049 0.22 0.36 0.19 0.77
BCS-F10-9-V1-D  {3263.4 028 | 046 | 0.27 -0.02 -0.03 -0.03 -0.08
BCS-F11-1-V1-A  {2870.7 031 | 051 | 0.30 0.01 0.02 0.00 0.03
BCS-F11-1-V1-B  |3121.5 066 | 1.07 | 0.62 0.36 0.58 0.32 1.25
BCS-F11-1-V1-C  {3271.1 035 [ 057 | 0.33 0.05 0.08 0.03 0.1
BCS-F11-1-V1-D {32825 053 | 087 | 0.50 0.23 0.38 0.20 0.82
BCS-F11-1-V1-D(qc) | 3282.5 0.50 | 0.81 | 047 0.20 0.32 0.17 0.69
BCS-F11-4-Vi-A {2953.6 033 § 053 | 031 0.03 0.04 0.01 0.08

BCS-F114-V1-B {33792 020 § 033 | 0.19 -0.10 -0.16 0.11 -0.37

BCS-F114-V1-C  |3422.0 021 { 034 | 020 -0.09 -0.15 -0.10 -0.35

WIWLINININIRININDIRIN | VWIVWIVWIWIWIWIWIVWIVILIWIWIWIN RPNV IVILIW W W WL RNV D [ VWL LI

BCS-F11-4-V1-D |3059.0 040 | 0.65 | 0.38 0.10 0.16 0.08 0.34
BCS-F11-7-V1-A  {3064.4 021 { 035 | 0.20 -0.09 -0.14 -0.10 -0.33
BCS-F11-7-V1-B _ |3002.7 0.53 | 0.86 | 0.50 0.23 0.37 0.20 0.80
BCS-F11-7-V1-C  {2835.0 0.13 | 021 | 0.12 -0.17 -0.28 -0.18 -0.63
BCS-F11-7-V1-D 128444 046 | 0.75 | 043 0.16 0.26 0.13 0.56
BCS-F9-1-V1-A  13337.8 0.75 | 1.22 | 0.71 045 0.73 0.41 1.59
BCS-F9-1-Vi-B  }13067.7 045 | 0.74 | 042 0.15 0.25 0.12 0.52
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Final Status Survey Report for VA-V
The Dow Chemical Company's 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. (g)iSpec Sys.| (pCi/g) | (pCi/g) | (pCivg) | (pCifg) | (pCi‘g) | (pCilg) | (pCifg) |
BCS-F9-1-V1-C  12847.7 3 0.53 | 0.86 | 0.50 0.23 0.37 0.20 0.80
BCS-F9-1-Vi-D  }3053.0 3 034 | 056 | 032 0.04 0.07 0.02 0.13
BCS-F9-2-V1-A  {2558.3 3 070 | 1.15 | 0.66 0.40 0.66 0.36 1.42
BCS-F9-2-V1-B  |2315.9 3 1.14 | 1.86 | 1.07 0.84 1.37 0.77 2.98
BCS-F9-2-V1-C  12539.5 3 052 | 0.84 | 048 0.22 0.35 - 0.18 0.75
BCS-F9-2-V1-D  §2393.5 3 049 | 0.80 | 0.46 0.19 0.31 0.16 0.66
BCS-F9-3-V1-A  12956.2 2 029 | 048 | 0.28 -0.01 -0.01 -0.02 -0.04
BCS-F9-3-Vi-B | 3185.6 2 0.16 | 025 | 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 2 038 | 0.62 | 0.36 0.08 0.13 0.06 0.26
BCS-F94-V1-A  12559.7 3 049 | 0.80 | 0.46 0.19 0.31 0.16 0.66
BCS-F9-4-V1-B  }3463.7 3 043 | 069 | 0.40 0.13 0.20 0.10 0.43
BCS-F9-4-V1-C  13393.8 3 072 | 1.17 | 0.67 0.42 0.68 0.37 1.47
BCS-F9-4-V1-D | 2937.1 3 053 | 0.87 | 050 0.23 0.38 0.20 0.81
BCS-F9-5-V1-A  [2842.0 2 046 | 0.75 | 044 0.16 0.26 0.14 0.56
BCS-F9-5-V1-B  |3386.2 2 024 | 039 | 0.22 -0.06 -0.10 -0.08 -0.24
BCS-F9-5-V1-C  12922.7 2 0.59 | 096 | 0.55 0.29 0.47 0.25 1.00
BCS-F9-5-V1-D  |3646.5 2 071 | 116 | 0.67 0.41 0.67 037 1.45
BCS-F9-6-V1-A  13338.5 2 036 | 059 | 0.34 0.06 0.10 0.04 020
BCS-F9-6-V1-B  |3380.3 2 044 | 0.71 | 041 0.14 0.22 0.11 0.47
BCS-F9-6-V1-C  |2956.5 2 036 | 059 | 0.34 0.06 0.10 0.04 0.21
BCS-F9-6-V1-D  [3192.1 2 0.16 | 026 | 0.15 -0.14 -0.23 -0.15 .53
BCS-F9-7-V1-A  |3043.2 3 0.76 | 124 | 0.72 0.46 0.75 0.42 1.64
BCS-F9-7-V1-B  [3855.8 3 0.60 | 097 | 0.56 0.30 0.48 0.26 1.04
BCS-F9-7-V1-C _ |2916.4 3 0.56 | 091 | 0.52 0.26 0.42 022 0.90
BCS-F9-7-V1-D  |2929.6 3 053 | 0.86 | 0.50 0.23 0.37 0.20 0.80
BCS-F9-7-V1-D(qc) |2929.6 3 049 | 0.80 | 046 0.19 0.31 0.16 0.65
BCS-F9-8-V1-A  |3015.2 2 0.59 | 096 | 0.55 0.29 0.47 0.25 1.01
BCS-F9-8-V1-B  [3234.8 2 048 | 0.78 | 045 0.18 0.29 0.15 0.63
BCS-F9-8-V1-C  |2456.0 2 038 | 062 | 0.36 0.08 0.13. 0.06 0.26
BCS-F9-8-V1-D  |2496.1 2 061 | 099 | 0.57 0.31 0.50 0.27 1.09
BCS-F9-9-V1-A |2877.0 2 064 | 105 | 0.60 0.34 0.56 0.30 1.21
BCS-F9-9-V1-B  |2838.8 2 044 | 0.72 | 042 0.14 0.23 0.12 0.49
BCS-F9-9-V1-C  [3397.6 2 0.55 | 0.89 | 0.51 0.25 0.40 0.21 0.86
BCS-F9-9-V1-D |3321.8 2 026 | 043 | 0.25 -0.04 -0.06 -0.05 -0.15
BCS-F9-9-V1-D(qc) | 3321.8 2 028 | 046 | 0.26 -0.02 -0.03 -0.04 -0.09
BCS-G10-1-V1-A 29754 3 069 | 1.13 | 0.65 0.39 0.64 0.35 1.37
BCS-G10-1-V1-B | 2990.5 3 027 1 044 | 0.26 -0.03 -0.05 -0.04 -0.12
BCS-G10-1-V1-C |2959.7 3 0.67 | 1.09 | 0.63 0.37 0.60 0.33 1.30
BCS-G10-1-V1-D |3130.8 3 066 | 1.07 | 0.62 0.36 0.58 0.32 1.26
BCS-G10-2-V1-A |3132.5 2 077 | 125 '} 0.72 047 0.76 0.42 1.65
BCS-G10-2-V1-B  |3206.3 2 094 | 153 | 0.88 0.64 1.04 0.58 2.26
BCS-G10-2-V1-C {2724.5 2 031 ] 051 | 0.29 0.01 0.02 -0.01 0.02
BCS-G10-2-V1-D {3193.3 2 064 | 1.04 | 0.60 0.34 0.55 0.30 1.19
BCS-G10-2-Vi-D{(qc){3193.3 2 0.70 | 1.14 | 0.66 0.40 0.65 0.36 1.42
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Final Status Survey Report for VA-V
The Dow Chemical Company’s 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. (g)Spec Sys.| (pCi/)| (pCVe) | (pCl/) | (pCV/R) | (pCilg) | (pCVR) | (pCi/g) |
BCS-G10-3-V1-A ]2836.0 2 0.83 135 | 0.78 0.53 0.86 0.438 1.86
BCS-G10-3-V1-B {3690.4 2 035 | 0.57 | 0.33 0.05 0.08 0.03 0.16
BCS-G10-3-V1-C |3284.8 2 041 | 0.67 | 0.39 0.11 0.18 0.09 0.38
BCS-G10-3-V1-D | 3855.6 2 032 | 053 | 0.30 0.02 0.04 0.00 0.07
BCS-G10-4-V1-A |2809.9 3 047 | 0.77 | 0.44 0.17 0.28 0.14 0.60
BCS-G10-4-V1-B | 2951.6 3 0.71 1.15 | 0.67 0.41 0.66 0.37 1.44
BCS-G10-4-V1-C  |3196.5 3 0.57 | 092 | 0.53 0.27 043 0.23 0.93
BCS-G10-4-V1-D {2016.8 3 059 | 0.96 | 0.55 0.29 0.47 0.25 1.01
CS-G10-4-V1-D(QC) 2016.8 3 051 | 0.83 | 048 0.21 0.34 0.18 0.73
BCS-G10-5-V1-A |3137.5 2 054 | 0.88 | 0.51 0.24 0.39 0.21 0.84
BCS-G10-5-V1-B | 2884.7 2 0.60 | 098 { 0.56 0.30 0.49 0.26 1.05
BCS-G10-5-V1-C [2779.4 2 0.16 | 0.26 { 0.15 -0.14 -0.23 -0.15 -0.51
BCS-G10-5-Vi-D | 31804 2 040 | 0.66 | 0.38 0.10 0.17 0.08 0.35
BCS-G10-6-VI-A | 3409.0 3 035 | 058 { 033 | 0.05 0.09 0.03 0.17
BCS-G10-6-V1-B |3048.6 3 069 | 1.13 | 0.65 0.39 0.64 0.35 1.38
BCS-G10-6-V1-C |2971.4 3 053 | 086 | 0.50 0.23 0.37 0.20 0.80
BCS-G10-6-V1-D }3347.7 3 062 | 1.02 | 0.59 0.32 0.53 0.29 1.13
BCS-G10-7-V1-A 130694 2 097 | 1.58 | 091 0.67 1.09 0.61 2.38
BCS-G10-7-V1-B_ [2557.3 2 031 | 0.51 | 0.30 0.01 0.02 0.00 0.03
BCS-G10-7-V1-C  [2959.3 2 027 | 045 | 0.26 <0.03 0.04 -0.04 -0.12
BCS-G10-7-V1-D ]2880.7 2 032 | 053 | 0.30 0.02 0.04 0.00 0.06
BCS-G10-8-V1-A ]2951.5 3 055 | 0.89 | 0.51 0.25 0.40 0.21 0.86
BCS-G10-8-V1-B {24879 3 092 | 1.50 | 0.87 0.62 1.01 0.57 2.20
BCS-G10-8-V1-C  |2937.0 3 075 | 122 | 071 045 0.73 0.41 1.59
BCS-G10-8-V1-D | 3167.8 3 069 | 1.12 | 0.65 0.39 0.63 0.35 1.36
BCS-G10-9-Vi-A |2888.9 2 058 | 095 | 0.55 0.28 0.46 0.25 0.99
BCS-G10-9-V1-B [2907.4 2 036 | 0.59 | 0.34 0.06 0.10 0.04 0.21
BCS-G10-9-V1-C |2959.1 2 025 | 041 | 0.24 -0.05 -0.08 <0.06 -0.19
BCS-G10-9-V1-D |3189.3 2 046 | 0.74 | 0.43 0.16 0.25 0.13 0.54
BCS-G10-9-V1-D(qc) ) 3189.3 2 026 { 043 | 0.25 -0.04 -0.06 -0.05 -0.16
BCS-G11-1-V1-A |2824.8 3 070 | 1.15 | 0.66 0.40 0.66 0.36 1.42
BCS-G11-1-V1-B 12962.5 3 041 | 0.67 { 0.39 0.11 0.18 0.09 0.39
BCS-G11-1-V1-C  |2393.4 3 054 | 0.8% | 0.51 0.24 0.40 0.21 0.85
BCS-G11-1-V1-D [2775.3 3 050 | 081 | 047 020 0.32 0.17 0.68
BCS-G11-1-V1-DX{q¢) | 2775.3 3 052 | 085 | 049 0.22 0.36 0.19 0.77
BCS-G114-V1-A [3031.7 3 059 | 096 | 0.55 0.29 0.47 0.25 1.01
BCS-G11-4-V1-B {28753 3 038 | 063 | 0.36 0.08 0.14 0.06 0.28
BCS-G11-4-V1-C |3146.8 3 031 | 050 | 0.29 0.01 0.01 -0.01 0.00
BCS-G11-4-V1-D |3651.6 3 033 | 0.54 | 0.31 0.03 0.05 0.0} 0.10
BCS-G11-4-V1-D{gc)| 3651.6 3 048 | 0.79 | 045 0.18 0.30 0.15 0.63
BCS-G11-7-V1-A |2889.6 2 029 | 047 | 0.27 -0.01 -0.02 .03 -0.07
BCS-G11-7-V1-B  |2982.1 2 036 | 0.59 | 0.34 0.06 0.10 0.04 0.20
BCS-G11-7-V1-C |2897.1 2 0.63 1.03 | 0.59 033 0.54 0.29 1.17
BCS-G11-7-V1-D {3369.1 2 036 | 0.58 | 0.34 0.06 0.09 0.04 0.19
BCS-G9-2-V1-A  {2839.3 2 095 | 1.55 | 0.89 0.65 1.06 0.59 2.31
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Final Status Survey Report for VA-V
The Dow Chemical Company’s Bay City, M| Facility

Th-232 | Th-230 | Th-228 | Total Net
bﬂ’ Gamma | Th-232|Th-230|Th-228| Net Net Net Thorium
-(g)

SAMPLE # Spec Sys.| (pCi/g) | (pCi/g) [ (pCi/g) | (pCig) | (pCi'g) | (pCig) | (pClg) |

BCS-G9-2-V1-B_ [3100.6 055 | 090 | 0.52 0.25 0.41 0.22 0.87
BCS-G9-2-V1-C  12628.9 1.00 | 1.64 | 0.94 0.70 1.15 0.64 2.50
BCS-G9-2-V1-D | 1991.8 0.61 | 099 | 0.57 0.31 0.50 0.27 1.07
BCS-G9-3-V1-A  |2838.3 063 | 1.03 | 0.59 0.33 0.54 0.29 1.16
BCS-G9-3-V1-B | 2443.2 0.80 | 130 | 0.75 0.50 0.81 0.45 1.75
BCS-G9-3-VI-C  |2459.8 0.95 | 1.55 | 0.89 0.65 1.06 0.59 2.31
BCS-G9-3-V1-D  12824.5 038 | 061 | 035 0.08 0.12 0.05 0.25
BCS-G9-5-V1-A | 3083.2 1.12 | 1.82 | 1.05 0.82 1.33 0.75 291
BCS-G9-5-V1-B  |22714 089 | 146 | 0.84 0.59 0.97 0.54 2.10

BCS-G9-5-V1-C 31483
BCS-G9-5-Vi-D  |2975.3

095 | 1.54 | 0.89 0.65 1.05 0.59 2.28
030 | 049 | 029 0.00 0.00 -0.01 -0.01

BCS-G9-6-V1-A  |2641.0 088 | 143 | 0.83 0.58 0.94 0.53 2.05
BCS-G9-6-V1-B _ 12585.0 088 { 143 | 0.83 0.58 0.94 0.53 2.04
BCS-G9-6-V1-C  |2937.4 0.59 | 0.97 | 0.56 0.29 0.48 0.26 1.02
BCS-G9-6-V1-D  {2312.8 063 | 1.03 | 0.59 0.33 0.54 0.29 1.17
BCS-G9-8-V1-A  |2917.7 0.60 | 097 | 0.56 0.30 043 0.26 1.04

BCS-G9-8-V1-B_ [2970.1
BCS-G9-8-V1-C  |3210.3

024 | 039 | 023 -0.06 -0.10 -0.07 -0.23
0.28 | 045 | 0.26 <0.02 -0.04 -0.04 -0.11

WIWILIWIWIWIWIWIW[WIWIWIWIW W IN[WIWINININ N [WIWIWIWININININ [ WIWIWI IWIWIW IV IWINININ N[N N

BCS-G9-8-V1-D  13116.8 039 | 0.64 | 037 0.09 0.15 0.07 0.30
BCS-G9-9-V1-A  13054.9 031 | 051 | 029 0.01 0.02 -0.01 0.02
BCS-G9-9-V1-B | 3057.6 0.61 | 099 | 0.57 0.31 0.50 0.27 1.07
BCS-G9-9-V1-C  |3201.8 049 | 0.79 | 0.46 0.19 0.30 0.16 0.64
BCS-G9-9-V1-D | 3472.8 0.64 | 1.05 | 0.60 0.34 0.56 0.30 1.21
BCS-H10-7-V1-A  |2998.9 059 { 096 | 0.56 0.29 0.47 0.26 1.02
BCS-H10-7-V1-B_ |3205.0 033 | 053 | 031 0.03 0.04 0.01 0.08
BCS-H10-7-V1-C_ |3027.8 0.51 | 0.83 | 048 0.21 0.34 0.18 0.72
BCS-H10-7-V1-D  12898.0 0.71 | L16 | 0.67 041 0.67 0.37 1.46
BCS-H10-8-V1-A  |2796.3 0.63 { 1.03 | 059 0.33 0.54 0.29 1.16
BCS-H10-8-V1-B  |2921.6 0.55 | 090 | 0.52 0.25 0.41 0.22 0.89
BCS-H10-8-V2-C  }3396.3 042 | 068 | 0.39 0.12 0.19 0.09 041
BCS-H10-8-V1-D _ 13151.6 037 | 061 | 035 0.07 0.12 0.05 0.25
BCS-H10-8-V1-D (qc)} 3151.6 044 | 0.71 | 041 0.14 0.22 0.11 0.47
BCS-H10-9-V1-A 12700.4 047 | 0.76 | 0.44 0.17 0.27 0.14 0.58
BCS-H10-9-V1-B  [2882.7 0.58 | 094 | 0.54 0.28 0.45 0.24 0.97
BCS-H10-9-V1-C {3027.8 0.63 | 1.02 | 0.59 0.33 0.53 0.29 1.15
BCS-H10-9-V1-D {3299.8 0.61 | 099 | 0.57 0.31 0.50 0.27 1.07
BCS-H11-7-V1-A  {2919.8 050 | 0.82 | 0.47 0.20 0.33 0.17 0.70
BCS-H11-7-V1-B  |2679.1 064 | 1.04 | 0.60 0.34 0.55 030 1.18
BCS-H11-7-V1-C  {3128.6 078 | 1.28 | 0.74 0.43 0.79 0.44 L71
BCS-H11-7-V1-D {3313.8 039 | 0.63 | 0.37 0.09 0.14 0.07 0.30
BCS-H9-5-V1-A 12632.3 052 | 035 | 049 0.22 0.36 0.19 0.78
BCS-H9-5-V1-C_ 12700.9 047 | 0.77 | 045 0.17 0.28 0.15 0.60
BCS-H9-5-Vi-D _ 12895.0 0.57 | 093 | 0.54 0.27 0.44 0.24 0.95
BCS-H9-5-V1-D(qgc) |2899.0 052 | 085 | 049 0.22 0.36 0.19 0.78
BCS-H9-8-VI-A  {2973.3 064 | 1.04 | 0.60 0.34 0.55 0.30 1.19
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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 # . (g)Spec Sys.| (pCiig) | (pCVe) | (PCi/g) | (PCUE) | (PCVE) | (PCVR) | (PCifg)
BCS-H9-8-VI-B |2955.7] 3 054 | 089 | 051 | 024 0.40 021 0.85
BCS-H9-8-VI-C |3076.0] 3 070 | 1.15 | 066 | 040 | 0.66 036 1.42
BCS-H9-8-VI-D [2978.1] 3 0.59 | 097 | 0.56 | 029 0.48 0.26 1.03
BCS-H9-8-V1-D(qc) |2978.1] 3 0.56 | 092 | 053 | 026 | 043 0.23 0.92
BCS-H9-9-VI-A 30984] 2 038 | 062 | 036 | 0.08 0.13 0.06 0.28
BCS-H9-9-VI-B |3070.8] 2 064 | 1.04 | 060 | 034 055 030 1.18
BCS-H9-9-VI-C [36903] 2 057 | 093 | 054 | 027 | 044 0.24 0.95
BCS-H9-9-V1-D |[24898] 2 070 | 115 | 066 | 040 0.66 0.36 1.42
Average 2509.4 066 | 108 | 062 | 036 059 | 032 128

quuaﬁons

Th-230 (pCi/g) = 1.63 * Th-232 (pCi/g)

Th-228 (pCi/g) = 0.94 * Th-232 (pCi/g)

Th-232 Net (pCi/g) = Th-232 (pCi/g) - 0.3

B’t;;zso Net (pCi/g) = Th-230 (pCi/g) -

'Th-228 Net (pCi/g) = Th-228 (pCi/g) - 0.3

otal Net Thorium = Th-232 Net + Th-230 Net + Th-228
et
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Final Status Survey Report for VA-V
The Dow Chemical Company’s Bay City, Mi Facility

Table AS
Final Gamma Exposure Rates — VA-V

Gross Exposure|Net Exposure Gross Exposure | Net Exposure
Grid Number uR/hr uR/Mhr Grid Namber uR/hr pR/hr
BCS-A10-1-V1 8 3 BCS-B10-8-V1 7 2
BCS-A10-2-V1 8 3 BCS-B10-9-V1 8 3
BCS-A10-3-V1 8 3 BCS-B11-1-V1 10 5
BCS-A10-4-V1 9 4 BCS-B11-4-V1 11 6
BCS-A10-5-V1 g 3 BCS-B11-7-V1 7 2
BCS-A10-6-V1 8 3 BCS-B8-2-V1 12 7
BCS-A10-7-V1 8 3 BCS-BS-3-V1 11 6
BCS-A10-8-V1 6 1 BCS-B8-5-V1 12 7
BCS-A11-1-V1 7 2 BCS-B3-6-V1 12 7
BCS-A114-V1 7 2 BCS-B8-8-V1 13 8
BCS-A3-1-V1 8 3 BCS-B3-9-V1 12 7
BCS-A8-2-V1 9 4 BCS-B9-1-V1 11 6
BCS-A8-3-V1 8 3 BCS-B9-2-V1 9 4
BCS-A8-4-V1 7 2 BCS-B$-3-V1 9 4
BCS-A8-5-V1 8 3 BCS-B9-4-V1 11 6
BCS-A8-6-V1 10 5 BCS-B9-5-V1 11 6
BCS-A8-7-V1 8 3 BCS-B9-6-V1 8 3
BCS-A8-8-V1 8 3 BCS-B9-7-V1 12 7
BCS-A8-9-V1 8 3 BCS-B9-8-V1 11 6
BCS-A9-1-V1 11 6 BCS-B9-9-V1 7 2
BCS-A9-2-V1 11 6 BCS-C10-1-V1 1 6
BCS-A9-3-V1 8 3 BCS-C10-2-V1 9 4
BCS-A9-4-V1 10 5 BCS-C10-3-V1 10 5
BCS-A9-5-V1 10 5 BCS-C10-4-V1 10 5
BCS-A9-6-V1 9 4 BCS-C10-5-V1 9 4
BCS-A9-7-V1 9 4 BCS-C10-6-V1 11 6
BCS-A9-8-V1 8 3 BCS-C10-7-V1 10 5
BCS-A9-9-V1 8 3 BCS-C10-8-V1 11 6
BCS-B10-1-V1 10 5 BCS-C10-9-V1 12 7
BCS-B10-2-V1 11 6 BCS-C11-1-V1 9 4
BCS-B10-3-V1 10 5 BCS-C11-4-V1 10 5
BCS-B10-4-V1 7 2 BCS-C11-7-V1 9 4
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Final Status Survey Report for VA-V
The Dow Chemical Company’s Bay City, Ml Facility

Gross Exposure | Net Exposure Gross Exposure | Net Exposure

Grid Number uR/MAr uR/br Grid Number uR/Abr uR/hr
BCS-B10-5-V1 8 3 BCS-C8-2-V1 10 5
BCS-B10-6-V1 10 5 BCS-C8-3-V1 10 5
BCS-B10-7-V1 9 4 BCS-C8-5-V1 10 5
BCS-C8-6-V1 10 5 BCS-E9-2-V1 9 4
BCS-C8-8-Vi 10 5 BCS-E9-3-V1 9 4
BCS-C8-9-V1 11 6 BCS-F10-1-V1 7 2
BCS-C9-1-V1 11 6 BCS-F10-2-V1 8 3
BCS-C9-2-V1 11 6 BCS-F10-3-V1 8 3
BCS-C9-3-V1 10 5 BCS-F10-4-V1 7 2
BCS-C9-4-V1 10 5 BCS-F10-5-V1 7 2
BCS-C9-5-V1 10 S BCS-F10-6-V1 7 2
BCS-C9-6-V1 10 5 BCS-F10-7-V1 9 4
BCS-C9-7-V1 12 7 BCS-F10-8-V1 9 4
BCS-C9-8-V1 10 5 BCS-F10-9-V1 7 2
BCS-C9-9-Vi 10 5 BCS-F11-1-V1 7 2
BCS-D10-1-V1 8 3 BCS-F114-V1 8 3
BCS-D10-2-V1 9 4 BCS-F11-7-V1 7 2
BCS-D10-3-V1 10 5 BCS-F9-1-V1 10 5
BCS-D10-4-V1 9 4 BCS-F9-2-V1 10 5
BCS-D10-5-V1 10 S BCS-F9-3-V1 8 3
BCS-D10-6-V1 10 5 BCS-F94-V1 10 5
BCS-D10-7-V1 9 4 BCS-F9-5-V1 9 4
BCS-D10-8-V1 10 5 BCS-F9-6-V1 9 4
BCS-D10-9-V1 9 4 BCS-F9-7-V1 10 5
BCS-D11-1-V1 10 S BCS-F9-8-V1 9 4
BCS-D11-4-V1 9 4 BCS-F9-9-V1 9 4
BCS-D11-7-V1 10 5 BCS-G10-1-V1 6 1
_ BCS-D9-6-V1 9 4 BCS-G10-2-V1 6 1
BCS-D9-9-V1 10 5 BCS-G10-3-V1 6’ 1
BCS-E10-1-V1 9 4 BCS-G104-V1 7 2
BCS-E10-2-V1 9 4 BCS-G10-5-V1 6 1
BCS-E10-3-V1 8 3 BCS-G10-6-V1 6 1
BCS-E10-6-V1 L] 3 BCS-G10-7-V1 6 1
BCS-E10-9-V1 10 S BCS-G10-8-Vi 8 3
BCS-E11-1-V1 7 2 BCS-G10-9-V1 9 4
BCS-E114-V1 9 4 BCS-G11-1-V1 7 2
BCS-E11-7-V1 9 4 BCS-G114-V1 7 2
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Final Status Survey Report for VA-V
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Grass Exposure | Net Exposare Gross Exposure | Net Exposure

Grid Number pR/Mhr pR/Ar Grid Number pR/Ar pR/br
BCS-E9%-1-V1 10 5 BCS-G11-7-V1 7 2
BCS-G9-2-V1 10 5 BCS-H10-8-V1 9 4
BCS-G9-3-V1 9 4 BCS-H10-9-V1 10 5
BCS-G9-5-V1 10 5 BCS-H11-7-V1 3
BCS-G9-6-V1 8 3 BCS-H9-5-V1 3
BCS-G9-8-V1 9 4 BCS-H9-3-V1 10 5
BCS-G9-9-V1 9 4 BCS-H9-9-V1 9 4
BCS-H10-7-V1 10 5

Total Number of Sub-grids 153

Average Gross Exposure 9 pR/hr

Average Net Exposure 4 uR/hr

|Background Exposure 5 uR/hr

* 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 (% ):

X= —-Zx:

n =

Standard. Deviation (S,):

Determination of Number of Background data points (ng):

2
195.5%.df5
ng=
0.2eXx3

Comparison of statistical mean (por) with guideline values:

ya=f+tl—a,ﬂ‘/£—-
n

Identifying additional measurement/sampling needs:

Estimati Factor=cc_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:
X; = 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
Cg = Guideline Value
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Table A7
Final Status Survey: Summary Statistics

Section | n | X(uRMh) | Sx(uR/h) pa (pRM) | Cg (UR/b) Estimating No. Verification
Factor Samples Needed
VA-V | 153 39 1.5 4.1 5.0 0.7 17 A
- Th-232 Soil Concentrations .~~~ .. ]
Section | n | X(@Cig) | Sx(@Cig) | ua(PCig) | Co(@Ci/g) Estimating No. Verification
: Factor Samples Needed
VA-V | 594 0.7 0.3 0.7 3.2 83 <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 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.
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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) VI. 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-VI dated June 22,
1999.

On July 13 through July 14® of 1999, after the original report submittal, the NRC Region III
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 in NRC 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,
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 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 subsurface contamination 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 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 pet 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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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
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:

e Average residual radionuclide concentrations are at or below the soil guideline values
defined in Section 2.3. Averaging is based on a 100 m® (10m x 10m) grid area. Note an
actual grid size of 33.3 fi. x 33.3 ft. was used for convenience in measuring rather than
10m x 10m (32.8 ft. x 32.8 fi.).

e 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)'?, where A is the area of residual
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activity in m?, 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 m® 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
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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.



Final Status Survey Report for VA-VI

The Dow Chemilcal Company’s Bay City, Ml Facility

Table 3-1

Field Radiological Monitoring Instrumentation

Instrument Measures Detector Efficiency* LIDIMDA
Tdtum Model 43-5 w/ Ludium Model 12 Alpha Surbace | 5% Tapm
Ludlum Model 43-90 w/ Ludlum Model 2221 | Alpha Surface 2% 12 dpm
Ludlum Mode! 44-9 w/ Ludlum Mode] 12 Alpha, Beta, Gamma 12% alpha
15% beta
A 1% gamma
Tudium Model 43-10 w/ Ludlum 1000 Alpha (air filters, smears) 3% 0.04 dpm
Ludlum Model 19 Exposure Rate 1 microR/h
Co T - .-+ Air Particnlate
Eberiine RAS-1 Air Pump Fiow Rate = 40-100 Ipm
MSA Escort Lapel Sampler Flow Rate = 2-3 Ipm
General Metal Works-2000 High Vol Sempler | Flow Rate = 30-60 cfin
U s © Test/Calibration Equipment -~ . -
Ludium Model 500 Pulser [ NIST Traccable
AFC-85L Air Flow Calibrator NIST Traceable
GMW-Calibrator Orifice for High Vol Sampler | NIST Traceable
MSA Optiflow 660 Air Flow Calibrator NIST Traccable
BT U SR - Field Laboratory Equipment .~ - e
Canberra Gamma Spectrometer ‘ [ Soi Th-232 Concentration [0.8 pCig

* 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
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:

e 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.

e 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-V!
The Dow Chemical Company’s Bay City, Ml Facility

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 m?) in size. Each full grid was then divided into nine 10m x 10m sub-grids
(100 m* 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
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3.4.3 Surface Scans

One lindred 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.

12
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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 m® quadrant
were composited, providing a total of 12 individual samples from each 100 m’ sub-grid. This
exceeds the decommissioning plan requirement of 9 soil samples (composited into 1) in each 100
m? 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 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 laboraxéry 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 measurements were obtained using a
Ludium Model 19 MicroR meter.

13
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Figure 34
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 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
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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

15
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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 gonvert 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 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-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.

16
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Figure 4-1
Grid Locations for VA-VI
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BACKGROUND LEVELS

4.1

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

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

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

level.
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. 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 Thorium 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-I4-9-
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 /

18
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A)" times the guideline value, where A is the area of the elevated activity in m®. Also, the
average over each 100 m’ sub-grid must be less than the guideline value.

Samples J6-1-A and 14-9-C were both composited over a 25 m’ area and therefore, the formula is
applied as follows:

Activity < (100 / 25)'2 x 14.5 pCi/g = 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
pCi/g which is greater than the averaging criteria of 29 pCi/g and therefore, the sample fails the
final status survey. Sub-grid I4-9 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 pCi/g which is less than the
residual guideline of 14.5 pCi/g.

Anmalysis 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 of NUREG/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 AS. 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 m’ for each of the sub-grids 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 13% and July 14® of 1999. This inspection
included the performance of a confirmatory survey. Approximately 50% of VA-VI was scanned
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 14-
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 ficld laboratory, under inspector observation, folowing 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.

50 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
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section. Thus area VA-VI 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-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.

i
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Table Al
BACKGROUND SOIL CONCENTRATIONS
Bay City
Sample <iTh Error | MDA “0Th Error | “*Th | Error
Name ®CVG) | (o) | CVG) | pCVG) | (26) | ®CVG) | (20)

BCBKGO1 0.39 0.08 0.13 1.04 0.84 0.48 0.44

BCBKGO02 0.36 0.07 0.14 0.46 0.34 0.41 0.31

BCBKGO03 0.28 0.08 0.11 0.38 0.31 0.35 0.29

BCBKG04 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

BCBKGO07 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

BCBKGO09 0.13 0.07 0.10 0.21 0.25 009 1. 0.2

BCBKG10 0.26 0.09 0.13 0.38 0.39 0.23 0.26

BCBKG11 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

BCBKGI1S 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

BCBKG2S 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 0.20 041 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 (uR/hr)

BCBKG!

5

BCBKG2

BCBKG3

BCBKG4

BCBKGS

BCBKG6

BCBKG7

BCBKGS8

BCBKG9

BCBKG10

BCBKGI11

BCBKGI12

BCBKGI13

BCBKGl14

BCBKG15

BCBKG16

BCBKG17

BCBKG18

BCBKG19

BCBKG20

BCBKG21

BCBKG22

BCBKG23

BCBKG24

BCBKG25

W W] ] ] D] ] ] B W] Q] ] ] O ] O\ Wl ] ] B RO N

ACROSS THE RIVER

BCBKG26(1)

BCBKG27(2)

BCBKG28(3)

BCBKG29(4)

BCBKG30(5)

W Hf Wl i w

Number of measurements: 30
Average: 5 pR/hr

Standard Deviation: 1.3 pR/hr (= 1.0 uR/hr)
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Table A3
Final Verification Soil Concentrations — VA-VI

lcammal Th-232 |Th-230|Th-228|Total Net

Weight | Spec | Th-232 | Th-230 | Th-228 | Net | Net | Net |Thorium

Sample # ® | Sys | (pCig) | (pCifp) | (pCi'p) | (pCi/p) |(pCi'p)|(pClig)] (pCi/g) |
BCS-C1-2-A&C | 30513 | 2 060 | 097 [ o056 030 | 048 | 026 | 1.04
BCS-C1-2-B 31229 | 2 0.9 1.61 0.93 069 | 1.12 | 0.63 | 2.44
BCS-C1-2-D 3313.7 | 2 207 | 338 1.95 1.77 | 2.89 | 165 | 6.31
BCS-C1-2-D(DUP) | 3313.7 | 2 207 | 337 1.94 1.77 | 288 | 1.64 | 6.29
BCS-C1-3-A 2966 3 130 | 2.12 122 100 | 1.63 | 092 | 3.56
BCS-C1-3-B 2989 3 136 | 2.22 128 .06 | 1.73 | 098 | 3.77
BCS-C1-3-C 3087 3 1.19 1.93 1.12 089 | 144 | 082 | 3.15
BCS-C1-3-D 2901 3 054 | 0.8 0.50 024 | 039 | 020 | o0.83
BCS-C2-1-A 2828 3 1.16 1.90 1.09 08 | 141 | 0.79 | 3.07
BCS-C2-1-B 3201 3 052 | 084 0.48 022 | 035 | 018 | 0.75
BCS-C2-1-C 2786 3 034 | 056 | 032 004 | 007 | 0.02 [ 0.13
BCS-C2-1-D 2939 3 033 | 054 | 031 003 | 005 | 001 | 0.10
BCS-C2-2-A 2825 3 0.64 1.04 0.60 034 | 055 | 030 | 118
BCS-C22-B&C | 30035 | 3 0.63 1.03 0.59 033 | 054 | 029 | 1.17
BCS-D1-2-B 28455 | 3 0.33 0.53 0.31 003 | 004 | 001 | 0.07
BCS-D1-2-D 30305 | 3 1.61 2.63 1.51 131 | 214 | 121 | 4.66
BCS-D1-3-A 27037 | 3 0.41 066 | 038 011 | 017 | 0.08 | 0.36
BCS-D1-3-B 25704 | 3 037 | 060 | 035 007 | 011 | 0.05 | 0.23
BCS-D1-3-C 27914 | 3 1.35 2.20 1.27 105 | 1.71 | 097 | 3.72
BCS-D1-3-D 27906 | 3 1.58 2.58 1.49 128 | 2.09 | 1.19 | 4.55
BCS-D1-5-B 25453 | 3 0.77 1.25 0.72 047 | 076 | 042 | 165
BCS-D1-5-D 26369 | 3 1.00 1.63 0.94 070 | 114 | 0.64 | 2.47
BCS-D1-5-D(DUP) | 26369 | 3 1.11 1.82 1.05 081 | 133 | 075 | 2.89
BCS-D1-6-A 32647 | 3 0.33 0.53 031 003 | 004 | 001 | 007
BCS-D1-6-B 29398 | 3 1.28 2.09 1.20 098 | 1.60 | 090 | 3.48
BCS-D1-6-C 29716 | 3 1.71 2.79 1.61 141 | 230 | 1.31 | s.02
BCS-D1-6-D 3101.3 | 3 0.80 1.31 0.75 050 | 082 | 045 | 177
BCS-D1-8-B 28825 | 3 0.90 146 | 0.34 060 | 097 | 054 | 2.11
BCS-D1-8-D 28455 | 3 0.92 1.50 | 0.87 062 | 101 | 057 | 220
BCS-D1-9-A 30107 | 3 0.95 1.55 0.90 065 | 1.06 | 060 | 2.31
BCS-DI-9-B 31413 | 3 1.74 | 2.84 1.64 144 | 235 | 134 | s5.12
BCS-D1-9-C 27796 | 3 1.71 2.79 1.61 141 | 230 | 131 | 5.03
BCS-D1-9-D 3245 3 1.20 1.96 1.13 090 | 147 | 083 | 321
BCS-D2-1-A 27132 | 3 0.75 1.22 0.70 045 | 073 | 040 | 1.58
BCS-D2-1-B 26079 | 3 220 | 3.59 | 207 190 | 310 | 1.77 | 6.77
BCS-D2-1-C 2988 3 130 | 2.12 1.22 .00 | 1.63 | 092 | 3.56
BCS-D2-1-D 27346 | 3 228 | 372 | 215 198 | 323 | 1.85 | 7.06
BCS-D2-1-D(DUP) | 27346 | 3 1.93 3.15 1.82 163 | 266 | 1.52 | 5.81
BCS-D2-2-A 28106 | 2 0.85 138 | 0.80 055 | 0.89 | 0.50 | 1.94
BCS-D2-2-B 2832 2 140 | 229 1.32 .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 # @ | sy | @cife) | (pCi) | (pCifg) | (Ci/p) |eCife) | (pCi/e)| (pCirg)
BCS-D2-2-C 28077 | 2 1.89 | 3.09 1.78 1.59 | 260 | 148 | 5.67
BCS-D2-2-D 31209 | 2 121 197 | 114 | 091 | 148 | 0.84 | 3.23
BCS-D2-3-A 33622 | 3 0.51 083 | 048 | 021 | 034 | 018 | 0.72
BCS-D2-3-B 2851.1 | 3 1.03 168 | 097 | 073 | 1.19 | 067 | 2.58
BCS-D2-3-C 2899 | 3 0.63 103 | 060 | 033 | 054 | 030 | 1.17
BCS-D2-3-D 34006 | 3 030 | 050 | 029 | 000 | 001 | 0.01 [ 0.00
BCS-D24-A 34138 | 3 1.09 1.78 .03 | 079 | 1.29 | 0.73 | 281
BCS-D2-4-B 3030 3 2.11 3.44 1.98 1.81 | 295 | 1.68 | 644
BCS-D2-4-C 36883 | 3 1.02 166 | 096 | 072 | 117 | 0.66 | 2.55
BCS-D2-4-D 35503 | 3 150 | 245 141 120 | 196 | 1.11 | 427
BCS-D2-5-A 3091.1 | 3 067 | 1.08 | 063 037 | 059 [ 033 | 128
BCS-D2-5-B 31579 | 3 039 | 064 | 037 | 009 | 015 [ 0.07 | 0.30
BCS-D2-5-C 30958 | 3 040 | 065 | 038 | 0.0 | 0.16 | 0.08 | 0.34
BCS-D2-5-D 3341 3 047 | 076 | 044 | 017 | 027 | 014 | 0.58
BCS-D2-SD(DUP) | 3341 3 055 | 090 | 052 | 025 | 041 | 022 | 0.38
BCS-D2-6-A 26659 | 3 039 | 064 | 037 | 009 | 015 | 0.07 | 0.32
BCS-D2-6-B 28883 | 3 041 | 068 | 039 | o011 | 0.19 | 0.09 | 0.39
BCS-D2-6-C 2862.7 | 3 176 | 287 | 166 146 | 238 | 1.36 | 5.20
BCS-D2-6-D 30178 | 3 016 | 026 | 015 | -0.14 | -023 | -0.15 | -0.52
BCS-D2-7-A 36806 | 3 0.75 123 | 071 045 | 074 | 041 | 1.60
BCS-D2-7-B 35859 | 3 164 | 267 | 154 134 | 218 | 1.24 | 4.76
BCS-D2-7-C 29258 | 3 0.95 154 | 089 | 065 | 1.05 | 059 | 229
BCS-D2-7-D 34244 | 3 036 | 059 | 034 | 006 | 010 | 0.04 | 021
BCS-D2-7-D(DUP) | 34244 | 3 038 | 062 | 036 | 008 | 0.13 | 006 | 026
BCS-D2-8-A 32548 | 3 129 | 2.10 1.21 099 | 1.61 | 091 | 3.51
BCS-D2-8-A 32548 | 3 129 | 2.11 122 | 099 | 1.62 | 092 | 3.53
BCS-D2-8-B 36108 | 3 1.09 1.78 1.03 079 | 129 | 0.73 | 2.81
BCS-D2-8-C 32591 | 3 061 | 099 | 057 | 031 | 050 | 027 | 1.08
BCS-D2-8-D 32454 | 3 045 | 073 | 042 | 015 | 024 | 012 | 052
BCS-D2-9-A 3344.1 | 2 053 | 087 | 050 | 023 | 038 | 020 | 0.81
BCS-D2-9-B&C__ | 33993 | 2 030 | 049 | 028 | 0.00 | 000 | 0.02 | -0.01
BCS-E1-2-B&D | 1819.7 | 3 044 | 072 | 042 | 014 | 023 | 012 | 0.50
BCS-E1-3-A 20813 | 3 061 | 099 | 057 | 031 | 050 | 027 | 1.07
BCS-E1-3-B 20832 | 3 0.75 123 | o071 045 | 074 | 041 | 1.60
BCS-E1-3-C 2115 3 033 | 053 | 031 003 | 004 | 001 [ 007
BCS-E1-3-D 20893 | 3 060 | 098 | 056 | 030 | 049 | 026 | 105
BCS-E1-3-D(DUP) | 20893 | 3 050 | 081 | 047 | 020 | 032 | 017 | 0.69
BCS-E1-5-B&D | 25936 | 3 017 | 028 | 016 | -013 | -021 | 0.14 | -047
BCS-E1-6-A 2748 3 034 | 055 | 032 | 004 | 006 | 002 | 0.12
BCS-E1-6-B 24304 | 3 028 | 046 | 027 | -002 | -0.03 | -0.03 | -0.07
BCS-E1-6-C 26216 | 3 043 | 070 | 040 | 0.3 | 021 | 0.10 | 0.44
BCS-E1-6-D 25158 | 3 019 | 032 | 018 | -0.1 | -017 ] -0.12] 039
BCS-E1-8-B&D | 23779 | 3 .| 050 | 082 | 047 | 020 | 033 | 0.17 | 0.71
BCS-E1-9-A" 2821 3 039 | 063 | 037 | 009 | 014 | 007 | 030
BCS-E1-9-B 25379 | 3 036 | 059 | 03¢ | 006 | 0.0 | 004 | 021
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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. | (pCifg) | (pCi/g) | (pCi/g) | (@Cifg) |(pCi/g)|(pCi/g)| (pCi/g)
BCS-E1-9-C 27143 3 0.37 0.60 0.34 0.07 0.11 | 0.04 | 0.21
BCS-E1-9-D 2892.3 3 0.50 0.82 047 0.20 033 | 017 | 071
BCS-E1-9-D(DUP) | 2892.3 3 0.57 0.92 0.53 0.27 043 | 023 | 093
BCS-E2-1-A 2244.5 2 0.14 0.23 0.13 0.16 | 026 | -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 3.07 501 | 287 | 10.96
BCS-E2-1-D 1921.3 2 1.02 1.66 0.96 0.72 1.17 | 066 | 2.55
BCS-E2-2-A 2189.1 2 0.61 0.99 0.57 0.31 0.50 | 0.27 1.08
BCS-E2-2-B 1834.3 2 0.46 0.75 0.43 0.16 026 | 0.13 | 055
BCS-E2-2-B(DUP) | 1834.3 2 0.24 0.39 0.23 006 | -010 | -007 | -0.23
BCS-E2-2-C 2190.6 2 0.74 1.20 0.69 0.44 071 | 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 0.05 008 | 003 | 0.16
BCS-E2-3-B 2808 3 0.52 0.84 0.48 0.22 035 | 018 | 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 0.60 034 0.56 { 0.30 1.20
BCS-E24-A 2177.8 3 0.60 0.97 0.56 0.30 048 | 0.26 1.04
BCS-E24-B 2402.1 3 0.65 1.07 0.61 0.35 0.58 | 031 1.25
BCS-E2-4-C 2230.4 3 0.42 0.68 0.39 0.12 0.19 { 0.09 | 040
BCS-E24-D 23452 3 0.47 0.76 0.44 0.17 027 { 0.14 | 0.58
BCS-E24-DXDUP) | 23452 3 0.61 1.00 0.58 0.31 0.51 | 028 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 0.24 040 | 0.21 0.86
BCS-E2-5-C 2654.3 3 0.42 0.69 0.40 0.12 020 | 0.10 | 043
BCS-E2-5-D 3039.6 3 0.55 0.89 0.52 025 040 | 02 | 0.87
BCS-E2-6-A 3531 2 0.75 1.23 0.71 0.45 074 | 041 1.59
BCS-E2-6-B 3436.9 2 0.17 0.28 0.16 013 | 021 | 014 | 047
BCS-E2-6-C 3226.3 2 0.95 1.54 0.89 0.65 105 | 059 | 2.29
BCS-E2-6-D 32672 2 0.68 1.11 0.64 0.38 062 | 0.34 1.33
BCS-E2-6-DDUP) | 3267.2 2 0.62 1.02 0.59 0.32 053 | 029 1.14
BCS-E2-7-A 2473.4 3 0.39 0.64 0.37 0.09 015 | 0.07 | 0.32
BCS-E2-7-B 2308.5 3 0.30 0.49 0.29 0.00 000 | -0.01 | -0.01
BCS-E2-7-C 2299.2 3 0.65 1.06 0.61 0.35 057 | 0.31 1.23
BCS-E2-7-D 2396.5 3 0.59 0.96 0.56 0.29 047 | 0.26 1.02
BCS-E2-8-A 3193.2 2 0.79 1.29 0.74 0.49 0.80 | 0.44 1.74
BCS-E2-8-B 3232.9 2 0.55 0.89 0.51 0.25 040 | 021 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 30352 2 0.62 1.01 0.58 0.32 052 | 028 1.12
BCS-E2-9-A 2979.2 3 1.39 2.26 131 1.09 1.77 | 101 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 3 322 5.25 3.03 2.92 476 | 2.13 | 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-D(DUP) | 3038.8 3 0.66 1.08 0.62 0.36 0.59 | 0.32 1.28
BCS-E3-1-A 2564.1 3 0.25 042 024 -0.05 | -0.07 | -0.06 | -0.18
BCS-E3-1-B 2453.9 3 0.59 0.96 0.55 0.29 047 | 025 1.00
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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. | (pCig) | (pCi/g) | (pCig) | (pCife) |(PCifg)|(pCi/g)| (pCi'g)
BCS-E3-1-C 2834.4 3 0.39 0.63 0.37 0.09 0.14 | 0.07 | o0.30
BCS-E3-1-D 2499.7 3 0.21 0.34 0.20 0.09 | -015]-0.10 | -0.34
BCS-E3-2-A 2604 3 0.38 0.62 0.36 0.08 0.13 | 006 | 026
BCS-E3-2-B 3049 3 0.54 0.88 0.51 0.24 039 | 021 0.85
BCS-E3-2-C 2575 3 0.34 0.56 0.32 0.04 007 | 002 | 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 0.20 009 | 014 ] -0.10 | -0.33
BCS-E3-4-B 20775 | 3 0.51 0.84 0.48 0.21 035 | 018 | 0.75
BCS-E34-C 3138 3 0.32 0.52 0.30 0.02 003 | 000 | 005
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 0.39 022 -0.06 | -0.10 | -0.08 | -0.24
BCS-E3-5-C 3071 3 0.98 1.60 0.92 0.68 .11 | 062 | 242
BCS-E3-5-D 2940 3 0.90 1.46 0.84 0.60 097 | 054 | 2.1
BCS-E3-7-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 0.09 015 | 007 | 032
BCS-E3-7-D 2461.7 3 025 0.41 0.24 005 | -008 | -006 | -0.19
BCS-E3-8-A 2979 3 0.41 0.67 0.39 0.11 0.18 | 0.09 | 0.37
BCS-E3-3-B 3089.1 3 0.33 0.53 0.31 0.03 0.04 | 0.01 0.08
BCS-E3-3-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 0.02 003 | 0.00 | 0.05
BCS-F3-3 NA |Insitu] 06 0.98 0.56 0.30 049 | 0.26 1.05
BCS-G3-3 NA |Insim| 0.6 0.93 0.56 0.30 049 | 0.26 1.05
BCS-G3-6 NA |Insitu| 06 0.98 0.56 0.30 049 | 026 1.05
BCS-G3-9-A 3211.5 3 0.32 0.52 0.30 0.02 0.03 | 000 | 0.05
BCS-G3-9-B 3439.6 3 0.25 0.41 0.24 -0.05 | 008 | -0.06 | -0.19
BCS-G3-9-C 3401.2 3 0.09 0.14 0.08 021 |-035] 02| -078
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 |Insiu| 09 1.47 0.85 060 | 098 | 055 | 2.12
BCS-G4-4 NA |Insitu] 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 |-005]|-004 | -0.12
BCS-H3-3-B 3546.7 3 047 0.76 0.44 0.17 027 | 0.14 | o0.57
BCS-H3-3-C 2677 3 0.52 0.85 0.49 022 036 | 0.19 | 0.78
BCS-H3-3-D 3439.2 3 0.68 1.10 0.64 0.38 0.61 | 0.34 1.33
BCS-H3-6-A 2951.9 2 0.56 0.91 0.53 026 042 | 023 0.91
BCS-H3-6-B 2864.3 2 0.33 0.54 0.31 0.03 0.05 | 0.01 0.08
BCS-H3-6-C 2765.6 2 045 0.73 0.42 0.15 024 | 0.12 | 0.50
BCS-H3-6-D 2505.4 2 0.51 0.83 0.48 021 034 | 0.18 | 0.73
BCS-H3-9-A 2979.5 2 0.51 0.84 0.48 021 035 | 0.18 | 0.75
BCS-H3-9-B 2473 3 0.94 1.53 0.88 0.64 104 | 058 | 225
BCS-H3-9-C 2826 3 1.39 2.26 1.31 1.09 1.77 | L0l 3.87
BCS- H3-9-D 3312.2 2 0.43 0.71 0.41 0.13 022 | 0.11 0.46
BCS-H4-1-A 3582 3 0.62 1.02 0.59 0.32 0.53 | 029 1.14
BCS-H4-1-B 3069.7 3 1 047 0.77 0.44 017 | 028 | 014 | 0.59
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The Dow Chemical Company’s Bay City, Ml Facility

Gamma Th-232 | Th-230|Th-228Total Net

Weight | Spec | Th-232 | Th-230 | Th-228 Net Net Net | Thorium

Sample # ® | sy | (pcve) | (eCip) | @Citg) | @Cilp) |eCie)|(eCivg)| (pCire) |
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 3 043 0.69 0.40 0.13 020 | 0.10 0.43
BCS-H4-2-A 3509.4 3 0.45 0.74 0.42 0.15 025 | 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 0.14 022 | 0.11 0.47
BCS-H4-2-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 1 -0.10 | -0.34
BCS-H4-3-B 34824 3 0.47 0.76 0.44 0.17 027 | 0.14 0.58
BCS-H4-3-C 2588.7 3 0.46 0.75 043 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 0.20 032 | 0.17 0.68
BCS-H4-4-B 2975.8 3 0.29 0.47 0.27 -0.01 -0.02 | -0.03 | -0.07
BCS- H4-4-C 2301.3 3 033 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 | -023 { -0.15 | -0.52
BCS-H4-5-A 2537.5 2 047 0.76 0.44 0.17 027 | 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 28989 | -2 042 0.69 0.40 0.12 020 | 0.10 0.42
BCS- H4-5-D(DUP) | 2898.9 2 0.29 047 027 -0.01 <002 | 003 | -0.06
BCS-H4-6-A 3087 2 042 0.69 0.40 0.12 020 | 0.10 0.42
BCS- H4-6-B 2716 2 027 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-H4-6-D 2601 2 0.15 0.25 0.15 015 | 024 ] -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 0.31 051 | 027 1.09
BCS-H4-7-C 3069 3 1.21 1.97 1.14 0.91 148 | 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 0.31 051 | 0.28 1.10
BCS-H5-1-C 32024 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 0.02 002 | 0.00 0.04
BCS-H5-2-A 2691.5 2 0.50 0.81 047 0.20 032 | 0.17 0.68
BCS-H5-2-B 2810.9 2 0.69 1.13 0.65 0.39 064 | 0.35 1.38
BCS-H5-2-C 32843 2 0.21 0.34 020 009 [ -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 27274 3 0.51 0.83 0.48 0.21 034 | 0.18 0.72
BCS-HS-3-C 3165.3 3 0.29 047 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 0.2 | 0.05 0.24
BCS-H5-5-B 2548.7 3 0.46 0.75 0.43 0.16 026 | 0.13 0.55
BCS-H5-5-C 27454 2 2.34 3.82 220 2.04 333 | 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 3 041 0.67 0.38 0.11 0.18 | 0.08 0.37
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Final Status Survey Report for VA-V}
The Dow Chemical Company’s Bay City, Mi Facility

Gamma Th-232 |Th-230|Th-228 |Total Net
Weight { Spec | Th-232 | Th-230 | Th-228 Net Net Net | Thorium

Sample # ® | Sys | (pCip) | (pCife) | (pCitg) | eCifg) |@Cum|pCite)| (pCirg)
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-Hé6-1-B 3314.9 3 0.90 1.47 0.85 0.60 098 | 0.55 2.12
BCS-H6-1-C 3036 3 0.43 0.71 0.41 0.13 022 | 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 0.830 | 044 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 0.17 028 | 0.14 0.60
BCS-13-6-A 2072.3 2 3.46 5.64 325 3.16 5.15 | 2.95 11.26
BCS-13-6-B 2775.8 2 0.51 0.83 0.48 0.21 034 | 0.18 0.73
BCS-13-6-C 2585.6 2 0.50 0.81 047 020 0.32 | 0.17 0.68
BCS-13-6-D 1862.8 2 0.86 1.40 0.81 0.56 091 | 0.51 1.97
BCS-13-9-A 3190.2 3 0.47 0.76 0.44 0.17 027 | 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 30115 3 0.77 1.26 0.73 0.47 0.77 | 043 1.66
BCS-13-9-D(DUP) | 3011.5 3 0.85 1.39 0.80 0.55 090 | 0.50 1.94
BCS-14-1-A 3101.7 3 0.80 1.31 0.75 0.50 0.82 | 045 1.77
BCS-14-1-B 2814.5 3 0.53 0.87 0.50 0.23 038 | 020 0.81
BCS-14-1-C 2879.8 3 0.57 0.94 0.54 0.27 045 | 024 0.96
BCS-14-1-D 2783.3 3 0.75 1.22 0.70 045 0.73 | 040 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 27251 3 0.82 1.33 0.77 0.52 084 | 047 1.83
BCS-14-4-C 2711.5 3 045 0.73 042 0.15 024 | 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 | 003 | 0.15
BCS-14-7-B 2379.4 2 0.83 1.36 0.78 0.53 0.87 | 048 1.89
BCS-14-7-C 2655.2 2 -2.39 3.90 225 2.09 3.41 1.95 7.44
BCS-14-7-D 2845.6 2 0.33 0.53 0.31 0.03 0.04 | 0.01 0.03
BCS-14-8-A 23484 3 0.23 0.37 0.2 -0.07 | -0.12 | -0.08 | -0.27
BCS-14-8-B 1993.7 3 0.48 0.78 045 0.18 029 | 0.15 0.63
BCS-14-8-C 2293.6 3 0.45 0.74 043 0.15 025 | 0.13 0.53
BCS-H4-8-D 2544.7 3 0.57 0.92 0.53 027 043 | 0.23 0.94
BCS-14-9-A 22712 2 0.89 1.46 0.84 0.59 097 | 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-15-1-A 2945.6 2 1.16 1.89 1.09 0.86 140 | 0.79 3.06
BCS-15-1-B 3417 2 0.53 0.86 0.50 0.23 037 | 020 0.80
BCS-15-1-C 27989 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 0.32 053 | 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 # [(3) Sys. | (pCifg) | (pCilg) | (pCi/g) | (pCig) |(pCi/g)|(pCi/g)| (PCV/E)
BCS-15-2-C 2833.6 2 0.49 0.79 0.46 019 | 030 | 0.16 | 0.64
BCS-15-2-D 3141.1 2 0.50 0.81 0.47 020 | 032§ 017 | 0.69
BCS-15-3-A 3313.1 3 0.43 0.69 0.40 0.13 020 { 0.10 | 043
BCS-15-3-B 3038.1 3 0.78 1.28 0.74 048 | 079 | 0.44 1.71
BCS-15-3-C 31782 3 0.11 0.18 0.10 -0.19 {-031]-020] -0.70
BCS-15-3-D 3368 3 0.30 0.48 0.28 000 | -0.01 | -0.02 | -0.03
BCS-15-7-A 3456.3 2 0.48 0.78 0.45 018 | 029 | 0.15 | o0.61
BCS-15-7-B 32104 2 1.27 2.06 1.19 0.97 157 | 0.89 | 343
BCS-15-7-C 3364.7 2 1.53 2.50 1.44 1.23 201 | 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 34622 2 0.72 1.18 0.68 042 | 069 | 0.38 1.49
BCS-15-8-B 2652.1 2 0.29 0.48 0.28 00t | -001]-002} -0.04
BCS-15-3-C 3865.6 2 0.51 0.83 0.48 021 034 | 0.18 | 0.74
BCS-15-8-D 3168.6 2 0.37 0.60 0.35 007 | 011 ] 005 | 022
BCS-15-9-A 1977.6 3 0.70 1.13 0.65 0.40 064 | 035 1.39
BCS-15-9-B 2312.6 3 0.32 0.52 0.30 002 | 003 | 000 | o0.05
BCS-15-9-C 223§ 3 0.50 0.82 047 020 | 033} 017 | 071
BCS-15-9-D 2269.6 3 0.59 0.96 0.56 029 | 047 | 026 1.02
BCS-16-1-A 2829.1 3 0.66 1.07 0.62 036 | 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 | 411
BCS-16-1-C 3071.2 3 0.68 .11 0.64 038 | 062 | 0.34 1.34
BCS-16-1-D 3321.1 3 0.71 1.16 0.67 0.41 0.67 | 037 1.44
BCS-16-2-A 3109.7 3 1.58 2.57 1.48 128 | 208 | 1.18 | 4.55
BCS-16-2-B 2351.5 3 0.71 1.15 0.66 041 0.66 | 0.36 1.43
BCS-16-2-C 2679 3 1.75 2.85 1.65 1.45 236 | 1.35 | s.16
BCS-16-2-D 2558.7 3 3.64 5.93 3.42 3.34 544 | 3.12 | 11.89
BCS-16-3-A 3070.8 3 2.73 4.46 2.57 2.43 397 | 227 | s8.67
BCS-16-3-B 2777 3 2.09 3.41 1.96 179 | 292 | 166 | 637
BCS-16-3-C 2645.7 3 233 3.79 2.19 2.03 330 | 1.89 | 7.21
BCS-16-3-D 2249.6 3 2.29 .73 2.15 199 | 324 | 1.85 | 7.07
BCS-16-6-A 3219.4 3 1.56 2.54 1.46 126 | 205 | 1.16 | 4.47
BCS-16-6-B 3265 3 2.19 3.58 2.06 189 | 309 | 176 | 674
BCS-16-6-C 2654.3 3 0.58 0.94 0.54 0.28 045 | 024 | 098
BCS-16-6-D 2515.2 3 1.67 2.72 1.57 137 | 223 | 127 | 4.87
BCS-16-7-A 3291.5 2 0.47 0.77 0.44 017 | 028 | 0.14 | 059
BCS-16-7-B 3052.2 2 0.63 1.02 0.59 0.33 0.53 | 029 1.15
BCS-16-7-D 3332.3 2 0.73 1.18 0.68 0.43 0.69 | 0.38 1.50
BCS-16-7-D(DUP) | 3332.3 2 0.73 1.19 0.69 0.43 0.70 | 0.39 1.51
BCS-J4-3-A 3163.9 3 043 0.70 0.40 0.13 021 | 0.10 | 045
BCS-J4-3-B 2678.1 3 0.72 1.17 0.68 042 | 068 | 0.38 1.48
BCS-J4-3-C 3090 3 1.90 3.10 1.79 160 | 261 | 149 | 57
BCS- J4-3-D 3214.6 3 0.56 0.91 0.53 026 | 042 | 023 | 0.91
BCS-J4-6-A 3052.5 3 0.63 1.03 0.59 0.33 0.54 | 029 1.16
BCS- J4-6-B 3276.2 3 0.55 0.90 0.52 0.25 041 | 022 | o.88
BCS- 4-6-C 2897.8 3 0.59 0.96 0.56 029 | 047 | 026 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. | (pCi/g) | (pCi®) | (pCilg) | (pCi'®) | (pCi/g)|(pCi/g)| (pCi/g)
BCS-J4-6-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 1.44 235 | 1.34 5.13
BCS-J4-9-B 3063.7 3 0.63 1.03 0.60 0.33 0.54 | 030 1.17
BCS-J4-9-C 2447.8 3 435 7.08 408 4.05 6.59 | 3.78 | 1442
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 1.48 241 | 137 | 527
BCS-J5-1-A 2900.2 3 0.75 1.2 0.70 0.45 073 | 040 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 | 042 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 34732 3 0.58 0.95 0.55 0.28 046 | 025 0.98
BCS-J5-2-C 3705.8 3 0.55 0.90 0.52 0.25 041 | 022 | 0.88
BCS-J5-2-D 3604.6 3 0.38 0.61 0.35 0.08 0.12 | 005 | 025
BCS-J5-3-A | 29289 3 1.47 2.40 1.38 1.17 191 | 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 0.89 145 | 0.82 | 3.16
BCS-J5-3-D 2946.8 3 1.47 2.39 1.38 1.17 190 | 1.08 | 4.15
BCS-J5-3-D(DUP) | 2946.8 3 1.49 2.44 1.40 1.19 195 | 1.10 | 4.25
BCS-J5-4-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 0.21 034 | 018 | 0.72
BCS-15-4-C 3353.3 3 0.67 1.10 0.63 0.37 0.61 | 0.33 1.32
BCS-J5-4-D 35792 3 0.56 0.91 0.52 0.26 042 { 02 | 0.9
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 0.39 064 | 0.35 1.38
BCS-J5-5-C 3823.9 3 0.69 1.13 0.65 0.39 064 | 035 1.38
BCS-J5-5-D 3547 3 3.03 4.93 2.84 2.73 444 | 254 | 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 0.49 0.28 0.00 0.00 | -0.02 | -0.03
BCS-J5-6-C 3863.7 2 0.68 1.10 064 -| 038 0.61 | 0.34 1.33
BCS-J5-6-D 38412 2 0.63 1.02 0.59 0.33 0.53 | 029 1.15
BCS-J5-7-A 2883.3 2 0.49 0.80 0.46 0.19 031 | 0.16 | 0.66
BCS-J5-7-B 3733 2 0.42 0.68 0.39 0.12 0.19 | 0.00 | 041
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 0.27 043 | 023 0.93
BCS-J5-8-A 3738.8 2 0.82 1.34 0.77 0.52 0.85 | 0.47 1.84
BCS- J5-3-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 0.72 041 0.14 023 | o.11 0.48
BCS-J5-9-A 3645.8 3 0.57 0.93 0.54 0.27 044 | 024 | 094
BCS-J5-9-B 36273 3 0.57 0.93 0.54 027 044 | 024 0.95
BCS- J5-9-C 3592.1 3 0.92 1.50 0.86 0.62 101 | 056 | 2.19
BCS-J5-9-D 3669.8 3 0.32 0.52 0.30 0.02 0.03 | 0.00 | 0.06
BCS-16-1-A 2722 3 4.46 727 4.19 4.16 678 | 3.89 | 14.83

33



|

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

Gamma

Th-232 | Th-230| Th-228|Total Net

Weight | Spec | Th-232 | Th-230 | Th-228 Net Net | Net |Thorium

Sample # ((4) Sys. | (pCifp) | (pCi/g) | (pCi/g) | (pCifg) |(PCi/g)|(pCi/g)| (pCi/g)
BCS-J6-1-B 3044.2 3 1.10 1.79 1.03 0.80 130 | 0.73 2.83
BCS-J6-1-C 3035.4 3 0.57 0.92 0.53 027 043 | 023 0.93
BCS-J6-1-D 3007.7 3 0.91 1.48 0.85 0.61 099 | 0.55 2.15
BCS-J6-2-A 3232.7 3 0.68 i.11 0.64 0.38 062 | 0.34 1.33
BCS-J6-2-B 2930.5 3 0.44 0.71 041 0.14 022 | 0.11 0.47
BCS-J6-2-C 3357.5 3 0.32 0.53 0.31 0.02 0.04 | 0.01 0.07
BCS-6-2-D 3444.9 3 0.27 0.44 0.25 0.03 | 005 | -005 | -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 1.53 249 | 142 5.44

BCS-J6-3-B 3189.2 3 1.09 1.78 1.03 0.79 129 | 0.73 2.81 .
BCS-J6-3-C 30714 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 0.67 042 0.68 | 037 1.46
BCS-J6-4-A 3743.5 3 0.57 0.92 0.53 0.27 043 | 023 0.93
BCS-J6-4-B 3956.7 3 0.79 1.28 0.74 0.49 0.79 | 044 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 0.32 052 | 0.28 1.12
BCS-J6-5-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 0.17 011 | -019 | -0.13 | -043
BCS-J6-5-C 3413.1 3 0.50 0.82 047 0.20 033 | 0.17 0.70
BCS-J6-5-D 3253.8 3 0.59 0.96 0.56 0.29 047 | 026 1.02
BCS-J6-6-A 2760.8 3 0.80 1.30 0.75 0.50 081 | 045 1.76
BCS-J6-6-B 3364.7 3 0.36 0.59 0.34 0.06 0.10 | 0.04 0.21
BCS-J6-6-C 3020.5 3 0.37 0.60 0.34 0.07 0.11 | 0.04 0.21
BCS-J6-6-D 2729.5 3 0.56 0.91 0.52 0.26 042 | 022 0.90
BCS-J6-7-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 -007 | -0.12 | -0.09 | -0.28
BCS-J6-7-D 35714 3 1.38 2.25 1.30 1.08 1.76 | 1.00 3.84
BCS-J6-8-A 3357.6 3 045 0.74 0.42 0.15 025 | 0.12 0.52
BCS-J6-8-B 3311.7 3 0.59 0.97 0.56 029 | 048 | 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 0.16 026 | 0.13 0.56
BCS-J6-9-B 30504 3 0.88 1.44 0.83 058 - | 095 | 0.53 2.07
BCS-J6-9-C 32354 3 1.00 1.64 0.94 0.70 115 | 0.64 2.49
BCS-J6-9-D 2752.3 3 1.85 3.02 1.74 1.55 253 | 1.4 5.52
BCS-K4-9-A 3448.8 2 0.58 0.94 0.54 0.28 045 | 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 0.28 045 | 0.24 0.98
BCS-K4-9-D 3543.7 2 043 0.71 0.41 0.13 022 | 0.11 0.46
BCS-K5-7-A 3303.6 2 0.62 1.01 0.58 0.32 052 | 0.28 1.12
BCS-K5-7-B 3346.5 2 0.58 0.94 0.54 0.28 045 | 024 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 327N 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 | 045 1.717
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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. | (pCig) | (pCilg) | (pCi'g) | (pCi’g) |(PCi/g)!(pCi/g)| (pCilg)
BCS-K5-8-B 3141.6 3 0.74 1.20 0.69 0.44 0.71 | 039 1.54
BCS-K5-8-C 3472.8 3 1.23 2.01 1.16 0.93 152 | 0.86 | 331
BCS-K5-8-D 2716 3 1.02 1.66 0.96 0.72 1.17 | 066 | 2.55
BCS-K5-9-A 3383.1 2 0.44 0.71 0.41 0.14 0.22 | 0.11 047
BCS-K5-9-B 3587.7 2 0.50 0.81 0.47 0.20 032 { 0.17 | 0.68
BCS-K5-9-C 3060.5 2 2.10 342 1.97 1.80 293 | 167 | 6.39
BCS-K5-9-D 3028.4 2 1.29 2.10 121 0.99 1.61 | 0.1 3.50
BCS-K5-9-IXDUP) | 3028.4 2 1.18 1.93 111 0.88 144 | 0.81 3.13
BCS-K6-7-A 3017.8 3 0.66 1.07 0.62 036 0.58 | 032 1.26
BCS-K6-7-B 3313.3 3 0.60 0.97 0.56 0.30 048 | 026 1.04
BCS-K6-7-C 3297.6 3 1.28 2.09 121 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 | 008 | 0.34
BCS-K6-7-D(DUP) | 3475.5 3 0.47 0.76 0.44 0.17 | 027 | 0.14 | 0.58
BCS-K6-8-A 3296.4 2 043 0.70 0.40 0.13 021 | 0.10 | 043
BCS-K6-8-B 3288.4 2 0.68 1.11 0.64 0.38 062 | 034 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 0.81 131 | 074 | 2.86
BCS-K6-9-A 3319.8 2 0.46 0.75 0.43 0.16 026 | 0.13 | 054
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 0.63 103 | 058 | 224
BCS-K6-9-D 2743.6 2 0.80 1.30 0.75 0.50 0.81 | 045 1.75
Average 2976.5 0.80 1.30 0.75 0.50 081 | 045 | L75
[Median 3011.1 0.6 1.0 0.6 03 0.5 | 03 1.1
tandard
eviation 418.7 0.7 1.2 0.7 0.7 1.2 0.7 2.6
[Equations
[Th-230 (pCi/g) = 1.63 * Th-232 (pCi/g)

ITh-228 (pCi/g) = 0.94 * Th-232 (pCi/g)

ITh-232 Net (pCi/g) = Th-232 (pCi/g) - 0.3

Th-230 Net (pCi/g) = Th-230 (pCi/g) - 0.49

Th-228 Net (pCi/g) = Th-228 (pCifg) - 0.3

[Total Net Thorium = Th-232 Net + Th-230 Net + Th-228 Net
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Final Gamma Exposure Rates — VA-VI

Table AS

Gross Gross
Sample # Exposure |Net Exposure Sample # Exposure |Net Exposure

pR/MAr uR/br pR/MAr pR/br
CS- Cl2 -VI 10 5 IBCS- E35  -vi 12 7
Bcss c13 -vi 1 6 IBCS- E37  -Vi g 3
Bcs- 21 -vi 9 4 BCS- E3-8 -VI 1 6
Bcs- 22 -vi 12 7 IBCS- F33  -VI 9 4
IBcs- D12 -vi 8 3 Bcs- @33 -vi 8 3
IBCS- D13 -Vi 8 3 Bcs- G36  -vi 7 2
IBCS- DI-5 -Vl 10 5 IBCS- G3-9 -vI 8 3
IBCS- D16 -VI 1 6 BCS- Ga-1  -vi 9 4
IBCS-  DI-8 -VI 1 6 IBCS- G44  -VI 9 4
IBCS- D19 -vi 12 7 Bcss m3  -vi g 3
IBcs- D21 Vi 11 6 Bcs- W6 V1 8 3
IBCcs- D22 -vi 13 8 [BCs- 39 -vI 8 3
IBCs- D23 -vi 10 5 Bcs- H4-1 w1 8 3
IBCs- D24 Vi 11 6 IBCS- H42 -VI 8 3
IBCs- D25 Vi 9 4 IBCS- H4-3 VI 9 4
IBCS- D26 -VI 10 5 lBcs- H44 Vi g 3
BCS- D27 VI 12 7 Bcs- H4s5 -vi 9 4
IBCs- D28 -vi 10 5 IBCS- H46  -VI 9 4
Bcss D29 -viI 8 3 IBCS- H47 VI 10 5
BCS- E12 -VI 8 3 IBCS- H5-1 -V1 8 3
BCS- El3 -VI 7 2 IBCS- H52 -VI g 3
IBCS- E1s -vi 7 2 IBCS- H5-3 -VI 7 2
IBCS- E1-6 -VI 7 2 IBCS- H5-5 -VI 7 2
IBCS- E18 -Vi 6 1 [BCS- HS5-6 -VI 7 2
BCs-  E19 -vi 7 2 BCS- H6-1  -vI 8 3
IBCS-  E21 Vi 8 3 BCS- 133 -VI 8 3
IBCS- E22 -Vi 3 3 BCS- B6 -VI 7 2
IBCS- E23 -VI 9 4 IBcs- B9 V1 9 4
BCS- E24 -Vi 7 2 IBCS- 141  -VI 9 4
BCS- E2-5 -Vi 9 4 BCS- 144 -VI 9 4
IBCS-  E2-6 -V1 1 6 IBCs- 147 Wi 9 4
IBCS-  E2.7 -vi 7 2 IBCS- 14-8  -VI g 3
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Gross Gross
Exposure |{Net Exposure Exposure |Net Exposure
Sample # uR/Ar ~ pR/hr Sample # uR/MAr pR/MAr
E2-8 -VI 10 5 IBCS- K9  -VI 9 4
BCS- E29 -VI 1 6 IBCS- 151 -V1 7 2
BCS-  E3-1 -VI 9 4 BCS 152 -vi 8 3
BCS-  E32 -Vl 11 6 IBCS- 153 -Vi 7 2
IBCS- E34 -VI 10 5 B 157 -vi 9 4
IBCs. 158 -1 7 2 IBCS- 359 -VI 9 4
IBcs- 159 -vi 7 2 IBCS- J61  -V1 9 4
lBCcs- 161 -vi 7 2 BCs- J62  -vi 8 3
IBCS- 162 -VI 4 IBCS- 363 -vi 8 3
IBCs- 163 -vI 1 6 IBCS- J64 VI 8 3
IBCS- 166 -Vi 1 6 BCs- J65  -vi 8 3
BCS- 167 -V1 7 2 lBCS- J66 -VI 8 3
IBCS- W3 -vI 8 3 BCcs- J67 Vi 9 4
IBCS- J46 -V1 9 4 IBCS- 368  -V1 9 4
IBcs- 149 -vi 9 4 Bcs- 69 -vi 9 4
BCS- J5-1 Vi 8 3 [BCS- K49 -Vi 8 3
BCS- )52 Vi 9 4 [Bcs- K57 -vi 8 3
IBCs- 153 -vI 8 3 [BCs- K5-8 -Vi 7 2
BCS- )54 -VI 8 3 BCS- K59 -vi 8 3
IBcs-  J5-5 -v1 10 5 IBCS- K67 -1 8 3
BCs- 356 -v1 7 2 BCS- K68 -VI 8 3
Bcs- 157 w1 8 3 Bcs- K69 -vi 7 2
IBcs-  J5-8 -1 9 4
Total Number of Sub-Grids 109
Average Gross Exposure Rate 9 uR/h
Average Net Exposure Rate 4 uR/h
de Exposure Rate 5 uR/h

. * 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 ( ¥ ):

Determination of Number of Background data points (ng):

2
195.5%.df5:
ns=
0.2eXxe

Comparison of statistical mean (o) with guideline values:

;la=f+t|—a,dfj$_—
n

Identifying additional measurement/sampling needs:

Estimating Factor = C(‘;: ad

(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:

X; = measurement (analysis) at point i
n = number of measurements (analyses)

t; - o, df = 95% confidence level from Table B-1 of Appendix B of NUREG/CR-5849
Cg = Guideline Value
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Table A7
Final Status Survey: Summary Statistics

Section | n | X(uRh) | Sx(uR/h) | po(ERb) | Co(pRMh) Estimating No. Verification
. Factor Samples Needed
VA-VI | 109 3.7 1.4 3.9 5.0 0.9 11
Section| n | X(pCig) [ Sx(pCi/g) | pa(PCig) | Ce (@Cig) Estimating No. Verification
' ! Factor Samples Needed
VA-VI | 401 0.8 0.5 0.9 3.2 4.8 <9
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